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MEDICAL APPLICATIONS 

Hitachi's products are not authorized for use in medical applications, including, but not 
limited to, use in life support devices without the written consent of the appropriate 
officer of Hitachi's sales company. Buyers of Hitachi's products are requested to notify 
Hitachi's sales offices when planning to use the products in the applications which in-
volves medical applications. 

NOTICE 
The information in this document has been carefully checked. However, no respon• 
sibility is assumed for inaccuracies. 

The example of an applied circuit or combination with other equipment shown 
herein indicates characteristics and performance of asemiconductor-applied products. 
The Company shall assume to responsibility for any problem involving a patent 
caused when applying the descriptions in the example. 
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QUICK REFERENCE GUIDE 

■ NMOS 8•BIT MICROPROCESSOR 

Type No. 
HD6800 
HD68A00 
HD6B600 

HD6802 HD6802W HD6803 
HD6803-1 

HD6809 
HD66A09 
HD68B09 

HD6809E 
HD68A09E 
HD68B09E 

Clock Frequency (MHz) 
1.0 (HD6800) 
1.5 (HD68A00) 
2.0 (HD68600) 

1.0 1.0 
1.0 (HD6603) 
1.25(HD6803.1) 

1.0 (HD6809) 
1.5 (HD68A09) 
2.0 (HD68609) 

1.0 (HD6809E) 
1.5 (HD68A09E) 
2.0 (HD68B09E) 

Supply Voltage (VI 5.0 5.0 5.0 5.0 5.0 5.0 

Operating Temperature' 
1°CI 

_20^'+75 —20^'+75 —20^+75 0^'+70 —20^'+75 —20^'+75 

RAM (byte) — 128 256 128 — — 

Oscillator — Yes Yes Yes Yes — 

Package DP-40 DP-40 DP-40 DP-40 DP-40 DP-40 

Features 

•65k bytes 
address space 

•Internal oscillator and RAM 
added to the HD6800 

•32 byte RAM Battery backed 
up possible 

•Upward instruc-.The 
tion compatibil- 
ity with the 
HD6600 

•On-chip SCI 
and timer 

highest 
version of the 
HMCS6800 
family 

•Powerful ad- 
dressing modes 

•Easy relocat- 
able/reentrant 
programming 

•Full software 
compatibility 
with the 
HD6809 

•Bus employ-
ment on time 
sharing basis 

•External clock 

Compatibility 
MC6800 
MC68A00 
MC68800 

MC6802 — MC6603 
MC6803-1 

MC6809 
MC66A09 
MC68609 

MC6809E 
MC68A09E 
MC68809E 

Reference Page 41 73 86 99 126 158 

• Wide Temperature Range (-40—+65°CI version is available. 
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QUICK REFERENCE GUIDE 

■ CMOS 8-BIT MICROPROCESSOR 

Type No. 
HD6303R 
HD63A03R 
HD63603R 

HD6303X 
HD63A03X 
HD63B03X 

HD6303Y 
HD63A03Y 
HD63B03Y 

1.0 (HD6303R 1 1.0 (HD6303X) 1.0 (H D6303Y) 
Clock Frequency (MHz) 1.5 (HD63A03R) 1.5 (HD63A03X) 1.5 (HD63A03Y) 

2.0 (HD63803R) 2.0 (HD63803X) 2.0 (HD63603Y) 

Supply Voltage (VI 5.0 5.0 5.0 

Operating Temperature' (°CI 0 ^• +70 0 ^~ +70 0 ̂ ~ +70 

RAM (byte) 128 192 256 

External Memory Expansion (byte) 65k 65k 65k 

Package DP-40, FP-54, 
CG-40, CP-52 

DP-645, FP-80, 
CP-68 DP-64S, FP-64 

• On-chip timer and synchronous/asynchronous SCI 

Features •Upward instruction compatibility with the HD6800 
• Low power consumption modes (sleep and standby) 

Reference Page 194 227 266 

•Wide Temperature Range (-40—+65°CI version is available. 
CP/M~is the registered trade mark of Digital Research Inc. 
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QUICK REFERENCE GUIDE 

HD6305X2 
HD63A05X2 
HD63B05X2 

HD6305Y2 
HD63A05Y2 
HD63805Y2 

HD63609E 
HD63C09E 

HD64A180R0 
HD64B180R0 

1.0 (HD6305X2) 
1.5 (HD63A05X2) 
2.OIHD63805X2) 

1.0 (HD6305Y2) 
1.5 (HD63A05Y2) 
2.OIHD63605Y2) 

2.0 (HD63809E) 
3.0 (HD63C09E) 

4.0 (HD64A180R0) 
6.0 (HD648180R0) 

5.0 5.0 5.0 5.0 

0 ^- +70 0 ^- +70 —20 ^~ +75 0 ̂ ~ +70 

128 256 — —

16k 16k 65k 512k 

DP-64S, FP-64 DP-645, FP-64 DP-40 
DP-645, FP-80, 
CP-68 

• On-chip timer and synchronous SCI 

• Powerful bit manipulation instruction 

• Low power consumption modes (wait, stop and standby) 

•Software compatibility with 
the H D6809E 

•Easy relocatable/ reentrant 
programming 

•Flexible system expansion 
capabilities 

• On-chip MMU, DMAC, 
synchronous/asynchro-
nous SCI and timer 

•Software com atibility 
with CP/M•80~ 

310 310 344 381 
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QUICK REFERENCE GUIDE 

■ NMOS 16-BIT MICROPROCESSOR 

Type No. 

HD68000-6 
HD68000-8 
HD68000-10 
HD68000-12 

HD68000Y6 
HD68000Y8 
HD68000Y10 
HD68000Y12 

HD68000P6 
HD68000P8 

HD68000PS6 
HD68000PS8 

HD68000CP6 
HD68000CP8 

Clock Frequency (MHz) 6.OIHD68000-61 
8.0(HD68000-8) 

10.O (H D 68000-101 
12.5(HD68000-12) 

6.0(HD68000Y6) 
B.OIHD68000Y8) 

10.O (H D68000Y 10) 
12.51HD68000Y12) 

6.0(HD68000P6) 
B.OIHD68000P8) 

6.OIHD68000PS6) 
8.0 (HD68000PS8) 

6.0(HD68000CP6) 
8.0(HD68000CP8) 

Supply Voltage (VI 5.0 

Operating Temperature 1°CI 0 ̂ ~ +70 

Power Dissipation Iwl 1.5 (f = 6MHz, 8MHz, tOMHzI, 
1.75 If = 12.5 MHz) 

0.9 If = 8MHz) 

Package DC-64 PGA-68 DP-64 DP-64S CP-68 

Feature High performance MPU featuring 32-bit data processing function 

Compatibility MC68000L6 
MC68000L8 
MC68000L10 
MC68000L12 

MC68000R6 
MC68000R8 
MC68000R10 
MC68000R12 

MC68000P6 
MC68000P8 

MC68000FN6 
MC68000FN8 

Reference Page 523 523 523 523 523 

■ CMOS 16-BIT MICROPROCESSOR 

Type No. 
HD66HC0006 
HD68HC000-10 
HD68HC000-12 

HD68HCOOOYB 
HD68HCOOOYIO 
HD68HCOOOYI2 

HD68HCOOOPB 
HD68HCOOOPIO 
HD68HCOOOPI2 

HD68HCOOOPSB 
HD68HCOOOPS70 
H068HCOOOPSI2 

HD68HCOOOCPB 
HD68HCOOOCPI0 
HD68HCOOOCPI2 

Clock 
Frequency 

(MHz) 

S.OIHD68HC000-8 1 
10.0(HD68HC000-10) 
12.5(HD68HC000-12) 

8.OIHD68HCOOOYB 1 
10.OIHD68HCOOOY101 10.0(HD68HCOOOP10) 
12.5(HD68HCOOOY12112.51HD68HCOOOP12) 

8.OIHD68HCOOOPB) S.OIHD68HCOOOPS8) 
10.0(HD68HCOOOPS10) 
12.5(HD68HCOOOPS121 12.51HD68HCOOOCP72) 

8.0(HD68HCOOOCPB 1 
10.OIHD68HCOOOCP10) 

Supply 
Voltage 
(V) 

5.0 

Operating 
Tempera- 
lure (°CI 

0 "~ +70 

Current 
Dissipa- 
lion (mAl 

25 (f = 8 MHz) 
30 (f = 10 MHz) 
35 If = 12.5 MHz) 

Package DC-64 PGA-68 DP-64 DP-64S CP-68 

Feature High performance MPU featuring 32-bit data processing function 

Compati- 
bility 

MC68HCOOOL8 
MC68HCOOOLIO 
MC68HCOOOLI2 

MC68HCOOOR8 
MC68HCOOORIO 
MC68HCOOORI2 

MC68HCOOOGB 
MC68HCOOOGIO 
MC68HCOOOGI2 

MC68HCOOOFNB 
MC68HCOOOFNI0 
MC68HCOOOFNI2 

Reference 
Page 523 523 523 523 523 
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INTRODUCTION OF PACKAGES 

Hitachi microcomputer devices include various types of 
package which meet a lot of requirements such as ever smaller, 
thinner and more versatile electric appliances. When selecting a 
package suitable for the customers' use, please refer to the 
following for Hitachi microcomputer packages. 

1. Package Classification 
There are pin insertion types, surface mounting types and 

Package Classification 

Pin Insertion Type 

Surface Mounting Type 

Multi-function Type 

multi-function types, applicable to each kind of mounting 
method. Also, plastic and ceramic materials are offered ac-
cording to use. 

Fig. 1 shows the package classification according to the 
mounting types on the Printed Circuit Board (PCB) and the 
materials. 

Standard Outline 

Shrink Outline 

DIP 

Flat Package 

Chip Carrier 

S DIP 

Plastic DIP 

Ceramic DIP 

PGA 

FLAT-DIP 

Shrink Type Plastic DIP 

Shrink Type Ceramic DIP 

FLAT-
QUIP

SOP (Plastic) 

EPROM on the Package 
Type 

DIP; DUAL IN LINE PACKAGE 
S-DIP;~SHRINK DUAL IN LINE PACKAGE 
PGA: PIN GRID ARRAY 
FLAT-DIP; FLAT DUAL IN LINE PACKAGE 
FLAT-QUIP; FLAT QUAD IN LINE PACKAGE 
CC: CHIP CARRIER 
SOP;SMALL OUTLINE PACKAGE 
FPP; FLAT PLASTIC PACKAGE 
PLCC; PLASTIC LEADED CHIP CARRIER 
LCC ;LEADLESS CHIP CARRIER 

CC 

FPP (Plastic) 

PLCC (Plastic) 

LCC 
(Glass Sealed Ceramic) 

Fig. t Package Classification according to the Mounting Type on the Printed Circuit Board and the Materials. 
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INTRODUCTION OF PACKAGES 

2. Type No. and Package Code Indication 
Type No. of Hitachi microprocessor is followed by package 

material and outline specifications, as shown below. The package 
type used for each device is identified by code as follows, illus• 

Type No. Indication 

(Note) The HD68000 with shrink type plastic DIP (DP-64S) has a dif-
ferent type No. from other devices. 

[rated in the data sheet of each device. 
When ordering, please write the package code beside the type 

number. 

HDXXxXP 
T

Package Classification 
No indication :Ceramic DIP 

P ;Plastic DIP TYPe No.: H D V sJ 0001 V V F FPP 
CP PLCC 

1 CG LCC 

Package designation V ;PGA (16-bit microcomputer device) 

Package Code Indication 

DP-64S 
TT T 

Outline Materials Numbe of Pins Additional Outline 

D ;DIP P Plastic S;S-DIP 
C;CC 
F ;FLAT 

G •Glass Sealed 
ceramic 

C •Ceramic 

(Note) PGA packages of 16-bit microcomputer devices have a different indication. 

Package Code Indication; P ~ A- 6 8 

Package Classification 
T
Number of Pins 

12 ~ HITACHI 



INTRODUCTION OF PACKAGES 

3. Package Dimensional Outline 
Hitachi microprocessor employs the packages shown in 

Table 1 Package List 

Table 1 according to the mounting method on the PCB. 

Method of Mounting Package Classification Package Material Package Code 

Pin Insertion Type 

Standard Outline (DIP) 

Plastic 
DP-40 
DP-64 

Ceramic DC-64 

Shrink Outline 
S-DIP Plastic DP-64S 

PGA Glass Sealed Ceramic PGA-68 

Surface Mounting Type 

Flat Package FLAT-QUIP (FPP) Plastic 
FP-54 
FP-64 
FP-80 

Chip Carrier 

PLCC Plastic 
CP-52 
CP-68 

LCC Glass Sealed Ceramic CG-40 

Plastic DIP 

• DPdO 

d0 

52.812.079) 

5d.omax.(2.126max.) 

2 

(o.od8 

z.sa±a.zs 
(o.ioo±o.oio) 

21 

20 

d8±0. 1 E 
E 

i s.2d 

0.25=8 ~~ 
s' loo`o, t g~l 

Unit: mm(inch) 

HITACHI 13 



INTRODUCTION OF PACKAGES 

Unit : mm(inch) 

• DP-64 82.04 (3.230) 
83.22max.(3.276max.) 

E 

I ' 1.3 32 

(0.051) 

22.86 
(0.900) 

2.54 t 0.25 

(0.100 ± 0.010) 

~ E 

0.48 f 0.1 

(0.019f 0.004) 0' — IS it 

14 ~ HITACHI 



INTRODUCTION OF PACKAGES 

Ceramic DIP 

• DC-64 81.28 

64 
T 

( 3.200 ) 

33 

( 0.040) 

Shrink Type Plastic DIP 

32 

Unit : mm(inch) 

22.86 
(0.900) 

0.4e+o. . v o.26~aa; 
(a.o i 9 + 0.004) 10.01 o~g ggg 

Unit: mm~inch) 

HITACHI ~5 



INTRODUCTION OF PACKAGES 

Pin Grid Array 

•PGA-68 

26.42 

(LOd0) 

Flat Package 

5.08max. 2.54min. 
(0.200maxJ (0.1 OOminJ 

~8 

23.86±OAS 
(0.900 t 0.0187) 

zsd±o.zs 
(0.10030.010) 

54max. 
(0.1 oomax.) 

OOOOOOOOo~ 
~~0 ~®0 ®o 00 

., o0 00 
00 00 

- ono ono 
000000000® 
~0000000u--

Unit: mm(inch) 

Unit : mm(inch) 

• FP-54 zs.6±a.4 

54 

6 

130.151 

(0.039±0.006) 

0.35±0. 1

(0.014 ± 0.004) 

1~I~Iq~lq)I~I~Itl~lgq I I)111~I~L 
I.1 Y 0.3 

(0.067 30.012) 

2.9max. 
(0. 14max.) 

0.15±0.05
(0.006± 0.002)

• FP-64 

52 

6d 

25.6 t O.d(1.008 ±0.016) 

I±0.15 

(0.039±0.006) 
II0.35±0.1

(0.014±0.004) 

~~PIdI~PPIx01~Vl~lx Plxl~lxlrt~lgr ~ 

j 
1t0.310~.067+0012) 

0,105 

(0.006 t 0.002) 

0'— 15' 

16 HITACHI 



INTRODUCTION OF PACKAGES, 

Unit: mm(inch) 

• FP-80 

65 

80 

25.6±O.d(1.008±O.Olfi) 

64 
(0.787) 

41 

D.Bi 10. 15 
( 0.031 ± 0.006) 

d0 

25 

24 

0.351! 0. 1 
(0.014±O.00d) 

~~ 11114~PIIIOIPI4IPPPIIPdPP~11~PPPP~ 

~ 
~±0310007}0012) 

Plastic Leaded Chip Carrier 

I~~~i~>.Nlq►atYt~i~t~q><µa~l 
Il~tt7l / 

l~~ 

2.9maz. 
(O. I 14mazJ 

0.1 5

 ̀

10006+0.0021 

-}0-15' 

Unit : mm~inch) 
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INTRODUCTION OF PACKAGES 

Unit : mm(inch) 

• CP-68 

25.15±0.12 
(0.990±0.005) 

9 1 68 61 
~+~+~,.+r. r~r~r~r~r~r~rar~r~r~r~ra 

10 

C 
C 
C 

N  C 

+ o C 
i +i [ 

C o C

C 
C 

26 C 

~ fi0 

3 

5 

44 
d u~uuu u~u ~u u~ru uuu v~ 

27 43 

24.20 

C }i}i}i}i}i}i}iti ~ i}i}~}iy}i}ia 

23.12±0.6 
(0.910 t 0.020) 

Leadless Chip Carrier 

• CG-40 12.1910.3 

(CG-40) 

40 

(a.4eo±o.olz) 

+I +~ 

0.75max. 

}, 

(

y,

.030max. 

I IOfI fl (1011 f10011~—~T~E E 

35 26 0 _, 
— 1 1 11 1 1 1 

I l i 1 1 1 1 1 1 1 

1.016 1 
(0.040) 

25 

16 

0.51 

f (0.0 0) 

Unit : mm(inch) 

18 HITACHI 



INTRODUCTION OF PACKAGES 

4. Mounting Method on Board 
Lead pins of the package have surface treatment, such as 

solder coating or solder plating, to make them easy to mount 
on the PCB. The lead pins are connected to the package by 
eutectic solder. The following explains the common connecting 
method of leads and precautions. 

4.1 Mounting Method of Pin Insertion Type Package 
Insert lead, pins of the package into through-holes (usually 

about ~0.8mm) on the PCB. Soak the lead part of the package 
in a wave solder tub. 

Lead pins of the package are held by the through-holes. 
Therefore, it is easy to handle the package through the process 
up to soldering, and easy to automate the soldering process. 
When soldering the lead part of the package in the wave solder 
tub be careful not to get the solder on the package, because 
the wave solder will damage it. 

4.2 Mounting Method of Surface Mounting Type Package 
Apply the specified quantity of solder paste to the pattern 

on any printed board by the screen printing method, and put a 
package on it. The package is now temporarily fixed to the 
printed board by the surface tension of the paste. The solder 
paste melts when heated in a reflowing furnace, and the leads 
of the package and the pattern of the printed board are fixed 
together by the surface tension of the melted solder and the 
self alignment. 

The size of the pattern where the leads are attached, partly 
depending on paste material or furnace adjustment, should be 
1.1 to 1.3 times the leads' width. 

The temperature of the reflowing furnace depends on pack-

age material and also package types. Fig. 2 lists the adjustment 

of the reflowing furnace for FPP. Pre-heat the furnace to 150°C. 

The surface temperature of the resin should be kept at 235°C 

max. for ]0 minutes or less. 

(1) The temperature of the leads should be kept at 260°C 
far 10 minutes or less. 

(2) The temperature of the resin should be kept at 235°C 
for 10 minutes or less. 

(3) Below is shown the temperature profile when soldering a 
package by the reflowing method. 

I 
d 
5 

n 
E 
H 

Time 

Figure 2 Reflowing Furnace Adjustment for FPP 

Ensure good heater or temperature controls because the 
material of a plastic package is black epoxy resin which damages 
easily. When an infrared heater is used, if the temperature is 
higher than the glass transition point of epoxy-resin (about 
150°C), for a long time, the package may be damaged and the 
reliability lowered. Equalize the temperature inside and outside 
the packages by lessening the heat of the upper surface of the 
packages. 

Leads of FPP may be easily bent under shipment or during 
handling and cannot be soldered onto the printed board. If 
they are, heat the bent leads again with a soldering iron to re-
shape them. 

Use a rosin flux when soldering. Don't use a chloric flux 
because the chlorine in the flux tends to remain on the leads 
and lower the reliability of the product. 

Even if you use a rosin flux, remaining flux can cause the 
leads to deteriorate. Wash away flux from packages with 
alcohol, chlorothene or freon. But don't leave these solvents 
on the packages for a long time because the marking may 
disappear. 

5. Marking 
Hitachi trademark, product type No., etc. are printed on 

packages. Case I and Case II give examples of marks and Nos. 
Case I applies to products which have only a standard type No. 
Case II applies to products which have an old type No. and a 
standard type No. 

HITACHI 19 



INTRODUCTION OF PACKAGES 

Case I; Includes a standard type No. 

(e) 8 

(b) 

I ~ 

►~ ,., 
I 

Case 11; Includes an old type No. and a standard type No. 

(a) (b) 

 I I I I 

(e) 

(c) 

J I ~ 

►~ 

.Q~P~~ 
e~~;:a~e 

20 ~ HITACHI 

Meaning of Each Mark 

lal Hitachi Trademark 

Ibl Lot Code 
Icl Standard Type No. 

Idl Japan Mark 

lel Old Type No. 



RELIABILITY AND QUALITY ASSURANCE 

1, VIEWS ON QUALITY AND RELIABILITY 
Basic views on quality in Hitachi are to meet individual 

user's purchase purpose and quality required, and to be at the 
satisfied quality level considering general marketability. Quality 
required by users is specifically clear if the contract specifica-
tion is provided. If not, quality required is not always defmite. 
In both cases, efforts are made to assure the reliability so that 
semiconductor devices delivered can perform their ability in 
actual operating circumstances. To realize such quality in 
manufacturing process, the key points should be to establish 
quality control system in the process and to enhance morale 
for quality. 

In addition, quality required by users on semiconductor 
devices is going toward higher level as performance of elec-
tronic system in the market is going toward higher one and is 
expanding size and application fields. To cover the situation, 
actual bases Hitachi is performing is as follows; 
(1) Build the reliability in design at the stage of new product 

development. 
(2) Build the quality at the sources of manufacturing process. 
(3) Execute the harder inspection and reliability confirmation 

of fmal products. 
(4) Make quality level higher with field data feed back. 
(5) Cooperate with research laboratories for higher quality 

and reliability. 
With the views and methods mentioned above, utmost efforts 

are made for users' requirements. 

2. RELIABILITY DESIGN OF SEMICONDUCTOR 
DEVICES 

2.1 Reliability Targets 
Reliability target is the important factor in manufacture 

and sales as well as performance and price. It is not practical to 
rate reliability target with failure rate at the certain common 
test condition. The reliability target is determined corespond-
ing to character of equipments taking design, manufacture, 
inner process quality control, screening and test method, etc. 
into consideration, and considering operating circumstances 
of equipments the semiconductor device used in, reliability 
target of system, Berating applied in design, operating condition, 
maintenance, etc. 

2.2 Reliability Design 
To achieve the reliability required based on reliability targets, 

timely sude and execution of design standardization, device 
design (including process design, structure design), design 
review, reliability test are essential. 
(1) Design Standardization 

Establishment of design rule, and standardization of parts, 
material and process are necessary. As for design rule, critical 
items on quality and reliability are always studied at circuit 
design, device design, layout design, etc. Therefore, as long as 
standardized process, material, etc. are used, reliability risk is 
extremely small even in new development devices, only except 
for in the case special requirements in function needed. 
(2) Device Design 

It is important for device design to consider total balance 
of process design, structure design, circuit and layout design. 
Especially in the case new process and new material are em-
ployed, technical study is deeply executed prior to device 

development. 
(3) Reliability Evaluation by Test Site 

Test site is sometimes called Test Pattern. It is useful method 
for design and process reliability evaluation of IC and I.SI which 
have complicated functions. 
1. Purposes of Test Site are as follows; 

• Making clear about fundamental failure mode 
• Analysis of relation between failure mode and manufac-

turing process condition 
• Search for failure mechanism analysis 
• Establishment of QC point in manufacturing 

2. Effectiveness of evaluation by Test Site are as follows; 
• Common fundamental failure mode and failure mecha-

nism in devices can be evaluated. 
• Factors dominating failure mode can be picked up, and 

comparison can be made with process having been experi-
enced in field. 

• Able to analyze relation between failure causes and manu-
facturing factors. 

• Easy to run tests. 
etc. 

2.3 Design Review 
Design review is organized method to confirm that design 

satisfies the performance required including users' and design 
work follows the specified ways, and whether or not technical 
improved items accumulated ht test data of individual major 
fields and field data are effectively built in. In addition, from 
the standpoint of enhancement of competitive power of prod-
ucts, .the major purpose of design review is to ensure quality 
and reliability of the products. In Hitachi, design review is 
performed from the planning stage for new products and even 
for design changed products. Items discussed and determined 
at design review are as follows; 
(1) Description of the products based on specified design 

documents. 
(2) From the standpoint of specialty of individual participants, 

design documents are studied, and if unclear matter is 
found, sub-program of calculation, experiments, investiga-
tion, etc. will be carried out. 

(3) Determine contents of reliability and methods, etc. based 
on design document and drawing. 

(4) Check process ability of manufacturing line to achieve 
design goal. 

(5) Discussion about preparation for production. 
(6) Planning and execution of sub-programs for design change 

proposed by individual specialist, and for tests, experiments 
and calculation to confirm the design change. 

(7) Reference of past failure experiences with similar devices, 
wnfirmation of method to prevent them, and planning 
and execution of test program for confirmation of them. 
These studies and decisions are made using check lists 
made individually depending on the objects. 

3. QUALITY ASSURANCE SYSTEM OF SEMICONDUCTOR 
DEVICES 

3.1 Activity of Quality Assurance 
General views of overall quality assurance in Hitachi are as 

follows; 
(1) Problems in individual process should be solved in the 
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process. Therefore, at final product stage, the- potential 
failure factors have been already removed. 

(2) Feedback of information should be made to ensure satisfied 
level of process ability. 

(3) To assure reliability required as an result of the things 
mentioned above is the purpose of quality assurance. 

The followings are regarding device design, quality approval 
at mass production, inner process quality control, product 
inspection and reliability tests. 

3.2 Quality Approval 
To ensure quality and reliability required, quality approval 

is carried out at trial production stage of device design and 
mass production stage based on reliability design described at 
section 2. 

The views on quality approval are as follows; 
(1) The third party performs approval objectively from the 

standpoint of customers. 
(2) Fully consider past failure experiences and information 

from field. 
(3) Approval is needed for design change and work change. 
(4) Intensive approval is executed on parts material and pro-

ce ss. 
(5) Study process ability and fluctuation factor, and set up 

control points at mass production stage. 
Considering the views mentioned above, quality approval 

shown in Fig. 1 is performed. 

3.3 Quality and Reliability Control at Mass Production 
For quality assurance of products in mass production, 

quality control is executed with organic division of functions 

in manufacturing department, quality assurance department, 
which are major, and other departments related. The total 
function flow is shown in Fig. 2. The main points are described 
below. 

3.3.1 Quality Control of Parts and Material 
As the performance and the reliability of semiconductor 

devices are getting higher, importance is increasing in quality 
control of material and parts, which are crystal, lead frame, 
fine wire for wire bonding, package, to build products, and 
materials needed in manufacturing process, which are mask 
pattern and chemicals. Besides quality approval on parts and 
materials stated in section 3.2, the incoming inspection is, 
also, key in quality control of parts and materials. The in-
coming inspection is performed based on incoming inspection 
specification following purchase specification and drawing, 
and sampling inspection is executed based on MIL-STD•lOSD 
mainly. 

The other activities of quality assurance are as follows: 
(1) Outside Vendor Technical Information Meeting 
(2) Approval on outside vendors, and guidance of outside 

vendors 
(3) Physical chemical analysis and test 

The typical check points of parts and materials are shown in 
Table 1. 

3.3.2 Inner Process Quality Control 
Inner process quality control is performing very important 

function in quality assurance of semiconductor devices. The 
following is description about control of semi-final products, 
final products, manufacturing facilities, measuring equipments, 

Step Contents Purpose 

Target 
Specification 

 Design Review 

Design 
Trial 
Production 

Characteristics of Material and 
Parts 

Appearance 
Dimension 

Confirmation of 
Characteristics and 
Reliability of Materials 
and Parts 

Materials, Parts 
Approval 

Heat Resistance 
Mechanical 
Electrical 
Others 

Characteristics Appr val Electrical Confirmation of Target 
Characteristics Spec. Mainly about 

Function Electrical Characteristic 
Voltage 
Current 
Temperature 
Others 

Appearance, Dimension 

Quality Approval 111 

Quality Approval 121 

Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 

Mass 
Production 

Reliability Test 
Process Check same as 
Quality Approval 111 

Confirmation of Quality 
and Reliability in Design 

Figure 7 Flow Chart of Quality Approval 

Confirmation of Quality 
and Reliabili[y in Mass 
Production 

22 ~ HITACHI 



RELIABILITY AND QUALITY ASSURANCE 

circumstances and sub-materials. The quality control in the 
manufacturing process is shown in Fig. 3 corresponding to 
the manufacturing process. 
(1) Quality Control of Semi-final Products and Final Products 

Potential failure factors of semiconductor devices should be 
removed preventively in manufacturing process. To achieve it, 
check points are set-up in each process, and products which 
have potential failure factor are not transfer to the next process. 
Especially, for high reliability semiconductor devices, manu-
facturing line is rigidly selected, and the quality control in the 
manufacturing process is tightly executed —rigid check in 
each process and each lot, 100% inspection in appropriate ways 
to remove failure factor caused by manufacturing fluctuation, 
and execution of screening needed, such as high temperature 
aging and temperature cycling. Contents of inner process 
quality control are as follows; 

• Condition control on individual equipments and workers, 
and sampling check of semifinal products. 

• Proposal and carrying-out improvement of work 
• Education of workers 
• Maintenance and improvement of yield 
• Picking-up of quality problems, and execution of counter-

Manufacturing 

measures 
• Transmission of information about quality 

(2) Quality Control of Manufacturing Facilities and Measuring 
Equipment 

Equipments for manufacturing semiconductor devices have 
been developing extraordinarily with necessary high perform-
ance devices and improvement of production, and are important 
factors to determine quality and reliability. In Hitachi, auto-
matization of manufacturing equipments are promoted to im-
prove manufacturing fluctuation, and controls are made to 
maintain proper operation of high performance equipments 
and perform the proper function. As for maintenance inspection 
for quality control, there are daily inspection which is perform-
ed daily based on specification related, and periodical inspection 
which is performed periodically. At the inspection, inspection 
points listed in the specification are checked one by one not to 
make any omission. As for adjustment and maintenance of 
measuring equipments, maintenance number, specification are 
checked one by one to maintain and improve quality. 
(3) Quality Control of Manufacturing Circumstances and Sub-

materials 
Quality and reliabllity of semiconductor device is highly 

Quality Control 

Inspection on Material and 
Parts for Semiconductor 
Devices 

Manufacturing Equipment, 

Environment, Sub-material, 
Worker Control 

Inner Process 
Quality Control 

100% Inspection 

r 

Customer 

100% Inspection on 
Appearance and Electrical 
Characteristics 

Sampling Inspection on 
Appearance and Electrical 
Characteristics 

Reliability Test 

Quality Information 
Claim 
Field Experience 
General Quality 
Information 

l 

Method 

Lot Sampling, 
Confirmation of 
Quality Level 

Confirmation of 
Quality Level 

lot Sampling, 
Confirmation of 
Quality Level 

Testing, 
Inspection 

Lot Sampling 

Confirmation of 
Quality Level, Lot 
Sampling 

Feedback of 
Information 

Figure 2 Flow Chart of Quality Control in Manufacturing Process 
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affected by manufacturing process. Therefore, the controls of 
manufacturing circumstances —temperature, humidity, dust —
and the control of submaterials —gas, pure water —used in 
manufacturing process are intensively executed. Dust control 
is described in more detail below. 

Dust control is essential to realize higher integration and 
higher reliability of devices. In Hitachi, maintenance and im-
provement of cleanness in manufacturing site are executed 
with paying intensive attention on buildings, facilities, air-
conditioning systems, materials delivered-in, clothes, work, etc., 
and periodical inspection on floating dust in room, falling dusts 
and dirtiness of floor. 

3.3.3 Final Product Inspection and Reliability Assurance 
(1) Final Product Inspection 

Lot inspection is done by quality assurance department for 
products which were judged as good products in 100% test, 
which is final process in manufacturing department. Though 
100% of good products is expected, sampling inspection is 
executed to prevent mixture of failed products by mistake of 
work, etc. The inspection is executed not only to confirm that 
the products meet users' requirement, but to consider potential 
factors. Lot inspection is executed based on MIL-STD-lOSD. 
(2) Reliability Assurance Tests 

To assure reliability of semiconductor devices, periodical 
reliability tests and reliability tests on individual manufacturing 
lot required by user are performed. 

Table 1 llualky Control Check Points of Material and Parts 
(Example) 

Material, 
Parts 

Important 
Control Items point for Check 

Wafer 

Appearance 

Dimension 
Sheet Resistance 
Defect Density 
Crystal Axis 

Damage and Contamina-
tion on Surface 

Flatness 
Resistance 
Defect Numbers 

Mask 

Appearance 
Dimension 
Resistoration 
Gradation 

Defect Numbers, Scratch 
Dimension Level 

Uniformity of Gradation 

Fine 
Wire for 
Wire 
Bonding 

Appearance 

Dimension 
Purity 
Elongation Ratio 

Contamination, Scratch, 
Bend, Twist 

Purity Level 
Mechanical Strength 

Frame 

Appearance 
Dimension 
Processing 

Accuracy 
Plating 
Mounting 

Characteristics 

Contamination, Scratch 
Dimension Level 

Bondability, Solderability 
Heat Resistance 

Ceramic 
Package 

Appearance 
Dimension 
Leak Resistance 
Plating 
Mounting 
Characteristics 

Electrical 
Characteristics 

Mechanical 
Strength 

Contamination, Scratch 
Dimension Level 
Airtightness 
Bondability, Solderability 
Heat Resistance 

Mechanical Strength 

Plastic 

Composition 

Electrical 
Characteristics 

Thermal 
Characteristics 

Molding 
Performance 

Mounting 
Characteristics 

Characteristics of 
Plastic Material 

Molding Performance 

Mounting Characteristics 
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Purpose of Control Process 
Purchase of Material 

Control 

RELIABILITY 

Point 

Wafer Wafer Characteristics, Appearance Scratch, Removal of Crystal 
Defect Wafer 

Surface Oxidation Ozida tion Assurance of Resistance 
Inspection on Surface Appearance, Thickness of Pinhole, Scratch 
Oxidation Oxide Film 
Photo Resist Photo 

Resist 
Inspection on Photo Resist 

o PQC Level Check 
Dimension, Appearance Dimension Level 

Check of Photo Resist 
Diffusion Diffusion Diffusion Depth, Sheet Diffusion Status 

Resistance 
Inspection on Diffusion Gate Width Control of Basic Parameters 

o PQC Level Check Characteristics of Oxide Film 
Breakdown Voltage 

IVTH, etc.) Cleanness of surface, 
Prior Check of VIH 
Breakdown Voltage Check 

• Evaporation Evapora-
tion 

Thickness of Vapor Film, 
Scratch, Contamination 

Assurance of Standard 
Thickness 

Inspection on Evaporation 
0 PQC Level Check 

Wafer Inspection Wafer Thickness, V7H Characteris-
tics 

Prevention of Crack, 
Quality Assurance of Scribe 

Inspection on Chip Chip Electrical Characteristics 
Electrical Characteristics 
Chip Scribe Appearance of Chip 
Inspection on Chip 
Appearance 

0 PQC Lot Judgement 
Frame 

Assembling Assembling Appearance after Chip Quality Check of Chip 
Bonding Bonding 
Appearance after Wire Quality Check of Wire 
Bonding Bonding 

o PQC level Check Pull Strength, Compression Prevention of Open and 
Width, Shear Strength Short 

Inspection after Appearance after Assembling 
Assembling 

O PQC Lot Judgement 
Package 

Sealing Sealing Appearance after Sealing 
Outline, Dimension 

Guarantee of Appearance 
and Dimension 

o PQC Level Check Marking Marking Strength 
Final Electrical Inspection 

0 Failure Analysis Analysis of Failures, Failure 
Mode, Mechanism 

Feedback of Analysis Infor-
mation 

Appearance Inspection 
Sampling Inspection on 
Products 
Receiving 

• 

Shipment 

Figure 3 Example of Inner Process Quality Control 
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Customer 

Claim 
(Failures, Information) 

Sales Dept. 
Sales Engineering Dept. 

L 

Quality Assurance Dept. 

Manufacturing Dept. 

Report 

Design Dept. 

Quality Assurance Dept. 

Report 

Sales Engineering Dept. 

Reply 

Customer 

Figure 4 Process Flow Chart of Field Failure 
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RELIABILITY TEST DATA OF MICROCOMPUTER 
1. INTRODUCTION 

Microcomputer is required to provide higher reliability and 
quality with increasing function, enlarging scale and widening 
application. To meet this demand, Hitachi is improving the 
quality by evaluating reliability, building up quality in process, 
strengthening inspection and analyzing field data etc.. 

This chapter describes reliability and quality assurance data 
for Hitachi 8-bit and 16•bit multi-chip microcomputer based on 
test and failure analysis results. More detail data and new infor-
mation will be reported in another reliability data sheet. 

2. PACKAGE AND CHIP STRUCTURE 
2.1 Package 

The reliability of plastic molded type has been greatly im-
proved, recently their applications have been expanded to auto- 
mobiles measuring and control systems, and computer terminal 
equipment operated under relatively severe conditions and 
production output and application of plastic molded type will 
continue to increase. 

To meet such requirements, Hitachi has considerably im-
proved moisture resistance, operation stability, and chip and 
plastic manufacturing process. 

Plastic and ceramic package type structure are shown in 
Figure 1 and Table 1. 

111 Ceramic DIP 121 Plastic DIP (31 Plastic Flat Package 

Bonding wire 

V 

Lid 

Chip 

Lead 

Ceramic 

Bonding wire 

Chip 
1 

Plastic ~;,~~^ ,~ 1111

,/ ~'4~-~1~1 
~~~ ~~ Teb 

~ ~~~~~~~~~ 

Lead 

BOndin were 
Chip 

g Plastic 

Lead 

Figure 1 Package Structure 

Table 1 Package Material and Properties 

Item Ceramic DIP Plastic DIP Plastic Flat Package 

Package Alumina Epoxy Epoxy 

Lead Tin plating Brazed Alloy 42 Solder dipping Alloy 42 or Cu Solder plating Alloy 42 

Seal Au•Sn Alloy N.A N.A 

Die bond Au•Si Au-Si or Ag paste Au•Si or Ag paste 

Wire bond Ultrasonic Thermo compression Thermo compression 

Wire AI Au Au 
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2.2 Chip Structure 
Hitachi microcomputers are produced in NMOS E/D tech-

nology or low power CMOS technology. Si•gate process is used 
in both types because of high reliability and high density. 

Chip structure and basic circuit are shown in Figure 2. 

Si•Gate Nchannel E/D Si-Gate CMOS 

AI Gate AI PSG 
I
AI Gate 

-~ 
:•.:.. 

`~~~ 
SiO~ Source Drain 

FET2 

Drain Source 

FET1 

Drain Source 

FET2 

FET1 
G 

D 

Nchannel 
DMOS 

S 

S 

G ~ Pchannel 
FET1 ~ EMOS 

D 

D 

~ N-channel 
G 

D 

N~hannel FET2 G ~~~ EMOS 

FET2 
EMOS 

S 

Figure 2 Chip Structure and Basic Circuit 

3. QUALITY QUALIFICATION AND EVALUATION 
3.1 Reliability Test Methods 

Reliability test methods shown in Table 2 are used to qualify and evaluate the new products and new process. 

Table 2 Reliability Test Methods 

Test Items Test Condition MIL-STD•883B Method No. 

Operating Life Test 125°C, 1000hr 1005,2 

High Temp, Storage Tstg max, 1000hr 1008,1 
Low Temp, Storage Tstg min, 1000hr 
Steady State Humidity 65°C 95%RH, 1000hr 
Steady State Humidity Biased 85°C 85%RH, 1000hr 

Temperature Cycling -55°C ^~ 150°C, 10 cycles 1010,4 
Temperature Cycling -20°C ^~ 125°C, 200 cycles 
Thermal Shock 0°C ^~ 100°C, 100 cycles 1011,3 
Soldering Heat 260°C, 10 sec 
Mechanical Shock 15006 0.5 msec, 3 times/X, Y, Z 2002,2 
Vibration Fatigue 60Hz 206, 32hrs/X, Y, Z 2005,1 
Variable Frequency 20^2000Hz 206, 4 min/X, Y, Z 2007,1 
Constant Acceleration 200006, 1 min/X, Y, Z 2001,2 
Lead Integrity 225gr, 90° 3 times 2004,3 
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3.2 Reliability Test Result 
Reliability test result of 8•bit microprocessors is shown in 

Table 3 to Table 7, that of I6-bit microprocessors in Table 8, 

Table 9. There is little difference according to device series, as 
the design and production process, etc. are standardized. 

Table 3 Dynamic Life Test 18-bit microprocessor) 

Device Type Sample Size Component Hours Failures 

HD6800 248 pcs 248000 0 
H D6802 452 153712 1 ~ 
H D6809 85 85000 0 

Total 785 486712 1 

"leakage current 

Estimated Field Failure Rate 
= O.Oi% / 1000 hrs at Ta = 75°C 

(Activation Energy = 0.7eV, Confidence level 60%) 

Table 4 High Temperature, High Humidity Test (8-bit microprocessor) (Moisture Resistance Test) 

11) 85°C 85%RH Bias Test 

Device Type Vcc Bias 168 hrs 500 hrs 1000 hrs 

HD6800P 5.5V 0/45 0/45 0/45 
HD6802P 5.5V 0/38 0/38 0/38 
H D6809P 5.5V 0/22 0/22 0/22 

Total 0/105 0/105 0/105 

12) High Temperature High Humidity Storage Life Test 

Device Type Condition 168 hrs 500 hrs 1000 hrs 

HD6800P 65°C 95%RN 0/22 0/22 0/22 
HD6802P 80°C 90%RH 0/22 0/22 0/22 
HD6802P 65°C 95%RH 0/38 0/38 0/38 
HD6809P 65°C 95%RH 0/45 0/45 0/45 

13) Pressure Ccoker Test 
(Condition ; 2atm 121°C) 

Device Type 40 hrs 60 hrs 100 hrs 

HD6800P 0/42 0/42 0/42 
HD6802P 0/22 ~ 0/22 0/22 

14) MIL-STD-8836 Moisture Resistance Test 
(Condition; 65°C ^- —10°C, over 90%RH, Vcc = 5.5V1 

Device Type 10 cycles 20 cycles 40 cycles 

H D6800P 0/25 0/25 0/25 
H D6802P 0/25 0/25 0/25 
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Table 5 Temperature Cycling Test IB-bit microprocessor) (-55°C ^~ 25°C ^ 150°CI 

Device Type 10 cycles 100 cycles 200 cycles 

H D6800P 0/453 0/44 0/44 
H D6802P 0/502 0/77 0/77 

H D6809P 0/202 0/45 0/45 

Table 6 High Temperature, Low Temperature Storage Life Test IB-bit microprocessor) 

Device Temperature 168 hrs 500 hrs 1000 hrs 

MPU total 
150° C 
- 55° C 

0/88 

0/76 
0/88 

0/76 
0/88 

0/76 

Table 7 Mechanical and Environmental Test (8•bit microprocessor) 

Test Item Condition 
Plastic DIP Flat Plastic Package 

Sample Size Failure Sample Size Failure 

Thermal Shock 0°C ^~ 100°C 
10 cycles 110 0 100 0 

Soldering Heat 260°C, 10 sec, 180 0 20 0 

Salt Water Spray 
35°C, NaCI 5% 
24 hrs 

110 0 20 0 

Solderability 
230°C, 5 sec. 
Rosin flux 

159 ~ 0 34 0 

Drop Test 
75cm, maple board 
3 times 

110 0 20 0 

Mechanical Shock 
1500G, 0.5 ms 
3 times/X, Y, Z 110 0 20 0 

Vibration Fatigue 
60 Hz, 20G 
32 hrs/X, Y, Z 110 0 20 0 

Vibration Variable Fre 4 ' 
100 ̂ ~ 2000 Hz 
20G, 4 times/X, Y, Z 110 0 20 0 

Lead Integrity 225 g, 90°
Bonding 3 times 110 0 20 0 
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Table 8 Dynamic Life Test (16-bit microprocessor) 

Device Type 
Condition 

168 hrs 500 hrs 1000 hrs 
Ta Vcc 

125°C 5.5V 0/62 0/62 0/62 
H D68000 

150°C 5.5V 0/52 0/52 0/52 

Estimated Field Failure Rate 
= 0.013%/1000 hrs at Ta = 75°C 
(Activation Energy 0.7eV, Confidence Level 60%) 

Table 9 Mechanical and Environmental Test 116-bit microprocessor) 

Test Item Condition 
Device Type 

Sample Size Failure 

High Temperature 
Storage 

Ta = 295 C, 1000 hrs 42 0 

Low Temperature Storage Ta = —55°C, 1000 hrs 42 p 

Temperature 
Cycling 11) 

—55°C ^- 25°C ^- 150°C 
10 cycles 189 0 

Temperature 
Cycling 12) 

—20°C ~ 25°C ~ 125°C 
500 cycles 

44 0 

Thermal 

Shock 
—55°C ~ 125°C 

15 cycles 
44 

0

Soldering heat 260°C, 10 sec 44 0 

Solderability 230°C, 5 sec 44 0 

Mechanical 
Shock 

1500G, 0,5 msec 
3 times/X, Y, Z 44 0 

Vibration 
Variable Freq. 

20 ̂ - 2000 Hz, 20G 
3 times/X, Y, Z 44 0 

Constant 
Acceleration 

20000G 
1 min/X, Y, Z 

44 0 
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4. PRECAUTION 
4.1 Storage 

It is preferable to store semiconductor devices in the follow-
ing ways to prevent detrioration in their electrical charac-
teristics, solderability, and appearance, or breakage. 
(1) Store in an ambient temperature of 5 to 30°C, and in a 

relative humidity of 40 to 60%. 
Store in a clean air environment, free from dust and active 
gas. 
Store in a container which does not induce static electric-
ity. 
Store without any physical load. 
If semiconductor devices are stored for a long time, store 
them in the unfabricated form. If their lead wires are 
formed beforehand, bent parts may corrode during storage. 

(6) If the chips are unsealed, store them in a cool, dry, dark, 
and dustless place. Assemble them within 5 days after un-
packing. Storage in nitrogen gas is desirable. They can be 
stored for 20 days or less in dry nitrogen gas with a dew 

point at -30°C or lower. Unpacked devices must not be 
stored for over 3 months. 
Take care not to allow condensation during storage due to 
rapid temperature changes. 

(2) 

(3) 

(4) 
(5) 

4.2 Transportation 

As vlith storage methods, general precautions for other 
electronic component parts are applicable to the transporta-
tion of semiconductors, semiconductor-incorporating units 
and other similar systems. In addition, the following considera-
tions must be given, too: 

Use containers or jigs which will not induce static electric-
ity as the result of vibration during transportation. It is 
desirable to use an electrically conductive container or 
aluminium foil. 
In order to prevent device breakage from clothes-induced 

static electricity, workers should be properly grounded with 
a resistor while handling devices. The resistor of about 1 M 
ohm must be provided near the worker to protect from 
electric shock. 
When transporting the printed circuit boards on which 
semiconductor devices are mounted, suitable preventive 
measures against static electricity induction must be taken; 
for example, voltage built-up is prevented by shorting 
terminal circuit. When a belt conveyor is used, prevent the 
conveyor belt from being electrically charged by applying 

some surface treatment. 
(4) When transporting semiconductor devices or printed circuit 

boards, minimize mechanical vibration and shock. 

4.3 Handling for Measurement 
Avoid static electricity, noise and surge-voltage when semi-

conductor devices are measured. It is possible to prevent break• 
age by shorting their terminal circuits to equalize electrical 
potential during transportation. However, when the devices are 
to be measured or mounted, their terminals are left open to 
provide the possibility that they may be accidentally touched 
by a worker, measuring instrument, work bench, soldering iron, 
belt conveyor, etc. The device will fail if it touches something 
which leaks current or has a static charge. Take care not to• 
allow curve tracers, synchroscopes, pulse generators, D.C. 
stabilizing power supply units etc. to leak current through their 
terminals or housings. 

Especially, while the devices are being tested, take care not 

to apply surge voltage from the tester, to attach a clamping 
circuit to the tester, or not to apply any abnormal voltage 
through a bad contact from a current source. 

During measurement, avoid miswiring and short•circuiting. 
When inspecting a printed circuit board, make sure that no 
soldering bridge or foreign matter exists before turning on the 
power switch. 

Since these precautions depend upon the types of semi-
conductor devices, contact Hitachi for further details. 

4.4 Soldering 
Semiconductor devices should not be left at high tempera-

tures for a long time. Regardless of the soldering method, 
soldering must be done in a short time and at the lowest pos-
sible temperature. Soldering work must meet soldering heat test 
conditions, namely, 260°C for 10 seconds and 350°C for 3 
seconds at a point 1 to 1.5 mm away from the end of the device 
package. 

Use of a strong alkali or acid flux may corrode the leads, 
deteriorating device characteristics. The recommended soldering 
iron is the type that is operated with a secondary voltage sup-
plied by a transformer and grounded to protect from lead 
current. Solder the leads at the farthest point from the device 
package. 

4.5 Removing Residual Flux 
To ensure the reliability of electronic systems, residual flux 

must be removed from circuit boards. Detergent or ultrasonic 
cleaning is usually applied. If chloric detergent is used for the 
plastic molded devices, package corrosion may occur. Since 
cleaning over extended periods or at high temperatures will 
cause swollen chip coating due to solvent permeation, select the 
type of detergent and cleaning condition carefully. Lotus 
Solvent and Dyfron Solvent are recommended as a detergent. 
Do not use any trichloroethylene solvent. For ultrasonic clean-
ing, the following conditions are advisable: 
• Frequency: 28 to 29 kHz (to avoid device resonation) 
• Ultrasonic output: 15W~2 
• Keep the devices out of direct contact with the power 

generator. 
• Cleaning time: Less than 30 seconds 
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■ PROGRAM DEVELOPMENT AND SUPPORT SYSTEM 
OF 8-BIT/16-BIT MICROPROCESSOR 
H680SD200 is prepared as system development device to 

develop software and hardware of various types of microcom-
puter system. 

Fig. 1 shows the program development procedure using this 
system development device. 

Start 

Source 
Program 
Coding 

ror 

CRT 
Editor 

Source 
Program 

1 

Language 
Processor 

0 

0 

 l
linkage 
Editor 

H680SD200 loads a universal OS, CP/M•68K® developed 
jointly with Digital Research Inc. and operates with the exist-
ing CP/M a . 

•CP/MDand CPlM-68K~are registered trademarks of Digital 
Research Inc. 

Assembler 
FORTRAN (Only fort 
Super PL/H} \68000 / c cnmvuer for 
6307163031 
and 68000 

Relocatable 
Object Program 

Absolute 
Object 
Program 

EMS 
ASE 

ASE 

0 

Software 
Debug 

I n Cese of 
H6805D200 

Fig. 1 Program Development Procedure 
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Table 1 System Development Equipment SD200 

MPU Product Name Product Code Function Note 

— CP/M-68K S680CPM3F 
• Single user Operating System. 
• 68000 Assembler, C compiler, Screen editor and 

Linker are included. 

— 

VAX-11 
Interface Program 

S680CLC3F 
• Interface Program between the SD200 and theVAX-11. 
•File transfer function. 
• VT52 Terminal Emulation. 

Option 

DATA I/O 
EPROM Programmer 
Interface Program 

S680CD17 F ' Interface Program between the SD200 and the 
DATA I/O EPROM Programmer model 22/29. 

PKW-1000/7000 
EPROM Programmer 
Interface Program 

S680CPK2F 
• Interface Program between the SD200 and the 

PKW-1000/7000 EPROM Programmer (Aval Corp. 
Japan)., 

16-bit 
MPU 
HD68000 

FORTRAN S680CFR1 F •FORTRAN Compiler. (Subset of FORTRAN77) Option 

Super PL/H S680CPL1 F •Super PL/H Compiler. Option 

Symbolic Debugger S680CSD2F 
•Symbolic Debugger for programs written in 66000 

Assembler or Super PL/H. 
Option 

68000ASE02E S680CAS2F 
•Realtime In-circuit Emulator for 68000 and 

68HC000 MPU. IUp to 12MHz version) 
Supplied with 
H680AS02E 

8 bit 
MPU/MCU 

64180 
Macro Assembler 

S180XAS6F • 64180 Macro Assembler. 
•Object code is absolute address format. 

Option 

64180ASE S180CAS1 F •Realtime In-circuit Emulator for 64180. Supplied with 
H180AS01E 

6305/63L05/6805 
Macro Assembler S35XAS6-F ' 6305Z(63L05/6805 Macro Assembler. 

•Linkage editor is included. 
Option 

6301/6801/6800 
Macro Assembler 

S31 XAS6-F • 6301/6801/6800 Macro Assembler. 
.Linkage editor is included. 

Option 

6301 
C Compiler 

S3ICCLN-F • C Compiler for 630116303). Option 
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Table 2 Cross System 

MPU Machine OS Product Name Product Code Function 

8-bit MCU 

Intel 
MDS 

ISIS-II 6305/63L05/6805 
Assembler 

S35MDS1-F 
• 6305/63L05/6805 Assembler. 

Object code is absolute address format. 
Conditional assemble function. 

CP/M 6305/63L05/6805 
Assembler 

S35MDS2-F 
• 6305/63L05/6805 Assembler. 

Object code is absolute address format. 
Conditional assemble function. 

' 

ISIS-II 6301 Assembler S31MDS1-F 
6301/6801 Assembler. 
Object code is absolute address format. 
Conditional Assemble function. 

CP/M 6301 Assembler S31MDS2-F 
• 6301/6801 Assembler. 

Object code is absolute address format. 
• Conditional Assemble function. 

IBM-PC PC-DOS 

6301 
Macro Assembler 

S371AS1-F" 
6301 Macro Assembler. 
Linkage Editor is included. 

6305 
Macro Assembler 

S351AS1-F" 
6305 Macro Assembler. 
Linkage Editor is included. 

8-bit MPU VAX11 VMS 
64180 
Macro Assembler 

S400VAS1 F" 
64180 Macro Assembler. 
Linkage Editor is included. 

"Under development. 
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Table 3 Third Parties' Products 

Assemblers for HITACHI'S microcomputers are provided by products listed below. Please contact those venders directly if 
Ehe other companies. Hitachi introduce some venders and their you have questions or requests to purchase these products. 

Vender Name Product Name OS/System Product Code 

MICROTEC 
505W Olive, Suite 325 
Sunnyvale, CA94086 
(4081733-2919 U.S.A. 

6301 Assembler 

VAX11 

ASM68 

6305 Assembler ASM05 

6809 Assembler ASM69 

68000 Assembler ASM68K 

64180 Assembler ASM180 

64180 Simulator INT180 

64180 C MCC780 

64180 Pascal PAS180 

6301 Assembler 

IBM-PC 

ASM68 

6305 Assembler ASM05 

64180 Assembler ASM180 

64180 C MCC180 

64180 Pascal PAS180 

CAMELOT 
79 London Road 
Knebworth Herts, 
SG3 6HG, 
England 
Stevenage (04381812215 

6301 Assembler 

IBM-PC 

6305 Assembler 

AVOCET SYSTEMS, INC. 
804 South State St. 
Dover, DE19901 
(302) 734-0151 
U.S.A. 

6800/6801/6301 
Assembler 

CP/M 
MS-DOS, CP/M-86 

XASM-68 

6805 Assembler MS-DOS, CP/M 
CP/M-86 

XASM-05 

6309/6809 
Assembler 

CP/M 
MS-DOS, CP/M-86 

XASM-09 

64180 Assembler MS-DOS, CP/M 
CP/M-86 

XASM-180 

MICROWARE SYSTEMS CORPORA• 
TI ON 
5835 Grand Avenue 
Dos Moines, IA50312 
(5121279-8844 U.S.A. 

6309/6809 
Assemble r OS-9 

68000/68HC000 
Assembler 

OS-9 KCRS 

•Under development 

36 HITACHI 



PROGRAM DEVELOPMENT AND SUPPORT SYSTEM 

■ Development System for 4-Bit, 8-Bit, and 16-Bit 
Microcomputers <H660SD200~ 

The H680SD200 is a development system for Hitachi 4-bit, 
8-bit and 16-bit microcomputers. It is a desktop system in 
which a 16-bit microprocessor HD68000 is loaded as the CPU. 
Its standard system configuration includes a CRT, a keyboard, 
and two floppy disk drives. An assembler, compiler, and in-
circuit emulator (ASE) associated with the user's MCU are 
available as options. 

APPLICABLE DEVICES 
• HMCS400 series 
• HD6305U, HD6305V 
• HD6301V, HD6301X, HD6301Y 
• HD64180 
• HD68000, HD68HC000 
(Other 4-bit and 8-bit microcomputers will be supported in the 
future.) 

■ FEATURES 
• Adopts general CP/M-68K® operating system 
• Two internal 8 inch floppy disk drives (double-sided, double-

density)and a 40M byte hard disk (available as an option) 

make it possible to provide substantial external memory. 
• Since CRT editor (screen editor) is included in the standard 

system, efficient programming, editing, and debugging of 
source programs are possible. 

• C compiler for HD68000 is included. FORTRAN and Super 
PL/H for HD68000 and C Compiler for HD6301 (HD6303I 
are available as options. 

• User prototype system can easily be debugged using incircuit 
emulator (ASE) associated with the user's MCU. 

• With connection of VAX-11® to RS-232C interface, 
H680SD200 operates as VAX-11~ (OS, VMS) work station. 

• When 2M byte memory board is connected, high-speed 
operation can be realized. 

• Following interface are included 
111 EPROM programmer 
(2) Printer (Centronics specification) 
(3) Serial interface emulator for 4-bit and 8-bit single chip 

microcomputers 

•CP/M~is a registered trade mark of Digital Research Inc. 
•"VAX-71~is a registered trade mark of Digital Equipment Corp. 
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H D6800, H D68A00, H D68 B00 
M P U ( Micro Processing U nits 

The HD6800 is a monolithic 8-bit microprocessor forming 
the central control function for Hitachi's HMCS6800 family. 
Compatible with TTL, the HD6800 as with a8 HMCS6800 
system parts, requires only one SV power supply, and nu ex-
ternal TTL devices for bus interface. The HD68A00 and 
HD68B00 are high speed versions. 

The HD6800 is capable of addressing 65k bytes of mem-
ory with its 16-bit address lines. The 8-bit data bus is bi-direc-
tional as well as 3-state, making direct memory addressing and 
multiprocessing applications realizable. 
■ FEATURES 
• Versatile 72 Instruction — Variable Length (1 ̂ •3 Bytel 
• $even Addressing Modes — Direct, Relative, Immediate, 

Indexed, Extended, Implied and Accumulator 
• Variable Length Stack 
• Vectored Restart 
• Maskable Interrupt 
• Separate Non-Maskable Interrupt — Internal Registers Saved 

in Stack 
• Six Internal Registers — Two Accumulators, Index Register, 

Program Counter, Stack Pointer and Condition Code Register 
• Direct Memory Accessing (DMA) and Multiple Processor 

Capability 
• Clock Rates as High as 2.0 MHz (HD6800 ••~ 1 MHz, 

HD68A00 ••• 1.5 MHz, HD68B00 ••~ 2.0 MHz) 
• Halt and Single Instruction Execution Capability 
• Compatible with MC6800, MC68A00 and MC68800 

■ BLOCK DIAGRAM 
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■ PIN ARRANGEMENT 
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■ ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

Supply Voltage Vcc' -0.3'r +7.0 V 

Input Voltage VI„ ̀  -0.3 ̂ ' +7.0 V 

Operating Temperature Toor - 20 ̂ ' + 75 °C 

Storage Temperature Tsig - 55 ̂ ~ +150 °C 

• With respect to Vgg (SYSTEM GND) 
(NOTE) Permanent LSI damage may occur if maximum rating are exceeded. Normal operation should be under recommended operating conditions. 

If these conditions are exceeded, it could affect reliability of LSI. 

■ RECOMMENDED OPERATING CONDITION 
Item Symbol min typ max Unit 

Supply Voltage Vcc ' 4.75 5.0 5.25 V 

Input Voltage 
VIL ' -0.3 ~ - 0.6 V 

VIH ` 2.0 - Vcc V 

Operating Temperature T°pr -20 25 75 °C 

• With respect to VSS (SYSTEM GND) 

■ ELECTRICAL CHARACTERISTICS 
• DC CHARACTERISTICS IVDD = 5V ± 5%, V~ = OV, Ta = -20^'+75°C, unless otherwise rated.) 

Item Symbol Test Condition min typ' max Unit 

Input "High" Voltage Logic" VIH 2.0 - VCC V 

Input "Low" Voltage Logic" VIL - 0.3 — 0.8 V 

Clock Input "High" Voltage 0t , tibz VIHc Vcc - 0.6 - Vcc + 0.3 V 

Clock Input "Low" Voltage mt.0z VILc -0.3 - 0.4 V 

Output "High" Voltage 

Do..,p~ 

VoH 

IoH =-205µA 2.4 - - V 

VMA 
ts, R/W IoH =-145µA 2.4 - - V 

BA IoH =-100µA 2.4 - - V 

Output"Low" Voltage VoL IoL = 1.6mA - - 0.4 V 

Input Leakage Current 
Logic"' 

Iln 
V;° = 0^~5.25V, 
All other pins are connected 
to G N D 

-2.5 - 2.5 µA 

~t , ~x -100 - 100 µA 

Three-State (Off-state) 
Input Current 

Do -̂D, 
ITS( Vin = 0.4 ̂ ' 2.4V 

-10 - 10 µA 

Ao'rAts , R AIN -100 - 100 µA 

Power Dissipation Po - 0.5 1.0 W 

' 

Input Capacitance 

Logic"` 

CI° V;,, = OV, Ta = 25°C, 
f = 1 MHz 

- 6.5 10 pF 

Do"'D~ - 10 12.5 pF 

mt - 25 35 pF 

0s - 45 70 pF 

Output Capacitance A°^~A;s , R/~J 
VMA, BA 

C 
O°t 

V;,, = OV, Ta = 25°C, 
f = 1 MHz 

_ _ 12 pF 

• Ta = 25°C, V~~ = 5V 
•• All inputs except 0, and 0~ 

•••All inputs except m~ , 0t and D,-D, 
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• AC CHARACTERISTICS (V0C = 5V t 5%, V~ = OV, Ta = -20~+75°C, unless otherwise noted.) 

1. TIMING CHARACTERISTICS OF CLOCK PULSE ~t and ~x 

Item Symbol Condition 
HD6800 HD68A00 HD66B00 

Unit 
min typ max min typ max min typ max 

Frequency of Operation f 0.1 — 1.0 0.1 — 1.5 0.1 -- 2.0 MHz 

Cycle Time t°yo Fig. 10 1.000 — 10 0.666 — 10 0.500 — 10 µs 
Clock Pulse Width ,p,, ~x Pwcr,.PWoH: Fig. 10 400 — 4,500 230 — 4,500 180 -- 4,500 ns 

Rise and Fall Times fit , ~x tr, tf Fig. 10 — — 100 — — 100 — — 100 ns 

Delay Time (Clock Internal) td Fig. 10 0 — 4,500 0 — 4,500 0 — 4,500 ns 
Clock "High" Level Time tuT Fig. 10 900 — — 600 — — 440 — — ns 

2. READ/WRITE CHARACTERISTICS 

Item Symbol Test 
Condition 

HD6800 HD68A00 HD68B00 
Unit 

min typ max min typ max min typ max 

Address Delay 
Time 

C=90pF tgpt Fig. 12 — — 270 — — 180 — — 150 ns 

C=30pF tnoz Fig. 12 — — 250 — — 165 — — 135 ns 

Data Setup Time (Read) tpgR Fig. 11 100 — — 60 — — 40 — — ns 

Peripheral Read Access Time 
lace = tUT - ItAD + tDSR 1 t~C Fig. 11 530 — — 360 — — 250 — — ns 

Input Data Hold Time tH Fig. 11 10 — — 10 — — 10 — — ns 

Output Data Hold Time tH Fig. 12 20 — — 20 — — 20 — — ns 

Address Hold Time 
(Address,R/~N, VMA) tAF1 

Fig. 11, 
Fig 12 10 — — 10 — — 10 — — ns 

Enable "High" Time for DBE 
Input tER Fig. 12 450 — — 280 — — 220 — — ns 

Data Delay Time (Write) tppyy Fig. 12 — — 225 — — 200 — — 160 ns 
Data Bus Enable Down Time 
(During ~t Up Time) toeE Fig. 12 150 — — 120 — — 75 — — ns 

Data Bus Enable Delay Time toseD Fig. 12 300 — — 250 — — 180 — — ns 
Data Bus Enable 
Rise and Fall Times 

loser 
tDaEf 

Fig. 12 — — 25 — — 25 — — 25 ns 

Processor Control Setup Time tPcs 200 — — 140 — — 110 — — ns 

Processor Control 
Rise and Fall Times 

tPDr
tPq 

_ _ 100 _ _ 100 — — 100 ns 

Bus Available Delay Time (BA) tsA — — 250 — — 165 — — 135 ns 
Three-State Delay Time tTSD — — 270 — — 270 — — 220 ns 

S.oV 

Test Point 

R ~= 2.4k C = 7 30pF for D, ~ D, 
- 90pF for A° —A, s , R /W ,and VMA 

30pF for BA 
R = t t ks2 for Do ̂ 'D, 

= t6kSx for A° —A,r , RIYV and VMA 
= 24kSx for BA 

C includes Stray Capacitance. 
All diodes are 152074 ®or equivalent. 

Figure 1 Bus Timing Test Load 
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1 The Last Instruction Cycle Halt Cycle 

VCC — O.6V 

tPCf y 

HALT 

BA 

tPCS 

2.0 V 
0.8 V 

~VCC—O.6V\ 

~Vcc — O.6V 

BA 

Figure 2 Timing of HALT and BA 

Halt Cycle 

2.4 V 

l nsituction Cycle 

0, / 

m' 

HALT 

BA 

0~ 

VCC — O.6V 

tPCr y 
tPCS 

C —O.6V 

 ~.BV 
2.OV tBA 

0.4 V 

Figure 3 Timing of HALT and BA 

MPU Reset —I MPU Restart Sequence 

VCC—O.6V` 

0 t
VCC — O.6V 

~ f PCS 
tPCr ~ 

RES 

VMA 

2.0 V 

0 8V 
tA0 

2.4V 

Figure 4 RE and MPU Restart Sequence 
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WAIT Cycle or 
The Last Instruction Cycle _l Interrupt Sequence 

0, / 

V CC — 0.6V 

tPCS 

VCC — 0.6V 

PCf —~. 
2.0 V 

IRS 

NMI (When WAIT Cycle) 

r 0.8V 
tBA 

 1 
BA 0.4 V 

Figure 5 IRQ and NMI Interrupt Timing 

The last execution cycle of 
WAI instruction 1#91 WAIT Cycle 

0, 

BA 

0, 

m, 

TSC 

~Vcc — O.6V\ 

tBA 

y +tPCr 

Ao ̀ A, s 

Figure 6 WAI Instruction and BA Timing 

PWCH~ (4.5 Ns max) 
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Figure 7 TSC Input and MPU Output 
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■ MPU REGISTERS 
The MPU provides several registers in Fig. 8, which is avail-

able for use by the programmer. 
Each register is described below. 

• Program Counter (PC) 
The program counter is a two byte (16-bit) register that 

points to the current program address. 
• Stack PointerlSP) 

The stack pointer is a two byte register that contains the 
address of the next available location in an external pushdown/ 
pop-up stack. This stack is normally a random access Read/ 
Write memory that may have any location (address) that is con-
venient. In those applications that require storage of informa-
tion in the stack when power is lost, the stack must be non-
volatile. 
• Index Register (IX) 

The index register is a two byte register that is used to store 
data or a sixteen bit memory address for the Indexed mode of 
memory addressing. 
• Accumulators (ACCA, ACCB) 

The MPU contains two 8-bit accumulators that are used to 
hold operands and results from an arithmetic logic unit (ALU). 

15 

0 

Accumulator A 

Accumulator B 

Index Register 

Program Counter 

Stack Pointer 

Condition Codes 
Register 

ACCA 

7 0 

ACCB 

0 

IX 

15 0 
PC 

15 0 

SP 

7 0 

1 1 H I IN Z V C 

L Carry (From Bit 7) 

  Overflow 

  ZefO 

  Negative 

  Interrupt Mask 

  Half Carry 
(From Bit 31 

Figure 8 Programming Model of the Microprocessing 
Unit 

• Condition Code Register (CCR) 
The condition code register indicates the results of an Arith-

metic Logic Unit operation: Negative (N), Zero (Z), Overflow 
(~, Carry from bit 7 (C), and half carry from bit 3(H). These 
bits of the Condition Code Register are used as testable condi-
tions for the conditional branch instructions. Bit 4 is the 
interrupt mask bit (I). The unused bits of the Condition Code 
Register (b6 and b7) are "1". The detail block diagram of the 
microprossfng unit is shown in Fig. 9. 

Figure 9 Internal Block Diagram of MPU 

■ MPU SIGNAL DESCRIPTION 
Proper operations of the MPU requires that certain control 

and timing signals (Fig. 9) be provided to accomplish specific 
functions. The functions of pins are explained in this section. 
• Clock 10~ , ~z ) 

Two pins are used to provide the clock signals. Atwo-phase 
nonoverlapping clock is provided as shown in Fig. 10. 

tcyc 

PWCH1 

tUT 
tf 

0, V IHC 
`/ov 

to VILC Ld ~ 

VIHC 
0, 

VOV 
VILC 

VIHC ~ VCC—O.6V (min.) 

VILC ' VSS+0.4V (max.) 

Vov VSS' O.6V 

[r
PWCH2 

Figure 10 Clock Timing Waveform 

if 

• Address Bus (Ae ̂ 'A, s 
Sixteen pins are used for the address bus. The outputs are 

three-state bus drivers capable of driving one standard TTL load 
and 90pF. When the output is turned off, it is essentially an 
open circuit. This permits the MPU to be used in DMA applica-
tions. Putting TSC in its high state forces the Address bus to go 
into the three-state mode. 
• Data Bus IDo^'D~ ) 

Eight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of driving 
one standard TTL load and 130pF. Data Bus is placed in the 
three-state mode when DBE is "Low." 
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` Start of Cycle 

c 

0, 
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tr 

0.4 V 

2.4V 
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Figure 11 Read from Memory or Peripherals 
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Figure 12 Write to Memory or Peripherals 
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• Data Bus Enable (DBE) 
This input is the three-state control signal for the MPU data 

bus and will enable the bus drivers when in the "High" state; will 
make the bus driver off when in the "Low" state. This input is 

TTL compatible; however in normal operation, it would be 
driven by ~s clock. During an MPU read cycle, the data bus 

drivers will be disabled internally. When it is desired that an-
other device control the data bus such as in Direct Memory 
Access (DMA) applications, DBE should be held "Low." 

If additional data setup or hold time is required on an MPU 
write, the DBE down time can be decreased as shown in Fig. 13 
(DBE ~ ~2 ). The minimum down time for DBE is ipgg as 
shown and must occur within 0t up time. As for the charac-
teristical values in Fig. 12, refer to the table of electrical charac-
teristics. 
• Bus Available IBAI 

The BA signal will normally be in the "Low" state. When 
activated, it will go to the "High" state indicating that the 

microprocessor has stopped and that the address bus is avail-

able. This will occur if the HALT line is in the "Low" state 
or the processor is in the WAIT state as a result of the execution 
of a WAIT instruction. At such time, all three-state output 

drivers will go to their off state and other outputs to their 

normally inactive level. The processor is removed from the 
WAIT state by the occurrence of a maskable (mask bit I = 0) or 
nonmaskable interrupt. This output is capable of driving one 
standard TTL load and 30pF. If TSC is in the "High" state, Bus 
Available will be "Low". 

• Read/Write IR/WI 
This TTL compatible output signals the peripherals and 

memory devices whether the MPU is in a Read ("High") or 

Ot 

h 

1 2 x S 6 7 8 

Write ("Low") state. The normal standby state of this signal is 
Read ("High"). Three-State Control going "High" will turn R%W 
to the off (high impedance) state. Also, when the processor is 
halted, it will be in the off state. This output is capable of 
drivin); one standard TTL load and 90pF. 
• Reset (RES) 

The RES input is used to reset and start the MPU from a 
power down condition resulting from a power failure or initial 
start-up of the processor. This input can also be used to re-
initialize the machine at any time after start-up. 

If a "High" level is detected in this input, this will signal the 
MPU to begin the reset sequence. During the reset sequence, the 
contents of the last two locations (FFFE, FFFF) in memory 
will be loaded into the Program Counter to point to the begin-
ning of the reset routine. During the reset routine, the interrupt 
mask bit is set and must be cleared under program control 
before the MPU can be interrupted by IR While R S is 
"Low" (assuming a minimum of 8 clock cycles have occured) 
the MPU output signals will be in the following states; VMA = 
"Low", BA = "Low", Data Bus=high impedance, R/W = "High" 
(read state), and the Address Bus will contain the reset address 
FFFE. Fig. 13 illustrates a power up sequence using the Reset 
control line. After the power supply reaches 4.75V, a minimum 
of eight clock cycles are required for the processor to stabilize 
in preparation for restarting. During these eight cycles, VMA will 
be in an indeterminate state so any devices that are enabled by 
VMA which could accept a false write during this time (such as 
a battery-backed RAM) must be disabled until VMA is forced 
"Low" after eight cycles. RES can go "High" asynchronously 
with the system clock any time after the eighth cycle. 

9 n n+ I n+2 n+3 n+4 n+5 

Power on 
Switch 

Power 

Supply 

RES 

Address 
Bus 

R/W 

VMA 

Date 
BU 5 

BA 

f{ J 
—} 5.25V 

~) jl 
— 4.75V 

~ tPCS 

it 
tPCrt~PCr 

1 

`/
_~-- 

FFFE I~F~ FFFE FFFE 'FFF i
%l%////J 

~~iiiiii~iiid~iiiiiiiiiiiiiiiiii~ Restart Routine „ 
Address Bit s0-7 

~ ~ l 

~~~~~~~~ = Indeterminate period 

Figure 13 RES Timing 

Restart Routine Restart Routine Instruction of 
Address Bits B -̂t5 Address Bits O-7 Restart Routine 
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The Reset control line may also be used to reinitialize the 
MPU system at any time during its operation. This is accomp-
lished by pulsing RE5 "Low" for the duration of a minimum of 
three complete ~= cycles. The RES pulse can be completely 
asynchronous with the MPU system clock and will be recog-
nized during Sda if setup time tpCg is met. 
• Interrupt Request (IRQ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait until 
it completes the current instruction that is being executed 
before it recognizes the request. If the interrupt mask bit in the 
Condition Code Register is not set, the machine will begin an 
interrupt sequence. The Program Counter, Index Register, 
Accumulators, and Condition Code Register are stored away on 
the stack. 

Next the MPU will respond to the interrupt request by 
setting the interrupt mask bit "1" so that no further inter-
rupts may occur. At the end of the cycle, a 16-bit address will 
be loaded that points to a vectoring address which is located in 
memory locations FFF8 and FFF9. An address loaded at these 
locations causes the MPU to branch to an interrupt routine in 
memory. Interrupt timing is shown in Fig. 14. 

The HALT line must be in the "High" state for interrupts 
to be serviced. Interrupts will be latched internally while i LT 
is "Low". The 1R~ has a high impedance pullup device internal 
to the chip; however a 3kS2 external resistor to V~~ should be 
used Cor wire-0R and optimum control of interrupts. 

A, 

~s 

Address 
Bus 

IRO or 
NMI 

IM 
Data 
Bus 

R /GJ 

VMA 

• Non-Maskable Interrupt (NMI) and Wait for Interrupt (WAI) 

The MPU is capable of handling two types of interrupts: 

maskable (IRQ) as described earlier, and non-maskable (NMi). 
IRQ is maskable by the interrupt mask in the Condition Code 
Register while NM[ is not maskable. The handling of these inter-
rupts by the MPU is the same except that each has its own 
vector address. The behavior of the MPU when interrupted is 
shown in Fig. 14 which details the MPU response to an interrupt 
while the MPU is executing  the control program. The interrupt 
shown could be either IRQ or NMI and can be asynchronous 
with respect to ~s . The interrupt is shown going "Low" at 
time tp~g in cycle #0 which precedes the first cycle of an in-
struction (OP code fetch). This instruction is not executed but 
instead the Program Counter (PC), Index Register (IX), 
Accumulators (ACCX), and the Condition Code Register (CCR) 
are pushed onto the stack. 

The Interrupt Mask bit is set to prevent further interrupts. 
The address of the interrupt service routine is then fetched from 
FFFC, FFFD for an NMI interrupt and from FFF8, FFF9 for 
an ~ interrupt. Upon completion of the interrupt service 
routine, the execution of RT[ will pull the PC, IX, ACCX, and 
CCR off of the stack; the Interrupt Mask bit is restored to its 
condition prior to interrupts. Fig. 15 is a similar interrupt se-
quence, except in this case, a WAIT instruction has been ex-
ecuted in preparation for the interrupt. This technique speeds 
up the MPU's response to the interrupt because the stacking of 

Cycle I Cycle I Cycle I Cycle I Cycle I Cycle I Cycle I Cycle Cycle I Cycle I Cycle I Cycle I Cycle Cycle Cycle 
#0 #t #2 #3 #4 #5 #6 #7 #8 #9 #10 #77 #12 #13 #74 

PC PC SPlnl SPIn-11 SPIn-21 SPIn-31 SPIn-41 SPIn-51 SPIn-61 
FFF8 or FFF9 or New PC 
FFFC FFFD Address 

Address Address 

~tPCS 

Inst 1x1 PCO-PC7 Pce- Ixo-Ix7 Ixe- ACCA ACCB CCR 
PC75 IX75 

Figure 14 Interrupt Timing 

New PCa-PC15 New PCO-PC1 First Inst of 
Atltlress Address Interrupt Routine 

V 

C#t e Ctt 2eC>r3e IC#4 eI Ctt 5eICtt6e ICu7eI C#Bel C#9e Wait Cycle 
I #oelttn+Illttn+l2l tt n+13I#n+14Ittn+15I 

P~ 

T, 

Cycle (NOTE) Cycle 

Address u1 2 3 4 5 6 7 8 9 n /n+1 n+2 +3 +4 Nn+5 

Bus s  ► __C 

RAW 
— lost ru0tion` SPlnl SPIn-115PIn-715PIn-01 SPIn-41 SPIn-51 SPI -61 r ♦ FFF8-FFF9- Naw PC 

Adtlress 
VMA 

1 {rd O 
NFn 

Duta 
B s 

eA 

 r 

Wait Pco-Pcr Pte- ixo-ix~ Ixe- ACCA ACCB CCR 
Inst PC15 Ixts O. of Cyds #10+ 

First Ins[. 
 ~ of Interrupt I  

~ 

Routine 
 I —tuts l700ns) 

New PCa-PGtS New PCO-PC) 
 ~ Aea.ss Aaa.+. 

(NOTE) Midrange waveform indicates high impedance state. 

Figure 15 WAI Instruction Timing 
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the PC, IX, ACCX, and the CCR is already done. 
While the MPU is waiting for the interrupt, Bus Available will 

go "High" indicating the following states of the control lines: 
VMA is "Low", and the Address Bus, R/W and Data Bus are all 
in the high impedance state. After the interrupt occurs, it is 
serviced as previously described. 

Table 7 Memory Map for Interrupt Vectors 

Vector 
Description 

MS LS 
FFFE FFFF Restart 
FFFC FFFD Non-maskable Interrupt 

FFFA FFFB Software Interrupt 

FFFB FFF9 Interrupt Request 

Refer to Figure 16 for program flow for Interrupts. 

• Three State Contro1 lTSC) 
When the Three State Control (TSC) line is "High" level, the 

Address Bus and the R/W line are placed in a high impedance 
State. VMA and BA are forced "Low" when TSC = "High" to 
prevent false reads or writes on any device enabled by VMA. 
It is necessary to delay program execution while TSC is held 
"High". This is done by insuring [ha[ no transitions of 02 (or 

~z) occur during this period. (Logic levels of the clocks are 
irrelevant so long as they do not change.) 

Since the MPU is a dynamic device, the ~~ clock can be 
stopped for a maximum time PW~R t without destroying data 
within the MPU. TSC then can be used in a short Direct Me-
mory Access (DMA) application. 

Fig. 16 shows the effect of TSC on the MPU. The Address 
Bus and R/W line wiB reach the high impedance state at trsD 
(three-state delay), with VMA being forced "Low". In this 
example, the Data Bus is also in the high impedance state while 

~s is being held "Low" since DBE~x • At this point in time, a 
DMA transfer could occur on cycles #3 and #4. When TSC is 
returned "Low," the MPU address and R%W lines return to the 
bus. Because it is too late in cycle #5 to access memory, this 
cycle is dead and used for synchronization. Program execution 
resumes in cycle #{ti. 

System 
0~ 

• Valid Memory Address (VMA) 
This output indicates to peripheral devices that there is a 

valid address on the address bus. In normal operation, this signal 
should be utilized for enabling peripheral interfaces such as the 
PIA and ACIA. This signal is not three-state. One standard TTL 
load and 90pF may be directly driven by this active "High" 
signal.  
• Halt (HALT) 

When this input is in the "Low" state, all activity in the 
machine will be halted. This input is level sensitive. 

The HALT line provides an input to the MPU to allow con-
trol or program execution by an outside source. If HALT is 
"High", the MPU will execute the instructions; if it is "Low", 
the MPU will go to a halted or idle mode. A response signal, 
Bus Available (BA) provides an indication of the current MPU 
status. When BA is "Low", the MPU is in the process of execut-
ing the control program; if BA is "High", the MPU has halted 
and all internal activity has stopped. 

When BA is "High", the Address Bus, Data Bus, and R/W line 
will be in a high impedance state, effectively removing the 
MPU from the system bus. VMA is forced "Low" so that the 
floating system bus will not activate any device on the bus that 
is enabled by VMA. 

While the MPU is halted, all program activity is stopped, and 
if either an NMI or IRQ interrupt occurs, it wiB be latched into 
the MPU and acted on as soon as the MPU is taken out of the 
halted mode. If a RES command occurs while the MPU is 
halted, the following states occur: VMA = "Low", BA = "Low", 
Data Bus =high impedance, R/W = "High" (read state), and 
the Address Bus will contain address FFFE as long as RES is 
"Low". As soon as the l~ line goes "High", the MPU will 
go to locations FFFE and FFFF for the address of the reset 
routine. 

Fig. 18 shows the timing relationships involved when halting 
the MPU. The instruction illustrated is a one byte, 2 cycle in-
struction such as CLRA. When HALT goes "Low", the MPU 
will halt after completing execution of the current instruction. 
The transition of HALT must occur tpCS before the trailing edge 
of ~f  of the last cycle of an instruction (point A of Fig. 18). 
HALT must not go "Low" any time later than the minimum 
ipCg specified. 

C#1e #2 I #3 #4 #5 #6 I #7 I #B #g 

  PWCRt maz 

Mru m, ~ J 

~— tTSD 
Address 
Bus 

tTSD~ 

R%W ~~ C X 

VMA 
Data 
Bus 

r—mt DBE ~ 1 L 

TSC 

Figure 16 TSC Control Timing 
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<Cycle> 

#1-2 

#3-9 

#10 

#tt 

#12 

#13 

Pseudo-WAI 
Instruction 
generation 

Stack 
PC, IX, A, B, CCR 

N 

IRQ 
Ignored 

NMI 

Set NMIF 

Pseudo-WAI 
Instruction 
generation 

Stack 
PC, IX, A, B, CCR 

Vector Address 
generation 

(FFF8) Fetch 
IM=1 

Reset (NMIF 
IRQF 

(FFF9) Fetch 

HAL 

JUMP 
FFF8/9 

Vector Address 
generation 

(FFFC) Fetch 
IM=1 

Reset 
(NMIF 
IRDF 

(FEED) Fetch 

JUMP 
FFFC/D 

Figure 17 MPU Interrupt Flow Chart 
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<Cycle> 

# 1 ^- 2 

tt3-9 

#10 

#11 

#12 

#13 

HITACHI 51 



H D 6800, H D 68A00, H D 68600 

VMA 

R/W 

Address 

Bus 

Data 

Bus 

PC 

InsvucGon ~nstCUction 
Fetch ~ Exe hon 

Pc 

tPCr tpCf 

B 

tBA 

(NOTE 11 
 !f 

Fetch 
t1r M 

Execute 

~~~~~ ~ ~~~i~~~~~//~ 

(NOTE 21 r! 

Example: M=1000ta , x=CLRA (OP 4F) M+1=1001,,,Y=CLRBIOP 5F) 

(NOTE) 1. Oblique lines indicate indeterminate range of data. 
2. Midrange waveform indicates high impedance, state. 

Figure 18 HALT and Single Instruction Execution for System Dubug 

Table 2 Operation States of MPU and Signal Outputs (Except the Execution of Instruction) 

tBA 

Signals Halt state Reset state Halt and 
Reset state 

yyAl state TSC state 

BA "H" "L" "L" "H" "L" 

VMA "L" "L" "L" "L" "L" 

R W "T" "H" "H" 'T" 'T" 

Ao"'Ats "T" (FFFE116 (FFFEIte "T"' "T" 

'T" indicates high impedance state. 

The fetch of the OP code by the MPU is the first cycle of the 
instruction. If HALT had not been "Low" at Point A but went 
"Low" during 0x of the cycle, the MPU would have halted after 
completion of the following instruciton. BA will go "High" by 
time teA (bus available delay time) after the last instruction 
cycle. At this point in time, VMA is "Low" and R/W, Address 
Bus, and the Data Bus are in the high impedance state. 

To debug programs it is advantageous to step through pro-
grams instruction by instruction. To do this, HALT must be 
brought "High" for one MPU cycle and then returned "Low" as
shown at point B of Fig. 18. Again, the transitions of HALT 
must occur [pCg before the trailing edge of q5t. BA will go 
"Low" at t eA after the leading edge of the next ~t ,indicating 
that the Address Bus, Data Bus, VMA and R/W lines are back 
on the bus. A single byte, 2 cycle instruction such as LSR is 
used for this example also. During the first cycle, the instruction 
Y is fetched from address M+1. BA returns "High" at t eA on 
the last cycle of the instruction indicating the MPU is off the 
bus, if instruction Y had been three cycles, the width of the BA 
"Low" time would have been increased by one cycle. 

Table 2 shows the relation between the state of MPU and 
signal outputs. 

■ MPU INSTRUCTION SET 
This Section will provide a brief introduction and discuss 

their use in developing HD6800 MPU control programs. The 
HD6800 MPU has a set of 72 different executable source 
instructions. lncluded are binary and decimal arithmetic, logical, 
shift, rotate, load, store, conditional or unconditional branch, 
interrupt and stack manipulation instructions. 

Each of the 72 executable instructions of the source language 
assembles into 1 to 3 bytes of machine code. The number of 
bytes depends on the particular instruction and on the address-
ing mode. (The addressing modes which are available for use 
with the various executive instructions are discussed later.) 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of the 
binary codes, which result from the translation of the 72 in-
structions in all valid modes of addressing, are shown in Table 3. 
There are 197 valid machine codes, 59 of the 256 possible codes 
being unassigned. 

When an instruction translates into two or three bytes of 
code, the second byte, or second and third bytes contains) an 
operand, an address, or information from which an address is 
obtained during execution. 
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Microprocessor instructions are often devided into three 
general classifications;(1) memory reference, so called because 
they operate on specific memory locations; (2) operating in-
structions that function without needing a memory reference; 
(3) I/O instructions for transferring data between the micro-
processor and peripheral devices. 

In many instances, the HD6800 MPU performs the same 
operation on both its internal accumulators and the external 

memory locations. In addition, the HD6800 MPU allow the 
MPU to treat peripheral devices exactly like other memory 
locations, hence, no I/O instructions as such aze required. Be-
cause of these features, other classifications are more suitable 
for introducing the HD6800's instruction set: (1) Accumu-
lator and memory operations; (2) Program control operations; 
(3) Condition Code Register operations. 

For Accumulator and Memory Operations, refer to Table 4. 

Table 3 Hexadecimal Values of Machine Codes 

LSB 
MSB 0 7 2 3 4 5 6 7 9 9 A B C D E F 

B ~ 
NOP 

(IMP) ~ ~ ~ ~ 
TAP 

IIMPI 
7PA 

IIMPI 
INX 
(IMP) 

DEX 
(IMP) 

CLV 

(IMP) 
SEV 
IIMP) 

CLC 
IIMPI 

SEC 
IIMP) 

CLI 
IIMPI 

SEI 
(IMP) 

1 SBA 
IA, B) 

CBA 
IA, B) 

TAB 

IIMPI 
TBA 
IIMPI 

~ DAA 
IIMPI 

ABA 

IIMPI 

2 BRA 

IRELI 
~ BHI 

(REL) 
BLS 

(REL) 
BCC 

(REL) 
BCS 

(REL) 
BNE 

(REL) 
BEO 

(REL) 
BVC 

(REL) 
BVS 

(REL) 
BPL 

IRELI 
BMI 

IRELI 
BGE 

(REL) 
BLT 

(REL) 
BGT 

(REL) 
BLE 

IRELI 

9 
TSX 

IIMPI 
INS 

(IMP) 
PUL 

IAI 
PUL 

IBI 
DES 

IIMP) 
TXS 

IIMPI 
PSH 

IAI 
PSH 

Iel 
RTS 
(IMP) 

RTI 

IIMP) 
WAI 

IIMPI 
SWI 
11 MPI 

4 
NEG 

IAI 

COM 

IAI 

LSR 

IAI 

ROR 

IAI 

ASR 

IAI 

ASL 

IAI 

ROL 

IAI 

DEC 

IAI 

INC 

IAI 

TST 

IAI 

CLR 

IAI 

5 
NEG 

IBI 

COM 

I81 

LSR 

IBI 

ROR 

Iel 

ASR 

IBI 

ASL 

IBI 

ROL 

IBI 

DEC 

IBI 

INC 

Iel 

TST 

IBI 

CLR 

Iel 

B NEG 

(IND) 
COM 

(IND) 
LSR 

(IND) 
ROR 
(IND) 

ASR 

(IND) 
ASL 

IINDI 
ROL 
(IND) 

DEC 
(IND) 

INC 
(IND) 

TST 

(IND) 
JMP 

(IND) 
CLR 
(IND) 

~ 
NEG 
IEXTI ~ 

COM 

(EX71 
LSR 

IEXTI ~ 
ROR 

IEXTI 
ASR 
IEXTI 

ASL 
IEXTI 

ROL 

IEXTI 
DEC 

IEXTI ~ 
INC 
IEXTI 

TST 

IEXTI 
JMP 

IEXTI 
CLR 

(EX7) 

B SUB 
IAI(IMMI 

CMP 
IAl

IIMM) 
SBC 

IAI 
(IMM) 

AND 
IAI

IIMM) 
BIT 

IAI 
(IMMI 

LDA 
IAI 

(IMM) 
FOR 

IAI 
IIMM) 

ADC IAI
(IMMI 

ORA 
IAI 

(IMM) 
ADD IAI
(IMMI 

CPX IAI 
(IMM) 

BSR 
IRELI 

LDS 
(IMMI 

B 
SUB 

IAI 
IDIRI 

CMP 
IAI 

(OIR) 

SBC 
IAI 

IDIRI 
. AND 

IAI 
IDIRI 

BIT 
IAI 

tDIR) 

LDA 
IAI 

IDIRI 

STA 
IAI

IDIRI 

FOR 
IAI

IDIRI 

AOC IAI
IDIRI 

ORA 
IAI

IDIRI 

ADD IAI 
IDIRI 

CPX IAI 
IDIRI 

LDS 
IDIRI 

STS 
IDIRI 

A SUB 
IAI

(IND) 
CMP 

IAI 
(IND) 

SBC 
IAI 

(IND) 
AND 

IAI 
(IND) 

BIT 
IAI

(INDI 
LDA IAI 
(IND) 

STA 
IAI 

(IND) 
FOR 

IAI 
(IND) 

ADC 
IAI

(IND) 
ORA 

IAI 
(IND) 

ADD 
IAI 

(IND) 
CPX IAI 
(IND) 

JSR 
(INDI 

LDS 
IINDI 

STS 
(INDI 

B SUB IAI 
IEXTI 

CMP IAI 
IEXTI 

SBC IAI 
IEXTI 

AND IAI
IEXTI 

81T 
IAI

IEXTI 
LDA 

IAI
IEXTI 

STA 
IAI

IEXTI 
FOR 

IAI
IEXTI 

ADC 
IAI

IEXTI 
ORA IAI
IEXTI 

ADD 
IAI

IEXTI 
CPX 

IAI
IEXTI 

JSR 
IEXTI 

LDS 
IEXTI 

STS 
IEXTI 

C SUB IBI
(IMM) 

CMP 
IBI

(IMM) 
SBC 

IBI 
(IMMI 

. AND 
IBI

(IMM) 
BIT 

IBI
(IMM) 

LDA Iel 
(IMMI 

. FOR IBI
IIMM) 

ADC 
Iel

(IMMI 
ORA 

IBI
(IMMI 

ADD 
Iel 

(IMMI 
. LDX 

IIMMI 

D SUB IBI
IDIRI 

CMP 
IBI

IDIRI 
SBC IBI 
IDIRI 

, AND IBI
IDIRI 

BIT 
IBI

IDIRI 

LDA IBI
IDIRI 

STA IBI
IDIRI 

FOR 
IBI

IDIRI 
ADC IBI
IDIRI 

ORA IBI
IDIRI 

ADD I01 
IDIRI 

~ LDX 181 
IDIRI 

STX 
IBI 

IDIRI 

E SUa IBI
(IND) 

CMP IBI
(IND) 

SBC IBI 
(IND) 

AND Iel 
(IND) 

BIT IBI
(IND) 

LDA 
Iel 

IIND) 
STA 

IBI
IIND) 

FOR IBI
IIND) 

ADC IBI
(IND) 

ORA IBI
IIND) 

ADD IBI 
(IND) 

~ LDX 
(IND) 

STX 
(INDI 

F SUa 
IBI

IEXTI 
CMP 

IBI
IEXTI 

SBC IBI 
IEXTI 

. AND IBI
IEXTI 

BIT IBI
IEXTI 

LDA IBI
(E XTI 

STA IBI
IEXTI 

FOR IBI
IEXTI 

ADC IBI
IEXTI 

ORA IBI
IEXTI 

ADD IBI
IEXTI 

LDX 
IEXTI 

STX 
IEXTI 

DIR - Di ect Addressing Mode 
EXT= Extended Addressing Mode 
IMM= Immediate Addressing Mode 

IND =Index Addressing Mode 
IMP =Implied Addressing Moda 
REL= Relative Addressing Mode 

A. Accumulator A 
B =Accumulator B 
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Table 4 Accumulator and Memory Operations 

Operation Mnemonic 

Addressing Modes Cond. Code Reg. 

IMMED DIRECT INDEX EXTND IMPLIED Booleanl 
Arithmetic Operation 5 4 3 2 i 0 

OP-# OP-# OP-# OP-# OP-# H I N 2 V C 

Add ADDA SB 2 2 9B 3 2 AB 5 2 BB 4 3 A+ M B A 1 J Y 
ADOB CB 2 Z OB 3 2 EB 5 2 FB 4 3 B a• M» B i J S 

Add Acmlirs ABA 18 2 1 A t B» A J 3 ! 
Add with Carry ADCA 89 2 2 99 3 2 A9 5 2 B9 4 3 A+ M i C~ A 1 J 7 

ADCB C9 2 2 D9 3 2 E9 6 2 F9 4 3 B a M+ C» B i J I 
And ANDA 84 2 2 94 3 2 A4 5 2 84 4 3 A• M» A R 

ANDS C4 2 2 D4 3 2 E4 5 2 F4 4 3 B• M» B R 
Bit Test BITA 85 2 2 95 3 2 A5 6 2 BS 4 3 A• M R 

BITE C5 2 2 D5 3 2 E6 5 2 F5 4 3 e• M R 
Clear CLR 6F 7 2 7F 6 3 00+M R S R R 

CLRA 4F 2 1 OO~A R S R R 
CLRB 5F 2 1 00» 8 R S R R 

Compare CMPq 81 2 2 91 3 2 Ai 5 2 Bl 4 3 A- M ! i 
CMPB Cl 2 2 Dl 3 2 El 5 2 Ft 4 3 B- M J I 

Compare Acmlirs CBA 11 2 f A- B J i 
Complement, /'s COM 63 7 2 73 6 3 M- M R S 

COMA 43 2 1 A~ A R S 
COMB 63 2 1 B» B R S 

Complement, Z's NEG 60 7 2 70 6 3 00 - M G M O 
INegatal NEGA 40 2 1 00 - A A A O 

NEGB 50 2 1 00-B+B O[ 
Decimal Adjust, A DAA 19 2 1 Converts Binary Add of BCD 3 Oa 

Characters into BCD Format 
Decrement DEC 6A 7 2 7A 6 3 M- 1» M CI 

DECA 4A 2 1 A- 1» A G 
DECB 6A Z / B -1»B G 

Exclusive OR EORA B8 2 2 98 3 2 A8 5 2 B8 4 7 A Q Id» A R 
EORB C8 2 2 DS 3 2 E8 6 2 F8 4 3 B Q M» B R 

Incremem INC 6C 7 2 7C 8 3 M a l » M O 
INCA 4C 2 1 A+1»A Cl 
INCB 6C 2 1 Ba1~e 

Load Acmltr LDAA 86 2 2 96 3 2 A6 5 2 B6 4 3 M-• A R 
LDAB C6 2 2 D6 3 2 EB 6 2 F6 4 3 M»B R 

Or, Inclusive ORAA BA 2 2 9A 3 2 AA 5 2 BA 4 3 A~ M» A R 
GRAB CA 2 2 DA 3 2 EA 5 2 FA 4 3 B+M»B R 

Push Data PSHA - 36 4 1 A»Msp, SP - 1 » BP 
PSHB 37 4 1 B »Msp, SP - 1 » SP 

Pull Data PULA 32 4 1 SP t 1 » SP, Msp» A 
PULB 33 4 1 SP~1-+SP, Msp»B 

Rotate Lelt ROL 69 7 2 79 8 3 M (~ 
BOLA 49 Z 1 A~ I-D-®~ C~ 
ROLE 59 2 1 B 11111 C b7 - b0 C' 

Rotate Right ROR 86 7 2 76 6 3 M 1 CI 
RORA 46 2 1 A ~ t•O+~J L~ 
RORB fib 2 1 B C b7 ~ b0 (_s'~ 

Shift Lelt, Arithmetic ASL 88 7 2 78 8 3 M 1 (s'~ 
ASLA 48 2 1 A 

t 
t7. 1»~0 (s'• 

ASLB 58 2 1 8 C b7 b0 ~, 
Shift Right, Arithmetic ASR 67 7 2 77 6 3 M 

A ~ ~+0 
L~ 

ASRA 
ASRB 

47 
67 

2 1 
2 1 

(6t 
~~ 8 67 b0 C 

Shift Rpht, Lopic LSR 64 7 2 74 6 3 M R ('s. 
LSRA 44 2 1 A~ 0 ~~+0 R C' 
LSRB 54 2 1 B 111 b7 t>D C R 1"sl 

Store Acmltr STAA 97 4 2 A7 6 2 B7 6 3 A B M R 
STAB D7 1 2 E7 6 2 F7 5 3 B»M R• 

Subtract SUBA 8t1 2 2 90 3 2 AO 5 2 BO 4 3 A- M -• A 1 
SUBB CO 2 2 DO 3 2 EO 5 2 FO 4 3 B- M+ B 3 

Subtract Acmlirs SBA 10 2 1 A- B S A J 
Subtr with Carry SBCA 82 2 2 92 3 2 A2 5 2 82 4 3 A- M- C A A 3 

SBCB C2 2 2 D2 3 2 E2 5 2 F2 4 3 B- M- C» e 1 
Transfer Acmlirs TAB i6 2 1 A» B R 

TBA 17 2 1 8~ A R 
Test Zero or Minus TST 6D 7 2 7D 6 3 M - 00 R R 

TSTA 4D 2 1 A- 00 R R 
TSTB 5D 2 1 B- 00 R R 

LEGEND: 
OP Operation Code IHezedaeimall 

Number of MPU Cycler 
# Number of Program Bytes 
+ Arithmetic Plus 
- ArilhrrNtic Minus 
• Boolean AND 
Msp Contents of memory bution 

poimed to a Stack Pointer 

Boolean c usive OR 
~ Boolean Exclusive OR 
FI Complement of M 

Transfer Into 
0 Bit =Zero 
00 Byte =Zero 

CONDITION CODE SYMBOLS: 
H Hal ca ry f om bi 3 R Reset Always 
I Interrupt mask 5 Set Alwwys 
N Negative (sign bit) i Test and set if true, cleared oNerwise 
2 Zero (byte) • Not Affected 
V Overflow, 2's complement 
C Carry from bit 7 

(Note) Accumulator addrassirq mode instructions are included in the column for IMPLIED addressing. 

CONDITION CODE REGISTER NOTES: 

(Bit set if test is true and cleared otherwise) 
© (Bit V) Test: Rewlt = 100000007 

OO (Bit C) Tast: Rewlt ~ 000000007 

© IBit C) Test: Decimal value of most significant BCD Charxter greater man nine? 
(Not cleared if previously sat.l 

~ IBII V) Test: Operand - 10000000 prior to azecution7 
~ (Bit VI Test: Operand = 01111111 prior to exea[ion7 
© (Bit V) Test: Sat epual to rawlt of NQQ C after shih has «curved. 
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■ PROGRAM CONTROL OPERATIONS 
Program Control operation can be subdivided into two cate-

gories: (1) Index Register/Stack Pointer instructions: (2) Jump 
and Branch of operations. 
• Index Register/Stack Pointer Operations 

The instructions for direct operation on the MPU's Index 
Register and Stack Pointer are summari7.ed in Table 5. Decre-
ment (DEX, DES), increment (INX, INS), load (LDX, LDS), 
and store (STX, STS) instructions are provided for both. The 
Compare instruction, CPX, can be used to compare the Index 
Register to a 16-bit value and update the Condition Code 
Register accordingly. 

The TSX instruction causes the Index Register to be loaded 
with the address of the last data byte put onto the "stack". 
The TXS instruction loads the Slack Pointer with a value equal 
to one less than the current contents of the Index Register. Tltis 
causes the next byte to be pulled from the "stack" to come 
from the location indicated by the Index Register. The utifity of 
these two instructions can be clarified by describing the "stack" 
concept relative to the HMCS 6800 system. 

The "stack" can be thought of as a sequential list of data 
stored in the MPU's read/write memory. The Stack Pointer 
contains a 16-bit memory address that is used to access the Gst 
from one end on a last-in-firstout (LIFO) basis in contrast to 
the random access mode used by the MPU's other addressing 
modes. 

The HD6800 MPU instruction set and interrupt structure 
allow extensive use of the stack concept for efficient handling 
of data movement, subroutines and interrupts. The instructions 
can be used to establish one or more "stacks" anywhere in read/ 
write memory. Stack length is limited only by the amount of 
memory that is made available. 

Operation of the Stack Pointer with the Push and Pull in-
structions is illustrated in Figs. 19 and 20. The Push instruction 
(PSHA) causes the contents of the indicated accumulator (A in 

this example) to be stored in memory at the location indicated 
by the Stack Pointer. The Stack Pointer is automatically de-
cremented by one following the storage operation and is "point-
ing" to the next empty stack location. 

The Pull insu uction (PULA or PULB) causes the last byte 
stacked to be loaded into the appropriate accumulator. The 
Stack Pointer is automatically incremented by one just prior to 
the data transfer so that it will point to the last byte stacked 
rather than the next empty location. Note that the PULL 
instruction does not "remove" the data from memory; in the 
example, lA is still in location (m+l) following execution of 
PULA. A subsequent PUSH instruction would overwrite than 
location with the new "pushed" data. 

Execution of the Branch to Subroutine (BSR) and Jump to 
Subroutine (]SR) instructions cause a return address to be 
save on the stack as shown in Figs. 21 through 23. The stack is 
decremented after each byte of the return address is pushed 
unto t11e stack. For both of the these instructions, the return 
address is the memory location following the bytes of code that 
correspond to the BSR and JSR instruction. The code required 
for BSR or JSR may be either two or three bytes, depending on 
whether the JSR is in the indexed (two bytes) or the extended 
(three bytes) addressing mode. Before it is stacked, the Program 
Counter is automatically incremented the correct number of 
times to be pointing at the location of the next instruction. The 
Return from Subroutine instruction, RTS, causes the return 
address to be retrieved and loaded into the Program Counter as 
shown in Fig. 24. 

There are several operations that cause the status of the MPU 
to be saved on the stack. The Software Interrupt (SWI) and Wait
for Interrupt (WAI) instructions as well as the maskable (IRQ) 
and non-maskable (NMI) hardware interrupts all cause the 
MPU's internal registers (except for the Stack Pointer itself) to 
be stacked as shown in Fig. 25. MPU status is restored by the 
Return from interrupt, RTI, as shown in Fig. 26. 

Table 5 Index Register and Stack Pointer Instructions 

Operation Mnemonic 

Addressing Modas 

ArithmeticlOperation 

Cond. Code Reg. 

IMMED DIRECT INDEX EXTND IMPLIED 5 4 3 2 1 0 

OP ^- # OP ^~ # OP ^- # OP ^~ # OP - # H I N 2 V C 

Compare Index Reg CPX 8C 3 3 9C 4 2 AC 6 2 BC 5 3 IXHI - IMI, IXLI - IM+11 • • © t OO • 
Decrement Index Reg DEX 09 4 1 X — 1 -• X • • • _ • • 
Decrement Stack Pntr DES 34 4 1 SP - 1 ~ SP • • • • • • 
Increment Index Reg INX OS 4 1 X + 1 -~ X • • • _ • • 
Increment Stack Pntr INS 31 4 1 SP+ 1 -~ SP • • • • • • 
Load Index Reg LDX CE 3 3 DE 4 2 EE 6 2 FE 5 3 M ~ XH, IM+11-~ XL • • Q3 I R • 
Load Stack Pntr LDS BE 3 3 9E 4 2 AE 6 2 BE 5 3 M ~ SPH, IM+11-~ SPL • • Qa t R • 
Store Index Reg STX DF 5 2 EF 7 2 FF 6 3 XH-•M,XL-~(M+1) • • (] = R • 
Store Stack Pnir STS 9F 5 2 AF 7 2 BF 6 3 SPH ~ M, SPL -+ IM + 11 • • Q = R • 
Index Reg -+ Stack Pntr TXS 35 4 1 X — 1 ~ SP • • • • • • 
Stack Pntr ~ Index Reg TSX 30 4 1 SP + 1 -+ X • • • • • • 

OO (Bit N) Test: S'gn bit of most signif'cant IMSI byte of result = ? 
Oz IBIL V) Test: 2 s complement overflow from subtraction of ms bytes? 
Q (Bit N) Test: Result less than zero? (Bit 15 = 11 
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Figure 19 Stack Operation (Push Instruction) 
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Figure 21 Program Flow for BSR 
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Figure 22 Program Flow for JSR (Extended) 
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Figure 26 Program Flow for RTI 

• Jump and Branch Operation 
The Jump and Branch instructions are summarized in Table 

6. These instructions are used to control the transfer of opera-

tion from one point to another in the control program. 
The No Operation instruction, NOP, while included here, 

is a jump operation in a very limited sense. Its only effect is to 
increment the Program Counter by one. It is useful during 
program development as a "stand-in" for some other instruc-
tion that is to be determined during debug. It is also used for 
equalizing the execution time through alternate paths in a con-
trol program. 

Execution of the Jump Instruction, JMP, and Branch Always, 
BRA, affects program flow as shown in Fig. 27. When the MPU 
encounters the Jump (Index) instruction, it adds the offset to 
the value in the Index Register and uses the result as the address 
of the next instruction to be executed. In the extended address-
ing mode, the address of the next instruction to be executed is 
fetched from [he two locations immediately following the JMP 
instruction. The Branch Always (BRA) instruction is similar to 
the JMP (extended) instruction except that the relative address-
ing mode applies and the branch is limited to the range within 
—125 or +127 bytes of the branch instruction itself. The opcode 
for the BRA instruction requires one less byte than JMP (ex-
tended) but takes one more cycle to execute. 

The effect on program flow for the Jump to Subroutine 
(JSR) and Branch to Subroutine (BSR) is shown in Figs. 21 
through 23. Note that the Program Counter is properly in-
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7E 

Next Main Inttr. 

Last Inter. lost. 

RTI 

Ibl Aiter Execution 

cremented to be pointing at the correct return address before 
it is stacked. Operation of the Branch to Subroutine and Jump 
to Subroutine (extended) instruction is similar except for the 
range. The BSR instruction requires less opcode than JSR (2 
bytes versus 3 bytes) and also executes one cycle faster than 
JSR. The Return from Subroutine, RTS, is used at the end of 
a subroutine to return to the main program as indicated in Fig. 
24. 

The effect of executing the Software Interrupt, SWI, and the 
Wait for Interrupt, WAI, and their relationship to the hardware 
interrupts is shown in Fig. 25. SWI causes the MPU contents to 
be stacked and then fetches the starting address of the interrupt 
routine from the memory locations that respond to the ad-
dresses FFFA and FFFB. Note that as in the case of the sub-
routine instructions, the Program Counter is incremented to 
point at the correct return address before being stacked. The 
Return from Interrupt instruction, RTI, (Fig. 26) is used at the 
end of an intertupt routine to restore control to the main 
program. The SWI instruction is useful Cor inserting break points 
in the control program, that is, it can be used to stop operation 
and put the MPU registers in memory where they can be ex-
amined. The WAI instruction is used to decrease the time 
required to service a hardware interrupt; it stacks the MPU 
contents and then waits for the interrupt to occur, effectively 
removing the stacking time from a hardware interrupt sequence. 
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Table 6 JUMP/BRANCH Instruction 

Operation Mnemonic 

Addressing Modes 

Branch Test 

Co nd. Code Reg. 

RELATIVE INDEX EXTND IMPLIED 5 4 3 2 1 0 

OP ~ # OP — # OP — # OP ~ # H I N Z V C 

Branch Always BRA 20 4 2 None 

Branch If Carry Clear BCC 24 4 2 C = 0 
Branch If Carry Set BCS 25 4 2 C = 1 
Branch If =Zero BEO 27 4 2 Z = 1 • • • • • 
Branch If >__ Zero BGE 2C 4 2 N (J+ V = 0 • • • • 
Branch If > Zero BGT 2E 4 2 Z + IN Q+ V 1 = 0 • • • • • 
B ranch if Higher BHI 22 4 2 C+Z=O • • • • • • 
Branch If S Zero BLE 2F 4 2 Z + IN Q+ V 1 = 1 • • • • • • 

Branch If Lower Or Same BLS 23 4 2 C + Z = 1 • • • • • 
Branch If < Zero BLT 2D 4 2 N Q V = 1 • • • • • • 
Branch If Minus BMI 28 4 2 N = 1 • • • • • • 
Branch If Not Equal Zero BNE 26 4 2 Z = 0 • • • • • 
Branch If Overflow Clear BVC 28 4 2 V = 0 • • • • • 
Branch If Overflow Set BVS 29 4 2 V = 1 • • • • • • 
Branch If Plus BPL 2A 4 2 N = 0 
Branch To Subroutine BSR 8D 8 2 
Jump JMP 6E 4 2 7E 3 3 • • • • • • 
Jump To Subroutine JSR AD 8 2 BD 9 3 • • • 
No Operation NOP 01 2 1 Advances Prog Cntr Only • • • • 

~ 

• • 

Return From Interrupt RTI 36 70 1 
• • • • • ~• Return From Subroutine RTS 39 5 1 

Software Interrupt SWI 3F 12 1 • S • • • • 

Wait for Interrupt WAI 3E 9 1 • ~ • • • • 

~ (All) Load Condition Code Register from Stack. (See Special Operations) 
~ (Bit I) Set when interrupt occurs. If previously set, allon-Maskable interrupt is required to exit 

the wait state. 
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n 
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n+2 
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Next Instruction 
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Figure 27 Program Flow for JUMP/BRANCH Instructions 
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Z=1 ; 
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c=o: 
c=1 ; 

N ®V = 1 ; 
NQ+ V=O; 

BLE Z+IN Q+ V1=1 ; 
BGT Z+IN Q+ V1=0; 

Figure 28 Conditional Branch Instructions 
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20 =BRA 

K' =Offset 

Next Instruction 

`K =Signed 7-bit value 

Ibl Branch 

The conditional branch instructions, Fig. 28, consists of 

seven pairs of complementary instructions. They are used to 

test the results of the preceding operation and either continue 

with the next instruction in sequence (test fails) or cause a 

branch to another point in the program (test succeeds). 

Four of the pairs are used for simple tests of status bits N, 

Z, V, and C: 

1. Branch on Minus (BMI) and Branch On Plus (BPL) tests the 

sign bit, N, to determine if the previous result was negative or 
positive, respectively. 

2. Branch On Equal (BEQ) and Branch On Not Equal (BNE) 
are used to test the zero status bit, Z, to determine whether 
or not the result of the previous operation was equal to "0". 
These two instructions are useful following a Compare (CMP) 
instruction to test for equality between an accumulator and 
the operand. They are also used following the Bit Test (BIT) 
to determine whether or not the same bit positions are set in 
an accumulator and the operand. 
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3. Branch On Overflow Clear (BVC) and Branch On Overflow 
Set (BVS) tests the state of the V bit to determine if the 
previous operation caused an arithmetic overflow. 

4. Branch On Carry Clear (BCC) and Branch On Carry Set 
(BCS) tests the state of the C bit to determine if the previous 
operation caused a carry to occur. BCC and BCS are useful 
for testing relative magnitude when the values being tested 
are regarded as unsigned binary numbers, that is, the values 
are in the range "00" (lowest) of "FF" (highest). BCC 
following a comparison (CMP) will cause a branch if the 
(unsigned) value in the accumulator is higher than or the 
same as the value of the operand. Conversely, BCS will cause 
a branch if the accumulator value is lower than the operand. 
The Fifth complementary pair, Branch On Higher (BHI) 

and Branch On Lower or Same (BLS) are in a sense comple-
ments to BCC and BCS. BHI tests for both Cand Z = "0", if 
used following a CMP, it will cause a branch if the value in the 
accumulator is higher than the operand. Conversely, BLS will 
cause a branch if the unsigned binary value in the accumulator 
is lower than or the same as the operand. 

The remaining two pairs are useful in testing results of opera-
tions in which the values are regarded as signed two's comple-
ment numbers. This differs from the unsigned binary case in the 
following sense: In unsigned, the orientation is higher or lower; 
in signed two's complement, the comparison is between larger 
or smaller where the range of values is between —128 and +127. 

Branch On Less Than Zero (BLT) and Branch On Greater 
Than Or Equal Zero (BGE) test the status bits for N®V = "1" 
and N O V = "0", respectively. BLT will always cause a branch 
following an operation in which two negative numbers were 
added. In addition, it will cause a branch following a CMP in 
which the value in the accumulator was negative and the oper-
and was positive. BLT will never cause a branch following a 
CMP in •which the accumulator value was positive and the 
operand negative. BGE, the complement to BLT, will cause a 
branch following operations in which two positive values 
were added or in which the result was "0". 

The last pair, Branch On Less Than Or Equal Zero (BLE) and 
Branch On Greater Than Zero (BGT) test the status bits for 
Z ®(N + V) _ "1" and Z ®(N + V) _ "0", respectively, 
The action of BLE is identical to that for BLT except that a 
branch will also occur if the result of the previous result was 
"0". Conversely, BGT is similar to BGE except that no branch 
will occur following a "0" result. 

■ CONDITION CODE REGISTER OPERATIONS 
The Condition Code Register (CCR) is a 6-bit register within 

the MPU that is useful in controlling program flow during sys-
tem operation. The bits are defined in Fig. 29. 

The instructions shown in Table 7 are available to the user 
for direct manipulation of the CCR. In addition, the MPU auto-
matically sets or clears the appropriate status bits as many of 
the other instructions on the condition code register was in-
dicated as they were introduced. 

Systems which require an interrupt window to be opened 
under program control should use aCLI-NOP-SEI sequence 
rather than CLI-SEI. 

b5 b4 b3 b2 bt b0 

H I N z V C 

H = Half-carry; set whenever a carry from b3 to b4 of the result is 
generated by ADD, ABA, ADC; cleared if no b3 to b4 
carry; not affected by other instructions. 

I = Interrupt Mask; set by hardware of software interrupt or SEI 
instruction; cleared by CLI instruction. (Normally not used 
in arithmetic operations.) Restored to a "0" as a result of an 
RTI instruction if IM stored on the stacked is "0" 

N = Negative; set if high order bit Ib71 of result is set; cleared 
otherwise. 

Z = Zero; set ii result = "0"; cleared otherwise. 

V =Overflow; set if there was arithmetic overflow as a result of 
the operation; cleared otherwise. 

C = Carry; set if there was a carry from the most significant bit 
Ib71 of the result; cleared otherwise. 

Figure 29 Condition Code Register Bit Definition 

■ ADDRESSING MODES 
The MPU operates on 8-bit binary numbers presented to it 

via the Data Bus. A given number (byte) may represent either 
data or an instruction to be executed, depending on where it is 
encountered in the control program. The HD6800 MPU has 
72 unique instructions, however, it recognizes and takes action 
on 197 of the 256 possibilities that can occur using an 8-bit 
word length. This larger number of instructions results from the 
fact that many of the executive instructions have more than 
one addressing mode. 

Table 7 Condition Code Register Instructions 

Addressing 
Mode 

Cond. Code Reg. 

Operations Mnemonic IMPLIED Boolean Operation 5 4 3 2 1 0 

OP ^- # H I N Z V C 

Clear Carry CLC OC 

N
 

N
 

N
 

N
 

N
 

N
 

N
 

N
 

1 0 ~ C • • • • • R 
Clear Interrupt Mask CLI OE 1 0 ~ I • R • • • • 

Clear Overflow CLV OA 1 0 ~ V • • • • R • 

Set Carry SEC OD 1 1 -• C • • • • • S 
Set Interrupt Mask SEI OF 1 1 ~ 1 • S • • • • 
Set Overflow SEV OB 1 1 -~ V • • • • S • 
Acmltr A ~ CCR TAP O6 1 A ~ CCR 

• • • 
Qi 

• • • CCR -+ Acmltr A TPA 07 1 CCR ~ A 

R =Reset 
S =Set 
• =Not affected 

0t  (ALL) Set according to the contents of Accumulator A. 
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These addressing modes refer to the manner in which the 
program causes [he MPU to obtain its instructions and data. 
The programmer must have a method for addressing the MPU's 
internal registers and all of the external memory locations. 

Selection of the desired addressing mode is made by the user 
as the source statements are written. Translation into appropri-
ate opcode then depends on the method used. If manual trans-
lation is used, the addressing mode is implied in the opcode. 
For example, the Immediate, Direct, Indexed, and Extended 
modes may all be used with the ADD instruction. The proper 
mode is determined by selecting (hexadecimal notation) 8B, 
96, AB, or BB, respectively. 

The source statement format includes adequate information 
for the selection if an assembler program is used to generate the 
opcode. For instance, the Immediate mode is selected by the 

Assembler whenever it encounters the "#" symbol in the 
operand field. Similarly, an "X" in the operand field causes the 
Indexed mode to be selected. Only the Relative mode applies 
to the branch instructions, therefore, the mnemonic instruc-
tion itself is enough for the Assembler to determine addressing 
mode. 

Far the instructions that use both Direct and Extended 
modes, the Assembler selects the Direct mode if the operand 
value is in the range 0^255 and Extended otherwise. There are 
a number of instructions far which the Extended mode is 
valid but the Direct is not. For these instructions, the Assembler 
automatically selects the Extended mode even if the operand is 
in the 0^255 range. The addressing modes are summarized in 
Fig. 30. 

Direct: n DO Instruction Immed iota: n 

Example: SUBB Z n+1 Z =Operand Address Example:~LDAA #K n+t 
Addr. Range = 0^-255 IK =One-Byte Operand) 

Next Instr. n+2 

(K =Two-Byte Operand) 

n+2 

n 
• ICPX, LDX and LDS) 

n+1 

IK =One-Byte Operand) Z K =Operand n+2 

n+3 OR 

(K =Two-Byte Operand) Z KR =Operand 

Z+1 K L =Operand 

Instruction 

K =Operand 

Next Inst. 

OR 

Instruction 

KR =Operand 

KL =Operand 

Next Instr. 

Relative: n Instruction 

Q1  If Z <— 255, Assembler Select Direct Mode 
If Z > 255, Extended Mode is selected 

Example: BNE K n+1 K =Branch Offset 

IK =Signed 7 -Bit Value) Next Instr.~ 

Extended: n 

Example: CMPA Z n+1 

Addr, Range: 

01  
256^'65535 

n+2 

n+3 

IK =One-Byte Operand) Z 

IK =Two-Byte Operand) Z 

Z+t 

FO Instruction 

ZR =Operand Address 

2L =Operand Address 

Next Instr. 

• 

K =Operand 

OR 

KR =Operand 

KL =Operand 

Addr. Range: 
—125 to +129 
Relative to n. 

(n+2) ! K 

/l\ If Branch Test False, 

Indexed: 

Example: ADDA Z, X n+t 

• 

Next Instr.n 

If Branch Test True. 

Addr. Range: 
0255 Relative to 
Index Register, X 

IZ = 8-Bit Unsigned Value) 

Figure 30 Addressing Mode Summary 
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H ITACH I 63 



H D 6800, H D 68A00, H D 68 B00 

• Implied (Includes "Accumulator Addressing" Mode) 
The successive fields in a statement are normally separated 

by one or more spaces. An exception to this rule occurs forin-
structions that use dual addressing in the operand field and for 
instructions that must distinguish between the two accumu-
lators. In these cases, A and Bare "operands" but the space 
between them and the operator may be omitted. This is com-
monly done, resulting in apparent four character mnemonics 
for those instructions. 

The addition instruction, ADD, provides an example of dual 
addressing in the operand fields; 

Operator Operand Comment 
ADDA MEM72 ADD CONTENTS OF MEMI2 TO ACCA 

or ADDS MEM12 ADD CONTENTS OF MEM12 TO ACCB 

The example used earlier for the test instruction, TST, also 
applies to the accumulators and uses the "accumulator address-
ing mode" to designate which of the two accumulators is being 
tested: 

Operator Comment 

TSTB TEST CONTENTS OF ACCB 
or TSTA TEST CONTENTS OF ACCA 

A number of the instructions either alone or together with 
an accumulator operand contain all of the address information 
that is required, that is, "inherent" in the instruction, itself. 
For instance, the instruction ABA causes the MPU to add the 
contents of accumulators A and B together and place the result 
in accumulator A. The instruction INCB, another example of 
"accumulator addressing", causes the contents of accumulator 
B to be increased by one. Similarly, INX, increment t11e Index 
Register, causes the contents of the Index Register to be in-
creased by one. 

Program flow for instructions of this type is illustrated in 
Figures 31 and 32. In these figures, the general case is shown 
on the left and a specific example is shown on the right. 
Numerical examples are in decimal notation. Instructions of this 
type require only one byte of opcode. Cycle-by-cycle operation 
of the implied mode is shown in Table 8. 

PC 

MPU 

PC = 5000 

General Flow 

MPU 

Example 

Figure 31 Implied Addressing 

PC 

MPU 

PC = 5001 

General Flow 

MPU 

Example 

Figure 32 Accumulator Addressing 

• Immediate Addressing Mode 
In the Immediate addressing mode, the operand is the value 

that is to be operated on. For instance, the instruction 

Operator Operand Comment 
LDAA #25 LOAD 25 INTO ACCA 

causes the MPU to "immediately load accumulator A with the 
value 25"; no further address reference is required. The Im-
mediate mode is selected by preceding the operand value with 
the "#" symbol. Program flow for this addressing mode is 
illustrated in Fig. 33. 

The operand format allows either properly defined symbols 
or numerical values. Except for the instructions CPX, LDX, and 
LDS, the operand may be any value in the range 0 ^~ 255. Since 
Compare Index Register (CPX), Load Index Register (LDX), 
Load Stack Pointer (LDS), require 16-bit values, the immediate 
mode for these three instructions requie two-byte operands. 

Table 9 shows the cycle-by-cycle operation for the im-
mediate addressing mode. 

PC 

MPU 

r' 

Program 
Memory 

PC = 5002 

HITACHI 

General Flow 

MPU 

r' 

Program 
Memory 

Example 

Figure 33 Immediate Addressing Mode 
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Table 8 Implied Mode Cycle by Cycle Operation 

Address Mode 
and Instructions 

Cycle Cycle 
# 

VMA 
Line Address Bus RAN 

line Data Bus 

ABA DAA SEC 
ASL DEC SEI 
ASR INC SE V 
CBA LSR TA8 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 

2 
1 

2 

1 

1 

Op Code Address 

Op Code Address + 1 

1 

1 

Op Code 

Op Code of Next Instruction 

DES 
DEX 
INS 
INX 

4 

1 
2 
3 
4 

1 
1 
0 
0 

Op Code Address 
Op Code Address+ 1 
Previous Register Contents 
New Register Contents 

1 
1 
1 
1 

Op Code 
Op Code of Next Instruction 
Irrelevant Data (NOTE 11 
Irrelevant Data (NOTE 11 

PSH 

4 

1 
2 
3 
4 

1 
1 
1 
0 

Op Code Address 
Op Code Address + 1 
Slack Pointer 
Stack Pointer — 1 

1 
1 
0 
1 

Op Code 
Op Code of Next Instruction 
Accumulator Da[a 
Accumulator Data 

PUL 

4 

1 
2 
3 
4 

1 
1 
0 
1 

Op Code Address 
Op Code Address + 1 
Stack Pointer 
$tack Pointer + 1 

1 
1 
1 
1 

Op Code 
Op Code of Next Instruction 
Irrelevant Da[a (NOTE 11 
Operand Data from Stack 

TSX 

4 

1 
2 
3 
4 

1 
1 
0 
0 

Op Code Address 
Op Code Address+ 1 
Stack Pointer 
New Index Register 

1 
1 
1 
1 

Op Code 
Op Code of Next Instruction 
Irrelevant Data (NOTE 11 , 
Irrelevant Data (NOTE 11 

TXS 

4 

1 
2 
3 
4 

1 
1 
0 
0 

Op Code Address 
Op Code Address + 1 
Index Register 
New Stack Pointer 

1 
1 
1 
1 

Op Code 
Op Code of Next Instruction 
Irrelevant Data 
Irrelevant Data 

RTS 

5 

1 
2 
3 
4 
5 

1 
1 
0 
1 
1 

Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer + 2 

1 
1 
1 
1 
1 

Op Code 
Irrelevant Data (NOTE 21 
Irrelevant Data (NOTE 11 
Address of Next Instruction (High Order Byte) 
Address of Next Instruction (Low Order Byte) 

WAI 

9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
1 
1 
1 
1 
1 
1 
1 
1 

Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 

Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 (NOTE 31 

1 
1 
0 
0 
0 
0 
0 
0 
1 

Op Code 
Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order By[el 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 

RTI 

10 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1 
1 
0 
1 
1 
1 
1 
1 
1 

1 

Op Code Address 
Op Code Address+ 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer + 2 
Stalk Pointer + 3 
Stack Pointer + 4 
Stack Pointer + 5 
Stack Pointer + 6 

Stack Pointer + 7 

1 
1 
1 
1 
1 
1 
i 
1 
1 

1 

Op Code 
Irrelevant Data (NOTE 21 
Irrelevant Data (NOTE 11 
Contents of Cond. Code Register Irom Stack 
Contents of Accumulator B from Stack 
Contents of Accumulator A from Stack 
Index Register from Stack (High Order Byte) 
Index Register from Stack (Low Order Bytel 
Next Instruction Address from Stack 
(High Order Bytel 
Nex[ Instruction Address from Stack 
(Low Order byte) 

SWI 

12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 

Op Code Address 
Op Code Address+ 1 
Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 

Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 
Stack Pointer — 7 
Vector Address FFFA (Hex) 
Vector Address FFFB (Hex) 

1 
1 
0 
0 
0 
0 

0 
0 
0 
1 
1 
1 

Op Code 
Irrelevant Data (NOTE 1) 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register'ILow Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 
Irrelevant Data (NOTE 1) 
Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Bytel 

NOTE 1. It device which is addressed during th~s cycle uses VMA, then the Data Bus will go o the high impedance three-state condition. 
Depending on bus capacitance, data f om the previous cycle may be retained on the Data Bus. 

NOTE 2. Data is ignored by the MPU. 
NOTE 3. While the MPU is waiting for the inte rupt, Bus Available will go "High" indicating the following states of the control lines: VMA is "Low"; Address 

Bus, R/W, and Data Bus are all in the high impedance state-. 
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Table 9 Immediate Mode Cycle by Cycle Operation 

Address Mode 
and Instructions 

Cycle Cycle 
~ 

VMA 
Line Address Bus R/lN 

Line 
Data Bus 

ADC FOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

2 

1 
1 

Op Code Address 
Op Code Address + 1 

1 
1 

Op Code 
Operand Data 

CPX 
LDS 
LDX 

3 
1 
2 
3 

1 
1 
1 

Op Code Address 
Op Code Address + 1 
Op Code Address + 2 

1 
1 
1 

Op Code 
Operand Data (High Order Bytel 
Operand Data (Low Order Byte) 

• Direct and Extended Addressing Modes 
In the Direct and Extended modes of addressing, the operand 

field of the source statement is the address of the value that is 
to be operated on. The Direct and Extended modes differ only 
in the range of memory locations to which they can direct the 
MPU. Direct addressing generates a single 8-bit operand and, 

hence, can address only memory locations 0 ~ 255; a two byte 
operand is generated for Extended addressing, enabling the MPU 

to reach the remaining memory locations, 256 ^- 65S3S. An 
example of Direct addressing and its effect on program flow is 
illustrated in Fig. 34. 

Table 10 shows the cycle-by~cycle operations of this mode. 
The MPU, after encountering the opcode for the instrution 

LDAA (Direct) at memory location 5004 (Program Counter = 
5004), looks in the next location, SOOS, for the address of the 
operand. [t then sets the program counter equal to the value 
found there (100 in the example) and fetches the operand, in 

this case a value to be loaded into accumulator A, from that 
location. For instructions requiring atwo-byte operand such as 

LDX (Load the Index Register), the operand bytes would be 
retrieved from locations 100 and 101. 

Extended addressing, Fig. 35, is similar except that atwo-
byte address is obtained from locations 5007 and 5008 after the 

LDAB (Extended) opcode shows up in location 5006. Extended 

addressing can be thought of as the "standard" addressing 

mode, that is, it is a method of reaching anyplace in memory. 
Direct addressing, since only one address byte is required, 

provides a faster method of processing data and generates fewer 
bytes of control code. In most applications, the direct address-
ing range, memory locations 0 ^~ 255, are reserved for RAM. 
They are used for data buffering and temporary storage of 
system variables, the area in which faster addressing is of most 
value, Cycle-bycycle operation is shown in Table 11 for Ex-
tended Addressing. 

Table 10 Direct Mode Cycle by Cycle Operation 

Address Mode 
and Instructions 

Cycle Cycle 
# 

VMA 
Line Address Bus RAN 

Line 
Data Bus 

ADC FOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

3 

1 
2 
3 

1 
1 
1 

Op Code Address 
Op Code Address + 1 
Address of Operand 

1 
1 
1 

Op Code 
Address of Operand 
Operand Data 

CPX 
LDS 
LDX 

4 

1 
2 
3 
4 

1 
1 
1 
1 

Op Code Address 
Op Code Address + 1 
Address of Operand 
Operand Address+ i 

1 
1 
1 
1 

Op Code 
Address of Operand 
Operand Data (High Order Byte) 
Operand Data (Low Order Bytel 

STA 

4 

1 
2 
3 
4 

1 
1 
0 
1 

Op Code Address 
Op Code Address + 1 
Destination Address 
Destination Address 

1 
1 
t 
0 

Op Code 
Destination Address 
Irrelevant Data (NOTE 11 
Data from Accumulator 

STS 
STX 

5 

1 
2 
3 
4 
5 

1 
1 
0 
1 
1 

Op Code Address 
Op Code Address + 1 
Address of Ocerand 
Address of Operand 
Address of Operand + 1 

1 
1 
1 
0 
0 

Op Code 
Address of Operand 
Irrelevant Data (NOTE tl 
Register Data (High Order Byte) 
Register Data (Low Order Byte) 

NOTE 1. If device which is address during this cycle uses VMA, then the Data Bus will go to the high impedance threestate condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 
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Table 11 Extended Mode Cycle by Cycle 

Address Mode 
and Instructions 

Cycle Cycle 
# 

VMA 
Line Address Bus R/w 

Line Data Bus 

STS 
STX 

6 

1 
2 
3 
4 
5 
6 

7 
1 
1 
0 
1 
1 

Op Code Address 
Op Code Address+ 1 
Op Code Address + 2 
Address of Operand 
Address of Operand 
Address of Operand + 1 

1 
1 
1 
1 
0 
0 

Op Code 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Irrelevant Data (NOTE 11 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

JSR 

9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
1 
1 
1 
1 
7 
0 
0 
t 

Op Code Address 
Op Code Address + 1 
Op Code Address+ 2 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Op Code Address+ 2 
Op Code Address + 2 

1 
1 
1 
1 
0 
0 
1 
1 
1 

Op Code 
Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (NOTE i) 
Irrelevant Data (NOTE 11 
Address of Subroutine (Low Order Byte) 

JMP 
3 

i 
2 
3 

1 
1 
1 

Op Code Address 
Op Code Address + 1 
Op Code Address + 2 

1 
1 
1 

Op Code 
Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 

ADC FOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

4 

1 
2 
3 
4 

1 
1 
1 
1 

Op Code Address 
Op Code Address + 1 
Op Code Address+ 2 
Address of Operand 

1 
1 
1 
1 

Op Code 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data 

CPX 
LDS 
LDX 5 

1 
2 
3 
4 
5 

1 
1 
1 
1 
1 

Op Code Address 
Op Code Address+ 1 
Op Code Address+2 
Address of Operand 
Address of Operand + 1 

1 
1 
1 
1 
1 

Op Code 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

STA A 
STA 8 

5 

1 
2 
3 
4 
5 

1 
1 
1 
0 
1 

Op Code Address 
Op Code Address+ 1 
Op Code Address + 2 
Operand Destination Address 
Operand Destination Address 

1 
1 
1 
1 
0 

Op Code 
Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Irrelevant Data (NOTE 11 
Data from Accumulator 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST 
INC 

6 

1 
2 
3 
4 
5 
6 

1 
1 
7 
1 
0 

1 /0 
(NOTE 

21 

Op Code Address 
Op Code Address+ 1 
Op Code Address+ 2 
Address of Operand 
Address of Operand 
Address of Operand 

1 
1 
1 
1 
1 
0 

Op Code 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 
Irrelevant Data (NOTE 11 
New Operand Data (NOTE 2) 

NOTE 1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 

NOTE 2. For TST, VMA = 0 and Operand data does not change. 

ADDR 

PC 

PC -1 

MPU 

ADDR = 100 

PC = 5004 
5005 

ADDR = 0 ~ 255 
General Flow 

MPU 

Program 
Memory 

Example 

Figure 34 Direct Addressing Mode 

ADDR 

PC 

MPU 

ADDR >__ 256 
General Flow 

ADDR = 300 

PC = 5006 
5007 

5008 
5009 

MPU 

Example 

Figure 35 Extended Addressing Mode 
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• Relative Address Mode 
In both the Direct and Extended modes, the address ob-

tained by the MPU is an absolute numerical address. The Re-
lative addressing mode, implemented for the MPU's branch 
instructions, specifies a memory location relative to the Program 
Counter's current location. Branch instructions generate two 
bytes of machine code, one for the instruction opcode and one 
for the "relative" address (see Fig. 36). Since it is desirable to be 
able to branch in either direction, the 8-bit address byte is inter-
preted as a signed 7-bit value; the 8th bit of the operand is 
treated as a sign bit, "0" =plus and "1"=minus. The remaining 
seven bits represent the numerical value. This result in a relative 
addressing range of ±127 with respect to the location of the 
branch instruction itself. However, the branch range is com-
puted with respect to the next instruction that would be ex-
ecuted if the branch conditions are not satisfied. Since two 
byte are generated, the next instruction is located at PC+2. 
If, D is defined as the address of the branch destination, the 
range is then; 

(PC+2) -728 ~ D ~ (PC+21 + 127 
or PC -126 SD SPC+129 

PC 

(PC+21 

(PC+21 + (Offset) 

68 

MPU 

Program 
Memory 

Offset 

Next Instr. 

that is, the destination of the branch instruction must be 
within -126 to +129 memory locations of the branch instruc-
tion itself. For transferring control beyond this range, the un-
conditional jump (JMP), jump to subroutine (]SR), and return 
from subroutine (RTS) are used. 

In Fig. 36, when the MPU encounters the opcode for BEQ 
(Branch if result of last instruction was zero), it tests the Zero 
bit in the Condition Code Register. If that bit is "0", indicating 
a non-zero result, the MPU continues execution with the next 
instruction (in location 5010 in Fig. 36). If the previous result 
was zero, the branch condition is satisfied and the MPU adds the 
offset, 15 in this case, to PC+2 and branches to location 5025 
for the next instruction. 

The branch instructions allow the programmer to efficiently 
duect the MPU to one point or another in the control program 
depending on the outcome of test results. Since the control 
program is normally in readonly memory and cannot be 
changed, the relative address used in execution of branch in-
structions is a constant numerical value. Cycle-by-cycle opera-
tion is shown in Table 12 for relative addressing. 

MPU 

PC 5008 

PC 5010 

PC 5025 

Figure 36 Relative Addressing Mode 
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Table 12 Relative Mode Cycle-by-Cycle Operation 

Address Mode 
and Instructions 

Cycle Cycle 
# 

VMA 
Line Address Bus R/W 

Line Data Bus 

BCC BHI BNE 1 1 Op Code Address 1 Op Code 
BCS BLE BPL 2 1 Op Code Address + 1 1 Branch Offset 
BEO BLS BRA 4 3 0 Op Code Address + 2 1 Irrelevant Data (NOTE 11 
BGE BLT BVC 4 0 Branch Address 1 Irrelevant Data (NOTE 11 
BGT BMI BVS 

BSR 1 1 Op Code Address 1 Op Code 
2 1 Op Code Address + i 1 Branch Offset 
3 0 Return Address of Main Program 1 Irrelevant Data (NOTE 11 

B 4 1 Stack Pointer 0 Return Address (Low Order Byte) 
5 1 Stack Pointer — 1 0 Return Address (High Order Byte) 
6 0 Stack Pointer — 2 1 Irrelevant Data (NOTE 11 
7 0 Return Address of Main Program 1 Irrelevant Data (NOTE 11 
8 0 Subroutine Address 1 Irrelevant Data (NOTE 11 

NOTE 1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 

• Indexed Addressing Mode 
With Indexed addressing the numerical address is variable and 

depend on the current contents of thelndex Register. A source 
statement such as 

Operator Operand Comment 

STAA X PUT A IN INDEXED LOCATION 

causes the MPU to store the contents of accumulator A in the 
memory location specified by the contents of the Index Re-
gister (recall that the label X is reserved to designate the Index 
Register). Since there are instructions for manipulating X 
during program execution (LDX, INX, DEX, etc.), the Indexed 
addressing mode provides a dynamic "on the tly" way to 
modify program activity. 

ADDR = INDX 
+OFFSET 

PC 

MPU 

OFFSET __< 255 
General Flow 

Figure 37 Indexed Addressing Mode 

The operand field can also contain a numerical value that will 
be automatically added to X during execution. This format is 
illustrated in Fig. 37. 

When the MPU encounters the LDAB (Indexed) opcode in 
location 5006, it looks in the next memory location for the 
value to be added to X (5 in the example) and calculates the 
required address by adding 5 to the present Index Register value 
of 400. In the operand format, the offset may be represented 
by a label or a numerical value in the range 0 ^~ 255 as in the 
example. In the earlier example, STAA X, the operand is 
equivalent to 0, X ,that is, the "0" may be omitted when the 
desired address is equal to X. Table 13 shows the cycle-bycycle 
operation for the Indexed Mode of Addressing. 

ADDR = 405 

PC = 5006 

MPU 

Example 

HITACHI 69 



H D 6800, H D 68A00, H D 68 B00 

Table 13 Indexed Mode Cycle py Cycle 

Address Mode 
and Instructions Cycle ~~ a 

Lune Address Bus Ri~ Data Bus 

JMP 

4 

1 
2 
3 
4 

1 
1 
0 
0 

Op Code Address 
Op Code Address + 1 
Index Register 
Index Register Plus Offset Iw/o Carry) 

1 
1 
1 
1 

Op Code 
Offset 
Irrelevant Data (NOTE 11 
Irrelevant Data (NOTE 11 

ADC FOR 
ADD LDA 
AND QRA 
BIT SBC 
CMP SU8 

5 

1 
2 
3 
4 
5 

1 
1 
0 
0 
1 

Op Code Address 
Op Code Address + 1 
Index Register 
Index Register Plus Offset (w/o Carry-) 
Index Register Plus Offset 

1 
1 
1 
1 
1 

Op Code 
Offset 
Irrelevant Data (NOTE 11 
Irrelevant Data (NOTE 11 
Operand Data 

CPX 
LDS 
LDX 

6 

1 
2 
3 
4 
5 
6 

1 
1 
0 
0 
1 
1 

Op Code Address 
Op Code Address + 1 
Index Register 
Index Register Plus Offset Iw/o Carry) 
Index Register Plus Offset 
Index Register Plus Offset + 1 

1 
1 
1 
1 
1 
1 

Op Code 
Offset 
Irrelevant Data (NOTE 11 
Irrelevant Data (NOTE 11 
Operand Data (High Order Oyte) 
Operand Data (Low Order Byte) 

STA 

6 

1 
2 
3 
4 
5 
6 

1 
1 
0 
0 
0 
1 

Op Code Address 
Op Code Address + 1 
Index Register 
Index Register Plus Offset (w/o Carry) 
Index Register Plus Offset 
Index Register Plus Offset 

1 
1 
1 
1 
1 
0 

Op Code 
Offset 
Irrelevant Data (NOTE 11 
Irrelevant Data (NOTE 1) 
Irrelevant Data (NOTE 11 
Operand Data 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST 
INC 

7 

1 
2 
3 
4 
5 
6 
7 

1 
1 
0 
0 
1 
0 

1/0 
(NOTE 

21 

Op Code Address 
Op Code Address + 1 
Index Register 
Index Register Plus Offset (w/o Carryl 
Index Register Plus Offset 
Index Register Plus Offset 
Index Register Plus Offset 

1 
1 
1 
1 
1 
1 
0 

Op Code 
Offset 
Irrelevant Data (NOTE 11 
Irrelevant Data (NOTE 11 
Current Operand Data 
Irrelevant Data (NOTE 11 
New Operand Data (NOTE 21 

STS 
STX 

7 

1 
2 
3 
4 
5 
6 
7 

1 
1 
0 
0 
0 
1 
1 

Op Code Address 
Op Code Address + 1 
Index Register 
Index Register Plus Offset (w/o Carryl 
Index Register Plus Offset 
Index Register Plus Offset 
Index Register Plus Offset + 1 

1 
1 
1 
1 
1 
0 
0 

Op Code 
Offset 
Irrelevant Data (NOTE 11 
Irrelevant Data (NOTE 11 
Irrelevant Data (NOTE 1) 
Operand Data (High Order Byte) 
Operand Data (Low Oder Byte) 

JSR 

B 

N
 
~
 
O
 
N
 
~
 
n
 
~
 

1 
1 
0 
1 
1 
0 
0 
0 

Op Code Address 
Op Code Address+ 1 
Index Register 
Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Index Register 
Index Register Plus Offset Iw/o Carry) 

1 
1 
1 
0 
0 
1 
1 
1 

Op Code 
Offset 
Irrelevant Data (NOTE 11 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (NOTE 11 
Irrelevant Data (NOTE 11 
Irrelevant Data (NOTE 11 

NOTE 1. If Device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus, 

NOTE 2. For TST, VMA = 0 and Operand data does not change. 
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Figure 38 Example of Excution Timing in Each Addressing Mode 
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■ NOTE FOR THE RELATION BETWEEN WAI INSTRUCTION AND HALT OPERATION OF HD6800 

When HALT input signal is asserted to "Low" 
level, the MPU will be halted after the execution of 
the current instruction except WAI instruction. 

The "Halt" signal is not accepted after the fetch 
cycle of the WAI instruction (See Qt in Fig.39),In the 
case of the "WAI" instruction, the MPU enters the 
"WAIT" cycle after stacking the internal registers and 

~2 

Adtlress 
Bus 

H/W 

VMA 

IRD or 
MN I 

BA 

HALT 

WAI 
Instruction 
Fetch I I 

outputs the "High" level on the BA line. 
When an interrupt request signal is input to the 

MPU, the MPU accepts the interrupt regardless the 
"Halt" signal and releases the "WAIT" state and out-
puts the interrupt's vector address. If the "Halt" signal 
is "Low" level, the MPU halts after the fetch of new 
PC contents. The sequence is shown below. 

I I I I I I I-- WAIT crcLE .I I 

SP Inl SP In-t l SP In-21 SP In-31 SP In-41 SP In-51 SP In-61 

I I I 

Adtlress Atld ~os Adtlress 

1 
iPCS 

~i0 

When the imerrupt occur during the WAIT CYCLE, the MPU xcepts the interrupt scan it HALT is at "Low" bvel. 

Figure 39 HD6800 WAIT CYCLE &HALT Request 
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HD6802 
M P U (Microprocessor with Clock and RAM ) 

The HD6802 is a monolithic 8-bit microprocessor that con-
tains all the registers and accumulators of the present HD6800 
plus an internal clock oscillator and driver on the same chip. 
In addition, the HIX802 has 128 bytes of RAM on the chip 
located at hex addresses 0000 to 007F. The first 32 bytes of 
RAM, at hex addresses 0000 to 001 F, may be retained in a low 
power mode by utilizing VCS standby, thus facilitating memory 
retention during apower-down situation. 

The HD6802 is completely software compatible with the 
HD6800 as well as the entire HMCS6800 family of parts. 
Hence, the HD6802 is expandable to 65k words. 

■ FEATURES 

• On•Chip Clock Circuit 

• 728 X 8 Bit On-Chip RAM 
• 32 Bytes of RAM are Retainable 
• Software-Compatible with the HD6800 
• Expandable to 65k words 
• Standard TTL-Compatible Inputs and Outputs 
• 8 Bit Word Size 

• 16 Bit Memory Addressing 
• Interrupt Capability 
• Compatible with MC6802 

■ BLOCK DIAGRAM 

V

YI
I

c

1 

Counter/ IRO 
Timor I/O 

1715 ~ CS, 

E 
~~ HD6846 
~r ROM, 1/O, RFJ 
~. TIMER 

~~ D° —D, 

Control I~~ CP,
`~ CP, 

Parallel 
1 /O 

Vcc 
VCC $tantlby VCC 

O O O 

+ Clock 

VMA 

W /W 

TR-tS 
MR 

VMA 

E 

RNJ NMI H D6802 

po ...p ~ DP D, 
BA 

XTAL 

Ao`A~o Ao `Ais CS, 

VSS 

RES 

HALT 

RE 

Aa A ~ EXTAL 

TII V55 

■ PIN ARRANGEMENT 

Vss 
HALT 

MR 
IRD 
VMA 

NMI 
BA 

vc~ 
Ae 

Vcc 

.-- (Top View) 

RES 
EXTAL 
XTAL 

E 
RE 
v«  Su. 
RAN 

b 
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■ ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage 
Vcc Standby' -0.3 ^~ +7.0 V 

Input Voltage V;,," -0.3 ^~ +7.0 V 

Operating Temperature Top, -20 ^~ +75 °C 

Storage Temperature T•[g -55 ^~ +150 °C 

• With respect to Vgg (SYSTEM GND) 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 

■ RECOMMENDED OPERATING CONDITIONS 

Item Symbol min typ max Unit 

Supply Voltage 
Vcc Standby' 4.75 5.0 5.25 V 

Input Voltage 
VIL # -0.3 - 0.8 V 

VIH • 
Except RES 2.0 - V~~ V 

RES 4.25 - V~~ V 

Operation Temperature Top, -20 25 75 °C 

' With respect to Vgg (SYSTEM GND) 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS IVDD=5.OV+5%, VCC Standby=5.OV+5%, Vgg=OV, Ta=-20^'+75°C, unless otherwise noted.) 

Item Symbol Test Condition min typ"` max Unit 

Input "High" Voltage 
Except RES 

VIH 
2.0 - Vcc V 

RES 4.25 - V cc 

Input "Low" Voltage 
Except RES "•• 

VIL 
-0.3 - 0.8 

V 
RES -0.3 - 0.8 

Output "High" Voltage 

Do^-Dt, E 

VoH 

IoH = -205µA 2.4 - -

V ,A°^-A;s , R N, VMA IoH =-145µA 2.4 - - 

BA IoH = -100µA 2.4 - -

Output "Low" Voltage VoL IoL = 1.6mA - - 0.4 V 

Three State (Off State) Input Current D°^'DT ITg; V;n = 0.4^~2.4V -10 - 10 µA 

Input Leakage Current Except D°^~D~ "'" lin V;,, = 0^ 5.25V -2.5 - 2.5 µA 

Power Dissipation Po" - 0.6 1.2 W 

Input Capacitance 
D°~'D~ 

Gn 
V;n=OV, Ta=25°C, 
f=1.OMHz 

- 10 12.5 pF

Except D°^~D~ - 6.5 10 

Output Capacitance Ao"'Als, R/W. BA, 
VMA, E 

~ Ut V;,,=OV, Ta=25°C, 
f=1.OMHz 

_ _ 12 pF 

• In power-down mode, maximum power dissipation is less than 42mW. 
•• T,-25° C, VpC =5V 

••• Ash input has histeresis character, applied voltage up to 2.4V is regarded as "Low" level when it goes up from OV. 

•••• Dces not include EXTAL and XTAL, which are crystal inputs. 
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• AC CHARACTERISTICS (Vcc=5.OV±5%, Vpc Standby=5.OV±5%, Vss=OV, Ta=-20^'+75°C, unless otherwise noted.) 
1. CLOCK TIMING CHARACTERISTICS 

Item Symbol Test Condition min typ max Unit 

Frequency of Operation 
Input Clock _ 4 f 0.1 — 1.0 

MHz 
Crystal Frequency fXTAL 1.0 — 4.0 

Cycle Time tivc Fig. 2, Fig. 3 1.0 — 10 µs 

Clock Pulse Width 
"High" Level PW~H at 2.4V (Fig, 2, Fig. 31 

450 — 4500 ns 
"Low" Level PW~L at 0.8V (Fig. 2, Fig. 3) 

Clock Fall Time ~ 0.8V ^• 2.4VIFig.2,Fig.3) — — 25 ns 

2. READ/WRITE TIMING 

Item Symbol Test Condition min typ` max Unit 

Address Delay tqp Fig. 2, Fig. 3, Fig. 6 — — 270 ns 

Peripheral Read Access Time tec° Fig• 2 530 — — ns 

Data Setup Time (Read) tpsR Fig. 2 100 — — ns 

Input Data Hold Time tH Fig. 2 10 — — ns 

Output Data Hold Time tH Fig. 3 20 — — ns 

Address Hold Time (Address, R/W, VMA) tAH Fig. 2, Fig. 3 10 — — ns 

Data Delay Time (Write) tppyy Fig. 3 — — 225 ns 

Bus Available Delay taA Fig. 4, Fig. 5, Fig. 7, Fig. 8 — — 250 ns 

Processor Controls 
Processor Control Setup Time 
Processor Control Rise and Fall Time 
(Measured at 0.8V and 2.OV) 

tres Fig. 4 -̂Fig. 7, Fig. 12 200 — — ns 

tPc, 
tPCf 

Fig. 4^~Fig. 7, Fig. 12, 
Fig. 13, Fig. 16 

_ _ 100 ns 

`Ta = 25°C, Vcc = 5V 

3. POWER DOWN SEQUENCE TIMING, POWER UP RESET TIMING AND MEMORY READY TIMING 

Item Symbol Test Condition min typ max Unit 

RAM Enable Reset Time (11 2RE f Fig. 13 150 — — ns 

RAM Enable Reset Time (21 tRE2 Fig. 13 E-3 cycles — —

Reset Release Time tLRES Fig. 12 20` — — ms 

RAM Enable Reset Time 131 tREa Fig. 12 0 — — ns 

Memory Ready Setup Time tSMR Fig. 16 300 — — ns 

Memory Ready Hold Time tHMR Fig. 16 0 — 200 ns 

`tRES ` 20 msec min. for S type, 50 msec min. for R type. 
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5.0 V 

Test Point 

R~ = 2.4kS2 

C= 130pF for Do -̂D„ E 
= 90pF for Ao ̂ A,s , q/yy, and VMA 
= 30pF for BA 

ii = 11 kS2 for Do ̂ Dr , E 
= 16k12 for Ao —A,,,R~yy, and VMA 
= 24kt2 for BA 

C includes stray Capacitance. 
All diodes are iS2074 ~' or equivalent. 

Figure 1 Bus Timing Test Load 

tcyc 

PWm~ PWmH 

E ~ 0.4V 0.4 V 
2.4 V 

'~ -tAD— ~ 
RIW 

2.4V 

%/ 

Address 2.4 V 
From MPU 

~ 

`tA,D~J//A~ 
2 4V 

VMA 

~— tAD tact 

Data 
From Memory 
or Peripherals 

E 

~~ Data Not Valid 

Figure 2 Read Data from Memory or Peripherals 

`~ 

~.4 V 
0.4 V 

ar m

fv1~ ~l 

—~. ftgH

tDSR 

2.OV~ /  
~! Data Val d 

0.8V 

~0.4V 

PW~L

t~y~ 

2.4 V 

~_tAD—~ 
R/W 

o.av 

PWOH 

0.4 V 
2.4V 

0.4 V 

~—tm 

,~~~i, 
Address 2.4V V/1 

From MPU 0.4V  

VMA 

Data 
From MPU 

2.4V mo t— A - -D~ 

f LAH 

~tAD~ 

Data Not Valid 

~ —tD O W —~ 

2.4V  

0.4V  

'F'tH 

Data Valid 

Figure 3 Write Data in Memory or Peripherals 
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E 

HALT 

BA 

E 

HALT 

BA 

RES 

VMA 

F The Last Instruction Cycle HALT Cycle 

 ~0.4V 

t PCi 

} 2.OV 

O.8V 

~2.4V 

s 

Figure 4 Timing of HALT and BA 

HALT Cycle 

2.4V 

Instruction Cyele 

t 

0.4V 

2.OV 

0.8V 

t PCS 

O.AV 

Figure 5 Timing of HALT and BA 

MPU Reset MPU Restart Sequence 

4.25V 
O.BV 

~4V 

0.4V 

tPCS 
t pC —_y—w► tA0 ~—r 

2.4V 

Figure 6 RES and MPU Restart Sequence 
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WAIT Cycle or 
The Last Instruction Cycle Interrupt Sequence 

~, 
IRQ, NMI 

BA 

E 

BA 

tPCI 

(When WAIT Cycle) 

2.4V ~-

~ 2.OV 

O.BV 

tPcs 
tBA 

~~ 0.4V 

Figure 7 IRO and NMI Interrupt Timing 

The last execution cycle of 
WAI instruction 1#gl WAIT Cycle 

~~ 

2.4V 

tBA 
~y 

t 
Figure 8 WAI Instruction and BA Timing 

■ MPU REGISTERS 
A general block diagram of the HD6802 is shown in Fig. 9. 

As shown, the number and configuration of the registers are the 
same as for the HD6800. The 128 x 8 bit RAM has been 
added to the basic MPU. The first 32 bytes may be operated in a 
low power mode via a V~~ standby. These 32 bytes can be 
retained during power-up and power-down conditions via the 
RE signal. 

The MPU has three 16-bit registers and three 8-bit registers 
available for use by the programmer (Fig. 10). 
• Program Counter (PC) 

The program counter is a two byte (16-bit) register that 
points to the current program address. 
• Stack Pointer (SP) 

The stack pointer is a two byte (16-bit) register that contains 
the address of the next available location in an external 
push-down/pop-up stack. This stack is normally a random access 
Read/Write memory that may have any location (address) that 
is convenient. In those applications that require storage of 
information in the stack when power is lost, the stack must be 
non-volatile. 

2.4V 

• Index Register 11X) 
The index register is a two byte register that is used to store 

data or a sixteen bit memory address for the Indexed mode of 
memory addressing. 
• Accumulators (ACCA, ACCB) 

The MPU contains two 8-bit accumulators that are used to 
hold operands and results from an arithmetic logic unit(ALU). 
• Condition Code Register (CCR) 

The condition code register indicates the results of an 
Arithmetic Logic Unit operation: Negative(N), Zero(Z), Over-
Flow(V), Carry from bit7(C), and half carry from bit3(H). These 
bits of the Condition Code Register are used as testable 
conditions for the conditional branch instructions. Bit 4 is the 
interrupt mask bit(1). The used bits of the Condition Code 
Register (B6 and B7) are ones. 

Fig. 11 shows the order of saving the microprocessor status 
within the stack. 
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Figure 10 Programming Model of The Microprocessing Unit 
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• HD6802 MPU SIGNAL DESCRIPTION 
Proper operation of the MPU requires that certain control 

and timing signals be provided to accomplish specific functions 
and that other signal Gnes be monitored to determine the state 
of the processor. These control and timing signals for the 
HD6802 are similar to those of the HD6800 except that TSC, 
DBE, ~r , ~z input, and two unused pins have been eliminated, 
and the following signal and timing lines have been added. 

RAM Enable (RE) 
Crystal Connections EXTAL and XTAL 
Memory Ready(MR) 
VAC Standby 
Enable 0z Output(E) 
The following is a summary of the HD6802 MPU signals: 

• Address Bus (Ao ^~ A ss 1 
Sixteen pins are used for the address bus. The outputs are 

capable of driving one standard TTL load and 90pF. 
• Data Bus IDo ^- D,1 

Eight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. [t also has three-state output buffers capable of driving 
one standard TTL load and 130pF. 

Data Bus will be in the output mode when the internal RAM 
is accessed. This prohibits external data entering the MPU. [t 
should be noted that the internal RAM is fully decoded from 
$0000 to $007F. External RAM at $0000 to $007F must be 
disabled when internal RAM is accessed. 
• HALT 

When this input is in the "Low" state, all activity in the 
machine will be halted: This input is level sensitive. 

In the halt mode, the machine will stop at the end of an 
instmction. Bus Available will be at a "High" state. Valid 
Memory Address will be at a "Low" state. The address bus will 
display the address of the next instruction. 

To  insure single instruction operation, transition of the 
HALT line must not occur during the last 250ns of E and the 
HALT line must go "High" for one Clock cycle. 

HALT should be tied "High" if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. 
• Read/Write (R/W 1 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read ("High") or 
Write ("Low") state. The normal standby state of this signal is 
Read ("High"). When the processor is halted, it will be in the 
logical one state ("High"). 

This output is capable of driving one standard TTL load and 
90pF. 

• Valid Memory Address (VMA) 
This output indicates to peripheral devices that there is a 

valid address on the address bus. In normal operation, this signal 
should be utilized for enabling peripheral interfaces such as the 
PIA and ACIA. This signal is not three-state. One standard TTL 
load and 90pF may be directly driven by this active high signal. 
• Bus Available IBAI 

The Bus Available signal will normally be in the "Low" state. 
When activated, it will go to the "High" state indicating that the 
microprocessor has stopped and that the address bus is available 
(but not in a three state condition). This will occur if the HALT 
line is in the "Low" state or the processor is in the wait state 
as a result of the execution of a WAI instruction. At such time, 
all three-state output drivers will go to their off state and other 

outputs to their normally inactive level. 
The processor is removed from the wait state by the 

occurrence of a maskable (mask bit I=0) or nonmaskable 
interrupt. This output is capable of driving one standard TTL 
load and 30pF. 
• Interrupt Request (IRO) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait, until 
it completes the current instruction that is being executed 
before it recognizes the request. At that time, if the interrupt 
mask bit in the Condition Code Register is not set, the machine 
will begin an interrupt sequence. The index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
away on the stack. Next the MPU will respond to the interrupt 
request by setting the interrupt mask bit high so that no further 
interrupts may occur. At the end of the cycle, a 16-bit address 
will be loaded that points to a vectoring address which is located 
in memory locations FFF8 and FFF9. An address loaded at 
these locations causes the MPU to branch to an interrupt 
routine in memory. 

The HALT line must be in the "High" state for interrupts  to 
be serviced. Intermpts will be latched internally while HALT is 
,.mow„ 

A 3kS2 external register to V~~ should be used for wire-OR 
and optimum control of interrupts. 
• Reset (RES) 

This input is used to reset and start the MPU from a 
power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is "Low", the 
MPU is inactive and the information in the registers will be lost. 
if a "High" level is detected on the input, this will signal the 
MPU to begin the restart sequence. This will stmt execution of a 
routine to initialize the processor from its reset condition. All 
the higher order address lines will be forced "High". For the 
restart, the last two(FFFE, FFFF) locations in memory will be 
used to load the program that is addressed by the program 
counter. During the restart routine, the interrupt mask bit  is set 
and must be reset before the MPU can be interrupted by IRQ. 
Power-up and reset timing and power-down sequences are 
shown in Fig. 12 and Fig. 13 respectively. 

• Non-Maskable Interrupt (NMI) 
A low-going edge on this input requests that anon-mask-

interrupt  sequence be generated within the processor. As with 
the IRQ signal, the processor will complete the current 
instruction that is being executed before it recognizes the NMI 
signal. The interrupt mask bit in the Condition Code Register 
has no effect on NMI. 

The Index Register, Program Counter, Accumulators, and 
Condition Code Register are stored away on the stack. At the 
end of the cycle, a 16-bit address will be loaded that points to a 
vectoring address which is located in memory locations FFFC 
and FFFD. An address loaded at these locations causes the 
MPU to branch to a non-maskable interrupt routine in memory. 
A 3kSZ external resistor to V~~ should be used for wire-OR 
and optimum control of interrupts. 

Inputs IR and NMI are hardware interrupt lines that are 
sampled when E is "High" and will start the interrupt routine 
on a "Low" E following the completion of an instruction. IRQ 
and NMI should be tied "High" if not used. This is good en-
gineering design practice in general and necessary to insure 
proper operation of the part. Fig. 14 is a flowchart describing the 
major decision paths and interrupt vectors of the microproces-
sor. Table 1 gives the memory map for interrupt vectors. 
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See Figure 8 for 
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Figure 12 Power-up and Reset Timing 
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Table 1 Memory Map for Interrupt Vectors 

Vector 
MS LS 

Description 

FFFE FFFF Restart (RES) 
FFFC FFFD Non-Maskable Interrupt (NMI) 

FFFA FFFB Software Interrupt (SWI) 
FFFB FFF9 Interrupt Request (IRO) 

• RAM Enable (RE) 
A TTL-compatible RAM enable input controls the on-chip 

RAM of the HD6802. When placed in the "High" state, the 
on-chip memory is enabled to respond to the MPU controls. In 
the "Low" state, RAM is disabled. This pin may also be utilized 
to disable reading and writing the on-chip RAM during a 
powerdown situation. RAM enable must be "Low" three cycles 
before VCC goes below 4.75V during power-down. 

RE should be tied to the correct "High" or "Low" state if 
not used. This is good engineering design practice in general and 
necessary to insure proper operation of the part. 
• EXTAL and XTAL 

The HD6802 has an internal oscillator that may be crystal 
controlled. These connections are for a parallel resonant 
fundamental crystal (AT cut). Adivide-by-four circuit has been 
added to the HD6802 so that a 4MHz crystal may be used in 
lieu of a iMHz crystal for a more cost-effective system. Pin39 of 
the HD6802 may be driven externally by a TTL input signal if 
a separate clock is required. Pin38 is to be left open in this 
mode. 

An RC network is not directly usable as a frequency source 
on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the HD6802. 

If an external clock is used, it may not be halted for more 
than 4.5µs. The HD6802 is a dynamic part except for the 
internal RAM, and requires the external clock to retain 
information. 

2.av 
E 

Conditions for Crystal (4 MHz) 
• AT Cut Parallel resonant 
• Ce = 7 pF max. 
• R. = 80 St max. 

L, C, R, 

~~— f 
Co

Crystal Equivalent Circuit 

Recommended Oscillator (4MHz) 

39 pin 

H D6802 

38 pin 

o 

T Crystal 

c, 

r~rr 
C, = Ci = 22pF t 20% 

Figure 15 Crystal Oscillator 

c, 

When using the crystal, see the note for Board Design of the 
Oscillation Circuit in HD6802. 
• Memory Ready (MRI 

MR is a TTL compatible input control signal which allows 
stretching of E. When MR is "High", E will be in normal 
operation. When MR is "Low", E may be stretched integral 
multiples of half periods, thus allowing interface to slow 
memories. Memory Ready timing is shown in Fig. 16. 

MR should be tied "High" if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. A maximum stretch is 4.5µs. 

tHM 

2.0 
MR 

~— tP Cf 
V 

0.8 V   If 

o.av 

~—t5M R 

 tPCr 
2.0 V 

0.8 V 

Figure 16 Memory Ready Control Function 

82 ~ HITACHI 



H D6802 

• Enable IE) 
This pin supplies the clock for the MPU and the rest of the 

system. This is a single phase, TTL compatible clock. This clock 
may be conditioned by a Memory Ready Signal. This is 
equivalent to ~s on the HD6800. 
• V~~ Standby 

This pin supplies the do voltage to the first 32 bytes of RAM 
as well as the RAM Enable (RE) control logic. Thus retention of 
data in this portion of the RAM on a power up, power-down, or 
standby condition is guaranteed at the range of 4.0 V to 5.25 V. 

Maximum current drain at 5.25 V is 8mA. 

E XTAL 

0 

HD6802 

The following design must be avoided. 

Q 

c 
fA 

■ MPUINSTRUCTION SET 
The HD6802 has a set of 72 different instructions. Included 

aze binary and decimal arithmetic, logical, shift, rotate, load, 
store, conditional or unconditional branch, intermpt and stack 
manipulation instructions. 

This instruction set is the same as that for the 
6800MPU(HD6800 etc.) and is not explained again in this 
data sheet. 

■ NOTE FOR BOARD DESIGN OF THE OSCILLATION 

CIRCUIT IN HD6802 
In designing the board, the following notes should be taken 

when the crystal oscillator is used. 

Crystal oscillator and load capacity CL must be placed near 
/ the LSI as much as possible. 

~ Normal oscillation ma be disturbed when external noise is I C Y 
induced to pin 38 and 39. 

L 

Must be avoided 

m 

c 
fA 

Pin 38 signal line should be wired apart from pin 37 signal 
line as much as possible. Don't wire them in parallel, or normal 
oscillation may be disturbed when E signal is feedbacked to 
XTAL. 

A signal line or a power source line must not cross or go near 
the oscillation circuit line as shown in the left figure to prevent 
the induction from these lines and perform the correct 

oscillation. The resistance among XTAL, EXTAL and other pins 
should be over IOMS2. 

Figure 17 Note for Board Design of the Oscillation Circuit 
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(

~//////////, 

rystal 
fn / 

Dl 
~~ 

Other signals are not wired in this area. 

H D6802 

(Top View) 

i 
x 
E 
E 
E 
0 

t! 

39 

38 
E signal is wired apart from 38 pin 

/and 39 pin. 
37 

Figure 1B Example of Board Design Using the Crystal Oscillator 
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■ NOTE FOR THE RELATION BETWEEN WAI INSTRUCTION AND HALT OPERATION OF HD6802 

When HALT input signal is asserted to "Low" 
level, the MPU will be halted after the execution of 
the current instruction except WAlinstruction. 

The "Halt" signal is not accepted after the fetch 
cycle of the WAI instruction (See Qt in Fig. 19). In the 
case of the "WAI" instruction, the MPU enters the 
"WAIT" cycle after stacking the internal registers and 

E 

Atldress 
Bus 

H/W 

VMA 

IHQ or 
MN I 

9A 

HALT 

WAI 
Instruction 
Fet<h 

outputs the "High" level on the BA line. 
When an interrupt request signal is input to the 

MPU, the MPU accepts the interrupt regardless the 
"Halt" signal and releases the "WAIT" state and out-
puts the interrupt's vector address. If the "Halt" signal 
is "Low" level, the MPU halts after the fetch of new 
PC contents. The sequense is shown below. 

r --WAIT CYCLE 

SP Inl SP In-11 SP In-21 SP In-31 SP In-41 SP In-51 SP In-61 

~/0 

Address Addren Addresi 

Ss - \  ~; 

~~ 

When the inurrupt occurs tlurinp the WAIT CYCLE, the MPU xcep[s the interrupt even it HALT is at "Low" level. 

Figure 19 HD6802 WAIT CYCLE &HALT Request 

If this cycle is et "Low" 
level, the next cycle is 
Ihs Helt cycle 
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H D 6802W 
MPU (Microprocessor with Clock and RAM ) 

HD6802W is the enhanced version of HD6802 which con-
tains MPU, clock and 256 bytes RAM. Internal RAM has been 
extended from 128 to 256 bytes to increase the capacity of 
system read/write memory for handling temporary data and 
manipulating the stack. 

The internal RAM is located at hex addresses 0000 to DOFF. 
The first 32 bytes of RAM, at hex addresses 0000 to 001 F, may 
be retained in a low power mode by utilizing V~~ standby, 
thus facilitating memory retention during apower-down situa-
tion. 

The HD6802W is completely software compatible with the 
HD6800 as well as the entire HMCS6800 family of parts. Hence, 
the HD6802W is expandable to 65k words. 

■ FEATURES 

• On-Chip Clock Circuit 
• 256 x 8 Bit On-Chip RAM 
• 32 Bytes.of RAM are Retainable 
• Software-Compatible with the HD6800, HD6802 
• Expandable to 65k words 
• Standard TTL-Compatible Inputs and Outputs 
• 8 Bit Word Size 
• 16 Bit Memory Addressing 
• Interrupt Capability 

■ BLOCK DIAGRAM 
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HD6802W 

A expanded block diagram of the HD6802W is shown in Fig. the same as the HD6802 except that the internal RAM has been 
1. As shown, the number and configuration of the registers are extended to 256 bytes. 

Au Ai. Aio Aia A`i i Aio A. At At '4e At Ae A, A t A, Ao 
25 24 23 22 20 t9 78 t7 t6 15 74 13 12 tt 10 9 

1 1 1 i i f i i
Output 
Buffer 

MR 3 —+~ 
E 37~—

FIES 40—~ 
NMI 6—~ 

HALT 2—« Clock 
lA~ 4—r Instruction 

E XTAL 39—• 
Decode 
and 

XTAL 38—~ Control 
BA 7 f—

VMA 5~--
RNJ 34 •—~ 

VCC-Pins 8,35 
Vu -Pint 1,21 

I ns trucuon 
Register 

Program 
Counter H 

Stack 
Pointer H 

Index 
Registm H 

t i i i t i l i 
Output 
Buffers 

RAM 
Control 

~— 35 VCC Standby 

32 Bytes 

24 Bytes 2 36 RAM Enable 

Program 
Counter L 

Stack 
Pointer L 

Index 
Register L 

Atcunwbror 
A 

Date 
Buller 

Accu muleia 
B 

a~a~oao 
coa 

Regitrer 

I I I t I I I I 
26 27 28 29 30 3t 32 33 
D, De Ds D, Ds D, D~ De

ALU 

Figure 1 Expanded Block Diagram 

Address Map of RAM is shown is Fig. 2. mode by utilizing V~~ standby and setting RAM Enable Signal 

The HD6802W has 256 bytes of RAM on the chip located "Low" level, thus facilitating memory retention during a 

at hex addresses 0000 to OOFF. The first 32 bytes of RAM, at power-down situation. 
hex addresses 0000 to 001 F, may be retained in a low power 

0000 

001E 
0020 

DOFF 

L retention by VCC Standby 

Figure 2 Address Map of HD6602W 
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■ ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage 
Vcc Standby` -0.3 ̂ ~ +7,0 V 

Input Voltage V;,,` -0.3'r+7.0 V 

Operating Temperature Top, -20 ̂ ~ +75 °C 

Storage Temperature Ts~ -55 ̂ ~ +150 °C 

• With respect to Vgg (SYSTEM GND) 
(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 

recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 

■ RECOMMENDED OPERATING CONDITIONS 

Item Symbol min typ max Unit 

Supply Voltage Vcc" 
Vcc Standby' 

4.75 
5.0 5.25 V 

4.0 

Input Voltage 

VIA ' -0.3 — 0.8 V 

VIH' 
Except RES 2.0 — Vcc 

V 
RES Vcc -0.75 — Vcc 

Operation Temperature T°p, -20 25 75 °C 

• With respect to Vgg (SYSTEM GND) 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc=5.OVt5%, VOD Standby=5.OV±5%, V~=OV, Ta=-20^'+75°C, unless otherwise noted.) 

Item Symbol Test Condition min typ` max Unit 

Input "High" Voltage 
Except RES 

VIH 
2.0 — Vcc V 

RES vcc-o.~s — Vcc 

Input "Low" Voltage 
Except RES "" 

VIL 
-0.3 — 0.8 

V 
RES -0.3 — 0.8 

Output "High" Voltage 
Do^•D~, E 

VoH 
IoH =-205µA 2.4 — —

V Ao^-A~ s , R/W, VMA IoH =-145µA 2.4 — — 

BA IoH = -100µA 2.4 — —

Output "Low" Voltage VoL IoL = 1.6mA — — 0.4 V 

Three State IOff State) Input Current Do"'D~ ITSI V;n = 0.4^2.4V -10 — 10 µA 

Input Leakage Current Except Da ^~D~ lin `"` V;,, = 0^-5.25V -2.5 — 2.5 µA 

Power Dissipation Po "" — 0.7 1.2 W 

Input Capacitance 
Do"'D~ 

Gn 
V;,,=OV, T,=25°C, 
f=1.OMHz 

— 10 12.5 
pF 

Except Do^~D~ — 6.5 10 

Output Capacitance Ao"'A~s. R/W, BA, 
VMA 

~,ut V,"-OV, T°-25°C'
f=1.OMHz 

— — 12 PF 

• Ta=25° C, VAC =5V 
• • As RES input has histeresis character, applied voltage up to 2.4V is regarded as "Low" level when it goes up from 0 V. 

••• Does not include EXTAL and XTAL, which are crystal inputs. 
'••• In power-down mode, maximum power dissipation is less than 42mW. 
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• AC CHARACTERISTICS (VCC=5.OV±5°~, V0C Standby=5.OV±5%, V~=OV, Ta=-20^'+75°C, unless otherwise noted.) 

1. CLOCK TIMING CHARACTERISTICS 

Item Symbol Test Condition min typ max Unit 

Frequency of Operation 
Input Clock - 4 f 0.1 - 1.0 

MHz 
Crystal Frequency txTAL 1.0 - 4.0 

Cycle Time i<yC Fig. 4, Fig. 5 1.0 - 10 µs 

Clock Pulse Width 
"High" Level PW~H at 2.4V(Fig. 4, Fig. 5) 

450 - 4500 ns 
"Low" Level PW~L at 0.8V(Fig. 4, Fig. 51 

Clock Fall Time ~ 0.8V ~-2.4V(Fig.4,Fig.5) - - 25 ns 

2. READ/WRITE TIMING 

Item Symbol Test Condition min typ' max Unit 

Address Delay tAo Fig. 4, Fig. 5, Fig. 8 - - 270 ns 
Peripheral Read Access Time tom° Fig. 4 530 - - ns 

Data Setup Time (Read) tosR Fig. 4 100 - - ns 

Input Data Hold Time tH Fig.4 10 - - ns 

Output Data Hold Time tH Fig. 5 20 - - ns 

Address Hold Time (Address, R/W, VMA) tAR Fig. 4, Fig. 5 10 - - ns 

Data Delay Time (Write) tppyy Fig. 5 - - 225 ns 

Bus Available Delay tBA Fig. 6, Fig. 7, Fig. 9, Fig. 10 - - 250 ns 
Processor Controls 

Processor Control Setup Time 
Processor Control Rise and Fall Time 
(Measured at 0.8V and 2.OV) 

tPcs Fig. 6 ̂ • Fig. 9, Fig. 11 200 - - ns 

tPc, 
tPcr

Fig. 6 ̂ • Fig. 9, Fig. 11, Fig. 12, 
Fig. 14 - - 100 ns 

Ta = 25°C, Vcc = 5V 

3. POWER DOWN SEQUENCE TIMING, POWER UP RESET TIMING AND MEMORY READY TIMING 

Item Symbol Test Condition min typ max Unit 

RAM Enable Reset Time (1) tRE1 Fig. 12 150 - - ns 

RAM Enable Reset Time (2) tRE2 Fig. 12 E-3 cycles - -

Reset Release Time tLRES Fig. 11 20 - - ms 

RAM Enable Reset Time (3) tRE3 Fig. 11 0 - - ns 

Memory Ready Setup Time tSMR Fig. 14 300 - - ns 

Memory Ready Hold Time tHMR Fig. 14 0 - 200 ns 
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5.0 V 

Test Point 

R ~ = 2.4kSt 

C= 130pF for Do ^D„ E 
= 90pF for Ao ̂ Ars , R/W, and VMA 
= 30pF for BA 

R = 11 kS2 for Do ̂ D„ E 
= 16kSt for Ao ^-A~ s , R/W, and VMA 
= 24kS2 for BA 

C includes stray Capacitance. 
All diodes are 152074®or equivalent. 

Figure 3 Bus Timing Test Load 
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Figure 4 Read Data from Memory or Periphe als 
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Figure 5 Write Data in Memory or Peripherals 
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The Last Instruction Cycle HALT Cycle 

E \ 

HALT 

BA 

E 

HALT 

BA 

RES 

VMA 

 /0.4V 

tPc~ 

} 2.OV 

0.8V 

~2.4V 

Figure 6 Timing of HALT and BA 

HALT Cycle 

2.4V 

Instruction Cycle 

 { 0.4V 

L 

2.OV 

  0.8V 

t PCS A 

O.ey 

Figure 7 Timing of HALT and BA 

MPU Reset i MPU Restart Sequence 

VCC-0.75V 

O.BV 

~4V 

0.4V 

t PCS 

t PCr —~—'F~ 
AO 

2.4V 

Figure 8 RES and MPU Restart Sequence 
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E 

WAIT Cycle or 
The Last Instruction Cycle Interrup[ Sequence 

IRQ, NMI 

BA 

tPCt 

(When WAIT Cycle) 

2.4V 

~2.OV 

~0.8V

txs 

 t 
tBA 

• ~ 

0.4V 

Figure 9 IRQ and NMl lnterrupt Timing 

The last execution cycle of 
WAI instruction 1#91 WAIT Cycle 

E ~~ 
~2.4V 

tBA 

2.4V 
BA 

Figure 10 WAI Instruction and BA Timing 
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■ HD6802W MPU SIGNAL DESCRIPTION 

• Address Bus (Ao "' Ars 1 
Sixteen pins are used for the address bus. The outputs are 

capable of driving one standard TTL load and 90pF. 
• Data Bus (Do ^~ D~) 

Eight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of driving 
one standard TTL load and 130pF. 

Data Bus will be in the output mode when the internal RAM 
is accessed. This prohibits external data entering the MPU. It 
should be noted that the internal RAM is fully decoded from 
$0000 to $OOFF. External RAM at $0000 to $OOFF must be 
disabled when internal RAM is accessed. 
• HALT 

When this input is in the "Low" state, all activity in the 
machine will be halted: This input is level sensitive. 

In the halt mode, the machine will stop at the end of an 
instruction. Bus Available will be at a "High" state. Valid 
Memory Address will be at a "Low" state. The address bus will 
display the address of the next instruction. 

To  insure single instruction operation, transition of the 
HALT line must not occur during the last t P~s  of E and the 
HALT line must go "High" for one Clock cycle. 

HALT should be tied "High" if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. 
• Read/Write IR/wl 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read ("High") or 
Write ("Low") state. The normal standby state of this signal is 
Read ("High"). When the processor is halted, it will be in the 
logical one state ("High"). 

This output is capable of driving one standard TTL load and 
90pF. 

• Valid Memory Address (VMA) 
This output indicates to peripheral devices that there is a 

valid address on the address bus. In normal operation, this signal 
should be utilized for enabling peripheral interfaces such as the 
P[A and ACIA. This signal is not three-state. One standard TTL 
load and 90pF may be directly driven by this active high signal. 
• Bus Available (BAI 

The Bus Available signal will normally be in the "Low" state. 
When activated, it will go to the "High" state indicating that the 
microprocessor has stopped and that the address bus is available 
(but not in a three-state condition). This will occur if the HALT 
line is in the "Low" state or the processor is in the wait state 
as a result of the execution of a WAI instruction. At such time, 
all three-state output drivers will go to their off state and other 
outputs to their normally inactive level. 

The processor is removed from the wait state by the 
occurrence of a maskable (mask bit 1=0) or nonmaskable 
interrupt. This output is capable of driving one standard TTL 
load and 30pF. 
• Interrupt Request (IRO) 

This level sensitive input requests that an interrupt sequence 

be generated within the machine. The processor will wait, until 
it completes the current instruction that is being executed 
before it recognizes the request. At that time, if the interrupt 
mask bit in the Condition Code Register is not set, the machine 
will begin an interrupt sequence. The index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
away on the stack. Next the MPU will respond to the interrupt 
request by setting the interrupt mask bit high so that no further 
interrupts may occur. At the end of the cycle, a 16-bit address 
will be loaded that points to a vectoring address which is located 
in memory locations FFF8 and FFF9. An address loaded at 
these locations causes the MPU to branch to an interrupt 
routine in memory. 

The HALT line must be in the "High" state for interrupts  to 
be serviced. Interrupts will be latched internally while HALT is 
"Low". 

A 3kS2 external register to V~~ should be used for wire-OR 
and optimum control of interrupts. 

• Reset (RES) 
This input is used to reset and start the MPU from a 

power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is "Low", the 
MPU is inactive and the information in the registers will be lost. 
If a "High" level is detected on the input, this will signal the 
MPU to begin the restart sequence. This will start execution of a 
routine to initialize the processor from its reset condition. All 
the higher order address lines will be forced "High". For the 
restart, the last two(FFFE, FFFF) locations in memory will be 
used to load the program that is addressed by the program 
counter. During the restart routine, the interrupt mask bit  is set 
and must be reset before the MPU can be interrupted by IRQ. 
Power-up and reset timing and power-down sequences are 
shown in Fig. 11 and Fig. 12 respectively. 

• Non-Maskable Interrupt (NMI) 
A low-going edge on this input requests that anon-mask-

interrupt  sequence be generated within the processor. As with 
the IRQ signal, the processor will complete the current 
instruction that is being executed before it recognizes the NMI 
signal. The interrupt mask bit in the Condition Code Register 
leas no effect on NMI. 

The Index Register, Program Counter, Accumulators, and 
Condition Code Register are stored away on the stack. At the 
end of the cycle, a 16-bit address will be loaded that points to a 
vectoring address which is located in memory locations FFFC 
and FFFD. An address loaded at these locations causes the 
MPU to branch to anon-maskable interrupt routine in memory. 
A 3kS2 external resistor to V~~ should be used for wire-OR 
and optimum control of interrupts. 

Inputs IRQ and NMT are hardware interrupt lines that are 
sampled when E is "High" and will start the interrupt routine 
on a "Low" E following the completion of an instruction. IRQ 
and NMI should be tied "High" if not used. This is good en-
gineering design practice in general and necessary to insure 
proper operation of the part. Fig. 13 is a flowchart describing 
the major decision paths and interrupt vectors of the micro-
processor. Table 1 gives the memory map for interrupt vectors. 
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Figure 11 Power-up and Reset Timing 
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Figure 12 Power-down Sequence 

Figure 13 MPU Flow Chart 
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Table 1 Memory Map for Interrupt Vectors 

Vector 
MS LS Description 

FFFE FFFF Restart (RES) 
FFFC FFFD Non-Maskable Interrupt (NMI) 
FFFA FFFB Software Interrupt (SWI) 
FFF8 FFF9 Interrupt Request (IRO) 

• RAM Enable IRE) 
A TTL-compatible RAM enable input controls the on-chip 

RAM of the HD6802W. When placed in the "High" state, the 
on-chip memory is enabled to respond to the MPU controls. In 
the "Low" state, RAM is disabled. This pin may also be utilized 
to disable reading and writing the on-chip RAM during a 
power-down situation. RAM enable must be "Low" three cycles 
before V~~ goes below 4.75V during power-down. 

RE should be tied to the correct "High" or "Low" state if 
not used. This is good engineering design practice in general and 
necessary to insure proper operation of the part. 
• EXTAL and XTAL 

The HD6802W has an internal oscillator that may be crystal 
controlled. These connections are for a parallel resonant 
fundamental crystal (AT cut). Adivide-by-four circuit has been 
added to the HD6802W so that a 4MHz crystal may be used in 
lieu of a IMHz crystal for a more cost-effective system. Pin39 of 
the HD6802W may be driven externally by a TTL input signal if 
a separate clock is required. Pin38 is to be left open in this 
mode. 

An RC network is not directly usable as a frequency source 
on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the HD6802W. 

[f an external clock is used, it may not be halted for more 
than 4.5µs. The HD6802W is a dynamic part except for the 
internal RAM, and requires the external clock to retain 
information. 

E 

MR 

2.4 V 

HMR 

2.OV 

O.SV 

~— tPCf 

 !J 

Conditions for Crystal (4 MHz) 
• AT Cut Parallel resonant 
• Ce = 7 pF max. 
• R r = 8052 max. 

ca
Crystal Equivalent Circuit 

Recommended Oscillator (4MHz1 

39 Pin 

HD6602W 

38 pin 

o 

T Crystal 

C, 

C, = C, = 22pF x,20% 

c, 

When using the crystal, see the note for Board Design of the 
Oscillation Circuit in HD6802W. 
• Memory Ready (114R) 

MR is a TTL compatible input control signal which allows 
stretching of E. When MR is "High", E will be in nonnal 
operation. When MR is "Low", E may be stretched integral 
multiples of half periods, thus allowing interface to slow 
memories. Memory Ready timing is shown in Fig. 14. 

MR should be tied "High" if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. A maximum stretch is 4.5µs. 

 1J 

 0.4V 
\\\
+—tSMR 

• — tPCr 

2.OV 

0.8 V 

Figure 14 Memory Ready Control Function 

H ITAC H 1 4s 



H D6802W 

• Enable IE) 
This pin supplies the clock for the MPU and the rest of the 

system. This is a single phase, TTL compatible clock. This clock 
may be conditioned by a Memory Ready Signal. This is 
equivalent toms on the HD6800. 
• V~~ Standby 

This pin supplies the do voltage to the first 32 bytes of RAM 
as well as the RAM Enable (RE) control logic. Thus retention of 
data in this portion of the RAM on a power-up, power-down, or 
standby condition is guaranteed at the range of 4.0 V to 5.25 V. 

Maximum current drain at 5.25V is 8mA. 

EXTAL 

■ MPUINSTRUCTION SET 
The HD6802W has a set of 72 different instructions. 

Included are binary and decimal arithmetic, logical, shift, rotate, 
load, store, conditional or unconditional branch, interrupt and 
stack manipulation instructions. 

This instruction set is the same as that for the 
6800MPU (HD6800 etc.) and is not explained again in this 
data sheet. 

■ NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT IN HD6802W 
In designing the board, the following notes should be taken 

when the crystal oscillator is used. 

Crystal oscillator and load capacity CL must be placed near 
/ the LSI as much as possible. 

✓ ~ L Normal oscillation may be disturbed when external noise is 
(induced to pin 38 and 39. 

0 

HD6602W 

The following design must be avoided. 

L 

/ Ill 

Pin 38 signal line should be wired apart from pin 37 signal 
line as much as possible. Don't wire them in parallel, or normal 
oscillation may be disturbed when E signal is feedbacked to 
XTAL. 

Must be avoided 

signai c A signal line or a power source line must not cross or go near 
the oscillation circuit line as shown in the left figure to prevent 
the induction from these lines and perform the correct 
oscillation. The resistance among XTAL, EXTAL and other pins 
should be over IOMSt. 

Figure 15 Note for Board Design of the Oscillation Circuit 
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r 20mm max 1 
j///////////////i 

Other signals are not wired in this area. 

~„ 
rystal 
fn / 

H D6802 W 

(Top View) 

i 
E 
E 
E 
r 

1
39 

38 
E signal is wired apart from 38 pin 
and 39 pin. 

37 

Figure 16 Example of Board Design Using the Crystal Oscillator 
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■ NOTE FOR THE RELATION BETWEEN WAI INSTRUCTION AND HALT OPERATION OF HD6802W 

When HALT input signal is asserted to "Low" 
level, the MPU will be halted after the execution of 
the current instruction except WAI instruction. 

The "Halt" signal is not accepted after the fetch 
cycle of the WAI instruction (See Qt in Fig. 17),In the 
case of the "WAI" instruction, the MPU enters the 
"WAIT" cycle after stacking the internal registers and 

E 

Address 
eus 

A/W 

VMA 

BA 

HALT 

WAI 
Instruction 
Fetch 

outputs the "High" level on the BA line. 
When an interrupt request signal is input to the 

MPU, the MPU accepts the interrupt regardless the 
"Halt" signal and releases the "WAIT" state and out-
puts the interrupt's vector address. If the "Halt" signal 
is "Low" level, the MPU halts after the fetch of new 
PC contents. The sequense is shown below. 

I I I I I I I ~-WAITCyCLE .{ I I I I 

SP Inl SP In-11 SP In-21 SP In-31 SP In-41 SP In-51 SP In-61 

 If 
yJ yJ~` 
Vector Vector New PC 
Atltlrass Atldress Address 

~tPCS 

/ if t 

When the interrupt occurs during the WAIT CYCLE, Ne MPU accepts the interrupt even it HALT is et "Law" level. 

Figure 17 HD6802W WAIT CYCLE &HALT Request 

9s ~ HITACHI 

If this cycle is at "Low" 
level, the nett cycle is 
the Halt cycle 



HD6803, HD6803-1 
MPU (Micro Processing Unit) 

The HD6803 MPU is an 8•bit micro processing unit which 
is compatible with the HMCS6800 family of parts. The HD6803 
MPU is object code compatible with the HD6800 with improved 
execution times of key instructions plus several new 16-bit and 
8-bit instruction including an 8 x 8 unsigned multiply with 
16-bit result. The HD6803 MPU can be expanded to 65k bytes. 
The HD6803 MPU is TTL compatible and requires one +0.5 
volt power supply. The HD6803 MPU has 128 bytes of RAM, 
Serial Communications Interface (S.C.I.), and parallel 1/O as 
well as a three function 16•bit timer. Features and Block 
Diagram of the HD6803 include the following: 

• FEATURES 

• Expanded HMCS6800 Instruction Set 
• 8 x 8 Multiply 

• On•Chip Serial Communications Interface (S.C.I.) 

• Object Code Compatible with The HD6800 MPU 
• 16-Bit Timer 

• Expandable to 65k Bytes 

• Multiplexed Address and Data 
• 128 Bytes of RAM (64 Bytes Retainable On Power 

Down► 

• 13 Parallel I/O Lines 
• Internal Clock/Divided-By-Four 

• TTL Compatible Inputs and Outputs 
• Interrupt Capability 

• Compatible with MC6803 and MC6803.1 

■ BLOCK DIAGRAM 
J 

J 
u Q~ 

» Xw~ 

1 1 1 ~ I~ t 1 

CPU 

1 

  Mo6a 

DoiA,~. 
D /A,.--. A/D 
D;/A,~. MUX Port  
Da/A,.—. 
/A.~. 

Address/ 2  
~/A..--. Data 

Buffers 

R/W ----
AS ~-- Tim

l

er 

i 

~' SCI 

A. ~, 
Ae Address 

A„ Address Port 
A~,~—
A„ Buffers 1 
A ~. 
A„ 

Vcc Standby 

V 
128x8 

RAM 

• PIN ARRANGEMENT 

ass 

xTAL 

ExTAL 

NMI 

IRO, 

RES 

VCC 
P,,, 

Poi 
Pn 

Poi 
P., 

Pao 
P., 

P., 

Pu 

P.. 

Pis 

Pia 

P~ 

P.o 
P~ 

HD6803 

(Top View) 

P 
P„ 

P.. 
p ~. 
P„ 

■ TVPE OF PRODUCTS 

Type No. Bus Timing 

HD6803 1.OMHz 

HD6803-1 1.25MHz 

2 
~' 
T 

T 

~E 

T 

T' 

E 

AS 

R/W 

D~/Ao

D~/A~ 

O z /A =

D~/A~ 

D o iA o

O SIA; 

Os/A e

Dr/Ao 

A x

Ay 

Aio 

An

A„ 

A ~> 

Au 

VCC Sundby 
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• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage Vcc' -0.3^'+7,0 V 

Input Voltage V;n -0.3'r+7.0 V 

Operating Temperature Topr 0 ^-+70 °C 

Storage Temperature T~ - 55 'r +150 °C 

' With respect to Vgg (SYSTEM GND) 
I NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 

conditions. If these conditions are exceeded, it could affect reliability of LSI. 

■ ELECTRICAL CHARACTERISTICS 
• DC CHARACTERISTICS (VCC =5.OV++-5%, V~ = OV, Ta = 0^'+70°C, unless otherwise noted.) 

Item Symbol Test Condition min typ max Unit 

Input "High" Voltage 
RES 

Vlrl 
4.0 — Vcc V 

Other Inputs' 2.0 — Vcc 
Input "Low" Voltage All Inputs' VIL -0.3 — 0.8 V 

Input Load Current EXTAL Il;nl V;n = 0 ̂ ~ Vcc — — 0.8 mA 

Input Leakage Current NMI, IRO; , RES Ilinl V;n = 0 ̂ ~ 5.25V — — 2.5 µA 

Three State (Offset) 
Leakage Current 

Pto^' Pty, Do /Ao^- D~/A~ 
Ilrsll V;,, = 0.5 ^~ 2.4V 

10 
µA 

p20 ^- Pz< 
_ _ 100 

Output "High" Voltage 
Do /Ao '•, D~/Av

VoH 
ILono = -205 µA 2.4 — —

V Aa ^• A ts , E, R/W, AS ILono = -145 µA 2.4 — — 
Other Outputs ILOAD - -100 µA 2.4 — —

Output "Low" Voltage All Outputs VoL ILono = 1.6 mA — — 0.5 V 

Darlington Drive Current P;g ^~ Ply -IoH Vo„t = 1.5V 1.0 — 10.0 mA 

Power Dissipation Po — — 1200 mW 

Input Capacitance 
Dg /Ag ^• D~/A~ Cfn V;n = OV, Ta = 25°C, 

f = 1.0 MHz 

— — 12.5 
pF 

Other Inputs — — 10.0 

V Standb cc y 
Powerdown Vsee 4.0 — 5.25 

V 
Operating Vsa 4.75 — 5.25 

Standby Current Powerdown Isae Vsae = 4.OV — — 8.0 mA 

•Except Mode Programming Levels. 
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• AC CHARACTERISTICS 

BUS TIMING IV~~ ~ 5.OV * 5%, V~ ~ OV, Ta = 0 ̂ ~ +70°C, unless otherwise noted.) 

Item Symbol 
Test 

Condi 
tion 

HD6803 HD6803-1 
Unit 

min typ max min typ max 

Cycle Time t°vc 

Fig• 1 

1 — 10 0.8 — 10 µs 
Address Strobe Pulse Width "High" ` PWAsri 200 — — 150 — — ns 
Address Strobe Rise Time tqg, 5 — 50 5 — 50 ns 

Address Strobe Fall Time tggt 5 — 50 5 — 50 ns 

Address Strobe Delay Time tASD 60 — — 30 — — ns 
Enable Rise Time tEr 5 — 50 5 — 50 ns 
Enable Fall Time tEt 5 — 50 5 — 50 ns 
Enable Pulse Width "High" Time PWER 450 — — 340 — — ns 
Enable Pulse Width "Low" Time PWEL 450 — — 350 — — ns 

Address Strobe to Enable Delay Time ' SgSED 60 — — 30 — — ns 

Address Delay Time tqp — — 260 — — 260 ns 

Address Delay Time for Latch LADL — — 270 — — Z6O ns 

Data Set-up Write Time tosw
_ 

225 — — 115 — — ns 

Data Set-up Read Time tDSR 80 — — 70 — — ns 

Data Hold Time 
Read tHR 10 — — 10 — 

ns 
Wflte LHy~ 20 — — 20 — —

Address Set-up Time for Latch tgSL 60 — — 50 — — ns 

Address Hold Time for Latch tgHL 20 — — 20 — — ns 

Address Hold Time tqH 20 — — 20 — — ns 

Peripheral Read Access Time (Multiplexed Busl' (tgccnnl — — (600) — — (420) ns 

Oscillator stabilization Time tRc Fig. 8 100 — — 100 — — ms 

Processor Control Set-up Time tpCs Fig. 7,6 200 — — 200 — — ns 

•These timings change in approximate proportion to tom. The figures in this characteristics epresent those when t~,c is minimum 
(= in the highest speed operetionl. 

PERIPHERAL PORT TIMING (VAC = 5.OV ± 5%, V~ = OV, Ta = 0 ̂ ~ +70°C, unless otherwise noted.) 

Item Symbol Test Condition min typ max Unit 
Peripheral Data Setup Time Port 1, 2 tposu Fig. 2 200 — — ns 
Peripheral Data Hold Time Port 1, 2 tppR Fig. 2 200 — — ns 

Delay Time, Enable Negative 
Transition to Peripheral Data 
Valid 

Port 1, 2' tpwp Fig. 3 — — 400 ns 

' Except Pz ~ 
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TIMER, SCI TIMING IVD~ = 5.OV ±5%, V~ = OV, Ta = 0 ̂ • +70°C, unless otherwise noted.) 

Item Symbol Test Condition min typ max Unit 

Timer Input Pulse Width tpyyT 2t°v°+200 — — ns 

Delay Time, Enable Positive Transition to 
Timer Out tTOD Fig. 4 — — 600 ns 

SCI Input Clock Cycle t~vC 1 — — tcv° 

SCI Input Clock Pulse Width tpWSCK 0.4 — 0.6 t~ Vc 

MODE PROGRAMMING IV~~ = 5.OV ±5%, V~ = OV, Ta = 0'r +70°C, unless otherwise noted.) 

Item Symbol Test Condition min typ max Unit 

Mode Programming Input "Low" Voltage VMp~ 

Fig. 5 

— — 1.7 V 

Mode Programming Input "High" Voltage VMpH 4.0 — — V 

RES "Low" Pulse Width PWgsT~ 3.0 — - tcyc 

Mode Programming Setup Time tMpS 2.0 — — tcyc 

Mode Programming 
HDId Time 

~ Rise Time 2 1µs t 
MPH 

0 — ns 
RES Rise Time < 1µs 

~~ — — 

Address Strobe 
IASI 

Enable 
IEI 

R/W A. BAH 

MPU Write 

IPurt JI 

MPU Raad 

(POrI 31 

102 

Lzv 
.—PWASH—• 

O 6V 

I.4V 

0.6 V 

~IASr 

tAso 

pWEL 

+—IASf

~~ 

tAD~ 

~ tEr 

PWEH 

' — IEI 

2IV 

0 6V 

I A$L'""~ 

~tADI 

2 2V 
Addrets 
Valid 
O 6V 

2 2V 
Address 
Vabtl 
0 6V 

Address Valid 

ttAMl 

I IV 

Data Valid 

0 6V 

~ -ID6R 

I.OV 

Data Valyd 

O.6V 

 It ALCM) 

Figure 1 Expanded Multiplexed Bus Timing 
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r MPU Wnte 
-MPU Read 

Enable IE► 

Pt, ^-Ptt

Pee ' Pty 

Figure 2 Data Set-up and Hold Times 
(MPU Read► 

Enable (E) 

Trmer 
Counter 

Pn
Output 

2.4V 

Enable IEI 
0.5V 

.--IPwo—~ 

All Data 
Port Outputs 

' Not applicable to P ty

Figure 3 Port Data Delay Timing 
(MPU Write) 

RES 

O.6V Data Valid 

Mode Inputs 
•tTOD►I IP~~, Pr„Prr I 

2,2V 
0.6V 

Figure 4 Timer Output Timing 

Test Pont 

v~~ 

~O.BV 0.8Vy 

r—PW RSTL~ 

~ - tMPS~ 

a.ov 

tMPH ~—

VMPHT ~VMPH 

MPL   MPL 

Data Vand 

Figure 5 Mode Programming Timing 

R L =2.zkn 

1520)4 ~H~ 
or Equ~v 

C - 90 pF for Do/Ao "' OT /A~, AB - Ats. E, AS, R/W 

- 30 DF for Pto"Pn•Pm'Pxa _ 

R - 12 kR for Do/Ao - DT/At, AB - A ts, E, AS, R/W 

24 k52 for Pro PtT• Pm " Pp 

TTL Load 

Figure 6 Bus Timing Test Load 
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crde 
Lnt Instruction pl 

Enable IEI 

Internal 

Atld ns B 

IHO~~ 

'—'~ It— '4L5 

NMI or IRO, 

Internal 

Date Bus 

Intarnel R/W 

Enable IEI 

Op Cotle Op Coca SPlnl SPIn-11 SPIn-21 SPInJI SPIMI SPIn-51 

Atltlr Atltlr 

—~ i~~PCS 

0o CoM 0o coa• PCO-PC7 PCe^PCt5 x0-%7 %B^%15 ACCA 

• Ina, ; Internal interrupt 

5.25V

V Y9.]5V 
« t 

ACCB 

I Blt Sat 

«Iz 

Vector Vector New PC 
MSB Atltlr LSB AtlAr Atltlnu 

CCR Irnlwant Vector Vattor Fint Inn. of 
Dan MSB LSB Interrupt Routine 

Figure 7 Interrupt Sequence 

 ~ ~~\\\\\\\\\\\\\\\\\ L~l, 
t t 

pE3  t 

Intarnel 

Atlore s B s 

Internal RA7d 

Internal 
Date Bus 

tRL  ~"'tP6 PGS 

~''4.OV ~0 BV 

FFFE FFFE FFFE FFFE FFFF New PC

 
,CA: 

rrlt~JL FJ 

~~ 

{ I 

® Not Valltl 

■ SIGNAL DESCRIPTIONS 

Figure 8 Reset Timing 

• VCc and VSS 
These two pins are used to supply power and ground to the 

chip. The voltage supplied will be +5 volts ±5%. 
• XTAL and EXTAL 

These connections are for a parallel resonant fundamental 
crystal, AT cut. Devide-by-4 circuitry is included with the 
internal clock, so a 4 MHz crystal may be used to run the 
system at 1 MHz. The devide•by-4 circuitry allows for use of the 
inexpensive 3.58 MHz Color TV crystal for non-time critical 
applications. Two 22pF capacitors are needed from the two 
crystal pins to ground to insure reliable operation. An example 

of the crystal interface is shown in Fig. 9. EXTAL may be 
driven by an external TTL compatible source with a 45% to 
55% duty cycle. It will devided by 4 any frequency less than 

or equal to 5 MHz. XTAL must be grounded if an external 

clock is used. 

PCe^PC15 PC0^PC7 First 
Innruction 

Nominal Crystal Parameter 

rystal 
Item 

Cp 

Rg 

4 MHz 

7pF max. 

6051 max. 

5 MHz 

4.7pF max. 

30R typ. 

XTAL 

EXTAL 

 tt 

CLt - CL2 `22PF t 20% 
13.2 - 5 MHz) 

(NOTE] AT cut parallel 
resonance Darameters 

Figure 9 Crystal Interface 
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• VCC Standby 
This pin will supply +5 volts ±5% to the standby RAM on the 

chip. The first 64 bytes of RAM will be maintained in the power 
down mode with 8 mA current max. The circuit of figure 13 
can be utilized to assure that VCC Standby does not go below 
VSBe during power down. 

To retain information in the RAM during power down the 
following procedure is necessary: 

1) Write "0" into the RAM enable bit, RAME. RAME is bit 
6 of the RAM Control Register at location $0014. This 
disables the standby RAM, thereby protecting it at power 
down. 

2) Keep VCC Standby greater than Vggg. 

VCC Standby Power Line 

Figure 10 Battery Backup for Vcc Standby 

• Reset (RES) 
This input is used to reset and start the MPU from a power 

down condition, resulting from a power failure or an initial 
startup of the processor. On power up, the reset must be held 
"Low" for at least 100 ms. When reset during operation, RES 
must be held "Low" at least 3 clock cycles. 

When a "High" level is detected, the CPU does the follow-
ing; 

I) All the higher order address lines will be forced "High". 
2) [/0 Port 2 bits, 2, I, and 0 are latched into programmed 

control bits PC2, PCl and PCO. 
3) The last two ($FFFE, $FFFF) locations in memory will 

be used to load the program addressed by the program 
counter. 

4) The interrupt mask bit is set. Clear before the CPU can 
recognize maskable interrupts. 

• Enable IE► 
This supplies the external clock for the rest of the system 

when the internal oscillator is used. It is a single phase, TTL 
compatible clock, and will be the divide-by-4 result of the 
crystal oscillator frequency. It will drive one TTL load and 90 
pF capacitance. 
• Non-Maskeble Interrupt (NMI) 

When the falling edge of the input signal is detected at this 
pin, the CPU begins non-maskable interrupt sequence internally. 
As with interrupt Request signal, the processor will complete 
the current instruction that is being executed before it recognizes 
the NMI signal. The interrupt mask bit in the Condition Code 
Register has no effect on I M . 

In response to an NMI interrupt, the Index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
on the stack. At the end of the sequence, a 16-bit address will 
be loaded that points to a vectoring address located in memory 
locations $FFFC and $FFFD. An address loaded at these loca-
tions causes the CPU to branch to anon-maskable interrupt 
service routine in memory. 

A 3.3 kSl external resistor to VCS should be used for 
wire-OR and optimum control of interrupts. 

Inputs IRQ z and NMI are hardware interrupt lines that are 
sampled during E and will start the interrupt routine on the 

E following the completion of an instruction. 

• Interrupt Request (IROt
This level sensitive input requests that an interrupt sequence 

be generated within the machine. The processor will complete 
the current instruction before it recognizes the request. At 
that time, if the interrupt mask bit in the Condition Code 
Register is not set, the machine will begin an interrupt se-
quence. The Index Register, Program Counter, Accumulators, 
and Condition Code Register are stored on the stack. Next the 
CPU will respond to the interrupt request by setting the inter-
rupt mask bit "High" so that no further maskable interrupts 
may occur. At the end of the cycle, a 16-bit address will be 
loaded that points to a vectoring address which is located 
in memory locations $FFF8 and $FFF9. An address loaded 
at these locations causes the CPU to branch to an interrupt 
routine in memory. 

The IRQ z requires a 3.3 kS2 external resistor to VCC which 
should be used for wire-OR and optim~rm control of interrupts. 
Internal Interrupts will use an internal interrupt line (IRQt ). 
This interrupt will operate the same as IRQ r except that it will 
use the vector address of $FFFD through $FFF7. IRQ z will 
have priority to IRQz if both occur at the same time. The 
Interrupt Mask Bit in the condition code register masks both 
interrupts (See Table 1). 

Highest 
Priority 

Lowest 
Priority 

Table 1 Interrupt Vector Location 

Vector Interrupt 
MSB LSB 

FFFE FFFF RES 

FFFC FFFD NMI 

FFFA FFFE Software Interrupt (SWI) 
FFFE FFF9 IRQz 
FFF6 FFF7 ICF (Input Capture) 
FFF4 FFF5 OCF (Output Compare) 
FFF2 FFF3 TOF (Timer Overflow) 
FFFD FFF1 SCI (RORF+ORFE+TDRE) 

• Read/Write IR/uvl 
This TTL compatible output signals the peripherals and 

memory devices whether the CPU is in a Read ("High") or a 
Write ("Low") state. The normal standby state of this signal is 
Read ("High"). This output can drive one TTL load and 90pF 
capacitance. 

• Address Strobe (AS) 
[n the expanded multiplexed mode of operation, address 

strobe is output on this pin. This signal is used to latch the 8 
LSB's of address which are multiplexed with data on De /Ae
to D,/A,. An 8-bit latch is utilized in conjunction with Address 
Strobe, as shown in figure - 11. So Do/Aa to D,/A, can become 
data bus during the E pulse. The timing for this signal is shown 
in Figure 1 of Bus Timing. This signal is also used to disable the 
address from the multiplexed bus allowing a deselect time, tASD 
before the data is enabled to the bus. 

■ PORTS 
There are two I/O ports on the HD6803 MPU; one 8-bit 

port and one 5-bit port. Each pore has an associated write 
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only Data Direction Register which allows each I/O line to be 
progammed to act as an input or an output•. A "1" in the 
corresponding Data Direction Register bit will cause that I/O 
line to be an output. A "0" in the corresponding Data Direction 
Register bit will cause that 1/O line to be an input. There are 
two ports: Port 1, Port 2. Their addresses and the addresses of 
their Data Direction registers are given in Table 2. 

The only exception is bit 1 of Port 2, which can either be data 
input or Tuner output. 

Table 2 Port and Data Direction Register Addresses 

Ports Port Address Data Direction 
Register Address 

I/O Port 1 
I/O Port 2 

$0002 
$0003 

$00110 
$0001 

• 1/O Port 1 t
This is an 8-bit port whose individual bits may be defined as 

inputs or outputs by the corresponding bit in its data direction 
register. The 8 output buffers have three-state capability, 
allowing them to enter a high impedance state when the 
peripheral data lines are used as inputs. In order to be read 
properly, the voltage on the input lines must be greater than 2.0 
V for a logic "1"and less than 0.8 V for a logic "0". As outputs, 
these lines are TTL compatible and may also be used as a source 
of up to 1 mA at I.5 V to directly drive a Darlington base. After 
reset, the I/O lines are configured as inputs. 

• I/O Port 2 
This port has five lines that may be defined as inputs or 

outputs by its data direction register. The 5 output buffers have 
three-state capability, allowing them to enter a high impedance 

GND ► 

AS ► 

Data/Address 

D, 
G OC 

Q, 

74LS373 

 s 

state when used as an input. [n order to be read properly, the 
voltage on the input lines must be greater than 2.0 V for a 
logic "1" and less than 0.8 V for a logic "0". As outputs, this 
port has no internal pullup resistors but will drive TTL inputs 
directly. For driving CMOS inputs, external pullup resistors are 
required. After reset, the 1/O lines are configured as inputs. 
Three pins on Port 2 (pin 8, 9 and 10 of the chip) are requested 
[o se[ following values (Table 3) during reset. The values of 
above three pins during reset are latched into the three MSBs 
(Bit 5 , 6 and 7) oC Port 2 which are read only. 

Port 2 can be configured as 1/O and provides access to the 
Serial Communications Interface and the Timer. Bit 1 is the 
only pin restricted to data input or Timer output. 

Table 3 The Values of three pins 

Pin Number Value 
8 L 
g H 
10 L 

(NOTES] L; Logical 'b" 
H; Logical "1" 

■ BUS 
• Data/Address Lirtes (Do/Ao ^' D~/Av1 

Since the data bus is multiplexed with the lower order 
address bus in Data/Address, latches are required to latch those 
address bits. The 74LS373 Transparent Octal D-type latch can 
be used with the HD6803 to latch the least significant address 
byte. Figure 11 shows how to connect the latch to the HD6803. 
The output control to the 74LS373 may be connected to 
ground. 

• Address Lines (Aa ^' Ats 1 
Each line is TTL compatible and can drive one TTL load and 

90 pF. After reset, these pins become output for upper order 
address lines (Aa to Ats ). 

■ INTERRUPT FLOWCHART 
The Interrupt flowchart is depicted in Figure 16 and is com-

mon to every interrupt excluding reset. 

Address: Ap --A, 

Data: Da ~D, 

Figure 11 Latch Connection 

Function Tabte 

Output Enable Output 
Control G D O 

L H H H 
L H L L 
L L x O•
H x x Z 
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• MEMORY MAP 

The MPU can provide up to 65k byte address space. A 
memory map is shown in Figure 12. The first 32 locations are 
reserved for the MPU's internal register area, as shown in Table 
4 with exceptions as indicated. 

Table 4 Internal Register Area 
Register Address 

Port 1 Data Direction Register ••
Port 2 Data Direction Register••
Port 1 Data Register 
Port 2 Data Register 

00 
01 
02 
03 

Not Used 
Not Used 
Not Used 
Not Used 

04• 
05• 
O6• 
07• 

Timer Control and Status Register 
Counter lHigh Byte) 
Counter (Low Byte) 
Output Compare Register (High Byte) 

OS 
09 
OA 
OB 

Output Compare Register (Low Byte) 
Input Capture Register (High Byte) 
Input Capture Register (Low Byte) 
Not Used 

OC 
OD 
OE 
OF - 

Rate and Mode Control Register 
Transmit/Receive Control and Status Register 

Receive Data Register 

Transmit Data Register 

10 
11 
12 
13 

RAM Control Register 
Reserved 

14 
15.1 F 

• External Address 
•• 1; Output, 0; Input 

Multiplex~~ed/RAM 

$0000 
j////~~ i

f Internal Registers 

$OO1F 

$0060 

j 

//!!!! 
$OOFF ••• 

$FFFO 

$FFFF 

External Memory Space 

Internal RAM 

External Memory Space 

External Interrupt Vectors 

(NOTEI 
Excludes the following addresses which may 
be used ezterrially: $04, $05, $06, $07, and 
$OF. 

Figure 12 HD6803 Memory Map 

■ PROGRAMMABLE TIMER 
The HD6803 contains an on-chip 16-bit programmable timer 

which may be used to measure an input waveform while inde-
pendently generating an output waveform. Pulse widths for 
both input and output signals may vary from a few micro- 
seconds to many seconds. The timer hardware consists of 
• an 8-bit control and status register, 
• a 16-bit free running counter, 
• a 16-bit output compare register, 
• a 16-bit input capture register 
A block diagram of the timer registers is shown in Figure 13. 
• Free Running Counter ($0009:$OOOA) 

The key element in the programmable timer is a 16-bit free 
running counter which is driven to increasing values by E (En-
able). The counter value may be read by the CPU software at 
any time. The counter is cleared to zero by reset and may be 
considered aread-only register with one exception. Any CPU 
write to the counter's address ($09) will always result in preset 
value of $FFF8 being loaded into the counter regardless of the 
value involved in the write. T11is preset figure is intended for 
testing operation of the part, but may be of value in some 
applications. 
• Output Compare Register ($OOOB:$OOOC) 

The Output Compare Register is a 16-bit read/write register 
which is used to control an output waveform. The contents of 
this register are constantly compared with the current value of 
the free running counter. When a match is found, a flag is set 
(OCF) in the Timer Control and Status Register (TCSR) and the 
current value of the Output Level bit (OLVL) in the TCSR is 
clocked to the Output Level Register. Providing the Data 
Direction Register for Port 2, Bit I contains a "1" (Output), 
the output level register value will appear on the pin for Port 2 
Bit 1. The values in the Output Compare Register and Output 
Level bit may then be changed to control the output level on 
the next compare value. The Output Compare Register is set to 
$FFFF during reset. The Compare function is inhibited for 
one cycle following a write to the high byte of the Output 
Compare Register to insure a valid 16-bit value is in the register 
before a compare is made. 
• Input Capture Register ($OOOD:SOOOE) 

The Input Capture Register is a 16-bit read-only register used 
to store the current value of the free running counter when the 
proper transition of an external input signal occurs. The input 
transition change required to trigger the counter transfer is 
controlled by the input Edge bit ([EDC) in the TCSR. The Data 
Direction Register bit for Port 2 Bit 0, should• be clear (zero) 
in order to gate in the external input signal to the edge detect 
unit in the timer. 

The input pulse width must be at least two Ecycles to 
ensure an input capture under all conditions. 

• With Port 2 Bit 0 configured as an output and set to "1", the 
external input wiB still be seen by the edge detect unit. 
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Figure 13 Block Diagram of Programmable Timer 

Timer Control and Status Register 

7 6 5 4 3 ~ 0 

ICF OCF TOF EICI EOCI ETOI IEDG OLVL 

• Timer Control and Status Register (TCSR) (50008) 
The Timer Control and Status Register consists of an 8-bit 

register of which all 8 bits are readable but only the low order 5 
bits may be written. The upper three bits contain read-only 
timer status information and indicate the followings: 

• a proper transition has taken place on the input pin with a 
'subsequent transfer of the current counter value to the 
input capture register. 

• a match has been found between the value in the free 
running counter and the output compare register, and 
when $0000 is in the free running counter. 

Eaclt of lire Flags may be enabled onto the HD6803 internal 
bus (IRQr ) with an individual Enable bit in the TCSR. If the 
1-bit in the HD6803 Condition Code register has been cleared, a 
prior vectored interrupt will occur corresponding to the flag 
bits) set. A description for each bit follows: 
Bit 0 OLVL Output Level —This value is clocked to the output 

level register on a successful output compare. If 
the DDR for Port ]bit I is set. the value will 
appear on the output pin. 

Bit 1 IEDG Input Edge — Tltis bit controls which transition of 
an input will trigger a transfer of the counter to 
the input capture register The DDR for Port 2 Bit 
0 must be clear fur this function to operate. IEDG 
= 0 Transfer takes place on a negative edge 
("High"•to-"Low" transition). 
IEDG = I Transfer takes place on a positive edge 

a000e 

("Low"-to-"High" transition). 
Bit 2 ETOI Enable Timer Overflow Interrupt —When set, this 

bit enables IRQl  to occur on the internal bus for a 
TOF interrupt; when clear the interrupt is in-
hibited. 

Bit 3 EOCI Enable Output  Compare Interrupt —When set, 
this bit enables IRQr to appear on the internal bus 
for an output compare interrupt; when clear the 
interrupt is inhibited. 

Bit 4 EICI Enable input Capture Interrupt — Wlten set, this 
bit enables IRQ= to occur on the internal bus (or 
an input capture interrupt; when clear the inter-
rupt is inhibited. 

Bit 5 TOF Timer OverFlow Flag —This read-only bit is set 
when the counter contains $FFFF.It is cleared by 
a read of the TCSR (with TOF set) followed by an 
CPU read of the Counter (309). 

Bit 6 OCF Output Compare Flag —This read-only bit is set 
when a match is found between the output 
compare register and the free running counter. It is 
cleared by a read of rite TCSR (with OCF set) 
followed by an CPU write to the output compare 
register (SOB or SOC). 

Bit 7 ICF Input Capture Flag — Tltis read-only status bit is 
set by a proper transition on the input; it is cleared 
by a read of the TCSR (with ICF set) followed by 
an CPU read of the Input Capture Register ($OD). 
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■ SERIAL COMMUNICATIONS INTERFACE 
The HD6803 contains a full-duplex asynchronous serial 

communications interface (SCI) on chip. The controller 
comprises a transmitter and a receiver which operate independ-
ently or each other but in the same data format and at the same 
data rate. Both transmitter and receiver communicate with the 
CPU via the data bus and with the outside world via pins 2, 3, 
and 4 of Port 2. The hardware, software, and registers are ex• 
plained in the following paragraphs. 

• Wake-Up Feature 
In a typical multi-processor application, the software 

protocol will usually contain a destination address in the initial 
bytes) of the message. In order to permit non-selected MPU's 
to ignore the remainder of the message, awake-up feature is 
included whereby all further interrupt processing may be 
optionally inhibited until the beginning of the next message. 
When the next message appears, the hardware re-enables (or 
"wakes-up") (or the next message. The "wake•up" is auto-
matically triggered by a string of ten consecutive 1's which 
indicates an idle transmit line. The software protocol must 
provide for the short idle period between any two consecutive 
messages. 

• Programmable Options 
The following features of the HD6803 serial I/O section are 

programmable: 
• format —standard mark/space (NRZ) 
•Clock —external or internal 
• baud rate —one of 4 per given CPU ~z clock frequency or 

external clock ~8 input 
• wake-up feature —enabled or disabled 
•Interrupt requests — enabled or masked individually fur 

transmitter and receiver data registers 
• clock output —internal clock enabled or disabled to Port 

2 (Bit 2) 
• Port 2 (bits 3 and 4) —dedicated or not dedicated to serial 

1/O individually for transmitter and receiver. 
• Serial Communicatioro Hardware 

The serial communications hardware is controlled by 4 
registers as shown N Figure 14. The registers include: 

• an 8•bit control and status register 
• a 4-bit rate and mode control register (write only) 
• an 8-bit read only receive data register and 
• an 8-bit write only transmit data register. 
In addition to the four registers, the serial 1/O section utilizes 

bit 3 (serial input) and bit 4 (serial output) of Port ?. Bit 2 of 
Port ? is utilized if the internal•clock-out or external-clock-in 
options are selected. 

Transmit/Receive Control and Status (TRCS) Register 
T11e TRCS register consists of an 8-bit register of which all 8 

bits may be read while only bits 0^'4 may be written. The 
register is initialized to 520 by reset. The bits in the TRCS 
register are defined as follows: 

Port Z 

e. 
3 

Cioc 
ea 
1 

e.t 
9 

Bit 7 Rate aM Mode Cantrot Repute Bit 0 

cct cco sst sso 

TrensmiUReceive Control and status Reenter 

RDRF ORFE TORE RIE RE TIE TE WU 

Receive Dafa Regitt 

(Not ACdressablel 

t 

Reserve Sn~ft Register 

Brt Rate 
Generator 

INot AAtlressablel 

Transmit Shift Register 

sto 

sn 

sta 

Transmit Data Register 

Figure 14 Serial f/O Registers 

S1J 

Bit 0 WU "Wake-up" on Next Message —set by HDti803 
software and cleared by hardware un receipt of 
ten consecutive 1's ur reset of RE Ilag. lt should 
be noted that RE Ilag should be set in advance of 
CPU set of WU flag. 

Bit 1 TE Transmit Enable —set by HD6803 to produce 
preamble of nine consecutive I's and to enable 
gating of transmitter output to Port 2, bit 4 
regardless of the DDR value corresponding to this 
bit; when clear, serial 1/O Itas no effect on Port 2 
bit 4. 
TE set should be after at least one bit time of date 
transmit rate ftum the set-up ul' transmit data 
rate and mode. 

Bit ~ TIE Transmit Interrupt Enable —when set, will permit 
an IRQJ interrupt to occur when bit 5 (TDRE) is 
set; when clear, the TDRE value is masked from 
the bus. 

Bit 3 RE Receiver Enable —when set, gates Port 2 bit 3 to 
input of receiver regardless of DDR value for this 
bit; when clear, serial 1/O has no effect on Port 2 
bit 3. 

Bit 4 RIE Receiver Interrupt Enable —when set, will permit 
an IRQJ interrupt to occur when bit 7 (RDRF) ur 
bit 6 (ORFE) is set; when clear, the interrupt is 
masked. 

Transmit/Receive Control and Status Register 

7 6 5 4 3 2 0 

RDRF ORFE TORE RIE RE TIE TE WU ADDR :$0011 
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Bit 5 TDRE Transmit Data Register Empty —set by hardware 
when a transfer is made from the transmit data 
register to the output shift register. The TDRE bit 
is cleared by reading the status register, then 

Rate and Mo 

writing a new byte into the transmit data register, 
TDRE is initialized to 1 by reset. 

Bit 6 ORFE Over-Run•Framing Error —set by hardware when 
an overrun or framing error occurs (receive only). 

de Control Register 

6 5 4 3 2 1 0 

x x x CC1 CCO SS1 SSO 

ADDR : $0010 

An overrun is defined as a new byte received with 
last byte still in Data Register/Buffer. A framing 
error has occured when the byte boundaries in bit 
stream are not synchronized to bit counter. 1( 
WU-Flag is set, the ORFE bit will not be set. The 
ORFE bit is cleard by reading the status register, 
then reading the Receive Data Register, or by 
reset. 

Bit 7 RDRF Receiver Data Register Full-set by hardware when 
a transfer from the input shift register to the 
receiver data register is made. If WU•flag is set, the 
RDRF bit will not be set. The RDRF bit is cleared 
by reading the status register, then reading the 
Receive Data Register, or by reset. 

Rate and Mode Control Register (RMCR) 
The Rate and Mode Control register controls the following 

serial I/O variables: 
• Baud rate 

• format 
• clocking source, 
• Port ?bit '_' configuration 
The register consists of 4 bits all of which are write•only and 

cleared by reset. The 4 bits in the register may be considered as 
a pair of 2•bit fields. The two low order bits control the bit rate 
for internal clocking and the remaining twq bits control the 
format and clock select logic. The register definition is as 
follows: 
Bit 0 SSO Speed Select —These bits select the Baud rate foi 
Bit I SS1 the internal clock. The four rates which may be 

selected are a function of the CPU mz clock 
frequency. Table 5 lists the available Baud rates. 

Bit 2 CCO Clock Control and Format Select —this 2•bit field 
Bit 3 CC1 controls the format and clock select logic. Table 6 

defines the bit field. 

Table 5 SCI Bit Times and Rates 

SSl : SSO 

XTAL 2.4576 MHz 4.0 MHz 4.9152 MHz' 

E 614.4 kHz 1.0 MHz 1.2288 MHz 

0 0 
0 1 

1 0 
1 1 

E : 16 
E ' 126 

E = 1024 

E - 4096 

26 µs/38,400 Baud 

208 µs/4,800 Baud 

1.67 ms/600 Baud 

6.67 ms/150 Baud 

16µs/62,500 Baud 

128 µs/7812.5 Baud 

1.024 ms/976.6 Baud 

4.096 ms/244.1 Baud 

13.0 µs/76,800 Baud 

104.2 µs/9,600 Baud 

833.3 µs/1,200 Baud 

3.33 ms/300 Baud 

• HD6803.1 Only 

Table 6 SCI Format and Clock Source Control 

CC1 : CCO Format Clock Source Port 2 Bit 2 Port 2 Bit 3 Port 2 Bit 4 

0 0 — — — — —

0 1 NR2 Internal Not Used •• •• 

1 0 NR2 Internal Output• •• •• 

1 1 NR2 External Input •• •• 

• Clock output is available regardless of values for bits RE and TE 
• • Bit 3 is used or serial input it RE _ "1" in TRCS: bit 4 is used for serial output if TE ~ "1" in TRCS. 

Internally Generated Clock 
If the user wishes (or the serial I/O to furnish a clock, the 

following requirements are applicable: 
• the values of RE and TE are immaterial. 
• CCI . CCO must be set to 10 
• the maximum cluck rate will he E _ I6. 
• the cluck will be at Ix the bit rate and will have a rising 

edge at mid-bit. 

Externally Generated Clock 
If the user wishes to provide an external clock for the serial 

I/O, the following requirements are applicable: 
• the CCI, CCO, field in the Rate and Mode Control Register 
must be set to 1 I, 

• the external clock must be set to 8 times (x8) the desired 
baud rate and 

• the maximum external clock frequency is I .0 MHz. 
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• Serial Operations 
The serial 1/0 hardware should be initialized by the HD6803 

software prior to operation. This sequence will normally consist 
of; 

• writing the desired operation control bits to the Rate and 
Mode Control Register and 

• writing the desired operational control bits in the Transmit/ 
Receive Control and Status Register. 

The Transmitter Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 

Transmit Operations 
The transmit operation is enabled by the TE bit in the 

Transmit/Receive Control and Status Register. This bit when 
set, gates the output of the serial transmit shift register to Port 
Bit 4 and takes unconditional control over the Data Direction 
Register value for Port 2, Bit 4. 

Following a RES the user should configure both the Rate 
and Mode Control Register and the Transmit/Receive Control 
and Status Register (or desired operation. Setting the TE bit 
during this procedure initiates the serial output by first 
transmitting a nine•bit preamble of I's. Following the preamble, 
internal synchronization is established and the transmitter 
section is ieady for operation. 

At this point one of two situation exist: 
1) if the Transmit Data Register is empty (TDRE = I), a 

continuous string of ones will be sent indicating an idle 
line, or, 

2)if data has been loaded into the Transmit Data Register 
(TDRE = 0), the word is transferred to the output shift 
register and transntissiun of the data word will begin. 

During the data transmit, the 0 start bit is first transmitted. 
Then the 8 data bits (beginning with bit 0) (oolowed by the stop 
bit, are transmitted. When the Transmitter Data Register has 
been emptied, the hardware sets the TDRE flag bit. 

If the HD6803 fails to respond to the Flag within the proper 
time, (TDRE is still set when the next nomtal transfer from the 
parallel data register to the serial output register should occur) 
then a I will be sent (instead of a 0) at "Start" bit time. 
followed by more I's until more data is supplied to llte data 
register. No 0's will be sent while TDRE remains a 1. 

Receive Operation 
The.receive operation is enabled by the RE hit which gates in 

the serial input through Port '_',Bit 3. The receiver section 
operation is conditioned by the contents of the Transmit/ 
Receive Control and Status Register and the Rate and Mode 
Control Register. 

The receiver bit interval is divided into Rsub-intervals for 
internal synchronization. In the NRZ Mude, the received bit 
stream is synchronized by the first 0 (space) encountered. 

The approximate center of each bit time is strobed during 
the next 10 bits. If the tenth bit is nut a 1 (stop bit) a framing 
error is assumed, and bit ORFE is set. If the tenth bit as a 1, the 
daft is transferred to the Receive Data Register, and interrupt 
flag RDRF is set. If RDRF is still set at the next tenth bit time, 
ORFE wUl be set, indicating an overrun has occurred. When the 
HD6803 responds to either Oag (RDRF or ORFE) by reading 
the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cleared. 

■ RAM CONTROL REGISTER 
Tttis register, wlticlt is addressed at 50014, gives status 

information about the standby RAM. A 0 in the RAM enable 
bit (RAME) will disable the standby RAM, thereby protecting 

it at power down if V~~ Standby is held greater than VSBB 
volts, as explained previously in the signal description for V~ 
Standby. 

50014 

RAM Control Register 

STBV 
PWR RAME X X X X X 

Bit 0 Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 
Bit 6 RAME The RAM Enable control bit allows the user the 

ability to disahle the standby RAM. This bit is set 
to a logic "I" by RES which enables the standby 
RAM and can be written to one or zero under pr~-
gram control. When the RAM is disabled, data is 
read from external memory. 

Bit 7 STBY The Standby Power bit is cleared when the stand-
PWR by voltage is removed. This bit is a rcadlwrite sta-

tus flag that the user can read which indicates That 
the standby RAM voltage has been applied, and 
the data in the standby RAM is valid. 

■ GENERAL DESCRIPTION OF INSTRUCTION SET 
The HD6803 is upward object code compatible with the 

HD6800 as it implements the (ull HMCS6800 instruction set. 
The execution times of key instructions have been reduced to 
increase throughout. In addition, new instructions have been 
•rdded; these include 16•bit operations and a hardware multiply. 

Included in the instruction set section are the following: 
• CPU Programming Model —Figure 15. 
• Addressing modes 
• Accumulator and memory instructions —Table 7 
• New instructions 
•Index register and stack manipulatiunsinstructions — Tahle 

x 
•lump and branch instructions —Table 9 
•Condition code register manipulation instructions — Tahle 10 
• Instructions Execution times in machine cycles — Tahlc 

I I 
• Summary of cycle by cycle operation —Table 12 
• Summary of undefined instructions —Table 13 

• CPU Programming Model 
The programming model for the HD6803 is shown in Figure 

15. The double (D) accumulator is physically the same as the 
Accumulator A concatenated with the Accumulator B su that 
any operation using accumulator D will destroy information in 
A and B. 
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Figure 15 CPU Programming Model 

• CPU Addressing Modes 
The HD6803 8-bit micro processing unit has seven address 

modes that can be used by a programmer, with the addressing 
mode a function of both the type of instruction and the coding 
within the instruction. A summary of the addressing modes for 
a particular instruction can be found in Table 1 I along with the 
associated instruction execution time that is given in machine 

cycles. With a clock frequency of 4 MHz, these times would be 
microseconds. 
Accumulator (ACCX) Addressing 

In accumulator only addressing, either accumulator A or 
accumulator B is specified. These are one-byte instructions. 
Immediate Addressing 

In immediate addressing, the operand is contained in the 
second byte of the instruction except LDS and LDX which have 
the operand in the second and third bytes of the instruction. 
The CPU addresses this location when it fetches the immediate 

instruction for execution. These are two or three-byte instruc-
tions. 
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Table 7 Accumulator &Memory Instructions 

Operations Mnemonic 

Addressing Modes 
Condition Code 

Register 

IMMED. DIRECT INDEX EXTEND IMPLIED 
Boolean/ 

Arithmetic Operation 5 4 3 2 1 0 

OP - u OP _ R OP - u OP - c OP -> H I N Z V C 

Add ADDA SB 2 2 96 3 2 AB 4 2 BB 4 3 A+ M- A I • I 1 I I 

ADDS CB 2 2 DB 3 2 EB 4 2 FB 4 3 B+ M- 8 7 • I I 1 1 
Add Double ADDD C3 4 3 D3 5 2 E3 6 2 F3 6 3 A B+ M~ M+ 1 -• A~ B • • 1 1 1 I 
Add Accumulators ABA 18 2 1 A+ B S A I • 1 1 1 I 
Add With Carry ADCA 89- 2 2 99 3 2 A9 4 2 B9 4 3 A+ M+ C -- A 1 • ! 1 t 1 

ADCB C9 2 2 D9 3 2 E9 4 2 F9 4 3 8+ M+ C- B 1 • I I l I 

AND ANDA 84 2 2 94 3 2 A4 4 2 84 4 3 A•M-A • • I I R 

ANDS C4 2 2 D4 3 2 E4 4 2 F4 4 3 B•M - B • • 1 R 

Bit Test BIT A 85 2 2 95 3 2 A5 4 2 85 4 3 A•M • • I 3 R 

61T B C5 2 2 D5 3 2 E5 4 2 F5 4 3 B•M • • I I R 

Clear CLR 6F 6 2 7F 6 3 00 - M • • R S R R 

CLRA 4F 2 1 00 -• A • • R S R R 

CLRB 5F 2 1 00 - B • • R S R R 

Compare CMPA 81 2 2 91 3 2 Al 4 2 B1 4 3 A- M • • 1 1 1 I 

CMPB C1 2 2 D1 3 2 E1 4 2 F1 4 3 8 -M • • I t 1 1 
Compare 
Accumulators CBA 11 2 1 A- B • • I 1 l I 

Complement, 1's COM 63 6 2 73 6 3 M- M • • 1 1 R S 

COMA 43 2 1 A- A • • t I R S 
COMB 53 2 1 B -• B • • I i R 5 

Complement, 2's 
I Negate) 

NEG 60 6 2 70 6 3 00 - M -- M • • 1 ) Qj Q 

NEGA 40 2 1 00 - A- A • • I 1 Q+ ~ 

NEGB 50 2 1 00 - B -• 8 • • I 1 ~ 0 

Decimal Adjust, A DAA 19 2 ( Converts binary add of BCD 
characters into BCO format 

• • I 1 1 Q 

Decrement DEC 6A 6 2 7A 6 3 M- 1- M • • 1 I ~a 

DECA 4A 2 1 A- 1 -- A • • t l 

DECB 5A 2 1 B- 1 -• B • • I t ~ 

E acluvve OR EORA 88 2 2 98 3 2 A8 4 2 B8 4 3 A Q+ M- A • • t I R 

EORB C8 2 2 D8 3 2 ES 4 2 F8 4 3 B C M-• B • • I 1 R 

Increment INC 6C 6 2 7C 6 3 M+ 1- M • • I 1 

INCA 4C 2 1 A+ 1 - A • • 1 1 Q5 

INCB 5C 2 1 B+ 1 B • • ( t Q5 

Load 
Accumulator 

LDAA 86 2 2 96 3 2 A6 4 2 86 4 3 M -• A • • 1 1 R 

LDAB C6 2 2 D6 3 2 E6 4 2 F6 4 3 M- B • • 1 l R 

Load Double 
Accumulator LOD CC 3 3 DC 4 2 EC 5 2 FC 5 3 M* 1 - B, M~ A • • I I R 

Multiply Unsigned MUL 3D 10 1 A r B A ~ B • • • • • Q 

OR, In[lusrve ORAA 8A 2 2 9A 3 2 AA 4 2 BA 4 3 A+ M- A • • R 

GRAB CA 2 2 DA 3 2 EA 4 2 FA 4 3 B+M- B • • I R 

Push Data PSHA 36 3 1 A -Msp, SP - 1 SP 

PSRB 37 3 1 8 -Msp, SP - 1 • SP • • • • • • 

Pun Data PULA 32 4 1 SP + 1 -- SP, Msp ~• A 

PULE 33 4 1 SP + 1 - $P, Msp - B 

Rotate Left ROL 69 6 2 79 6 3 M • • I I© I 

ROLA 49 2 1 n~ • • I 1® t 

ROLE 59 2 1 e ~ o"  b0 • • t 1© 1 

Rotate Right ROR 66 6 2 76 6 3 MI  • • 1 © 1 

RORA 46 2 
~~-~-~-~--~~ 

1 A~ 
C bu  ~ po" • • ® 1 

RORB 56 2 1 a • • I 

The Cond rt.on Code Reg istei note are I sted aher Table 10. ICon bnuedl 
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Table 7 Accumulator &Memory Instructions (Continued) 

Operations Mnemonic 

Addressing Modes 
Condition Code 

Register 

IMMED. DIRECr INDEX EXTEND IMPLIED 
Boolean/ 

Arithmetic Operation 5 4 3 2 1 0 

OP - = OP ^- = OP ^- = OP - = OP ^- a H 1 N Z V C 

Shift Left 
Arithmetic 

ASL 6£3 6 2 78 6 3 M •• I S© I 

ASLA 48 2 1 Al ~1"-B • • 2 I ~~ I 

ASLB 58 2 1 B 
J C or ~ • • I I© I 

Double Shill 
Left, Arithmetic ASLD 05 3 •• I i© I 1 A A +-o 

Al Ao er eo 

Spilt Right 
Arithmetic 

ASR 67 6 2 77 6 3 M
l

• • 1 I 

ASRA 47 2 1 Aj ~L]J-~ • • I I © I 

HSRO 57 2 1 B cr 
~ • • I I© I 

Shill Right 
Logiral 

LSR 64 6 2 74 6 3 M - • • R 1 J S 

LSRA 44 2 1 A~o-+i I I l l l I I ~ • • R I© I 

LSRB 54 2 1 B e7 ~ • • R I© I 

Double Shift 
Right logical LSRD 04 3 1 0-' ACC A/ ACC a • • R J © I 

Ar Ao et eo c 

Store 
Accumulator 

STAA 97 3 2 A7 4 2 87 4 3 A -~ M • • 1 I R 

STAB D7 3 2 E7 4 2 F7 4 3 B E M •• 1 I R• 

Store Double 
Accumulator STU DD 4 2 ED 5 2 FD 5 3 

A 
~' 

M 
B ~ M + 1 • • I I R 

Subtract SUBA 80 2 2 90 3 2 AO 4 2 BO 4 3 A- M -» A • • J i t i 

SU86 CO 2 2 00 3 2 EO 4 2 FO 4 3 B- M -. B • • 1 I J I 

Double Subtract SUBD 83 4 3 93 5 2 A3 6 2 B3 6 3 A: B- M: M+ 1~ A: 8 • • 1 I I 1 

Subtract 
Accumulators SBA 10 2 1 A- B -~ A • • I I I i 

Subtract 
With Carry 

SBCA 82 2 2 92 3 2 A2 4 2 82 4 3 A- M- C -~ A • • I S I I 

SBCB C2 2 2 D2 3 2 E2 4 2 F2 4 3 B- M- C -~ B • • I I I I 

Transfer 
Accu"mulators 

TAB 16 2 1 A~ 8 • • I S R• 

TBA 17 2 1 B- A • • I I R 

Test Zero or 
Minus 

TST 60 6 2 7D 6 3 M- 00 • • I I R R 

TSTA 4D 2 1 A- 00 • • 1 2 R R 

TSTB 5D 2 1 8- 00 • • I I R R 

The Condition Code Register notes are listed alter Table 10. 

Direct Addressing 
hl direct addressine, the address of the operand is contained 

in the second byte of the instruction. Direct addressing allows 
the user to directly address the lowest 356 bytes in the machine 
i.e., locations zero through 255. Enhanced execution times are 
achieved by storing data in these locations. In most configura-
tions, it should be a random access memory. These are two•byte 
instructions. 
Extended Addressing 

In extended addressine- the address contained in the second 
byte of the instruction is used as the hieher 8-bits o(the address 
of the operand. The third byte of the instruction is used as the 
lower 8-hits of the address for the operand. This is an absolute 
address in memory. These are three-byte instructions. 
Indexed Addressing 

In indexed addressine. the address contained in the second 
hvte of the instruction is added to the index reeister's lowest 

8-bits in the CPU. The carry is then added to the higher 
order 8-bits of the index register. This result is then used to 
address memory. The modified address is held in a temporary 
address register so there is no change to the index register. These 
are two-byte instructions. 
Implied Addressing 

In the implied addressing mode the instruction gives the 
address (i.e., stack pointer, index register, etc.). These are 
one-byte instructions. 
Relative Addressing 

In relative addressing, the address contained in the second 
byte of the instruction is added to the program counter's lowest 
8-bits plus two. The carry or borrow is then added to the high 
8-bits. This allows the user to address data within a range of 
-I _'6 to +139 hytes of the present instruction. These are two-
byte instructions. 
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• New Instructions 
In addition to the existing 6800 Instruction Set, the following new instructions are 

incorporated in the HD68O3 Microcomputer. 

ABX Adds the 8•bit unsigned accumulator B to the 16-bit X-Register taking into account 
the possible carry out of the low order byte of the X-Register. 

ADDD Adds the double precision ACCD' to the double precision value M:M+] and places 
the results in ACCD. 

ASLD Shifts all bits of ACCD one place to the left. Bit 0 is loaded with zero. 1'he C bit is 
loaded from the most significant bit of ACCD. 

LDD Loads the contents of double precision memory location into the double 
accumulator A: B. The condition codes are set according to the data. 

LSRD Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit 
is loaded from the least significant bit to ACCD. 

MUL Multiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a 
16-bit unsigned number in A: B, ACCA contains MSB of result. 

PSHX The contents of [he index register is pushed onto the stack a[ the address contained 
in the stack pointer. The stack pointer is decremented by 2. 

PULX The index register is pulled from the stack beginning at the current address 
contained in the stack pointer +1, The stack pointer is incremented by 2 in total. 

STD Stores the contents of double accumulator A:B in memory. The contents of ACCD 
remain unchanged. 

SUBD Subtracts the contents of M:M + I from the contents of double accumulator AB 
and places the result in ACCD. 

BRN Never branches. If effect, this instruction can be considered a two byte NOP (No 
operation) requiring three cycles for execution. 

CPX Internal processing modified to permit its use with any conditional branch in-
struction. 

•ACCD' is the 16 bit register IA:B) formed by concatenating the A and B accumulators. The A-accumu-
lator is the most significant byte. 

Table 8 Index Register and Stack Manipulation Instructions 

Pointer Operations Mnemonic 

Addressing Modes 
Boolean/ 

Arithmetic Operation 

Condinon Code 
Reg~s[er 

IMMED. DIRECT INDEX EXTND IMPLIED 5 4 3 2 1 0 

OP ^- r OP ^~ n OP ^- u OP —~ OP -- n H I N Z V C 

Compare Index Reg CPX 8C 4 3 9C 5 2 AC 6 2 BC 6 3 X— M: M+ 1 • • I 1 1 1 

Decrement Index Reg DEX 09 3 1 X — 1 ~ X • • • 1 • • 

Decrement Stack Pntr DES 34 3 1 SP — 1 ~ SP • 

Increment Index Reg INX 08 3 1 X + 1 -~ X • • • t 

Increment Stack Pntr INS 31 3 1 SP + 1 -~ SP 

Load Index Reg LDX CE 3 3 DE 4 2 EE 5 2 FE 5 3 M-~ XR, IM+11 -~ X L • • ~ t R 

Load Stack Pntr LDS BE 3 3 9E 4 2 AE 5 2 BE 5 3 M~SPR , IM+t1~SPu • • ~~ I R 

Store Index Reg STX DF 4 2 EF 5 2 FF 5 3 XR --M, XL —IM+11 • • G 3 R 

Store Stack Pntr STS 9F 4 2 AF 5 2 BF 5 3 SPR -~ M, SPL — IM+ 11 • • 07 3 R 

Index Reg ~ Stack Pntr TXS 35 3 1 X - 1 -~ SP 

Stack Pntr ~+ Index Reg TSX 30 3 1 SP + 1 ~ X 

Add ABX 3A 3 1 B+ X~ X 

Push Data PSHX 3C 4 1 X L — M,P, SP - 1 -~ SP 

XH-'Msp• SP-1—SP 

Pull Data PULX 38 5 1 SP + 1 -~ SP, Mao — XR

SP + 7 ~ $P, Msp — X L

• • • • • • 

The Condition Code Register notes are listed after Table 10. 
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Table 9 Jump and Branch Instructions 

Operations Mnemonic 

Addressing Modes 

Braneh Test 

Condition Code 
Rpister 

5 4 3 2 1 0 RELATIVE DIRECT INDEX EXTND IMPLIED 

H 1 N Z V C OP — >k OP — rt OP — x OP — ~ OP ~ ~ 

Branch Always BRA 20 3 2 None • 

Branch Never BRN 21 3 2 None • 

Branch If Carry Clear BCC 24 3 2 C = 0 • 

Branch If Carry Set BCS 25 3 2 C = i • 

Branch If =Zero BEO 27 3 2 " — Z - 1 • 

Branch If a Zero BGE 2C 3 2 NQV - 0 • 

Branch If > Zero BGT 2E 3 2 Z + (NQV) - 0 • 

Branch is Higher 8H1 22 3 2 C+Z=0 • 

Braneh If < Zero BLE 2F 3 2 Z+ (NQV) = 1 • 

Branch If Lower Or 
Same gLS 23 3 2 

C + Z = 1 • 
Branch If < Zero BLT 20 3 2 ~ N ~+ V' 1 • 

Branch If Minus BMI 28 3 2 N = 1 • 

Branch If Not Equal 
Zero 

BNE 26 3 2 
Z = 

0 
• 

Branch If Overflow 
Clear BVC 28 3 2 V = 0 

• 

Branch If Overf low Set BVS 29 3 2 V' i • 

Branch If Plus BPL 2A 3 2 N = 0 • 

Branch To Subroutine BSR 8D 6 2 • 

• Jump JMP 6E 3 2 7E 3 3 

• Jump To Subroutine JSR 9D 5 2 AD 6 2 BD 6 3 

No Operation NOP 01 2 1 Advances Prog. Cntr. 
Only 

• 

Return From Interrupt RTI 3B 10 1 (!] —

Return From 
Subroutine RTS 39 5 1 

• S • • • • Software Interrupt SWI 3F 12 1 

• 09 • • • • Wait for Interrupt WAI 3E 9 1 

Table10 Condition Code Register Manipulation Instructions 

Operatbns Mnemonic 

AddressingModes 

Boolean Operation 

Condition Code Register 

IMPLIED 5 4 3 2 1 0 

OP ~- # H I N 2 V C 

Clear Carry CLC OC 2 1 0 ~ C • • • • R 

Clear Interrupt Mask CLI OE 2 1 0 -- I • R • • • • 

Clear Overflow CLV OA 2 1 0 — V • • • • R • 

Set Carry SEC OD ~2 1 1 ~ C • • • • • S 

Set Interrupt Mask SEI OF 2 1 1 ~ I • S • • • • 

Set Overflow 
Accumulator A ~ CCR 

SEV 
TAP 

OB 

06 

2 

2 

1 

1 

1 -~ V 

A ~ CCR 

• • • 
to 

• S 

CCR ~ Accumulator A TPA 07 2 t CCR — A • • • • • • 

Condition Code Register Notes: (Bit set it test is true and Cleared otherwise) 

1 (Bit VI Test: Result = 10000000? 
IBIS C) Test: Result • 00000000? 
(Bit C) Test: Decimal value of most significant BCD Character greater than nine? (Not cleared if previously sett 
(Bit V) Test: Operand = 10000000 prior to execution? 
(Bit VI Test: Operand = 01111111 prior to execution? 
(Bit V) Test: Set equal to result of N Q+ C after shift has occurred. 
(Bit NI Test: Result less than:ero? (Bit 15 = 11 
(All) Load Condition Code Register from Stack. (See Special Operations) 
(Bit I I Set when interrupt occurs. If previously set, allon-Maskable Interrupt is required to exit the wait state. 

(All) Set according to the Contents of Aceumulator A. 
(9it C) Set equal to result of Bit 7 (ACC8) 
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Table 11 Instruction Execution Times in Machine Cycle 

ABA 

ACCX 

• 

Imme•
d i•te 

• 

Direct

• 

Ex• 
tended 

• 

In• 
dexed 

• 

Im- 
Dli•d 

2 

Re• 
1•tive 

• INX 

ACCX 

• 

Imme•
diate 

• 

Direct

• 

Ex- 
tended 

• 

In• 
dazed 

• 

Im- 
Dlied 

3 

Re• 
lative 

ABX • • • • • 3 • JMP • • • 3 3 • 

ADC • 2 3 4 4 • • JSR • • 5 6 6 • 

ADD • 2 3 4 4 • • LDA • 2 3 4 4 • 

ADDD • 4 5 6 6 • ~ LDD • 3 4 5 5 • 

AND • 2 3 4 4 • • lDS • 3 4 5 5 • • 

ASL 2 • • 6 6 • • LDX • 3 4 5 5 • • 

ASLD • • • • • 3 • LSR 2 • • 6 6 • • 

ASR 2 • • 6 6 • • LSRD • • • • • 3 

BCC • • • • • 3 MUL • • • • 10 

BCS • • • • • 3 NEG 2 • 6 6 • 
BEO ~ • • • • 3 NOP • • • • • 2 

BGE • • • • • 3 ORA • 2 3 4 4 • • 

BGT • • • • • 3 PSH 3 • • • • • 

BHI • • • • • • 3 PSHX • • • • q • 

BIT • 2 3 4 4 • • PUL 4 • • • • • 

BLE • • • • • • 3 PULX • • • • • 5 • 

BLS • • • • • 3 ROL 2 • • 6 6 • • 

BLT • • • • • 3 ROR 2 • • 6 6 • • 

BMI • • • • • 3 RTI • • • • • 10 • 

BNE • • • • • 3 RTS • • • • 5 • 

BPL • • • • • 3 SBA • • • • 2 • 

BRA • • • • 3 SBC • 2 3 4 4 • • 

BRN • • • • 3 SEC • • • • 2 • 

BSR • • • • 6 SEI • • • • 2 • 

BVC • • • • 3 SEV • • • • 2 

BVS • • • • 3 STA • • 3 4 4 • • 

CBA • • • 2 • STD • • 4 5 5 • • 

CLC • • • 2 • STS • • 4 5 5 • • 

CLI • • • • • 2 • STX • • 4 5 5 • • 

CLR 2 • • 6 6 • • SUB • 2 3 4 4 • • 

CLV • • • • • 2 • SUBD • 4 5 6 6 • • 

CMP • 2 3 4 4 • • SWI • • • • 12 • 

COM 2 • • 6 6 • • TAB • • • • 2 • 

CPX • 4 5 6 6 • • TAP • • • • 2 • 

DAA • • • • • 2 • TBA • • • • 2 

DEC 2 • • 6 6 • • TPA • • • • • 2 • 

DES • • • • • 3 • TST 2 • • 6 6 • 

OEX • • • • •. 3 • TSX • • • • • 3 • 

FOR • 2 3 4 4 • • TXS • • • • 3 • 

INC 2 • • 6 6 • • WAI • • • 9 • 

INS • • • • • 3 • 
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• Summary of Cycle by Cycle Operation 
Table 12 provides a detailed description of the information 

present on the Address Bus, Data Bus, and the Read/Write line 
(R/W) during each cycle for each instruction. 

This information is useful in comparing actual with expected 
results during debug of both software and hardware as the 

control program is executed. The information is categorized in 
groups according to addressing mode and number of cycles per 
instruction. (In general, instructions with the same addressing 
mode and number of cycles execute in the same manner: ex• 
ceptions are indicated in the table). 

Table 12 Cycle by Cycle Operation 

Address Mode & 
Instructions Cycles Cycle Address Bus R/W 

Line Data Bus 

IMMEDIATE 

ADC FOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

2 1 
2 

Op Code Address 
Op Code Address + 1 

1 
1 

Op Code 
Operand Data 

LDS 
LDX 
LDD 

3 1 
2 
3 

Op Code Address 
Op Code Address + 1 
Op Code Address + 2 

1 
1 
1 

Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

CPX 
SUBD 
ADDD 

4 1 
2 
3 
4 

Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address Bus FFFF 

1 
1 
1 
1 

Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 

DIRECT 

ADC FOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

3 1 
2 
3 

Op Code Address 
Op Code Address + 1 
Address of Operand 

1 
1 
1 

Op Code 
Address of Operand 
Operand Data 

STA 3 1 
2 
3 

Op Code Address 
Op Code Address + 1 
Destination Address 

1 
1 
0 

Op Code 
Destination Address 
Data from Accumulator 

LDS 
LDX 
LDD 

4 1 
2 
3 
4 

Op Code Address 
Op Code Address + 1 
Address of Operand 
Operand Address + 1 

1 
1 
1 
1 

Op Code 
Address of Operand 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

STS 
STX 
STD 

4 1 
2 
3 
4 

Op Code Address 
Op Code Address + 1 
Address of Operand 
Address of Operand + 1 

1 
1 
0 
0 

Op Code 
Address of Operand 
Register Data (High Order Byte) 
Register Data (Low Crder Byte) 

CPX 
SUBD 
ADDD 

5 1 
2 
3 
4 
5 

Op Code Address 
Op Code Address + 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 

1 
1 
1 
1 
1 

Op Code 
Address of Operand 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 

JSR 5 1 
2 
3 
4 
5 

Op Code Address 
Op Code Address + 1 
Subroutine Address 
Stack Pointer 
Stack Pointer + 1 

1 
1 
1 
0 
0 

Op Code 
Irrelevant Data 
First Subroutine Op Code 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 

(Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 

Address Mode & 
Instructions Cycles Cycle Address Bus R/W 

Line Data Bus 

INDEXED 

JMP 3 1 
2 
3 

Op Code Address 
Op Code Address + 1 
Address Bus FFFF 

1 
1 
1 

Op Code 
Offset 
Low Byte of Restart Vector 

ADC FOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

4 1 
2 
3 
4 

Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register Plus Offset 

1 
1 
1 
1 

Op Code 
Offset 
Low Byte of Restart Vector 
Operand Data 

STA 4 1 
2 
3 
4 

Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register Plus Offset 

1 
i 
1 
0 

Op Code 
Offset 
Low Byte of Restart Vector 
Operand Data 

LDS 
LDX 
LDD 
LDD 

5 1 
2 
3 
4 
5 

Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset + 1 

1 
1 
1 
1 
1 

Op Code 
Offset 
Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

STS 
STX 
STD 

5 1 
2 
3 
4 
5 

Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register Plus Offset 
Index Register Plus Offset + 1 

1 
1 
1 
0 
0 

Op Code 
Offset 
Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Bytel 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST' 
INC 

6 1 
2 
3 
4 
5 
6 

Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register Plus Offset 
Address Bus FFFF 
Index Register Plus Offset 

1 
1 
1 
1 
1 
0 

Op Code 
Offset 
Low Byte of Restart Vector 
Current Operand Data 
Low Byte of Restart Vector 
New Operand Data 

CPX 
SUBD 
ADDD 

6 1 
2 
3 
4 
5 
6 

Op Code Address 
Op Code Address + i 
Address Bus FFFF 
Index Register +Offset 
Index Register +Offset + 1 
Address Bus FFFF 

1 
1 
1 
1 
1 
1 

Op Code 
Offset 
Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 

JSR 6 1 
2 
3 
4 
5 
6 

Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Index Register +Offset 
Stack Pointer 
Stack Pointer - 1 

1 
1 
1 
1 
0 
0 

Op Code 
Offset 
Low Byte of Restart Vector 
First Subroutine Op Code 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 

• In the T5T instruction, R/W line of the sixth cycle is "1" level, and A6 =FFFF, DB =Low Byte of Reset Vector, (Continued) 
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Table 12 Cycle by Gycle Operation (Continued) 

Address Mode & 
Instructions Cycles 

Cycle Address Bus 
R/V~1 
Line 

Data Bus 

EXTENDED 

JMP 3 1 
2 
3 

Op Code Address 
Op Code Address + t 
Op Code Address + 2 

1 
1 
1 

Op Code 
Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 

ADC FOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

4 1 
2 
3 
4 

Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 

1 
1 
t 
1 

Op Code 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data 

STA 4 1 
2 
3 
4 

Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Operand Destination Address 

1 
1 
1 
0 

Op Code 
Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Data from Accumulator 

LDS 
LDX 
LDD 

5 1 
2 
3 
4 
5 

Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand + t 

1 
i 
1 
1 
1 

Op Code 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data ILow Order Byte) 

STS 
STX 
STD 

5 1 
2 
3 
4 
5 

Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand + 1 

1 
1 
1 
0 
0 

Op Code 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST' 
INC 

6 1 
2 
3 
4 
5 
6 

Op Code Address 
Op Code Address + ~ 
Op Code Address + 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 

1 
1 
1 
1 
1 
0 

Op Code 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 
Low By[e of Restart Vector 
New Operand Data 

CPX 
SUED 
ADDD 

6 1 
2 
3 
4 
5 
6 

Op Code Address 
Op Code Address + ~ 
Op Code Address + 2 
Operand Address 
Operand Address + t 
Address Bus FFFF 

1 
1 
1 
1 
1 
1 

Op Code 
Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 

JSR 6 1 
2 
3 
4 
5 
6 

Op Code Address 
Op Code Address + ~ 
Op Code Address + 2 
Subroutine Starting Address 
Stack Pointer 
Stack Painter - 1 

1 
1 
1 
1 
0 
0 

Op Code 
Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Bytel 
Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Bytel 

• In the T5T instruction, R/W line of the i~xth cycle is "t" level, and AB ~ FFFF, DB =Low Byte of Reset Vector. 
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Table 72 Cycle by Cycle Operation (Continued) 

Address Mode & 
Instructions 

Cycles CYcle Address Bus R/w 
Line 

Data Bus 

IMPLIED 

ABA DAA SEC 
ASL DEC SEI 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 

2 1 
2 

Op Code Address 
Op Code Address + ~ 

1 
1 

Op Code 
Op Code of Next Instruction 

COM SBA 

ABX 3 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Address Bus FFFF 1 Low Byte of Restart Vector 

ASLD 3 1 Op Code Address 1 Op Code 
LSRD 2 Op Code Address + ~ 1 Irrelevant Data 

3 Address Bus FFFF 1 Low Byte of Restart Vector 

DES 3 1 Op Code Address 1 Op Code 
INS 2 Op Code Address + 1 1 Op Code of Next Instruction 

3 Previous Register Contents 1 Irrelevant Data 

INX 3 1 Op Code Address 1 Op Code 
DEX 2 Op Code Address + 1 1 Op Code of Next Instruction 

3 Address Bus FFFF 1 Low Byte of Restart Vector 

PSHA 3 1 Op Code Address 1 Op Cade 
PSHB 2 Op Code Address + ~ i Op Code of Next Instruction 

3 Stack Pointer 0 Accumulator Data 

TSX 3 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Op Code of Next Instruction 
3 Stack Pointer 1 Irrelevant Data 

TXS 3 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Op Code of Next Instruction 
3 Address Bus FFFF 1 Low Byte of Restart Vector 

PULA 4 1 Op Code Address 1 Op Code 
PULB 2 Op Code Address + ~ 1 Op Code of Next Instruction 

3 Stack Pointer 1 Irrelevant Data 
4 Stack Pointer + 1 1 Operand Data from Stack 

PSHX 4 1 Op Code Address t Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Stack Pointer 0 Index Register (Low Order Byte) 
4 Stack Pointer - 1 0 Index Register (High Order Byte) 

PULX 5 1 Op Code Address 1 Op Code 
2 Op Code Address + ~ 1 Irrelevant Data 
3 Stack Pointer 1 Irrelevant Daia 
4 Stack Pointer + 7 1 Index Register (High Order Byte) 
5 Stack Pointer +2 1 Index Register (Low Order Byte) 

RTS 5 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Stack Pointer t Irrelevant Data 
4 Stack Pointer + 1 1 Address of Next Instruction 

(High Order Byte) 
5 Stack Pointer + 2 1 Address of Next Instruction 

(Low Order Bytel 

WAI" 9 1 Op Code Address 1 Op Code 
2 Op Code Address + ~ 1 Op Code of Next Instruction 
3 Stack Pointer 0 Return AddresslLow Order Byte) 
4 Stack Pointer — t 0 Return Address (High Order Byte) 

(Continued ) 
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Table 12 Cycle by Cycle Operation (Continued) 

Address Mode & 
Instructions Cycles 

Cycle 
,. 

Address Bus 
R/W 
Line 

Data Bus 

WAI'• 5 Stack Pointer — 2 0 Index Register (Low Order Byte) 
6 Stack Pointer — 3 0 Index RegisterlHigh Order Byte) 
7 Stack Pointer — 4 0 Contents of Accumulator A 
8 Stack Pointer — 5 0 Contents of Accumulator B 
9 Stack Pointer — 6 0 Contents of Cond. Code Register 

MUL 10 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Address Bus FFFF 1 Low Byte of Restart Vector 
4 Address Bus FFFF 1 Low Byte of Restart Vector 
5 Address Bus FFFF 1 Low Byte of Restart Vector 

6 Address Bus FFFF t Low Byte of Restart Vector 
7 Address Bus FFFF 1 Low Byte of Restart Vector 
8 Address Bus FFFF 1 Low Byte of Restart Vector 
9 Address Bus FFFF 1 Low Byte of Restart Vector 

10 Address Bus FFFF 1 Low Byte of Restart Vector 

RTI 10 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Stack Pointer i Irrelevant Data 
4 Stack Pointer + 1 1 Contents of Cond. Code Reg. 

from Stack 

5 Stack Pointer + 2 1 Contents of Accumulator B 
from Stack 

6 Stack Pointer + 3 1 Contents of Accumulator A 
from Stack 

7 Stack Pointer +4 1 Index Register from Stack 
(High Order Byte) 

8 Stack Pointer + 5 1 Index Register from Stack 
ILow Order Byte) 

9 Stack Pointer + 6 1 Next Instruction Address from 
Stack (High Order Byte) 

10 Stack Pointer + 7 1 Next Instruction Address from 
Stack ILow Order Byte) 

SWI 12 1 Op Code Address 1 Op Code 
2 Op Code Address+ 1 1 Irrelevant Data 
3 Stack Pointer 0 Return AddresslLow Order Byte) 

4 Stack Pointer — t 0 Return AddresslHigh Order Byte) 

5 Stack Pointer — 2 0 Index Register ILow Order Byte) 
6 Stack Pointer — 3 0 Index Register (High Order Byte) 

7 Stack Pointer — 4 0 Contents of Accumulator A 

8 Stack Pointer — 5 0 Contents of Accumulator B 
9 Stack Pointer — 6 0 Contents of Cond. Code Register 

10 Stack Pointer — 7 1 Irrelevant Data 
11 Vector Address FFFA (Hex) 1 Address of Subroutine 

(High Order Byte) 
12 Vector Address FFFB (Hex) 1 Address of Subroutine 

ILow Order Byte) 

(Continued) 

•• While the MPU rs in the '"Wait" state, its bus state will aDPear as a series of MPU reads of an address which rs seven locations less than the 
original contents of the Stack Pointer. Contrary to the HD6800, none of the Ports are driven to the high impedance state by a WAI 
instruction. 
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Table 12 Cycle by Cycle Operation (Continued) 

RELATIVE 

Address Mode & 
Instructions 

Cycles Cycle # Address Bus R/W 
Line Data Bus 

BCC BHT BNE 
BCS BLE BPL 
BEO BLS BRA 
BGE BLT BVC 
BGT BMT BVS 
BRN 

3 1 
2 
3 

Op Code Address 
Op Code Address + 1 
Address Bus FFFF 

t 
1 
1 

Op Code 
Branch Offset 
Low Byte of Restart Vector 

BSR 6 1 
2 
3 
4 
5 
6 

Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer — 1 

1 
1 
1 
1 
0 
0 

Op Code 
Branch Offset 
Low Byte of Restart Vector 
Op Code of Next Instruction 
Return Address I Low Order Byte) 
Return AddresslHigh Order Byte) 

• Summary of Undefined Instruction Operations When the op codes (4E, SE) are used to execute. the MPU 
The HD6803 has 36 underfined instructions. When these are continues to increase the program counter and it wall not stop 

carried out, the contents of Register and Memory in MPU until the Reset signal enters. These op codes are used to test the 
change at random. LSI. 

Table 13 Op codes Map 

HD6803 MICROPROCESSOR INSTRUCTIONS 

OP 
CODE 

ACC 
A 

ACC 
B 

INO EXT 
ACCA or SP ACCB or X 

IMM DIR IND EXT IMM DIR IND EXT 

HI 
LO 

0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

0000 0 ~ SBA BRA TSX NEG SUB 

0001 1 NOP CBA BRN INS CMP 

0010 2 —/ BHI PULA 1+11 ~ SBC 

0011 3 BLS PULE (+11 COM SU80 (+21 ADDD 1+21 

0100 4 LSRD (+11 ~ BCC DES LSR AND 

0101 5 ASLD 1+11 / BCS TXS BIT 

0110 6 TAP TAB BNE PSHA ROR LDA 

0111 7 TPA TBA BED PSHB ASR ~ $TA ~ STA 

1000 8 INX I+11 ~ 8VC PULX 1+21 ASL FOR 

1001 9 DEX (+11 DAA BVS RTS (+21 ROL ADC 

1010 A CLV ~ BPL ABX OEC ORA 

1011 B SEV ABA BMI RTI (+71 ADD 

1100 C CLC ~ BGE PSHX (+71 INC CPX 1+21 ~ LOD 1+11 

1101 D SEC / BLT MUL (+71 TST B+dR JSR 1+21 ~ 1+11 STD 1+11 

1110 E CLI / BGT WAI (+61 / •• ~ JMP (-31 LDS 1+11 LDX 1+11 

1111 F SEI ~ BLE SWI (+91 CLR ~ 1+1) STS (+11 (♦11 

X 2/2 

STX (+11 

By7E/CYCLE 1/2 1/2 2/3 1/3 1/2 1/2 2/6 3/6 2l2 2/3 2/4 3/4 2/3 2/4 3/4 

(NOTESI 11 Undefined Op codes are marked with 1 

21 ( 1 indicate that the number in parenthesis must be added to the cycle count for that instruction. 

31 The instructions shown below are all 3 bytes and are marked wish "•". 
Immediate addressing mode of SUBD, CPX, LDS, ADDD, LDD and LDX instructions, and undefined op codes 
18F, CD, CFI. 

41 The Op codes 14E, 5E1 are 1 byte/m cycles instructions, and are marked with "• •" 
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0 
T 

H06803 
MPU 

8~ 

16~ 

Enable 
—~, 

Address ~ 
Strobe / B 

La ch 'F~ 

~ g

ROM 

RAM 

PIA 

 T 

GPIA 

V ~ 

Address Bus Data Bus 

PTM 

Figure 17 HD6803 MPU Expanded Multiplexed Bus 

■ Caution for the HD6803 Family SCI, TIMER Status Flag 
The Flags shown in Table 14 are cleared by reading/writing 

(flag reset condition 2) the data register corresponding to each 
flag after reading the status register (flag reset condition 1). 

To clear the flag correctly, take the following procedure: 
1. Read the status register. 
2. Test the flag. 
3. Read the data register. 

Table 14 Status Flag Reset Conditions 

Status Flag Flag Reset Condition 1 
(Status Registers 

Flag Reset Condition 2 
(Data Register) 

TIMER 

ICF 
When each flag is "1", 

TRCSR/Read 

ICR/Read 

OCF OCR/Write 

TO F TC/Read 

SCI 

RDRF 
When each flag is "1", 

TRCSR/Read 

RDR/Read 
ORFE 

TDRE TDR/Write 
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M P U (Micro Processing Unit) 

The HD6809 is a revolutionary high performance 8-bit 
microprocessor which supports modern programming tech-
niques such as position independence, reentrancy, and modular 
programming. 

This third-generation addition to the HMCS6800 family has 
major architectural improvements which include additional 
registers, instructions and addressing modes. 

The basic instructions of any computer are greatly enhanced 

by the presence of powerful addressing modes. The HD6809 has 
the most complete set of addressing modes available on any 
8-bit microprocessor today. 

The HD6809 has hardware and software features which make 
it an ideal processor for higher level language execution or 
standard controller applications. 

HD6800 COMPATIBLE 
• Hardware —Interfaces with All HMCS6800 Peripherals 

• Software —Upward Source Code Compatible Instruc-

tion Set and Addressing Modes 

■ ARCHITECTURAL FEATURES 
• Two 16-bit Index Registers 
• Two 16-bitlndexabJe Stack Pointers 

• Two S~bit Accumulators can be Concatenated to Form 
One 16~Bit Accumulator 

• Direct Page Register Allows Direct Addressing Through-
out Memory 

■ HARDWARE FEATURES 
• On Chip Oscillator 
• DMA/BREO Allows DMA Operation or Memory Refresh 
• Fast Interrupt Request Input Stacks Only Condition 

Code Register and Program Counter 
• MRDY Input Extends Data Access Times for Use With 

Slow Memory 
• Interrupt Acknowledge Output Allows Vectoring By 

Devices 
• SYNC Acknowledge Output Allows for Synchronization 

to External Event 
• Single Bus-Cycle RESET 
• Single rsVolt Supply Operation 
• NMI Blocked After RESET Until After First Load of 

Slack Pointer 
• Early Address Valid Allows Use With Slower Memories 
• Early Write-Data for Dynamic Memories 

• Compatible with MC6809, MC68A09 and MC68B09 

• SOFTWARE FEATURES 

• 10 Addressing Modes 
• HMCS6800 Upward Compatible Addressing Modes 
• Direct Addressing Anywhere in Memory Map 

Long Relative Branches 
• Program Crounter Relative 
• True Indirect Addressing 
• Expanded Indexed Addressing: 

■ PIN ARRANGEMENT 

U55 

NMI 

~I

FIRQ 

es 
BA 

~cc 
A 

(Top View) 
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~: 
T 
FL 
FE 
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HALT 

XTAL 

EXTAL 

MRDY 
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0, 5, 8, or 16-bit Constant Offsets 

8, or 16-bit Accumulator Offsets 

Auto-Increment/Decrement by 1 or 2 
• Improved Stack Manipulation 
• 1464 Instructions with Unique Addressing Modes 
• 8 x 8 Unsigned Multiply 
• 16-bit Arithmetic 
• Transfer}Exchange All Registers 

• Push/Pull Any Registers or Any Set of Registers 

• Load Effective Address 

■ BLOCK DIAGRAM 
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• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage VCc' -0.3 ̂ ~ +7.0 V 

Input Voltage V;n ' -0.3 ̂ ' +7.0 V 

Operating Temperature Topr -20 ̂ ~ +75 °C 

Storage Temperature Trtg -55 ̂ ' +150 °C 

' With respect to V~ (SYSTEM GND) 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 

■ RECOMMENDED OPERATING CONDITIONS 

Item Symbol min typ max Unit 

Supply Voltage Vcc ' 4.75 5.0 5.25 V 

Input Voltage 

VIL " -0.3 - 0.8 V 

V;H ' 

Logic 2.0 - Vcc 

V Logic 
(Ta = -20 ~ 0°C) 2.2 - Vcc 

RES 4.0 - Vcc 

Operating Temperature Tovr -20 25 75 °C 

• With respect to Vgs (SYSTEM GND) 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (VCC =5V±5%, V~ = OV, Ta = -20~+75°C, unless otherwise noted.) 

Item Symbol Test Condition HD6809 HD68A09 HD68B09 
Unit 

min typ• max min typ• max min typ• max 

Input ' Hi h" Volta a ' 9 9 
Except RES 

V 1FI 

Ta = 0 ̂ ~ +75°C 2.0 - Vcc 2.0 - Vcc 2.0 - Vcc 

V Ta = -20 ̂ ' 0°C 2.2 - V cc 2.2 - V cc 2.2 - V cc 
RES 4.0 - Vcc 4.0 - Vcc 4.0 - Vcc 

Input "Low" Voltage V;L -0.3 - 0.8 -0.3 - 0.8 -0.3 - 0.8 V 

Input Leakage Current Except EXTA L, 
XTAL lin Vin=O-6.25V, 

VCC=max 
_2 5 - 2.5 -2.5 - 2.5 -2.5 - 2.5 µA 

Three State (Off Statel 
Input Current 

D°-D, 
TSl 

Vin=0.4~2.4V, 
VCC"max 

-10 - 10 -10 - 70 -70 - 10 
µ A 

q° _ Ars RNy -100 - 100 -100 - 700 -100 - 100 

Output "High" Voltage 

D°-D, 

VOH 

ILOAD=-205µA, 
V CC=min 

2.4 - - 2.4 - - 2.4 - -

V 
A° -A~„RAN. 
O E

ILOAO'-145µA, 

VCC`min 
2.4 - - 2.4 - - 2.4 - - 

BA, BS 
VOAmin100µA, 
cc' 

2.4 - - 2.4 - - 2.4 - -

Output "Low" Voltage VOL ILOAD'2mA - - 0.5 - - 0.5 - - 0.5 V 
Power Dissipation PD - - 1.0 - - 1.0 - - 1.0 W 

In ut Ca acitance p p 
D°-D, 

Can Vin=0 V, 
Ta=25°C, 
}=iMHz 

- 70 15 - 10 15 - 10 15 
pF Except D°-D, _ 7 10 - 7 10 - 7 10 

Output Capacitance 

_ 
A°-A,,, R/W, 
BA, BS Cout _ _ 12 - - 12 - - 72 pF 

•Ta=25°C, VCC=5V 
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• AC CHARACTERISTICS (V~D =5V*5%, Vgg = OV, Ta = -20^•+75°C, unless otherwise noted.) 

1. CLOCK TIMING 

Item Symbol Test Condition 
HD6809 HD66A09 HD68B09 

Unit 
min typ max min typ max min typ max 

Frequency of Operation 
(Crystal or External Input) f XTAL 

Fig. 2, Fig. 3 

0.4 — 4 0.4 — 6 0.4 — 8 MHz 

Cycle Time tcyc 1000 — 10000 667 — 10000 500 — 10000 ns 

Total Up Time tUT 975 — — 640 — — 480 — — ns 

Processor Clock "High" tpyyE H 450 — 15500 280 — 15700 220 — 15700 ns 

Processor Clock "Low" tpyyE L 430 — 5000 280 — 5000 210 — 5000 ns 

E Rise and Fall Time tEr, tt:t _ _ 25 — — 25 — — 20 ns 

ELowtoOHlah Time tAVS 200 — 250 130 — 165 80 — 125 ns 

O Clock "High" tPwnH 4`~ — 5000 280 — 5000 220 — 5000 ns 

O Clock "Low" tpyyOL 450 _ 15500 280 — 15700 220 — 15700 ns 

O Rise and Fall Time tQr, tQf — — 25 — — 25 — — 20 ns 

OLow to E Falling tQE 200 — — 133 — — 100 — — ns 

2. BUS TIMING 

Item Symbol Test Condition HD6609 HD66A09 HD68809 Unit 
min typ mex min typ max min typ max 

Address Delay tqp 

Fig. 2, Fig.3 

— — 200 — — 140 — — 110 ns 
Address Valid to OHigh tqp 50 — — 25 — — 15 — — ns 
Peripheral Read Access Time 
(tUT—tA D_t DS R=tACC)

t ACC 695 — — 440 — — 330 — — ns 

Data Set Up Time (Read) tDSR 80 — — 60 — — 40 — — ns 
Input Data Hold Time TDHR 10 — — 10 — — 10 — — ns 

Address Hold Time A° —A,,, R/W tqH 

Fig. 2, Fig.3 
Ta=O—+75°C 20 — — 20 — — 20 — — ns 

Fig.2, Fig.3 
Ta=-20-0°C 10 — — 10 — — 10 — — ns 

Data Delay Time IW ite) tDDW Fie, 3 — — 200 — — 140 — — 110 ns 

Output Hold Time tDHyy 

Fig.3 
Ta=0—+75°C 

30 — — 30 — — 30 — — ns 

Fig.3 
Ta=-20-0°C 20 — — 20 — — 20 — — ns 

3. PROCESSOR CONTROL TIMING 

Item Symhof Test Condition 
HD6809 HD68A09 HD68809 

Unit min typ max min typ max min typ max 
MRDY Set Up Time tp CSM 

Fig. 6~Fig. 10 
Fig. 14, Fig. 15 

125 — — 125 — — 110 — _ ns 
Interrupts Set Up Time tpCS 200 — — 140 — — 110 — — ns 
HALT Set Up Time tpcSH 

tpCSq 

200 — — 140 — — 110 — — ns 
RES Set Up Time 200 — — 140 — — 110 — — ns 
DMA/BRED Set Up Time tpCSD 125 — — 125 — — 110 — — ns 

Processor Control Rise and Fell Time tPCr, 
tPCf 

_ _ 100 _ _ 100 _ _ 100 ns 

Crystal Oscillator Start Time tRC — — 50 — — 30 — — 30 ms 
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5.OV 

Test Point 

~ = 1.BkS2 • C = 30pF IBA, BSI 
130pF (DB — D„ E, QI 
90PF IAB —A~ s ,R/WI 

16kr2 IAB ^ A,s , E, Q, R/WI 
24kft IBA, BSI 

All diodes are 152074®or equivalent. 
C includes Stray Capacitance. 

Figure t Bus Timing Test Load 

Ba, BS BBV 

f— •o—✓~ 

o,,. V,li 

'Hold time for BA, BS not specified. 

Figure 2 Read Data from Memory or Peripherals 

'Hold time for BA, BS not specified. 

Figure 3 Write Data to Memory or Peripherals 

■ PROGRAMMING MODEL 
As shown in Figure 4, the HD6809 adds three registers to the 

set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second Index 
Register. 

• Accumulators IA, B, D) 
The A and B registers are general purpose accumulators 

which are used for arithmetic calculations and manipulation of 
data. 

Certain instructions concatenate the A and B registers to 

register, and is formed with the A register as the most significant 
byte. 

• Direct Page Register (DPI 
The Direct Page Register of the HD6809 serves to enhance 

the Direct Addressing Mode. The content of this register appears 
at the higher address outputs (As 'rA t s ) during Direct Address-
ing Instruction execution. This allows the direct mode to be 
used at any place in memory, under program control. To ensure 
HD6800 compatibility, all bits of this register are cleared during 
Processor Reset. 

form a single 16-bit accumulator. This is referred to as the D 
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• Indez Registers IX, Y) 
The Index Registers are used in indexed mode of addressing. 

The 16-bit address in this register takes part in the calculation of 
effective addresses. This address may be used to point to data 
directly or may be modified by an optional constant or register 

15 

offset. During some indexed modes, the contents of the index 
register are incremented or decremented to point to the next 
item of tabular type_ data. All four pointer registers (X, Y, U, S) 
may be used as index registers. 

X —Index Register 

Y —Index Register 

U —User Stack Pointer 

S —Hardware Stack Pointer 

PC 

A B 

 v 
D 

7 

DP 

7 

0 

0 

E F H N 2 V C 

Pointer Registers 

Program Counter 

Accumulators 

Direct Page Register 

CC —Condition Code Register 

Figure 4 Programming Model of The Microprocessing Unit 

• Stadc Pointer IU, S) 
The Hardware Stack Pointer (S) is used automatically by the 

processor during subroutine calls and interrupts. The stack 
pointers of the HD6809 point to the top of the stack, in 
contrast to the HD6800 stack pointer, which pointed to the 
next free location on the stack. The User Stack Pointer (U) is 
controlled exclusively by the programmer thus allowing argu-
ments to be passed to and from subroutines with ease. Both 
Stack Pointers have the same indexed mode addressing capabil-
ities as the X and Y registers, but also support Push and Pull 
instructions. This allows the HD6809 to be used efficiently as a 
stack processor, greatly enhancing its ability to support higher 
level languages and modular programming. 

• Program Counter 
The Program Counter is used by the processor to point to the 

address of the next instruction to be executed by the processor. 
Relative Addressing is provided allowing the Program Counter 
to be used like an index register in some situations. 

• Condition Code Register 
The Condition Code Register defines the State of the 

Processor at any given time. See Fig. 5. 

carry 
Overflow 
Zero 
Negative 
IRO Mask 
Half Carry 
FIRO Mask 
Entire Flag 

Figure 5 Condition Code Register Format 

■ CONDITION CODE REGISTER DESCRIPTION 

• Bit 0 (C) 
Bit 0 is the carry flag, and is usually the carry from the 

binary ALU. C is also used to represent a `borrow' from subtract 
like instructions (CMP, NEG, SUB, SBC) and is the complement 
of the carry from the binary ALU. 

• Bit 1 IVI 
Bit 1 is the overflow flag, and is set to a one by an operation 

which causes a signed two's complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
from the MSB in [he ALU does not match the carry from the 
MSB-1. 

• Bit 2 lZl 
Bit 2 is the zero flag, and is set to a one if the result of the 

previous operation was identically zero. 

• Bit 3 IN1 
Bit 3 is the negative flag, which contains exactly the value of 

the MSB of the result of the preceding operation. Thus, a 
negative two's-complement result will leave N set to a one. 

• Bit 4 111 
Bit 4 is the IR mask bit. The processor will not recognize 

interrupts from the IR line if this bit is set to a one. MN I, 
FIRQ, IRQ, RES, and SWI all are set I to a one; SWl2 and SWI3 
do not affect I. 

• Bit 5 IH) 
Bit 5 is the half-carry bit, and is used to indicate a carry from 

bit 3 in the ALU as a result of an 8-bit addition only (ADC or 
ADD). This bit is used by the DAA instruction to perform a 
BCD decimal add adjust operation. The state of this flag is 
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undefined in all subtract-like instructions. Table 1 Memory Map for Interrupt Vectors 

• Bit 6 IF) 
Bit 6 is the FIRQ mask bit. The processor will not recognize 

interrupts from the FIRQ line if this bit is a one. NMI, FIRQ, 
SWI, and RES all set F to a one. IR , SW12 and SWI3 do not 

affect F. 

• Bit 7 IE) 
Bit 7 is the entire flag, and when set to a one indicates that 

the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to 
determine the extent of the unstacking. Therefore, the current 
E left in the Condition Code Register represents past action. 

■ SIGNAL DESCRIPTION 

• Power IVY, VCC) 
Two pins are used to supply power to the part: VSS is 

ground or 0 volts, while VCC is +S.OV ±5%. 

• Address Bus (Ao"'Ars ) 
Sixteen pins are used to output address information from [he 

MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFFrb , R/W = "High", and BS = "Low"; this is a "dummy 
access" or VMA cycle. Addresses are valid on the rising edge of 
Q (see Figs. 2 and 3). AB address bus drivers are made high 
impedance when output Bus Availabbe (BA) is "High". Each pin 
will drive one Schottky TTL load or four LS TTL loads, and 
typically 90 pF. 

• Data Bus (De^~D~ 
These eight pins provide communication with the system 

bi-directional data bus. Each pin wiB drive one Schottky TTL 
load or four LS TTL loads, and typically 130 pF. 

• Read/Write IR/W► 
This signal indicates the direction of data transfer on the data 

bus. A "Low" indicates that the MPU is writing data onto the 
data bus. R/W is made high impedance when BA is "High". R/W 
is valid on the rising edge of Q. Refer to Figs. 2 and 3. 

• Reset (RES) 
A "Low" level on this Schmitt-trigger input for greater than 

one bus cycle will reset the MPU, as shown in Fig. 6. The Reset 
vectors are Cetched from locations FFFE16 and FFFFrb (Table 
1) when Interrupt Acknowledge is true, (BA • BS=1). During 
initial power-on, the Reset line should be held "Low" until the 
clock oscillator is fully operational. See Fig. 7. 

Because the HD6809 Reset pin has aSchmitt-trigger input 
with a threshold voltage higher than that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 
This higher threshold voltage ensures that all peripherals are out 
of the reset state before the Processor. 

Memory Map For 
Vector L ovations Interrupt Vector 

D escr ipt io n 
MS LS 

FFFE FFFF RES 
FFFC FFFD NMI 
FFFA FFFB SWI 
FFF8 FFF9 IRQ 
FFF6 FFF7 FIRQ 
FFF4 FFF5 SW 12 
FFF2 FFF3 SW13 
FFFD FFF1 Reserved 

• HALT 
A "Low" level on this input pin will cause the MPU to stop 

conning at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output is 
driven "High" indicating the buses are high impedance. BS is 
also "High" which indicates the processor is in the Halt or Bus 
Grant state. While halted,  the MPU will not respond to external
real-time requests (FIRQ, IRQ) although DMA/BREQ will 
always be accepted, and NMI or RES will be latched for later 
response. Dudng the Hal[ state Q and E continue to  run 
normally. If the MPU is not running (RES, DMA/BREQ), a
halted state (BA•BS=1) can be achieved by pulling HALT 

"Low" while RES is still "Low". IfDAM/BREQ and HALT are 
both pulled "Low", the processor will reach the last cycle of the 
instruction (by reverse cycle stealing) where the machine will 
then become halted. See Figs. 8 and 16. 

• Bus Available, Bus Status (BA, BSI 
The BA output is an indication of an internal control signal 

which makes the MOS buses of the MPU high impedance. This 
signal does not imply that the bus will be available for more 
than one cycle. When BA goes "Low", an additional dead cycle 
will elapse before the MPU acquires the bus. 

The BS output signal, when decoded with BA, represents the 
MPU state (valid with leading edge of Q). 

Table 2 MPU State Definition 

BA BS MPU State 

0 0 Norma1 lRunning) 
0 1 Interrupt or RESET Acknowledge 
1 0 SYNC Acknowledge 
1 1 HALT or Bus Grant 

Interrupt Acknowledge is indicated during both cycles of a 
hardware-vector-fetch (RES, NMI, FIRQ, IRQ, SWI, SWI2, 
SWI3). This signal, plus decoding of the lower four address lines, 
can provide the user with an indication of which interrupt level 
is being serviced and allow vectoring by device. See Table I. 

Syne Acknowledge is indicated while the MPU is waiting for 
external synchronization on an interrupt line. 

Halt/Bus Grant is true when the HD6809 is in a Halt or Bus 
Grant condition. 
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• Non Maskable Interrupt (NtVll)• 
A negative edge on this input requests that anon-maskable 

interrupt sequence be generated. A non•maskable interrupt 
cannot be inhibited by the program, and also has a higher 
priority than  FIRQ, IRQ or software interrupts. During recogni-
tion of an NMI, the entire machine state is saved on the 

2nd To last Last Cycle 
Cycle OI Of 
cerrent cerrent Deae 
Init. I Inst. _ Cycle 

_f 

E 

HALT 

Adtlress ~/~ 
f S Bus ` ~ / 

R/W  SS 

~~ tPCSH 

r "tPCf 

.-O.aV 

ff 

hardware stack. After reset, an NMI will not be recognized until 
the first program load of the Hardware Stack Pointer (S). The 
pulse width of f`~MI "Low" must be at least one E cycle. If the 
FPM[ input does not meet the minimum set up with respect to 

Q, the interrupt will not be recognized until the next cycle. See 
Fig. 9. 

Haltetl 

tPCS H'~ 
tPCry

O.6V 

BA 

BS 

viH 

Deta ~ J  ̀ / 
Bus 

E 

O 

Addreu 
Bw 
4a 

IA6 O( 
MI 

Dw 

Lat CyeN 
of Cumnt 
Inrtrssctlon 

 ff 

1- yiH 
~O.aV

Dead I st t o Instruction Dead 
Cycle ~ Fetch ~ Execute I Cvcle ~ Halted

tPCSM 

 fJ 

Fetch Execute 

 I 

Instruction 
Opcode 

Figure 8 HALT and Single Instruction Execution for System Debug 

m-7 m-1 m 

ntarruDt Stacking and Vector Fa[ch $apusnca 

Instruction 
Feteh 

m+1 .ma7, m+7 ma1. may m+6 ma7 ma6 m+9 ma10 mall malt m+17 m+11 m+15 mat6,m+17 m+16 n nal 

PC PC FFFF SP -1 SP -7 SP -3 SP-/ SP -5 $P-6 $P 
ttvcs 

O.BV 

7 SP B SP 9 $P 105P 115P  IZ FFFF FFFC FFFD FFFF New Naw 
If~ll IHMtI PC PC a 1 
FFF6 FFF9 
IRr01 IiR251 

~r.00 PCL 

R/W ]Qd 
BA 

95 

CC IIF1-IC Naw New 
PCH PCL 

Figure 9 IRQ and t MI Interrupt Timing 
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Figure 10 FIRQ Interrupt Timing 

• Fart-Interrupt Requert (FIRO1• 
A "Low" level on this input pin will initiate a fast interrupt 

sequence provided its mask bit (F) in the CC is clear. This 
sequence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents of 
the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Fig. 10. 

• Interrupt Request (IROI" 
A "Low" level input on this pin will initiate an interrupt 

Request sequence provided the mask bit (I) in the CC is clear. 
Since IRQ stacks the entire machine state it provides a slower 
response to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the intermpt service routine should clear the 
source of the interrupt before doing an RTI. See Fig. 9. 

" NMI, FIRQ, and IRQ requests are sampled on the falling 
edge of Q. One cycle is required for synchronization before 
these interrupts are recognized. The pending interrupts) 
will not be serviced until completion of the current instruc-
tion unless a SYNC or CWAI condition is present. If IRQ and 
FIRQ do not remain "Low" until completion of the current 
instruction they may not be recognized. However, NMI is 
latched and need only remain "Low" for one cycle. 

• XTAL, EXTAL 
These inputs are used to connect the on-chip oscillator to an 

external parallel-resonant crystal. Alternately, the pin EXTAL 
may be used as a TTL level input for external timing by 
grounding XTAL. The crystal or external frequency is four 
times the bus frequency. See Fig. 7. Proper RF layout 
techniques should be observed in the layout of printed circuit 
boards. 

<NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT> 

In designing the board, the following notes should be taken 
when the crystal oscillator is used. 

1) Crystal oscillator and load capacity Cin, Cout must be placed 

near the LSI as much as possible. 

Normal oscillation may be disturbed when external noise is~ 
induced to pin 38 and 39. 

2) Pin 38 and 39 signal line should be wired apart from other 
signal line as much as possible. Don't wire them in parallel. 

(Normal oscillation may be disturbed when E or Q signal is 1 
feedbacked to pin 38 and 39. J 

HD6809 

ao 
39 

38 

37 

36 

35 

34 

RES 
MRDY 

Figure 11 Board Design of the Oscillation Circuit. 

<THE FOLLOWING DESIGN MUST BE AVOIDED> 
A signal line or a power source line must not cross or go near 

the oscillation circuit line as shown in Fig. 12 to prevent the 
induction from these lines and perform the correct oscillation. 
The resistance among XTAL, EXTAL and other pins should be 
over IOMSt. 
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Figure 12 Example of Normal Oscillation may be Disturbed. 

• E, Q 
E is similar to the HD6800 bus timing signal ~2 ; Q is a 

quadrature clock signal which leads E. Q has no parallel on the 
HD6800. Addresses from the MPU will be valid with the lead-
ing edge of Q. Data is latched on the falling edge of E. Timing 
for E and Q is shown in Fig. 13. 

• MRDY 
This input control signal allows stretching of E and Q to 

extend data-access time. E and Q operate normally while MRDY 
is "High". When MRDY is "Low", E and Q may be stretched in 
integral multiples of quarter (1/4) bus cycles, thus allowing 
interface to slow memories, as shown in Fig. 14. A maximum 

Start of Cycle End of Cycle (latch Data) 
I 

0.5V

~ ~ 2.4V 

E ~ / 

n 

MRDY 

Address Valid 

Figure 13 E/O Relationship 

tPCf 

2.4V ~~ 

I ~ 

I 

PCSMJ 

~`\~~~~~Vo.aV  i

Figure 14 MRDY Timing 
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stretch is 10 microseconds. During nonvalid memory access 
(Vf~A cycles) MRDY has no effect on stretching E and Q; this, 
inhibits slowing the processor during "don't care" bus accesses. 
MRDY may also be used to stretch clocks (for slow memory) 
when bus control has been transferred to an external device 
(through the use of HALT and DMA/BREQ). 
Also MRDY has effect on stretching E and Q during Dead Cycle. 

• DMA/BREQ 
The DMAJBREQ input provides a method of suspending 

execution and acquiring the MPU bus for another use, as shown 
in Fig. 15. Typical uses include DMA and dynamic memory 
refresh. 

Transition of DMA/BREQ should occur during Q. A "Low" 
level on this pin will stcp instruction execution at the end of the 
current cycle. The MPU will acknowledge DMA/BREQ by 
setting BA and BS to "High" level. The requesting device will 
now have up to 15 bus cycles before the MPU retrieves the bus 
for self-refresh. Self-refresh requires one bus cycle with a lead-

E 

DMA/BREQ 

BA, BS 

DMAVMA• 

ADDR 
(MPUI 

ADDR 
(DMAC) 

ing and trailing dead cycle. See Fig. 16. 
Typically, the DMA controller will request to use the bus by 

asserting DMA/BREQ pin "Low" on the leading edge of E. 
When the MPU replies by setting BA and BS to a one, that cycle 
will be a dead cycle used to transfer bus mastership to the DMA 
controller. 

False memory accesses may be prevented during and dead 
cycles by developing a system DMAVMA signal which is "Low" 
in any cycle when BA has changed. 

When BA goes "Low" (either as a result of DMA/BREQ = 
"High" or MPU self-refresh), the DMA device should be taken 

off the bus. Another dead cycle will elapse before the MPU 
accesses memory, to allow transfer of bus mastership without 
contention. 

■ MPU OPERATION 
During normal operation, the MPU fetches an instruction 

from memory and then executes the requested function. This 

`- 2.4 V 
~ — tAD 

 I 

 C > 
`DMAVMA is a signal which is developed externally, but is a system requirement for DMA. 

Figure 15 Typical DMA Timing (<14 Cycles) 
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I ~ 

'DMAVMA is a signal which is developed externally, but is a system requirement for DMA. 

Figure 16 Auto —Refresh DMA Timing 
(Reverse Cycle Stealing) 

sequence begins at IFES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft-
ware instructions that alter normal MPU operation are: SWI,
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt, HALT or 
DMA/BREQ can also alter the normal execution of instructions. 
Fig. 17 illustrates the flow chart for the HD6809. 

■ ADDRESSING MODES 
The basic instructions of any computer are greatly enhanced 

by the presence of powerful addressing modes. The HD6809 has 
the most complete set of addressing modes available on any 
microcomputer today. For example, the HD6809 has 59 basic 
instructions; however, it recognizes 1464 different variations of 
instructions and addressing modes. The addressing modes 
support modern programming techniques. The following ad-

dressing modes are available on the FID6809: 

(1) Implied (Includes Accumulator) 

(2) Immediate 
(3) Extended 
(4) Extended Indirect 
(5) Direct 
(6) Register 
(7) Indexed 

Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/Decrement 

(8) Indexed Indirect 
(9) Relative 

(]0) Program Counter Relative 

• Implied (Includes Accumulator) 
In this addressing mode, the opcode of the instruction 

contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 

DMA 

• Immediate Addressing 
In Immediate Addressing, the effective address of the data is 

the location immediately following the opcode (i.e., the data to 

be used in the instruction immediately follows the opcode of 

the instruction). The HD6809 uses both 8 and 16-bit immedir:e 

values depending on the size of argument specified Dy the 
opcode. Examples of instructions with Immediate Addressing 
are: 

LDA #$20 
LDX #$F000 
LDY #CAT 

(NOTE) # signifies Immediate addressing, $signifies hexa-
decimal value. 

• Extended Addressing 
In Extended Addressing, the contents of the two bytes 

immediately following the opcode fully specify the 16-bit 

effective address used by the instruction. Note that the address 

generated by an extended instmction defines an absolute 

address and is not position independent. Examples of Extended 
Addressing include: 

LDA CAT 
STX MOUSE 
LDD $2000 

• Extended Indirect 
As a special case of indexed addressing (discussed below), 

"1" level of indirection may be added to Extended Addressing. 
In Extended Indirect, the two bytes following the postbyte of 
an Indexed instruction contain the address of the data. 

LDA [CAT] 
LDX [$FFFE] 
STU [DOG] 

• Direct Addressing 
Direct addressing is similar to extended addressing except 

that only one byte of address follows the opcode. This byte 
specifies the lower S-bit of the address to be used. The upper 
8-bit of the address are supplied by the direct page register. Since 
only one byte of address is required in direct addressing, this 
mode requires less memory and executes faster than extended 

addressing. Of course, only 256 locations (one page) can be 
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accessed without redefining the contents of the DP register. 
Since the DP register is set to $00 on Reset, direct addressing on 
the HD6809 is compatible with direct addressing on the 
HD6800. Indirection is not allowed in direct addressing. Some 
examples of direct addressing are: 

LDA $30 
SETDP $10 (Assembler directive) 
LDB $1030 
LDD <CAT 

(NOTE) < is an assembler directive which forces direct ad-
dressing. 

• Register Addressing 
Some opcodes are followed by a byte that defines a register 

or set of registers to be used by the instruction. This is called a 
postbyte. Some examples of register addressing are: 

TFR X, Y Transfers X into Y 
EXG A, B Exchanges A with B 
PSHS A, B, X, Y Push Y, X, B and A onto S 
PULU X, Y, D Pull D, X, and Y from U 

• Indexed Addressing 
In all indexed addressing, one of the pointer registers (X, Y, 

U, S, and sometimes PC) is used in a calculation of the effective 
address of the operand to be used by the instruction. Five basic 
types of indexing are available and are discussed below. The 
postbyte of an indexed instruction specifies the basic type and 
variation of the addressing mode as well as the pointer register 
to be used. Fig. 18 lists the legal formats for the postbyte. Table 
3 gives the assembler form and the number of cycles and bytes 

Post-Byte Register Bit Indexed 
Addressing 

Mode 7 6 5 4 3 2 1 0 

0 R R x x x x x EA = ,R + 5 Bit Offset 

1 R R 0 0 0 0 0 ,R+ 

1 R R 0/1 0 0 0 1 ,R ++ 

1 R R 0 0 0 1 0 ,-R 

1 R R 0/1 0 0 1 1 ,--R 

1 R R 0/1 0 1 0 0 EA = ,R + 0 Offset 

1 R R 0/1 0 1 0 1 EA = ,R + ACCB Offset 

1 R R 0/1 0 1 1 0 EA = ,R +ACCA Offset 

1 R R 0/1 1 0 0 0 EA =, R+8 Bit Offset 

1 R R 0/1 1 0 0 1 EA=,R+166itOffset 

1 R R 0/1 1 0 1 1 EA = ,R + D Offset 

1 x x 0/1 1 1 0 0 EA=,PC + 6 Bit Offset 

1 x x 0/1 1 1 0 1 EA = ,PC + 16 Bit Offset 

1 R R 1 1 1 1 1 EA = [,Addressl 

x =Don't Care 

Addressing Mode Field 

Indirect Field 
(Sigh bit when b7 = 01 
0  Non Indirect 
1   Indirect 

Register Field : RR 
oo=x 
01=Y 
1o=u 
11=5 

Figure 18 Index Addressing Postbyte Register Bit Assignments 

Table 3 Indexed Addressing Mode 

Type Forms 

Non Indirect Indirect 

Assembler 
Form 

Postbyte 
OP Code 

+ 
'r 

+ 
# 

Assembler 
Form 

Postbyte 
OP Code 

+ 
^' 

+ 
# 

Constant OffsetFromR 
(2's Complement Offsets) 

No Offset ,R 1RR00100 0 0 [,R] 1RR10100 3 0 

5 Bit Offset n, R ORRnnnnn 1 0 defaults to 8-bit 

8 Bit Offset n, R 1 RR01000 1 1 (n, R] 1 RR11000 4 1 

16 Bit Offset n, R 1 RR01001 4 2 [n, R] 1 RR11001 7 2 

Accumulator Offset From R 
(2's Complement Offsets) 

A Register Offset A, R 1 RR00110 1 0 [A, RI 1 RR10110 4 0 
g Register Offset B, R 1 RR00101 1 0 [B, R] 1 RR10101 4 0 

D Register Offset D, R 1RR01011 4 0 [D, R1 1RR11011 7 0 

Auto Increment/Decrement R Increment By 1 ,R + 1 R R00000 2 0 not allowed 

IncrementBy2 ,R++ 1RR00001 3 0 [,R++] 1RR10001 6 0 

Decrement By 1 , - R 1 RR00010 2 0 not allowed 

DecrementBy2 ,--R 1RR00011 3 0 [,--R] 1RR10011 6 0 

Constant Offset From PC 
(2's Complement Offsets) 

8 Bit Offset n, PCR 1xx01100 1 1 [n; PCR] 1xx11100 4 1 

16 Bit Offset n, PCR 1xx01101 5 2 [n, PCR] 1xx11101 8 2 

Extended Indirect 16 Bit Address — — — — (n] 10011111 5 2 

R=X,Y,UorS 
x =Don't Care 

RR: 
00=X 
01=Y 
10=U 
11=S 

~, and #indicate the number of additional cycles and bytes for the particular variation. 
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added to the basic values for indexed addressing for each 
variation. 

Zero-Offset Indexed 
In this mode, the selected pointer register contains the 

effective address of the data to be used by the instruction. This 
is the fastest indexing mode. 

Examples are: 
LDD O,X 
LDA S 

Constant Offset Indexed 
In this mode, atwo's-complement offset and the contents of 

one of the pointer registers are added to form the effective 
address of the operand. The pointer register's initial content is 
unchanged by the addition. 

Three sizes of offsets are available: 
5-bit (-16 to+15) 
8-bit (-128 to+127) 

16-bit (-32768 to +32767) 
The two's complement 5-bit offset is included in the 

postbyte and, therefore, is most efficient in use of bytes and 
cycles. The two's complement 8-bit offset is contained in a 
single byte following the postbyte. The two's complement 
16-bit offset is in the two bytes following the postbyte. In most 
cases the programmer need not be concerned with the size of 
this offset since the assembler will select the optimal size 
automatically. 

Examples of constant-offset indexing are: 
LDA 23,X 
LDX -2,S 
LDY 300,X 
LDU CAT,Y 

Accumulator-Offset Indexed 
This mode is similar to constant offset indexed except that 

the two's-complement value in one of the accumulators (A, B or 
D) and the contents of one of the pointer registers are added to 
form the effective address of the operand. The contents of both 
the accumulator and the pointer register are unchanged by the 
addition. The postbyte specifies which accumulator to use as an 
offset and no additional bytes are required. The advantage of an 
accumulator offset is that the value of the offset can be 
calculated by a program at run-time. 

Some examples are: 
LDA B,Y 
LDX D,Y 
LEAX B,X 

Auto Increment/Decrement Indexed 
In the auto increment addressing mode, the pointer register 

contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two. This addressing 
mode is useful in stepping through tables, moving data, or for 
the creation of software stacks. In auto decrement, the pointer 
register is decremented prior to use as the address of the data. 
The use of auto decrement is similar to that of auto increment; 
but the tables, etc., are scanned from the "High" to "Low" 
addresses.• The size of the increment/decrement can be either 
one or two to allow for tables of either 8 or 16-bit data to be 
accessed and is selectable by the programmer. The pre-
decrement, post-increment nature of these modes allow them to 
be used to create additional software stacks that behave 
identically to the U and S stacks. 

Some examples of the auto increment/decrement addressing 
modes are: 

LDA ,X+ 
STD ,Y+ + 
LDB ,-Y 
LDX ,- -S 

Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 
STX 0, X + + (X initialized to 0) 

The desired result is to store a 0 in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 

0 -~ temp calculate the EA; temp is a holding register 
X + 2 -~ X perform autoincrement 
X -~ (temp) do store operation 

• Indexed Indirect 
All of the indexing modes with the exception of auto 

increment/decrement by one, or a ±4-bit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index register plus any offset. In the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from the Index register and an 
offset. 

Before Execution 
A = xx (don't care) 
X = $F000 

$0100 LDA [$10,X] EA is now $FO10 

$FO10 $F1 
$FO11 $50 

$F 150 is now the 
new EA 

$F150 $AA 
After Execution 
A = $AA Actual Data Loaded 
X = $F000 

All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 1 
indirect). Some examples of indexed indirect are: 

LDA [,X] 
LDD [10,S] 
LDA [B,Y] 
LDD [,X++] 

• Relative Addressing 
The bytes) following the branch opcode is (are) treated as a 

signed offset which may be added to the program counter. If 
the branch condition is tme then the calculated address (PC + 
signed offset) is loaded into the program counter. Program 
execution continues at the new location as indicated by the PC; 
short (1 byte offset) and long (2 bytes offset) relative addressing 
modes are available. All of memory can be reached in long 
relative addressing as an effective address is interpreted modulo 
2t 6 . Some examples of relative addressing are: 

CAT 
DOG 

BEQ 
BGT 
LBEQ 
LBGT 

CAT 
DOG 
RAT 
RABBIT 

(short) 
(short) 
(long) 
(long) 

H ITACH I 141 



H D6809 

RAT 
RABBIT 

NOP 
NOP 

• Program Counter Relative 
The PC can be used as the pointer register with 8 or 16-bit 

signed offsets. As in relative addressing, the offset is added to 

the current PC to create the effective address. The effective 

address is then used as the address of the operand or data. 

Program Counter Relative Addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: 

LDA CAT, PCR 
LEAX TABLE, PCR 

Since program counter relative is a type of indexing, an 
additional level of indirection is available. 

LDA [CAT, PCR] 
LDU [DOG, PCR] 

■ HD68091NSTRUCTION SET 
The instruction set of the HD6809 is similar to that of the 

HD6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different ad-
dressing modes) has risen from 197 to 1464. 

Some of the new instructions and addressing modes are 
described in detail below: 

• PSHU/PSHS 
The push instructions have the capability of pushing onto 

either the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 

• PULU/PULS 
The pull instructions have the same capability of the push 

instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence is 
fixed; each bit defines a unique register to push or pull, as 
shown in below. 

PUSH/PULL POST BYTE 

cc 
A 
e 
DP 
X 
Y 
S/U 

PC 

t- Pull Order Push Order -~ 

PC U Y X DP B A CC 

FFFF...~-increasing memory address 0000 

PC S Y X DP B A CC 
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•TFR/EXG 
Within the HD6809, any register may be transferred to or 

exchanged with another of like-size; i.e., 8-bi[ to 8-bit or 16-bit 
to 16-bit. Bits 4-7 of postbyte define the source register, while 
bits 0-3 represent the destination register. Three are denoted as 
follows: 

0000 - D 

0001 - X 

0101 - PC 

1000 - A 

0010 - Y 1001 - B 
0011 - U 1010 - CC 
0100 - S 1011 - DP 

(NOTE) All other combinations are undefined and INVALID. 

TRANSFER/EXCHANGE POST BYTE 
r 
SOURCE DESTINATION 

, ~ i 

• LEAX/LEAY/LEAU/LEAS 
The LEA (Load Effective Address) works by calculating the 

effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in apointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 4. 

The LEA instruction also allows the user to access data in a 
position independent manner. For example: 

LEAX MSGI,PCR 
LBSR PDATA (Print message routine) 

• 
• 

MSG1 FCC `MESSAGE' 
This sample program prints: `MESSAGE'. By writing MSG 1, 

PCR, the assembler computes the distance between the present 
address and MSG1. This result is placed as a constant into the 
LEAX instmction which will be indexed from the PC value at 
the time of execution. No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSG1 into the X pointer register. This 
code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 

LEAs, b+ (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 

1. b -> temp (calculate the EA) 
2. b + 1 -~ b (modify b, postincrement) 
3. temp -> a (load a) 

LEAs, - b 
1. b - 1 -~ temp (calculate EA with predecrementl 
2. b - 1 --> b (modify b, predecrement) 
3. temp -~ a (load a) 

Autoincrement-by-two and autodecrement-by-two instruc-
tions work similarly. Note that LEAX, X+ does not change X, 
however LEAX, -X does decrement X. LEAX 1, X should be 
used to increment X by one. 
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Table 4 LEA Examples 

Instruction Operation Comment 
LEAX 10, X X + 10 -~ X Adds 5-bit constant 10 to X 
LEAX 500, X X + 500 -~ X Adds 16-bit constant 500 to X 
LEAY A, Y Y+ A -~ Y Adds 8-bit accumulator to Y 
LEAY D, Y Y + D -~ Y Adds 16-bit D accumulator to Y 
LEAU -10, U U - 10 -~ U Subtracts 10 from U 
LEAS -10, S S - 10 -> S Used to reserve area on stack 
LEAS 10, S S + 10 -~ S Used to 'clean up' stack 
LEAX 5, S~ S + 5 -> X Transfers as well as adds 

• MUL 
Multiplies the unsigned binary numbers in the A and B 

accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple-
precision multiplications. 

Long And Short Relative Branches 
The HD6809 has the capability of program counter relative 

branching throughout the entire memory map. In this mode, if 
the branch is to be taken, the 8 or 16-bit signed offset is added 
to the value of the program counter to be used as the effective 
address. This allows the program to branch anywhere in the 64k 
memory map. Position independent code can be easily gene-
rated through the use of relative branching. Both short (8-bit) 
and long (16-bit) branches are available. 

• SYNC 
After encountering a Sync instruction, the MPU enters a 

Sync state, stops processing instructions and waits for an 
intermpt. If the pending interrupt is non-maskable (NMI) or 
maskable (FIRQ, [RQ) with its mask bit (F or I) clear, the 
processor will clear the Syne state and perform the normal 
interrupt stacking and service routine. Since FIRQ and IRQ are 
not edge-triggered, a "Low" level with a minimum duration of 
three bus cycles is required to assure that the interrupt will be 
taken. If the pending interrupt is maskable (FIRQ, IRQ) with its 
mask bit (F or I) set, the processor will clear the Sync state and 
continue processing by executing the next inline instruction. 
Fig. 19 depicts Sync timing. 
Software Interrupts 

A Software Interrupt is an instruction which will cause an 

interrupt, and its associated vector fetch. These Software In-

terrupts are useful in operating system calls, software debug-

ging, trace operations, memory mapping, and software devel-

opment systems. Three levels of SWI are available on this 

HD6809, and are prioritized in the following order: SWI, SW12, 

SW 13. 
1CrBit Operation 

The HD6809 has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, sub-
tracts, transfers, exchanges, pushes and pulls. 

■ CYCLE-BY-CYCLE OPERATION 
The address bus cycle-by-cycle performance chart illustrates 

the memory-access sequence corresponding to each possible 
instruction and addressing mode in the HD6809. Each instruc-
tion begins with an opcode fetch. While that opcode is being 
internally decoded, the next program byte is always fetched. 
(Most instructions will use the next byte, so this technique 
considerably speeds throughput.) Next, the operation of each 
opcode will follow the flow chart. VMA is an indication of 
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FFFF rb on the address bus, R/W="High" and BS="Low". 
The following examples illustrate the use of the chart; see Fig. 
20. 

Example 1: LBSR (Branch Taken) 
Before Execution SP = F000 

$8000 

$A000 CAT 

LBSR CAT 

CYCLE-BY-CYCLE FLOW 

Cycle # Address Data R/W Description 
1 8000 17 1 Opcode Fetch 
2 8001 1F 1 Offset High Byte 
3 8002 FD 1 Offset Low Byte 
4 FFFF * I VMA Cycle 
5 FFFF * 1 VMA Cycle 
6 A000 * 1 Computed Branch 

Address 
7 FFFF * 1 VMA Cycle 
8 EFFF 03 0 Stack Low Order 

Byte of Return 
Address 

9 EFFE 80 0 Stack High Order 
Byte of Return 
Address 

Example 2: DEC (Extended) 

$8000 DEC $A000 
$A000 FCB $80 

CYCLE-BY-CYCLE FLOW 

Cycle # Address Data R/W Description 
1 8000 7A I Opcode Fetch 
2 8001 AO 1 Operand Address, 

High Byte 
3 8002 00 1 Operand Address, 

Low Byte 
4 FFFF * 1 VMA Cycle 
5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 7F 0 Store the Decre-

mented Data 
* The data bus has the data at that particular address. 

■ HD6809 INSTRUCTION SET TABLES 
The instructions of the HD6809 have been broken down into 

five different categories. They are as follows: 
8-Bit operation (Table 5) 

16-Bit operation (Table 6) 
Index register stack pointer instructions (Table 7) 

Relative branches (long or short) (Table 8) 
Miscellaneous instructions (Table 9) 

HD6809 instruction set tables and Hexadecimal Values of 
instructions are shown in Table 10 and Table 1 1. 
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(NOTES) • If tha associated mask bit is set when the interrupt is requesteJ_this cycle will be an instruction fetch from address location PC + 1. 
However, if the interrupt is accepted (NMI or an unmasked FIRO or IRO) interrupt processing continues with this cycle as Iml on Figure 9 
and 10 (Interrupt Timingl.

•, If mask bits are clear, IRO and FIRO must be held "Low" for three cycles to guarantee that interrupt will be taken, although only one 
cycle is necessary to bring the processor out of SYNC. 
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(NOTE) write operation during store instruction. 

Figure 20 Address Bus Cycle-by-Cycle Performance 
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(NOTE) STACK' : Address stored in stack pointer before execution. 
STACK": Address set to stack pointer as the result of the execution. 

Figure 20 Address Bus Cycle-by-Cycle Performance (Continued) 
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Figure 20 Address Bus Cycle-by-Cycle Performance (Continued) 
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Table 5 8-Bit Accumulator and Memory Instructions 

Mnemonics) Operation 

ADCA, ADCB Add memory to accumulator with carry 

ADDA, ADDB Add memory to accumulator 

ANDA, ANDB And memory with accumulator 

ASL, ASLA, ASLB Arithmetic sh'rft of accumulator or memory left 

ASR, ASRA, ASRB Arithmetic shift of accumulator or memory right 

BITA, BITB Bit test memory with accumulator 

CLR, CLRA, CLRB Clear accumulator or memory location 

CMPA, CMPB Compare memory from accumulator 

COM, COMA, COMB Complement accumultor or memory location 

DAA Decimal adjust A accumulator 

DEC, DECA, DECB Decrement accumulator or memory location 

EORA, EORB Exclusive or memory with accumulator 

EXG R1, R2 Exchange R1 with R2 (R1, R2 =A, B, CC, DP) 

INC, INCA, INCB Increment accumulator or memory location 

LDA, LDB Load accumulator from memory 

LSL, LSLA, LSLB Logical shift left accumulator or memory location 

LSR, LSRA, LSRB Logical shift right accumulator or memory location 

MUL Unsgned multiply IA x B -~ D) 

NEG, NEGA, NEGB Negate accumulator or memory 

ORA, ORB Or memory with accumulator 

ROL, BOLA, ROLB Rotate accumulator or memory left 

ROR, RORA, RORB Rotate accumulator or memory right 

SBCA, SBCB Subtract memory from accumulator with borrow 

STA, STB Store accumulator to memory 

SUBA, SUBB Subtract memory from accumulator 

TST, TSTA, TSTB Test accumulator or memory location 

TFR R1, R2 Transfer R1 to R2 (R1, R2 = A, B, CC, DP) 

(NOTE) A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU 
IPULS, PULU) instructions. 

Table 6 16-Bit Accumulator and Memory Instructions 

Mnemonics) Operation 

ADDD Add memory to D accumulator 

CMPD Compare memory from D accumulator 

EXG D, R Exchange D with X, Y, S, U or PC 

LDD Load D accumulator from memory 
SEX Sign Extend B accumulator into A accumulator 

STD Store D accumulator to memory 

SUBD Subtract memory from D accumulator 

TFR D, R Transfer D to X, Y, S, U or PC 

TFR R, D Transfer X, Y, S, U or PC to D 

(NOTE) D may be pushed (pulled) to either stack with PSHS, PSHU IPULS, PULU) 
instructions. 
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Table 7 Index Register/Stack Pointer Instructions 

Mnemonics) Operation 
CMPS, CMPU Compare memory from stack pointer 
CMPX, CMPY Compare memory from index register 
EXG R1, R2 Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 
LEAS, LEAU Load effective address into stack pointer 

LEAX, LEAY Load effective address into index register 

LDS, LDU Load stack pointer from memory 

LDX, LDY Load index register from memory 

PSHS Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack 
PSHU Push A, B, CC, DP, D, X, Y, S, or PC onto user stack 
PULS PuII A, B, CC, DP, D, X, Y, U or PC from hardware stack 
PULU Pull A, B, CC, DP, D, X, Y, S or PC from user stack 
STS, STU Store stack pointer to memory 

STX, STY Store index register to memory 

TFR R1, R2 Transfer D, X, Y,S,UorPCtoD,X,Y,S,UorPC 

ABX Add B accumulator to X (unsigned) 

Table 8 Branch Instructions 

Mnemonicis) Operation 
SIMPLE BRANCHES 

BEO, LBEO Branch if equal 

BNE, LBNE Branch if not equal 

BMI, LBMI Branch if minus 

BPL, LBPL Branch if plus 

BCS, LBCS Branch if carry set 

BCC, LBCC Branch if carry clear 

BVS, LBVS Branch if overflow set 

BVC, LBVC Branch if overflow clear 

SIGNED BRANCHES 
BGT, LBGT Branch if greater (signed) 

BGE, LBGE Branch if greater than or equal (signed) 

BEO, LBEO Branch if equal 

BLE, LBLE Branch if less than or equal (signed) 

BLT, LBLT Branch if less than (signed) 

UNSIGNED BRANCHES 

BHI, LBHI Branch if higher (unsigned) 

BHS, LBHS Branch if higher or same (unsigned) 

BEO, LBEO Branch if equal 

BLS, LBLS Branch if lower or same (unsigned) 
BLO, LBLO Branch if lower (unsigned) 

OTHER BRANCHES 
BSR, LBSR Branch to subroutine 

BRA,LBRA Branch always 
BRN, LBRN Branch never 
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Table 9 Miscellaneous Instructions 

Mnemoniclsl Operation 

ANDCC AND condition code register 

CWAI AND condition code register, then wait for interrupt 

NOP No operation 

ORCC OR condition code register 

JMP Jump 

JSR Jump to subroutine 

RTI Return from interrupt 

RTS Return from subroutine 

SWI, SWI2, SWI3 Software interrupt (absolute indirect) 

SYNC Synchronize with interrupt line 
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Table 10 HD68O9 Instruction Set Table 

INSTRUCTION/ 
FORMS 

H D6809 ADDRESSING MODES 

DESCRIPTION IMPLIED DIRECT EXTENDED IMMEDIATE INDEXED RELATIVE 5 3 2 1 0 

OP - # OP _ # OP ~ # OP - # OP - # OP _~z # H N Z V C 
ABX 3A 3 1 g • • • • • 

ADC ADCA 99 4 2 89 5 3 89 2 2 A9 4+ 2+ 
IUNgXIG~IEDI 
A+ S +N ~ A V I I I 

ADCB D9 4 2 F9 5 3 C9 2 2 E9 4+ 2+ B+ M+ C A B V I I I 
ADD ADDA 98 4 2 BB 5 3 8B 2 2 AB 4+ 2+ A+M-•A J I I I I 

ADOB DB 4 2 FB 5 3 CB 2 2 EB 4+ 2+ g+M~ B I I I I I 
ADDD D3 6 2 F3 7 3 C3 4 3 E3 6+ 2+ D+M:M+1-»D • I S I S 

AND AN DA 94 4 2 64 5 3 84 2 2 A4 4+ 2+ A nM-~ A • i S O• 
ANDS D4 4 2 F4 5 3 C4 2 2 E4 4+ 2+ B nM -~ 8 • I J 0• 
AN DCC 

ASL ASLA 48 2 1 

1C 3 2 CC/~ IMM-» CC (~—~~ 

CB, I I 

—) 

I I Al 
ASLB 58 2 1 6 1 , I ~° Ce` 1 2 I I 
ASL 

ASR 

OS 6 2 78 7 3 68 6+ 2+ Mfr` °' w ~ I J I I 

ASRB 57 2 1 
07 6 2 77 7 3 67 6+ 2+ ri ' I" ' I  ' U 3 1 • I MI 

BCC BCC 24 3 2 Branch C = 0 • • • • • 
LBCC 10 516) 4 Long Branch • • • • • 

24 C=0 
BCS BCS 25 3 2 Branch C = 1 • • • • • 

LBCS 10 516) 4 Long Branch • • • • • 
25 C=1 

BEO BEO 27 3 2 Branch Z=1 • • • • • 
LBEO 5161 4 Long Branch • • • • • 

2~ Z=1 
BGE BGE 2C 3 2 Branch NC+iV=O • • • • • 

LBGE 10 516) 4 Lonp Branch • • • • • 
2C NC+)V=0 

BGT BGT 2E 3 2 Bra nch ZV IN~3V1=0 • • • • • 
LBGT 10 516) 4 Long Branch • • • • • 

2E ZVINUVI=O 

BHI BHI 22 3 2 Branch CVZ=O • • • • • 
LBHI 10 516) 4 Long Branch • • • • • 

22 CVZ=O 

BHS BHS 24 3 2 Branch • • • • • 
C=0 

LBHS 10 516) 4 Long Branch • • • • • 
24 C=0 

BIT BITA 95 4 2 B5 5 3 85 2 2 A5 4+ 2+ Bit Test A (M /~ A) • I I 0 • 
BITE D5 4 2 F5 5 3 C5 2 2 E5 4+ 2+ Bit Test B (M /CBI • I I 0 

BLE BLE 2F 3 2 Branch ZVIN~9v1=1 • • • • • 
LBLE 10 516) 4 Long Branch • • • • 

2F ZVIN <~VI=1 

BLO BLO 25 3 2 Branch C=1 • • • • • 
LB LO 10 516) 4 Long Branch • • • • • 

25 C=1 

BLS BLS 23 3 2 Branch • • • • • 
CVZ=1 

LBLS 10 516) 4 Long Branch • • • • • 
23 CVZ=7 

BLT BLT 2D 3 2 Branch N't~V=1 • • • • • 
LB LT 10 5161 4 Long Branch • • • • • 

2D NUV=7 

BMI BMI 2B 3 2 Branch N=7 • • • • • 
LBMI 10 516) 4 long Branch • • • • • 

26 N=7 

BNE BNE 26 3 2 Branch Z =0 • • • • • 
LBNE 10 516) 4 Long Branch • • • • • 

26 Z=0 

BPL BPL 2A 3 2 Branch N=0 • • • • • 
LBPL 10 516) 4 Long Branch • • 

2A N = 0 

BRA BRA 20 3 2 Branch Always • • • • • 
LBRA 76 5 3 Long Branch/ • • • • • 

Always 

BRN BRN 21 3 2 Branch Never • • • • • 
LBRN 10 5 4 Long Branch Never • • • • • 

27 

(to be continued) 
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INSTRUCTION/ 
FORMS 

HD6809 ADDRESSING MODES 

DESCRIPTION
IMPLIED DIRECT EXTENDED IMMEDIATE INDEXEDtt~ RELATIVE 5 3 2 1 0 

OP # OP ~ # OP _ # OP # OP - # OP -~ # H N Z V C 

BSR BSR 

A
 
W
 
W
 

A
 
W
 
N
 
N
 

N
 
N
 

N
 

A
 

W
 

A
 

A
 

A
 
N
 
N
 

8D 7 2 Branch to • 
• 

• 
• 

• 
• 

O
 

O
 

O
 

• 
• 

_ 
• 

• 
• 

• 
O

 
O

 
O

 
• 

• 

• 
• 

•• 
•• 

•••'~
~

• 
• 

• 
• 

• 
•••.~

 
• 

••• 
•• 

~
 

••• 
• 

• 
•••• 

••• 
•••• 

••• 
••• 

• 
m1C~~~ • 

• • • 
Subroutine 

LBSR 17 9 3 Long Branch to • • • 
Subroutine 

BVC BVC 26 3 2 Branch V=0 • • • 
LBVC 10 516) 4 Long Branch • • • 

28 V = 0 

BVS BVS 29 3 2 Branch V = 1 • • • 
LBVS 10 516) 4 Long Branch • • • 

29 V=1 

CLR CLRA 4F 2 1 0-' A 1 0 0 
CLRB 5F 2 1 0-• B 1 0 0 
CLR OF 6 2 7F 7 3 6F 6+ 2+ 0-• M 1 0 0 

CMP CMPA 91 4 2 81 5 3 81 2 Al 4+ 2+ Compare M from A f S S 
CMPB D1 4 2 F7 5 3 C1 2 Ei 4+ 2+ Compare M from 8 S i t 
CMPD 10 

93 
7 3 10 

63 
8 4 /0 

83 
5 10 

A3 
7+ 3+ Compare M: M+ 1 

from D 
I I I 

CMPS i t 
9C 

7 3 11 
BC 

B 4 71 
8C 

5 11 
AC 

7+ 3+ Compare M: M+ 1 
from S 

t I t 

CMPU 11 
93 

7 3 11 
83 

8 4 11 
83 

5 11 
A3 

7+ 3+ Compare M: M+ i 
from U 

1 I t 

CMPX 9C 6 2 BC 7 3 SC 4 AC 6+ 2+ Compare M: M+ 1 
from X 

t t t 

CMPY 70 
9C 

7 3 10 
BC 

8 4 10 
8C 

5 10 
AC 

7+ 3+ Compare M: M+ t 
from Y 

I t t 

COM COMA 43 2 1 A-• A t 0 1 
COMB 53 2 1 B~ 8 1 0 1 
COM 03 6 2 73 7 3 63 6+ 2+ Ff -. M t 0 1 

CWAI 3C >20 CCAIMM-•CC n7-1 
(except 1~E1 
Wait for Interrupt 

DAA 19 2 1 Deeimal Adjust A t (e~ I 

DEC DECA 4A 2 1 A- 1 -• A 1 2 • 
DECB 5A 2 1 B- 1 -• B 1 t • 
DEC OA 6 2 7A 7 3 6A 6+ 2+ M- 1- M t t • 

FOR EORA 98 4 2 BS 5 3 68 2 A8 4+ 2+ A B M- A S O• 
EORB DB 4 2 FB 5 3 C8 2 E8 4+ 2+ B cH M-• 8 I O• 

EXG Ri, R2 tE 7 2 R1 -•R2© ®— ) 
INC INCA 4C 2 1 A+ 1 -• A t I • 

INCB 5C 2 1 B+1-•B t i • 
INC OC 6 2 7C 7 3 6C 6+ 2+ M+1-•M t t • 

JMP OE 3 2 7E 4 3 6E 3+ 2+ EAO'~ PC • • • 

JSR 9D 7 2 BD 8 3 AD 7+ 2+ Jump to Subroutine • • • 

LD LDA 96 4 2 86 5 3 86 2 A6 4+ 2+ M-•A I 0 • 
LDB D6 4 2 F6 5 3 C6 2 E6 4+ 2+ MOB t 0 • 
LDD DC 5 2 FC 6 3 CC 3 EC 5+ 2+ M: M+ 1~ D t 0• 
LDS 10 6 3 10 7 4 10 4 10 6+ 3+ M:M+1-•S I 0 • 

DE FE CE EE 
LDU DE 5 2 FE 6 3 CE 3 EE 5+ 2+ M: M+1 ~ U f 0• 
LDX 9E 5 2 BE 6 3 SE 3 AE 5+ 2+ M: M+ 1 -a X I O• 
LDY 10 6 3 10 7 4 10 4 10 6+ 3+ M:M+1-.V ! 0 • 

9E BE 8E AE 

LEA LEAS 32 4+ 2+ EA© -• S • • • 
LEAU 33 4+ 2+ EA®~ U • • • 
LEAX 30 4+ 2+ EA~~ X t • • 
LEAV 31 4+ 2+ EA6'~ Y I • • 

LSL IS IA 48 2 1 A t t t 
B LS LB 58 2 1 i i I 

LSL OS 6 2 78 7 3 68 6+ 2+ t I t M Y~iu1 

LSR LSRA 44 2 1 Al t • i 
LSRB 54 2 1 ~ 

~ 7i~I~m  n
Bl •+I l l l l illhyl 
M 1 LL~J-L1.111 U 

I • S 
LSR 04 6 2 74 7 3 64 6+ 2+ t • t 

AxB-D MUL 3D 11 1 2 • 9~ 
(Unsigned) 

NEG NEGA 40 2 1 A+1 -. A t i t 
NEGB 50 2 1 B+1~B t t t 
NEG 00 6 2 70 7 3 60 6+ 2+ T1f + 1~ M f t i 

NOP 12 2 t No Operation • • • 

(to i'Je continued) 
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INSTRUCTION/ 
FORMS 

HD6809 ADDRESSING MODES 

DESCRIPTION 
IMPLIED DIRECT EXTENDED IMMEDIATE INDEXED RELATIVE 5 3 2 1 0 

OP ~ # OP - # OP - # OP ~ # OP ~ # OP -~ # H N Z V C 
OR ORA 9A 4 2 BA 

__ 

3 BA 2 2 AA 4+ 2+ A V M-r A • = S 0 • 
ORB DA 4 2 FA 3 CA 2 2 EA 4+ 2+ B V M~ B • I t 0• 
OR CC 1A 3 2 CCV IMM-°CC (—(~~) 

PSH PSHS 34 5+'~-~ 2 Push Registers on • • • • • 

PSHU 36 5+~ 2 
S Stack 

Push Registers on • • • • • 
U Stack 

PUL PU LS 35 5+tO 2 Pull Registers from (~— to — ) 

PULU 37 5+'~ 2 
S Stack 

Pull Registers from (—  to ) 
U Stack 

ROL ROLA 49 2 1 A • S S I I 
RO LB 59 2 1 B~ "I"I" • S t t t 
ROL 

ROR 
09 6 2 79 3 69 6+ 2+ M

l
)

°° • t I i i 

RORB 56 2 1 
06 6 2 76 3 66 6+ 2+ MJ I ~'

~i~ 
• i = • t 

From RTI 38 6/15 1 Return (— (i~ — ) 
Interrupt 

RTS 39 5 1 Return From • • • • • 
Subroutine 

SBC SBCA 92 4 2 62 3 B2 2 2 A2 4+ 2+ A- M- C -° A n4 1 1 I S 
SBCB D2 4 2 F2 3 C2 2 2 E2 4+ 2+ B- M- C -~ B p i 2 1 i 

SEX 1D 2 1 Sign Extend B • I S • • 
into A 

ST STA 97 4 2 B7 3 A7 4+ 2+ A -° M • f S 0 • 
STB D7 4 2 F7 3 E7 4+ 2+ B-° M • i I 0 • 
STD DD 5 2 FD 3 ED 5+ 2+ D ~ M: M+ 1 • = 1 0 • 
STS 10 6 3 10 4 10 6+ 3+ S -° M: M + 1 • I 1 0 • 

DF FF EF 
STU DF 5 2 FF 3 EF 5+ 2+ U ~ M: M + 1 • I I 0 • 
STX 9F 5 2 BF 3 AF 5+ 2+ X ~ M: M + 1 • _ = 0 • 
STY 10 6 3 10 4 10 6+ 3+ Y -° M: M + 1 • 1 = 0 • 

9F BF AF 

SUB SUBA 90 4 2 BO 3 80 2 2 AO 4+ 2+ A - M -° A ~e~ = 1 = _ 
SUBB DO 4 2 FO 3 CO 2 2 EO 4+ 2+ B- M-° B ie~ I S I I 
SUED 93 6 2 83 3 83 4 3 A3 6+ 2+ D- M: M+ 7 -. D• I i i i 

SWI SWI® 3F 19 1 Software Interruptt • • • • • 
SW12~ 10 20 2 Software Interruptt • • • • • 

3F 
SW13~ 11 20 2 Software lnterrupt3 • • • • • 

3F 

SYNC 13 z4 1 Synchronize to • • • • • 
Interrupt 

TFR R1, R2 iF 6 2 R1 -• R2'~ (—® ) 
TST TSTA 4D 2 1 Test A • f f 

TSTB 5D 2 1 Test B • f I O• 
~• 

TST OD 6 2 7D 3 6D 6+ 2+ Test M • I 1 0 • 

(NOTES) 
pt

C
O

O
D

O
©

0
0
 

This column gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table. 
R/ and R2 may be any pair of 8 bit or any pair of 16 bii registers. 
The 8 bit registers are: A, B, CC, DP 
The 16 bit registers are: X, Y, U, S, D, PC 
EA is the effective address. 
The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled. 
516) means: 5 cycles if branch not taken, 6 cycles if taken. 
SWI sets 1 end F bits. SWI2 and SWI3 do not affect I and F. 
ConditionsCodes set as a direct result of the instruction. 
Value of half•carry flag is undefined. 
Special Case -Carry set if b7 is SET° 
Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise. 

LEGEND: 
OP Operation Code (Hexadecimal) Z Zero (byte) 

Number of MPU Cycles V Overflow, 2's complement 
# Number of Program Bytes C Carry from bit 7 
+ Arithmetic Plus S Test and set if true, cleared otherwise 
- Arithmetic Minus • Not Affected 
x Multiply CC Condition Code Register 
bT Complement of M Concatenation 

Transfer Into V Logical or 
H Half-carry (from bit 31 n Logical and 
N Negative (sign bill [~ Logical Exclusive or 
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Table 11 Hexadecimal Values of Machine Codes 

OP Mnem Mode # OP Mnem 

00 NEG Direct 6 2 30 LEAX 

01 ' 31 LEAY 
02 32 LEAS 

03 COM 6 2 33 LEAU 
04 LSR 6 2 34 PSHS 

05 35 PU LS 

O6 ROR 6 2 36 PSHU 

07 ASR 6 2 37 PULU 

OS ASL, LSL 6 2 38 

09 ROL 6 2 39 RTS 

OA DEC 6 2 3A ABX 

08 36 RTI 

OC INC 6 2 3C CWAI 
OD TST 6 2 3D MUL 
OE JMP 3 2 3E 

OF CLR Direct 6 2 3F SWI 

10 See — — — 40 N EGA 

11 1 Next Page — — — 41 

12 NOP Implied 2 1 42 

13 SYNC Implied 24 1 43 COMA 

14 44 LSRA 

15 45 

16 LSRA Relative 5 3 46 RORA 

17 LBSR Relative 9 3 47 ASRA 

18 48 ASLA,LSLA 

19 DAA Implied 2 1 49 ROLA 

1A ORCC Immed 3 2 4A DECA 

18 4B 

1C ANDCC Immed 3 2 4C INCA 
1D SEX Implied 2 t 4D TSTA 
tE EXG = 8 2 4E 

iF TFR Implied 6 2 4F C LRA 

20 BRA Relative 3 2 50 NEGB 
21 BRN 3 2 51 

22 BHI 3 2 52 

23 8 LS 3 2 53 COMB 

24 BHS, BCC 3 2 54 LSRB 

25 BLO, BCS 3 2 55 

26 BNE 3 2 56 RORB 

27 BEO 3 2 57 ASRB 

28 BVC 3 2 58 ASLB,LSLB 

29 BVS 3 2 59 ROLE 
2A BPL 3 2 5A DECB 

28 BMI 3 2 58 

2C BGE 3 2 5C INCB 
2D BLT 3 2 5D TSTB 

2E BGT 3 2 5E 

2F BLE Relative 3 2 5F CLRB 

Mode 

Indexed 

2 
Indexed 
Implied 

• 

- 

Implied 
Immed 
Implied 

Implied 

Implied 

Implied 

Implied 

Implied 

LEGEND: 
— Number of MPU cycles (less possible push pull or indexed-mode cycles) 
# Number of program bytes 
• Denotes unused opcode 

_ # OP Mnem Mode # 

4+ 2+ 60 NEG Indexed 6+ 2+ 

4+ 2+ 61 ~ 
4+ 2+ 62 
4+ 2+ 63 COM 6+ 2+ 
5+ 2 64 LSR 6+ 2+ 
5+ 2 65 • 
5+ 2 66 ROR 6+ 2+ 
5+ 2 67 ASR 6+ 2+ 

68 ASL, LSL 6+ 2+ 

5 i 69 ROL 6* 2+ 

3 1 6A DEC 6+ 2+ 

6, 15 1 6B 
>_ 20 2 6C INC 6+ 2* 

11 1 6D TST 6+ 2+ 

6E JMP ~ 3+ 2+ 

19 i 6F CLR Indexed 6+ 2+ 

2 1 70 NEG Extended 7 3 

71 • 
72 • 

2 1 73 COM 7 3 

2 1 74 LSR 7 3 

75 

2 1 76 ROR 7 3 

2 1 77 ASR 7 3 

2 1 78 ASL, LSL 7 3 

2 1 79 ROL 7 3 

2 1 JA DEC 7 3 

78 

2 1 7C INC 7 3 

2 1 7D TST 7 3 
7E JMP 4 3 

2 7F CLR E xtnded 7 3 

2 1 80 SUBA Immed 2 2 
81 CMPA ~ 2 2 

82 SBCA 2 2 

2 1 83 SUED 4 3 

2 1 84 ANDA 2 2 

85 BITA 2 2 

2 1 86 LDA 2 2 

2 1 67 

2 1 88 EORA 2 2 
2 1 89 ADCA 2 2 
2 7 BA ORA 2 2 

88 ADDA ~ 2 2 
2 1 BC CMPX Immed 4 3 
2 1 8D BSR Relative 7 2 

8E LDX Immed 3 3 
2 1 8F 

(to be continued) 
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OP Mnem Mode # OP Mnem Mode ~ # OP Mnem Mode — # 

90 SUBA Direct 4 2 C6 LDB Immed 2 2 FC LDD Extended 6 3 
91 CMPA 4 2 C7 FD STD 6 3 
92 SBCA 4 2 C8 EORB 2 2 FE LDU 6 

~ 

3 
93 SUBD 6 2 C9 ADCB 2 2 FF STU Extended 6 3 
94 ANDA 4 2 CA ORB 2 2 
95 BITA 4 2 CB ADDB 2 2 
96 LDA 4 2 CC LDD 3 3 2 Bytes Opcode 
97 STA 4 2 CD 
98 EORA 4 2 CE LDU Immed 3 3 1021 LBRN Relative 5 4 
99 ADCA 4 2 CF • 1022 LB HI ~ 516) 4 
9A ORA 4 2 1023 LB LS 516) 4 
9B ADDA 4 2 DO SU88 Direct 4 2 7024 LBHS, LBCC 516) 4 
9C CMPX 6 2 D1 CMPB 4 2 1025 LBCS, LBLO 516) 4 
9D JSR 7 2 D2 SBCB 4 2 1026 LBNE 516) 4 
9E LDX 5 2 D3 ADDD 6 2 7027 LBEO 516) 4 
9F STX Direct 5 2 D4 ANDB 4 2 1028 LBVC 516) 4 

D5 BITB 4 2 1029 LB VS 5161 4 
AO SUBA Indexed q+ 2+ D6 LDB 4 2 102A LBPL 516) 4 
Ai CMPA 4+ 2+ D7 STB 4 2 1028 LBMI 516) 4 
A2 SBCA 4+ 2+ DS EORB 4 2 102C LBGE 516) 4 
A3 SUBD 6+ 2+ D9 ADCB 4 2 102D LBLT 516) 4 
A4 ANDA 4+ 2+ DA ORB 4 2 102E LBGT r 5161 4 
A5 BITA 4+ 2+ DB ADDB 4 2 102E LB LE Relative 516) 4 
A6 LDA 4+ 2+ DC LDD 5 2 103E SW12 Imp ied 20 2 
A7 STA 4+ 2+ DD STD 5 2 1083 CMPD Immed 5 4 
A8 EORA 4+ 2+ DE LDU 5 2 108C CMPY = 5 4 
A9 ADCA 4+ 2+ DF STU Dir, t 5 2 108E LDY Immed 4 4 
AA ORA 4+ 2+ 1093 CMPD Direct 7 3 
AB ADDA 4+ 2+ EO SUBB Indexed 4+ 2+ 109C CMPY 7 3 
AC CMPX 6+ 2+ E1 CMPB 4+ 2+ 109E LDY 6 3 
AD JSR 7+ 2+ E2 SBCB 4+ 2+ 109E STY Direct 6 3 
AE LDX 5+ 2+ E3 ADDD 6+ 2+ t0A3 CMPD Indexed 7+ 3+ 
AF STX Indexed 5+ 2+ E4 ANDB 4+ 2+ tOAC CMPY 7+ 3+ 

E5 BITB 4+ 2+ tOAE LDY 
~ 

6+ 3+ 
BO SUBA Extended 5 3 E6 LDB 4+ 2+ LOAF STY Indexed 6+ 3+ 
61 CMPA 5 3 E7 STB 4+ 2+ 1083 CMPD Extended 8 4 
62 SBCA 5 3 E8 EORB 4+ 2+ tOBC CMPY 8 4 
B3 SUBD 7 3 E9 ADCB 4+ 2+ 106E LDY 

~ 
7 4 

84 ANDA 5 3 EA ORB 4+ 2+ 108E STY Extended 7 4 
B5 BITA 5 3 EB ADDB 4+ 2+ tOCE LDS Immed 4 4 
B6 LDA 5 3 EC LDD 5+ 2+ 10DE LDS Direct 6 3 
67 STA 5 3 ED STD 5+ 2+ 10DF STS Direct 6 3 
B8 EORA 5 3 EE LDU 5+ 2+ tOEE LDS Indexed 6+ 3+ 
89 ADCA 5 3 EF STU Indexed 5+ 2+ 10EF STS Indexed 6+ 3+ 
BA ORA 5 3 10FE LDS Extended 7 4 
BB ADDA 5 3 FO SUBB Extended 5 3 tOFF STS Extended 7 4 
BC CMPX 7 3 F1 CMPB 5 3 113E SW13 Implied 20 2 
BD JSR 8 3 F2 SBCB 5 3 7183 CMPU Immed 5 4 
BE LDX 6 3 F3 ADDD 7 3 118C CMPS Immed 5 4 
BF STX Extended 6 3 F4 ANDB 5 3 1193 CMPU Direct 7 3 

F5 BITB 5 3 119C CMPS Direct 7 3 
CO SUBB Immed 2 2 F6 LDB 5 3 11A3 CMPU Indexed 7+ 3+ 
C1 CMPB 2 2 F7 STB 5 3 11AC CMPS Indexed 7+ 3+ 
C2 SBCB 2 2 F8 EORB 5 3 1183 CMPU Extended 8 4 
C3 ADDD 4 3 F9 ADCB 5 3 71BC CMPS Extended 8 4 
C4 ANDB 2 2 FA ORB 5 3 
C5 BITB Immed 2 2 FB ADDB Extended 5 3 

(NOT E1: All unused opcodes are both undefined and illegal 
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■ NOTE FOR USE 
[ 1 ] Exceptional Operation of HD8809 
(a) Exceptional Operations of DMA/BRED, BA signals 

1#1) 
HD6809  acknowledges the input signal level of 

DMA/BREQ at the end of each cycle, then determines 

whether the next sequence is MPU or DMA. When 
"Low" level is detected, HD6809 executes DMA 

sequence by setting BA, BS to "High" level. However, 

in the conditions shown below the assertion of BA, BS 
delays one clock cycle. 
< Conditions for the exception > 

(1) DMA/BREQ : "Low" for 6^13 cycles 
(2) DMA/BREQ : "High" for 3 cycles 

6-13 cycles 3 cycles 

Figure 21 Exception of BA, BS Output 

(b) Exceptional Operations of DMA/BRED, BA signals 
l#21 

HD6809 includes a self refresh counter for the re-

1 cycle "High" 

Assertion of 
BA delays 
one clock 
cycle 

verce cycle steal. And it is only cleared ifDMA/BREQ is 
inactive ("High") for 3 or more MPU cycles. So 1 or 2 
inactive cycles) doesn't affect the self refresh counter. 

E ~J J LJ ~J J LJ U J J J J L 

DMA/BREQ 

BA, BS 

Self Refresh 
counter 

2 cycles "High" 

DMA/BREQ 

BA, BS 

Self Refresh 
counter 

MPU Dead 
 12 
DMA 
 ti 

Dead Dead 
t t 

DMA 
t 

Dead MPU Dead DMA 

MPU Dead 

r 

effective (15 cycles) 

2 cycles I ~ 

 tt- /
 ii { 

 i 
DMA 
 t 

 2i 

 it 

Dead MPU Dead 
 t 

Reverse cycle steal 

1 
DMA Dead I MPU Dead DMA 

effective (15 tyelesl 

Figure 22 Exception of DMA/BREQ 
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(c) How to avoid these exceptional operations active DMA/BREQ level as shown in Fig. 23. 
It is necessary to provide 4 or more cycles for in-

DMA/BREQ 

BA, BS 

1 
4 or more cycles 

Figure 23 How to Avoid Exceptional Operations 

[2] Restriction for DMA Transfer 
There is a restriction for the DMA transfer in the HD6809 

(MPU), HD6844 (DMAC) system. Please take care of fol-
lowing. 

DMA/BRED 

H D6809 

IMPUI 

BA 

DMA transfer 
request 

Q D 

C 

(a) An Example of the System Configuration 
This restriction is applied to the following system. 

(1) DMA/BREQ is used for DMA request. 
(2) "Halt Burst Mode" is used for DMA transfer 

7474 

E clock 

DMA acknowledge 

Figure 24 An Example of HD6809, HD6844 System 

DRQH 

H D6844 

(DMAC) 

DGRNT 

The restriction is also applied to the system which doesn't 
use 7474 Flip-Flop. Fig. 24, Fig. 25 shows an example which 
uses 7474 for synchronizing DMA request with E. 

(b) Restriction 
"The number of transfer Byte per one DMA Burst 
transfer must be less than or equal to 14." 

Halt burst DMA transfer should be less than or 
equal to 14 cycles. In another word, the number 
stored into DMA Byte count register should be 0^-14. 

* Please than care of the section [1](b) if 2 or more 
DMA channels are used for the DMA transfer. 

(c) Incorrect operation of HD6809, HD6844 system 
"Incorrect Operation" will occur if the number of 

DMA transfer Byte is more than 14 bytes. [f DMA 
BREQ is kept in "Low" level HD6809 performs 

reverse cycle steals once in 14 DMA cycles by taking 
back the bus control, In this case, however, the action 
taken by MPU is a little bit different from the DMAC. 

As shown in Fig. 25, DMA controller can't stop 
DMA transfer (®) by BA falling edge and excuses 
an extra DMA cycle during HD6809 dead cycle. So 
MPU cycle is excused right after DMA cycle, the Bus 
confliction occurs at the beginning of MPU cycle. 

(d) How to impliment Halt Bust DMA transfer 
(> 14 cycles)  

Please use HALT input of HD6809 for the DMA 
request instead of DMA/BREQ. 

HITACHI 1ss 



H D 6809 

E ~~~ 

14 cycles 

HD6809 reverse 
/cycle steal 

HD6809 side 

DMA BRED 
' 

BA I ~ / 

HD6809 
cycle ~ MPU cycle 

/~~i 
GDe~~ 
Y 

DMA cycles 
~i 

~~~ MPU 
/ ~~ 
~i j / DMA cycles 

I 

MPU cycle is 
excuted right 
after DMA, 
Bus confliction 
occurs. 

HD6844 side 

DRQH ~ I

DGRNT 

O 

01 

OI 

O / p 

/ 
~ yt/ 

' IBAI 

HD6844 
` cycles 

DMA cycles DMA cycles 
` 

~\I 
/ MPU sets BA to inactive "Low" 

for reverse cycle steal, But 1 
OMAC couldn't acknowledge 
the request and performs 

\ extra DMA during Dead cycle. / 

Figure 25 Comparison of HD6809, HD6844 DMA cycles 

[3] Note for CLR Instruction 
Cycle•by-cycle flow of CLR instruction (Direct, Ex- 

tended, Indexed Addressing Mode) is shown below. In this 
sequence the content of the memory location specified by 
the operand is read before writing "00" into it. Note that 
status Flags, such as IRQ Flag, will be cleared by this extra 
data read operation when accessing the control/status 
register (sharing the same address between read and write) 
of peripheral devices. 

Example: CLR (Extended) 

$8000 
$A000 

CLR 
FCB 

$A000 
$80 

Cycle # Address Data R/W Description 
1 8000 7F 1 Opcode Fetch 
2 8001 AO I Operand Address, 

High Byte 
3 8002 00 1 Operand Address, 

Low Byte 
4 FFFF ■ 1 VMA Cycle 
5 A000 80 1 Read the Data 
b FFFF * 1 VMA Cycle 
7 A000 00 0 Store Fixed "00" 

into Specified 
Location 

* The data bus has the data at that particular address. 
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[4] Note for MRDY 
HD6809 require synchronization of the MRDY input with 

the 4f clock. The synchronization necessitates an external oscil-
lator as shown in Figure 26. The negative transition of the 

Part of 
H 06609 

XTAL 

EXTAL 

MROV 

4xf 
Oscillator 

MRDY signal, normally derived from the chip select decoding, 
must meet the tp~S timing. MRDY's positive transition must 
occur with the rising edge of 4f. 

3 

74LS04 

36 MRDY Stretch 

Active Low 
Chip Select 
For Slow 

Memory or 
Peripheral 

+5V 

CLR 
O < 

Ya 
7474 

D 
PR 

1k 

14 

A2 R/C 

74121 

~ Al 

a 
10 

 Y 

MRDY 
Synchronization 

Values 
Chosen 

as Req'd 

,~7
MRDY Stretch 

Stretch = 0.7 RC 

Figure 26 MRDY Synchronization 

To Memory 
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H D6809E, H D68A09E, 
H D68 B09E 
M P U(nnicro Processing Unit) 

The HD6809E is a revolutionary high performance 8-bit 
microprocessor which supports modern programming techniques 
such as position independence, reentrancy, and modular 
programming. 

This third-generation addition to the HMCS6800 family has 
major architectural improvements which include additiorial 
registers, instructions and addressing modes. 

The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HD6809E 
has the most complete set of addressing modes available on any 
8-bit microprocessor today. 

The HD6809E has hardware and software features which 
make it an ideal processor for higher level language execution 
or standard controller applications. External clock inputs are 

provided to allow synchronization with peripherals, systems or 
other MPUs. 
HD6800 COMPATIBLE 
• Hardware —Interfaces with All HMCS6800 Peripherals 
• Software —Upward Source Code Compatible Instruction Set 

and Addressing Modes 
■ ARCHITECTURAL FEATURES 
• Two 16•bit Index Registers 
• Two 16-bit Indexable Stack Pointers 
• Two &bit Accumulators can be Concatenated to Form One 

16-Bit Accumulator 
• Direct Page Register Allows Direct Addressing Throughout 

Memory 
■ HARDWARE FEATURES 
• External Clock Inputs, E and O, Allow Synchronization 
• TSC Input Controls Internal Bus Buffers 
• LIC Indicates Opcode Fetch 
• AVMA Allows Efficient Use of Common Resources in A 

Multiprocessor System 
• BUSY is a Status Line for Multiprocessing 
• Fast Interrupt Request Input Stacks Only Condition Code 

Register and Program Counter 
• Interrupt Acknowledge Output Allows Vectoring By Devices 
• SYNC Acknowledge Output Allows for Synchronization to 

External Event 
• Single Bus-Cycle RESET 
• Single 5•Volt Supply Operation 
• NMI Blocked After RESET Until After First Load of Stack 

Pointer 
• Early Address Valid Allows Use With Slower Memories 
• Early Write-Data for Dynamic Memories 
■ SOFTWARE FEATURES 
• 10 Addressing Modes 

• HMCS6800 Upward Compatible Addressing Modes 
• Oirect Addressing Anywhere in Memory Map 
• Long Relative Branches 
• Program Counter Relative 
• True Indirect Addressing 
• Expanded Indexed Addressing: 

0, 5, 8, or 16-bit Constant Offsets 
8, or 16-bit Accumulator Offsets 

158 

Auto-Increment/Decrement by 1 or 2 
• Improved Stack Manipulation 
• 1464 Instruction with Unique Addressing Modes 
• 8 x 8 Unsigned Multiply 
• 16-bit Arithmetic 
• Transfer/Exchange All Registers 
• Push/Pull Any Registers or Any Set of Registers 
• Load Effective Address 

■ PIN ARRANGEMENT 

HITACHI 

vss 
NMI 

IRD 

FIH~ 

as 

BA 

VCC

Aa

(Top View) 

T 

iE 
S 

FL 

T 

%~ 

HALT 

TSC 

LIC 

i'i-E3 
AVMA 

E 

BUSY 

R/W 

Do 

D, 

D, 

o, 
o. 
Ds

D. 

o, 
Ai, 

Ai. 
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■ ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage Vcc' -0.3 ̂ ' +7.0 V 

Input Voltage Vin' -0.3 ̂ ' +7,0 V 

Operating Temperature Range Topr -20 ^'+75 °C 

Storage Temperature Range Tstg -55 ^' +150 °C 

' With respect to Vss (SYSTEM GND1 
NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended 

operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 

■ RECOMMENDED OPERATING CONDITIONS 

Item Symbol min typ max unit 

Supply Voltage Vcc* 4.75 5.0 5.25 V 

Input Voltage 

Logic, O, RES VIL * -0.2 - 0.8 V 

E VILC' -0.3 - 0.4 V 

Logic 
VIH ` 

2.2 - Vcc* V 

RES 4.0 - Vcc' V 

E VIHC` Vcc"-0.75 - Vcc'+0.3 V 

Operating Temperature Topr -20 25 75 °C 

' With respect to Vss (SYSTEM GND) 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc = 5.OV ±5% V~ = OV, Ta = -20 ^' +75°C, unless otherwise noted.) 

Item Symbol Test Condition 
HD6809E HD68A09E HD68B09E 

Unit 
min typ• maz min typ• max min typ• maz 

Input "High" Voltage 

Logic, O VIM 2.2 - Vcc 2.2 - Vcc 2.2 - - Vcc V 

~ VIHR 4.0 - Vcc 4.0 - Vec 4.0 - Vcc V 

E VIHC Vcc 
-0.75 

_ Vcc 
+0.3 

Vcc 
-0.75 

_ Vcc 
+0.3 

Vcc 
-0.75 

_ Vcc 
+0.3 V 

Input "Low" Voltage 
Logic, D, RES VIL -0.2 - 0.8 -0.2 - 0.8 -0.2 - 0.8 V 

E VILC -0.3 - 0.4 -0.3 - 0.4 -0,3 - 0.4 V 

Input Leakage Current 
Logic, O, RES 

lin Vin -0^'5.25V 
Vcc=man 

-2.5 - 2.5 -2.5 - 2.5 -2.5 - 2.5 I!A 

E -100 - 100 -100 - 100 -100 - 100 µA 

Output "High" Voltage 

Do ,,, Dt

VOH 

I Load = -205JlA, 
Vcc =min 

2.4 - - 2.4 - - 2.4 - - V 

Ao ^' A tl , RIW (Load = -745{IA, 
Vx =min 2.4 - - 2.4 - - 2.4 - - V 

BA, BS, LIC, 
AVMA, BUSY 

ILoad=-10011A, 
Vcc =min 24 - - 24 - - 2.4 - - V 

Output"Low"Voltage VOL ILoad=2mA, 
Vcc =min 

_ _ 0,5 - - 0.5 - - 0.5 V 

Power Dissipation PD - - 7.0 - - 1.0 - - 1.0 W 

Input Capacitance 

Do ^' D~, Lagic 

Input. Q, RES Cin 
Vin = 0V, 
Ta = 25°C, 
f = 1 MHz 

- 10 15 - 70 /5 - 10 15 pF 

E - 30 50 - 30 50 - 30 50 PF 

Output Capacitance 
Ao `All. RIW, 
BA, BS, LIC, 
AVMA, BUSY 

Cout 
Vin - OV, 
Ta = 25°C, 
f=1MHz 

- 10 15 - 10 15 - 10 15 pF 

Frequency of Operation E, D f 0.1 - 1.0 0.1 - 1.5 0.7 - 2.0 MHz 

Three-State (Off State) 
Input Current 

Da ~ D! 
ITSI Vin = 0.4 "~ 2.4V 

Vcc =max 

-10 - 10 -10 - 70 -10 - 10 f1A 

Ao ~'Atl, RIW -100 - 100 -100 - 100 -700 - 100 NA 

• Ta = 25°C, VCC = SV 
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• AC CHARACTERISTICS IVp~ = 5.OV ±5%, V~ = OV, Ta = -20 ̂ ~+75° C, unless otherwise noted.) 

READ/WRITE TIMING 

Item Symbol Test 
Condition 

HD6809E HD68A09E HD68B09E 
Unit 

min typ max min typ max min typ max 

Cycle Time kyc 

Fig. 1, 2, 
7-10, 
14 and 17 

1000 - 10000 667 - 10000 500 - 10000 ns 

Peripheral Read Access Times 
kyc - tEf - tAD - tDSR = tACC tACC 695 - - 440 - - 330 - - ns 

Data Setuq Time (Read) tDSR BO - - 60 - - 40 - - ns 

Input Data Hold Time tDHR 10 - - 10 - - 10 - - ns 

Output Oata Hold Time 
Ta ~ 0 - +75°C 

tDHW 
30 - - 30 - - 30 - - ns 

Ta ~ -20 - 0° C 20 - - 20 - - 20 - - ns 

Address Hold Time 
(Address, R/WI 

Ta - 0 _ +75°C 
tAH 

20 - - 20 - - 20 - - ns 

Ta = -20 - 0°C 10 - - 10 - 
- 

10 
- - ns 

Address Delay tqp _ _ 2pp _ _ 140 - - 120 ns 

Data Delay Time (Write) tDDW - - 200 - - 140 - - 110 ns 

E Clock "Low" tPWEL 450 - 9500 295 - 9500 210 - 9500 ns 

E Clock "High" (Measured at VIH) tPWEH 450 - 9500 280 - 9500 220 - 9500 ns 

E Rise and Fall Time tEr, tEf - - 25 - - 25 - - 20 ns 

O Clock "High" tPWOH 450 - 9500 280 - 9500 220 - 9500 ns 

O Rise and Fall Time tQr, tQf - - 25 - - 25 - - 20 ns 

E "Low" to O Rising tEO1 200 - - 130 - - 100 - - ns 

O "High" to E Rising tEO2 200 - - 130 - - 100 - - ns 

E "High" to O Falling tEQ3 200 - - 130 - - 100 - - ns 

D "Low" to E Falling tEQ4 200 - - 130 - - 100 - - ns 

Interrupts HALT, RES and TSC Setup Time tPCS 200 - - 140 - - 110 - - ns 

TSC Drive to Valid Logic Levels tTSA - - 210 - - 150 - - 120 ns 

TSC Release MOS Buffers to High Impedance tTSR - - 200 - - 140 - - 110 ns 

TSC Three-State Delay tTSD - - 120 - - 85 - - 60 ns 

Control Delay (BUSY, LIC) tCD - - 300 - - 250 - - 200 ns 

Control Delay (AVMA') tCp - - 300 - - 270 - - 240 ns 

Processor Control Rise/Fall tPCr• tPCf - - 100 - - 100 - - 100 ns 

TSC Input Delay tPCT 10 - - 10 - - 10 - - ns 

AVMA drives snot-valid data before providing correct output, so spec tCp max a 270 oast (HD68A09E) and 240 nsec (HD68609E) a e applied to 
this signal. When this delay time causes a problem in user's application, please use D-type latch to get stable output. 

E 

0 

~vs~u Not Valid~//~] Not Valid~/~] 
~—r°a 
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tcyc

E VIH 

O 

R/W 

Addr~ 
BA, BS• 

Data 

BUSY, 
LIC, 
AVMA 

VILC 

tPWEL 

VILC 

• ----tEO1 

VIL 

2.4 V~ 

2.4 V 

05V 

+—tEO2~, 

VIH 

~—tEO3—► 

VIH VIH 

V IHC~ 

VIH 

tPWEH 

~tEO4~ 

L 

VILC 

t — tAD tACC 

tCD 

~\ Not Valid 

.~
—.r ~—tDHR 

 .+ --~—tDSR~ 

Data 
Valid 

VIH 

0.8 V 

2.4V 

0.5V 

• Hold time for BA, BS not specified 

(NOTE) Waveform measurements for all inputs and outputs are specified at logic "High"= VlHmin and logic "Low" = V ILmax unless otherwise specified. 

Figure 1 Read Data from Memory or Peripherals 

 icyc 

E 

Q 

R/W 

Addr. 
BA, BS• 

Data 

BUSY, 
LIC, 
AVMA 

VIH 

0.5V 

VILC VI LC 

tPWOH 

VIH 

~— tEr 

VIH 

VIL 

2.4V 
.r~y,~~~ 

0.5V  

rtgp~. 

IH 

tQr tOf ~ 

~vIL

VIHC ~ 
VIH 

tEf 

VILC 

~—

tAH ~ 

~tDDW 
2.4V ~

0.5 V 

tCD 

1,  ~\ \~~ 
Not Valid 

Data Valid 

• ---t  D H W 

2.4 V 

0.5V

` Hold time for BA, BS not specified 
(NOTE) Waveform measurements for all inputs and outputs are specified at logic "High"= VIHmIn and logic "Low" = VlLmex unless otherwise specified. 

Figure 2 Write Data to Memory or Peripherals 
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O 
qo...q s 

16 

0 
oa~ 

B 

~ — VCC 

~ VSS 

IR 

PC 

N 

~tES 

U POST 

S 

.11 Y 

NMI 

FIRO Inte rupt 
Control IRO 

X a ► LIC 
► AVMA 

A 1 R /V— if
TSC 

DP CC Bu 
Control 

~ HALT 

► BA 

BS ► 

► BUSY 

5.0 V 

ALU Timing 

Figure 3 HD6809E Expanded Block Diagram 

RL=2.2kS2 

C = 30 pF for BA, BS, LIC, AVMA, BUSY 
130 pF for Do —D~ 
90 pF for Ao —A,s, R/V~i 

R = 11.7 kSl for Do "D, 
16.5 kS2 for Ao —A,s, R/1~ 
24 kS2 for BA, BS, LIC, AVMA, BUSY 

All diodes are 152074QH or equivalent. 
C includes stray capacitance. 

figure 4 Bus Timing Test Load 

O 

■ PROGRAMMING MODEL 
As shown in Figure 5, the HD6809E adds three registers to 

the set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second 
Index Register. 

• Accumulators IA, B, D) 
The A and B registers are general purpose accumulators 

which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bi[ accumulator. This is referred [o as the D 
Register, and is formed with the A Register as the most 
significant byte. 

• Direct Page Register (DPI 
The Direct Page Register of the HD6809E serves to enhance 

the Direct Addressing Mode. The content of this register 
appears at the higher address outputs (As ^~ A„) during direct 
addressing instruction execution. This allows the direct mode 
to be used at any place in memory, under program control. 
To ensure HD6800 compatibility, all bits of this register are 
cleared during Processor Reset. 
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15 

X —Index Register 

Y —Index Register 

U —User Stack Pointer 

S —Hardware Stack Pointer 

PC 

A B 

 J 
D 

7 

DP 

7 

0 

0 

E F H N Z V C 

Pointer Registers 

Program Counter 

Accumulators 

Direct Page Register 

CC —Condition Code Register 

Figure 5 Programming Model of The Microprocessing Unit 

• Index Registers (X, Y) 
The Index Registers are used in indexed mode of addressing. 

The 16-bit address in this register takes part in the calculation 
of effective addresses. This address may be used to point to 
data directly or may be modified by an optional constant or 
register offset. During some indexed modes, the contents of 
the index register are incremented or decremented to point to 
the next item of tabular type data. All four pointer registers 
(X, Y, U, S) may be used as index registers. 

• Stack Pointer (U, S) 
The Hardware Stack Pointer (S) is used automatically by 

the processor during subroutine calls and interrupts. The User 
Stack Pointer (U) is controlled exclusively by the programmer 
thus allowing arguments to be passed to and from subroutines 
with ease. The U-register is frequently used as a stack marker. 
Both Stack Pointers have the same indexed mode addressing 
capabilities as the X and Y registers, but also support Push and 
Pull instructions. This allows the HD6809E to be used effi-
ciently as a stack processor, greatly enhancing its ability to 
support higher level languages and modular programming. 

(NOTE) The stack pointers of the HD6809E point to the top 
of the stack, in contrast to the HD6800 stack pointer, 
which pointed to the next free location on stack. 

• Program Counter (PCI 
The Program Counter is used by the processor to point to 

the address of the next instruction to be executed by the 
processor. Relative Addressing is provided allowing the Program 
Counter to be used like an index register in some situations. 

• Condition Code Register (CC) 
The Condition Code Register defines the state of the 

processor at any given time. See Figure 6. 

Carry 
Overflow 
Zero 
Negative 
IRO Mask 
Half Carry 
FIRO Mask 

Entire Flag 

Figure 6 Condition Code Register Format 

■ CONDITION CODE REGISTER DESCRIPTION 
• Bit 0 ICI 

Bit 0 is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a `borrow' from 
subtract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 

• Bit 1 IVI 
Bit I is the overflow flag, and is set to a one by an operation 

which causes a signed two's complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
from the MSB in the ALU does not match the carry from the 
MSB• 1. 

• Bit 2 IZI 
Bit 2 is the zero f]ag, and is set to a one if the result of the 

previous operation was identically zero. 

• Bit 3 INI 
Bit 3 is the negative flag, which contains exactly the value 

of the MSB of the result of the preceding operation. Thus, a 
negative two's•complement result will leave N set to a one. 
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• Bit 4 (II 
Bit 4 is the IRQ mask bit. The processor will not recognize 

interrupts from the TRQ line if this bit is set to a one. NMI, 
FIRQ, IRQ, RES and SWI all set [ to a one; SWI2 and SW[3 
do not affect 1. 

• Bit 5 IHI 
Bit 5 is the half-carry bit, and is used to indicate a carry 

Crom bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of this 
flag is undefined in all subtract-like instructions. 

• Bit 6 IF1 
Bit 6 is the FIRQ mask bit. The processor will not recognize 

interrupts  from the FIRQ line if this bit is a one. NMI, FIRQ, 
SWI, and RES all set F to a one. IRQ, SWI2 and SWI3 do not 
affect F. 

• Bit 7 IE► 
Bit 7 is the entire Flag, and when set to a one indicates that 

the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter-
mine the extent of the unstacking. Therefore, the current E 
left in the Condition Code Register represents past action. 

■ HD6809E MPU SIGNAL DESCRIPTION 

• Power (VSS, VCC) 
Two pins are used to supply power to the part: Vss is 

ground or 0 volts, while Vcc is +5.0 V ±5%. 

• Address Bus IAo ^~ A,s 1 
Sixteen pins are used to output address information from 

the MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFF,6 , R~ _ "High", and BS = "Low"; this is a "dummy 
access" or VMA cycle. All address bus drivers are made high-
impedance when output Bus Available (BA) is "High" or when 
TSC is asserted. Each pin will drive one Schottky TTL load or 
four LS TTL loads, and 90 pF. Refer to Figures 1 and 2. 

• Data Bus IDe ^~ D~) 
These eight pins provide communication with the system 

bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and 130 pF. 

• Read/Write (R/wl 
This signal indicates the direction of data transfer on the 

data bus. A "Low" indicates that the MPU is writing data onto 
the data bus. R/W is made high impedance when BA is "High" 
or when TSC is asserted. Refer to Figures 1 and 2. 

• RES 
A "Low" level on this Schmitt-trigger input for greater than 

one bus cycle will reset the MPU, as shown in Figure 7. The 
Reset vectors are fetched from locations FFFE16 and FFFF,6
(Table 1) when Interrupt Acknowledge is true, (BA • BS = 1). 
During initial power-on, the Reset line should be held "Low" 
until the clock input signals are fully operational. 

Because the HD6809E Reset pin has aSchmitt-trigger input 
with a threshold voltage higher than that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 

This higher threshold voltage ensures that all peripherals are 
out ofthe reset state before the Processor. 

Table 1 Memory Map for Interrupt Vectors 

Memory Ma p for Vector 
Locati ons Interrupt Vector 

Description 
MS LS 

FFFE FFFF RES 

FFFC FFFD NMI 

FFFA FFFB SWI 

FFF8 FFF9 IRO 

FFF6 FFF7 FIRQ 

FFF4 FFF5 SWI2 

FFF2 FFF3 SW13 

FFFD FFF1 Reserved 

• HALT 
A "Low" level on this input pin will cause the MPU to stop 

running at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output 
is driven "High" indicating the buses are high impedance. BS 
is also "High" which indicates the processor is in the Halt state. 
While halted, the  MPU will not respond to external real-time 
requests FIRQ, IRQ) although NMI or RES will be latched 
for later response. During the Halt state Q and E should 
continue to run normally.  A halted state (BA • BS = I) can be 
achieved by pulling HALT "Low" while RES is still "Low". See 
Figure 8. 

• Bus Available, Bus Status IBA, BSI 
The Bus Available output is an indication of an internal 

control signal which makes the MOS buses of the MPU high 
impedance. When BA goes "Low", a dead cycle will elapse before 
the MPU acquires the bus. BA will not be asserted when TSC 
is active, thus allowing dead cycle consistency. 

The Bus Status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 

MPU 

BA 

0 

0 

1 

1 

State 

BS 
MPU State Definition 

0 

1 

0 

1 

Normal (Running) 

Interrupt or RESET Acknowledge 

SYNC Acknowledge 
HALT Acknowledge 

Interrupt Acknow edge is indicated during both cycles of a 
hardware-vector-fetch (RES, NMI, FIRQ, IRQ, SWI, SW12, 
SWI3). This signal, plus decoding of the lower four address 
lines, can provide the user with an indication of which interrupt 
level is being serviced and allow vectoring by device. See Table 
1. 

Sync Acknowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line. 

Halt Acknowledge is indicated when the HD6809E is in a 
Halt condition. 
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• Non Maskable Interrupt (NMI►• 
A negative transition on this input requests that anon-

maskable interrupt sequence be generated. A non-maskable 
interrupt cannot be inhibited by the program, and also has a 
higher priority than FIRQ, R or software interrupts. During 
recognition of an NMI, the entire  machine state is saved on 
the hardware stack. After reset, an NMI will not be recognized 
until the first program load of the Hardware Stack Pointer (S). 
The pulse width of ~)  low must be at least one E cycle. If 
the 1~ input does not meet the minimum set up with respect 
to Q, the interrupt will not be recognized until the next cycle. 
See Figure 9. 

• Fast-Interrupt Request FIRQ 
A "Low" level on this input pin will initiate a fast interrupt 

sequence, provided its mask bit (F) in the CC is clear. This 
sequence has priority over the standard Interrupt Request 
IRQ), and is fast in the sense that it stacks only the contents 

of the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Figure 10. 

• Interrupt Request (IROI* 
A "Low" level input on this pin will initiate an Interrupt 

Request sequence provided the mask bit (I) in the CC is clear. 
Since IRQ stacks the entire machine state it provides a slower 
response to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear 
the source of the intermpt before doing an RTI. See Figure 9. 

NMI, FIRQ, and I~  requests are sampled on the falling edge of Q. 
One cycle is required for synchronization before these interrupts are 
recognized The pending interrupts) will not be serviced until 
completion of the current instruction unless a SYNC or CWAI 
condition is present. If IRQ and FIRQ do not remain "Low" until 
completion of the current instruction they may not be recognized. 
However, N~NI is latched and need only remain "Low" for one cycle. 

• Clock Inputs E, O 
E and Q are the clock signals required by the HD6809E. 

Q must lead E; that is, a transition on Q must be followed by a 
similar transition on E after a minimum delay. Addresses will 
be valid from the MPU, tpp after the falling edge of E, and 
data will be latched from the bus by the falling edge of E. 

While the Q input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires levels above 
normal TTL levels. This approach minimizes clock skew 
inherent with an internal buffer. Timing and waveforms for E 
and Q are shown in Figures 1 and 2 while Figure 11 shows a 
simple clock generator for the HD6809E. 

• BUSY 
Busy will be "High" for the read and modify cycles of aread-

modify-write instmction and during the access of the first byte 

of a double-byte operation (e.g., LDX, STD, ADDD). Busy is 
also "High" during the first byte of any indirect or other vector 
fetch (e.g., jump extended, SWI indirect etc.). 

In amulti-processor system, busy indicates the need to 
defer the rearbitration of the next bus cycle to insure the 
integrity of the above operations. This difference provides the 
indivisible memory access required fora "test-and-set" primi-
tive, using any one of several read-modify-write instructions. 

Busy does not become active during PSH or PUL operations. 
A typical read-modify-write instruction (ASL) is shown in 
Figure 12. Timing information is given in Figure 13. Busy is 
valid tip after the rising edge of Q. 

• AVMA 
AVMA is the Advanced VMA signal and indicates that the 

MPU will use the bus in the following bus cycle. The predictive 
nature of the AVMA signal allows efficient shared-bus multi-
processor systems. AVMA is "Low" when the MPU is in either a 
HALT or SYNC state. AVMA is valid tCp after the rising edge 
of Q. 

• LIC 
LIC (Last Instruction Cycle) is "High" during the last cycle 

of every instruction, and its transition from "High" to "Low" 
will indicate that the first byte of an opcode will be latched at 
the end of the present bus cycle. LIC will be- "High" when the 
MPU is Halted at the end of an instruction, (i.e., not in CWAI or 
RESET) in SYNC state or while stacking during interrupts. 
LIC is valid tCp after the rising edge of Q. 

• TSC 
TSC (Three-State Control) will cause MOS address, data, 

and R/W buffers to assume ahigh-impedance state. The control 
signals (BA, BS, BUSY, AVMA and LIC) wIll not go to the 
high-impedance state. TSC is intended to allow a single bus to 
be shared with other bus masters (processors or DMA con• 
trolleys). 

While E is "Low", TSC controls the address buffers and R/W 
directly. The data bus buffers during a write operation are in a 
high-impedance state until Q rises at which time, if TSC is 
true, they will remain in ahigh-impedance state. If TSC is held 
beyond the rising edge of E, then it will be internally latched, 
keeping the bus drivers in a high-impedance state for the 
remainder of the bus cycle. See Figure 14. 

• MPU Operation 
During normal operation, the MPU fetches an instruction 

from memory and then executes the requested function. This 
sequence begins after RES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft-
ware instructions that alter normal MPU operation are: SWI,
SWI2, SWI3, CWAI, RTI and SYNC. An intermpt or HALT 
input can also alter the normal execution of instructions. 
Figure 15 illustrates the flow chart for the HD6809E. 
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Figure 11 HD6809E Clock Generator 

Memory Memory 
Location Contents 

PC -+ $0200 

$0201 

$0202 

$0203 

$0204 

$6300 

$6301 

$68 

$9F 

$63 

$00 

$E3 

$D6 

$E3D6 J $5C 

~ ~ 

Figure 12 Read Modify Write Instruction Example (ASL Extended Indirect) 
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■ ADDRESSING MODES 
The basic instructions of any computer are greatly enhanced 

by the presence of powerful addressing modes. The HD6809E 
has the most complete set of addressing modes available on 
any microcomputer today. For example, the HD6809E has 59 
basic instructions; however, it recognizes 1464 different varia-
tions of instructions and addressing modes. The addressing 
modes support modern programming techniques. The following 
addressing modes are available on the HD6809E: 
(1) Implied (Includes Accumulator) 
(2) Immediate 
(3) Extended 
(4) 
(5) 
(6) 

(~) 

(8) 
(19 

) 

Extended Indirect 
Direct 
Register 
Indexed 

Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/Decrement 

Indexed Induect 
Relative 
Program Counter Relative 

• Implied (Includes Accumulator) 
In this addressing mode, the opcode of the instruction 

contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 

• Immediate Addressing 
In Immediate Addressing, the effective address of the data 

is the location immediately following the opcode (i.e., the data 
to be used in the instruction immediately follows the opcode 
of the instruction). The HD6809E uses both 8 and 16-bit 
immediate values depending on the size of argument specified 
by the opcode. Examples of instructions with immediate 
Addressing are: 

LDA #$20 
LDX #$F000 
LDY #CAT 

(NOTE) #signifies immediate addressing, $signifies hexa-
decimal value. 

• Extended Addressing 
In Extended Addressing, the contents of the two bytes im-

mediately following the opcode fully specify the 16-bit effective 
address used by the instruction. Note that the address generated 
by an extended instruction defines an absolute address and is 
not position independent. Examples of Extended Addressing 
include: 

LDA CAT 
STX MOUSE 
LDD $2000 

• Extended Indirect 
As a special case of indexed addressing (discussed below), 

one level of indirection may be added to Extended Addressing. 
In Extended Indirect, the two bytes following the postbyte of 
an Indexed instruction contain the address of the data. 

LDA [CAT] 
LDX [$FFFE] 
STU [DOG] 

• Direct Addressing 
Direct addressing is similar to extended addressing except 

that only one byte of address follows the opcode. This byte 
specifies the lower 8 bits of the address to be used, The upper 
8 bits of the address are supplied by the direct page register. 
Since only one byte of address is required in direct addressing, 
this mode requires less memory and executes faster than 
extended addressing. Of course, only 256 locations (one page) 
can be accessed without redefining the contents of the DP 
register. Since the DP register is set to $00 on Reset, direct 
addressing on the HD6809E is compatible with direct addressing 
on the HD6800. Indirection is not allowed in duect addressing. 
Some examples of direct addressing are: 

LDA $30 
SETDP $10 (Assembler directive) 
LDB $1030 
LDD <CAT 

(NOTE) < is an assembler directive which forces direct 
addressing. 

• Register Addressing 
Some opcodes are followed by a byte that defines a register 

or set of registers to be used by the instmction. This is called a 
postbyte. Some examples of register addressing are: 

TFR X, Y Transfer X into Y 
EXG A, B Exchanges A with B 
PSHS A, B, X, Y Push Y, X, B and A onto S 
PULU X, Y, D Pull D, X, and Y from U 

• Indexed Addressing 
In all indexed addressing, one of the pointer registers (X, Y, 

U, S, and sometimes PC) is used in a calculation of the effective 
address of the operand to be used by the instruction. Five 
basic types of indexing are available and are discussed below. 
The postbyte of an indexed instruction specifies the basic type 
and variation of the addressing mode as well as the pointer 
register to be used. Figure 16 lists the legal formats for the 
postbyte. Table 2 gives the assembler form and the number of 
cycles and bytes added to the basic values for indexed 
addressing for each variation. 

Post~Byte Register Bit Indexed 
Addressing 

Mods ] 6 5 4 7 Z 

0 R R d tl d d tl EA - ,R + 5 Bit 011set 
R 0 0 ,R + 

1 R 0 0 ,R ++ 
1 R R 0 
1 R 0 

1 R R 0 0 EA - ,R + 0 Oliset 

/ R R 0 0 EA - ,R + ACCB ONut 
1 R 0 EA -,R +ACCA Oilut 
1 R R 0 EA - , R + e Bit Oflut 

R 0 EA - ,R + 18 Bit Olisat 
1 R R EA - ,R + D Otlut 
1 0 EA -,PC + 8 Bit Oliset 
/ 0 EA • ,PC + 16 Bit Oflut 
1 R R EA - 1,Admassl 

Adtlrassirq Motla Field 

- Don't Cars 
a - onra eb 

0 -Non Intlirac[ 
' 1 - tnmr.nn 

Figure 16 Index Addressing Postbyte Register Bit Assignments 
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Table 2 Indexed Addressing Mode 

Type Forms 

Non Indirect Indirect 

Assembler 
Form 

Postbyte 
OP Code 

+ 
'r 

+ 
# 

Assembler 
Form 

Postbyte 
OP Code 

+ 
'r 

+ 
# 

Constant OffsetFromR 
(2's Complement Offsets) 

No Offset ,R 1RR00100 0 0 [,R] 1RR10100 3 0 

5 Bit Offset n, R ORRnnnnn 1 0 defaults to 8-bit 

8 Bit Offset n, R 1 RRO7000 1 1 [n, R] 1 RR11000 4 1 

168itOffset n,R 1RR01001 4 2 [n, R] 1RR111101 7 2 

Accumulator Offset From R 
(2's Complement Offsets) 

A Register Offset A, R 1RR00110 1 0 [A, R] 1RR10110 4 0 

g Register Offset B, R 1 RR00101 1 0 [B, R] 1 RR10101 4 0 

D Register Offset D, R 1RR01011 4 0 [D, R] 1RR11011 7 0 

Auto Increment/Decrement R Increment By 1 ,R + 1 RR00000 2 0 not allowed 

Increment By 2 ,R ++ 1 RR00001 3 0 [,R ++] 1RR10001 6 0 

Decrement By 1 , - R 1 RR00010 2 0 not allowed 

DecrementBy2 ,--R 1RR00011 3 0 [,--R] 1RR10011 6 0 

Constant Offset From PC 
12's Complement Offsets) 

8 Bit Offset n, PCR 1xx01100 1 1 (n, PCR1 1xx11100 4 1 

16 Bit Offset n, PCR 1xx01101 5 2 [n, PCR] 1xx11101 8 2 

Extended Indirect 16 Bit Address — — — — [n] 10011111 5 2 

R=X,Y,UorS RR: 
x =Don't Care 00 = X 

01=Y 
10=U 
11=5 

±and #indicate the number of additional cycles and bytes for the particular variation. 

Zero-Offsetlndexed 
In this mode, the selected pointer register contains the 

effective address of the data to be used by the instruction. 
This is the fastest indexing mode. 

Examples are: 
LDD 0, X 
LDA S 

Constant Offset Indexed 
In this mode, atwo's-complement offset and the contents 

of one of the pointer registers are added to form the effective 
address of the operand. The pointer register's initial content is 
unchanged by the addition. 

Three sizes of offsets are available: 
5•bit (-16 to+15) 
8-bit (-128 to +127) 

16-bit (-32768 to +32767) 

The two's complement 5-bit offset is included in the post-
byte and, therefore, is most efficient in use of bytes and cycles. 
The two's complement 8-bit offset is contained in a single byte 
following the postbyte. The two's complement 16-bit offset is 
in the two bytes following the postbyte. In most cases the 
programmer need not be concerned with the size of this offset 
since the assembler will select the optimal size automatically. 

Examples of constant-offset indexing are: 
LDA ~3, X 
LDX —2, S 
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LDY 300, X 
LDU CAT,Y 

Accumulator-Offset Indexed 
This mode is similar to constant offset indexed except that 

the two's-complement value in one of the accumulators (A, B 
or D) and the contents of one of the pointer registers are added 
to form the effective address of the operand. The contents of 
both the accumulator and the pointer register are unchanged 
by the addition. The postbyte specifies which accumulator to 
use as an offset and no additional bytes are required. The 
advantage of an accumulator offset is that the value of the 
offset can be calculated by a program at run-time. 

Some examples are: 
LDA B, Y 
LDX D, Y 
LEAX B, X 

Auto Increment/Decrement Indexed 
In the auto increment addressing mode, the pointer register 

contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two. This addressing 
mode is useful in stepping through tables, moving data, or 
for the creation of software stacks. In auto decrement, the 
pointer register is decremented prior to use as the address of 
the data. The use of auto decrement is similar to that of auto 
increment; but the tables, etc., are scanned from the high to 
low addresses. The size of the increment/decrement can be 
either one or two to allow for tables of either 8- or 16-bit data 
to be accessed and is selectable by the programmer. The pre-
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decrement, post-increment nature of these modes allow them 
to be used to create additional software stacks that behave 
identically to the U and S stacks. 

Some examples of the auto increment/decrement addressing 
modes are: 

LDA , X + 
STD ,Y++ 
LDB ,—Y 
LDX ,--S 

Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 
STX 0, X + + (X initialized to Ol 

The desired result is to store a 0 in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 

0 -+temp calculate the EA; temp is a holding register 
X + 2 -. X perform autoincrement 
X -. (temp) do store operation 

• Indexed Indirect 
All of the indexing modes with the exception of auto 

increment/decrement by one, or a ±obit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index Register plus any offset. [n the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from the Index Register and an 
offset. 

Before Execution 
A = XX (don't care) 
X = $F000 

$0100 LDA [$10,X] EA is now $FO10 

$FO10 $F1 $F150 is now the 
$FOlI $50 new EA 

$F150 $AA 
After Execution 
A = $AA (Actual Data Loaded) 
X = $F000 

All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 1 
indirect). Some examples of indexed indirect are: 

LDA [, X] 
LDD [1Q S] 
LDA [B, Y] 
LDD [, X + + ] 

• Relative Addressing 
The bytes) following the branch opcode is (are) treated as 

a signed offset which may be added to the program counter. 
If the branch condition is true then the calculated address 
(PC + signed offset) is loaded into the program counter. 
Program execution continues at the new location as indicated 
by the PC; short (1 byte offset) and long (2 bytes offset) 
relative addressing modes are available. All of memory can be 
reached in long relative addressing as an effective address is 
interpreted modulo 216. Some examples of relative addressing 
are: 

BEQ 
BGT 

CAT (short) 
DOG (short) 

CAT 
DOG 

LBEQ RAT (long) 
LBGT RABBIT (long) 

RAT NOP 
RABBIT NOP 

• Program Counter Relative 
The PC can be used as the pointer register with 8 or 16-bit 

signed offsets. As in relative addressing, the offset is added to 
the current PC to create the effective address. The effective 
address is then used as the address of the operand or data. 
Program Counter Relative Addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: 

LDA CAT, PCR 
LEAX TABLE, PCR 

Since program counter relative is a type of indexing, an 
additional level of indirection is available. 

LDA [CAT, PCR] 
LDU [DOG, PCR] 

■ HD6809E INSTRUCTION SET 
The instruction set of the HD6809E is similar to that of the 

HD6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different 
addressing modes) has risen from 197 to 1464. 

Some of the new instructions are described in detail below: 

• PSHU/PSHS 
The push instructions have the capability of pushing onto 

either the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 

• PULU/PULS 
The pull instructions have the same capability of the push 

instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence 
is fixed; each bit defines a unique register to push or pull, as 
shown in below. 

PUSH/PULL POST BYTE 

CC 
A 
e 
DP 
x 
Y 
siu 
PC 

F Pull Order Push Order -+ 
PC U Y X DP B A CC 
FFFF  ~- increasing memory address   0000 
PC S Y X DP B A CC 
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• TFR/EXG 
Within the HD6809E, any register may be transferred to or 

exchanged with another of like-size; i.e., 8-bit to 8-bit or 16-bit 
to 16-bit. Bits 4^~7 of postbyte define the source register, while 
bits 0^'3 represent the destination register. These are denoted 
as follows: 

0000 - D 0101 - PC 
0001 - X 1000 - A 
0010-Y 1001 -B 
0011-U 1010 -CC 
0100-S 1011 -DP 

(NOTE) All other combinations are undefined and INVALID. 

TRANSFER/EXCHANGE POST BYTE 

I I I 
SOURCE 
i i i 

I I I 
DESTINATION 

I ~ 1 

• LEAX/LEAY/LEAU/LEAS 
The LEA (Load Effective Address) works by calculating the 

effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in a pointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 3. 

The LEA instruction also allows the user to access data in 
a position independent manner. For example: 

LEAX MSGI,PCR 
LBSR PDATA (Print message routine) 

MSG1 FCC `MESSAGE' 

This sample program prints: `MESSAGE'. By writing MSG1, 
PCR, the assembler computes the distance between the present 
address and MSG1. This result is placed as a constant into the 
LEAX instruction which will be indexed from the PC value at 
the time of execution. No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSGI into the X pointer register. This 
code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 

LEAs, b+ (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 
(calculate the EA) 
(modify b, postincrement) 
(load a) 

1, b -. temp 
2. b+1 -+b 
3. temp -. a 

LEAs, - b 
1. b - 1 -~ temp (calculate EA with predecrement) 
2. b - 1 -+ b (modify b, predecrement) 
3. temp -~ a (load a) 

Autoincrement-by-two and autodecrement-by-two instruc-
tions work similarly. Note that LEAX, X+ does not change X, 
however LEAX, -X does decrement X. LEAX 1, X should be 
used to increment X by one. 

Table 3 LEA Examples 

Instruction Operation Comment 

LEAX 10, X X + 10 -~ X Adds 5-bit constant 10 to X 
LEAX 500, X X + 500 -• X Adds 16-bit constant 500 to X 
LEAY A, Y Y+ A -~ Y Adds 8-bit A accumulator to Y 
LEAY D, Y Y + D -+ Y Adds 16-bit 0 accumulator to Y 
LEAU -10, U U - 10 -~ U Subtracts 10 from U 
LEAS -10, S S - 10 -~ S Used to reserve area on stack 
LEAS 10, S S + 10 -~ S Used to 'clean up' stack 
LEAX 5, S S + 5 -~ X Transfers as well as adds 

• MUL 
Multiplies the unsigned binary numbers in the A and B 

accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple-
precision multiplications. 

Long and Short Relative Branches 
The HD6809E has the capability of program counter 

relative branching throughout the entire memory map. In this 
mode, if the branch is to be taken, the 8 or 16-bit signed offset 
is added to the value of the program counter to be used as the 
effective address. This allows the program to branch anywhere 
in the 64k memory map. Position independent code can be 
easily generated through the use of relative branching. Both 
short (8-bit) and long (16-bit) branches are available. 

• SYNC 
After encountering a Sync instruction, the MPU enters a 

Sync state, stops processing instructions and waits for an 
interrupt. If the pending interrupt is non-maskable (NMI) or 
maskable FIRQ, IRQ) with its mask bit (F or I) clear, the 
processor will clear the Sync state and perform the normal 
interrupt stacking and service routine. Since FIRQ and IRQ 
are not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the interrupt will 
be taken. If the pending intermpt is maskable (FIRQ, IRQ) 
with its mask bit (F or I) set, the processor will clear the Sync 
state and continue processing by executing the next inline 
instruction. Figure 17 depicts Sync timing. 

Software Interrupts 
A Software Interrupt is an instruction which will cause an 

interrupt, and its associated vector fetch. These Software 
Interrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and software 
development systems. Three levels of SW[ are available on this 
HD6809E, and are prioritized in the following order: SW[, 
SWI2, SWI3. 

16-Bit Operation 
The HD6809E has the capability of processing 16-bit data. 

These instructions include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes and pulls. 

■ CYCLE-BY-CYCLE OPERATION 
The address bus cycle-by-cycle performance chart illustrates 

the memory-access sequence corresponding to each possible 
instruction and addressing mode in the HD6809E. Each 
instruction begins with an opcode fetch. While that opcode is 
being internally decoded, the next program byte is always 
fetched. (Most instructions will use the next byte, so this 
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technique considerably speeds throughput.) Next, the operation 
of each opcode will follow the flow chart. VMA is an indication 
of FFFF~6 on the address bus, R/W = "High" and BS = "Low". 
The following examples illustrate the use of the chart; see 
Figure 18. 

Example 1: LBSR (Branch Taken) 

Example 2: 

$8000 
$A000 

Cycle # 
Before Execution SP = F000 1 8000 

2 8001 

3 8002 

$8000 LBSR CAT 4 FFFF 
5 A000 
6 FFFF 
7 A000 

$A000 CAT 

CYCLE-BY-CYCLE FLOW 

Cycle # Address Data R/W Description 
I 8000 17 1 Opcode Fetch 
2 8001 1 F 1 Offset High Byte 
3 8002 FD 1 Offset Low Byte 
4 FFFF + 1 VMA Cycle 
5 FFFF + 1 VMA Cycle 
6 FFFF + 1 VMA Cycle 
7 FFFF + 1 VMA Cycle 
8 EFFF 03 0 Stack Low Order 

Byte of Return 
Address 

9 EFFE 80 0 Stack High Order 
Byte of Return 
Address 

DEC (Extended) 

DEC $A000 
FCB $80 

CYCLE-BY-CYCLE FLOW 
Address Data R/W Description 

7A 1 Opcode Fetch 
AO 1 Operand Address, 

High Byte 
00 1 Operand Address, 

Low Byte 
+ 1 VMA Cycle 

80 1 Read the Data 
■ 1 VFr Cycle 
7F 0 Store the Decre-

mented Data 
+ The data bus has the data at that particular address. 

■ HD6809E INSTRUCTION SET TABLES 
The instructions of the HD6809E have been broken down 

into five different categories. They are as follows: 
8-Bit operation (Table 4) 
16•Bit operation (Table 5) 
Index register/stack pointer instructions (Table 6) 
Relative branches (long or short) (Table 7) 
Miscellaneous instructions (Table 8) 

HD6809E instruction set tables and Hexadecimal Values of 
instructions are shown in Table 9 and Table 10. 
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Table 4 8•Bit Accumulator and Memory Instructions 

Mnemonicls) Operation 

ADCA, ADCB Add memory to accumulator with carry 

ADDA, ADDB Add memory to accumulator 

ANDA, ANDB And memory with accumulator 

ASL, ASLA, ASLB Arithmetic shift of accumulator or memory left 

ASR, ASRA, ASRB Arithmetic shift of accumulator or memory right 

BITA, BITE Bit test memory with accumulator 

CLR, CLRA, CLRB Clear accumulator or memory location 

CMPA, CMPB Compare menwry from accumulator 

COM, COMA, COMB Complement accumultor or memory location 

DAA Decimal adjust A accumulator 

DEC, DECA, DECB Decrement accumulator or memory location 

EORA, EORB Exclusive or memory with accumulator 

EXG R1, R2 Exchange R1 with R21R1, R2 =A, B, CC, DP) 

INC, INCA, INCB Increment accumulator or memory location 

LDA, LDB Load accumulator from memory 

LSL, LSLA, LSLB Logical shift left accumulator or memory location 

LSR, LSRA, LSRB Logical shift right accumulator or memory location 

MUL Unsigned multiply IA X B -~ D) 

NEG, NEGA, NEGB Negate accumulator or memory 

ORA, ORB Or memory with accumulator 

ROL, ROLA, ROLB Rotate accumulator or memory left 

ROR, RORA, RORB Rotate accumulator or memory right 

SBCA, SBCB Subtract memory from accumulator with borrow 

STA, STB Store accumulator to memory 

SUBA, SUBB Subtract memory from accumulator 

TST, TSTA, TSTB Test accumulator or memory location 

TFR R1, R2 Transfer R1 to R21R1, R2 = A, B, CC, DPI 

(NOTE) A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU 
(PULS, PULU) instructions. 

Table 5 16•Bit Accumulator and Memory Instructions 

Mnemonicls) Operation 

ADDD Add memory to D accumulator 

CMPD Compare memory from D accumulator 

EXG D, R Exchange D with X, Y, S, U or PC 
LDD Load D accumulator from memory 

SEX Sign Extend B accumulator into A accumulator 

STD Store D accumulator to merrary 

SUBD Subtract memory from D accumulator 

TFR D, R Transfer D to X, Y, S, U or PC 

TFR R, D Transfer X, Y, S, U or PC to D 

(NOTE) D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU) 
instructions. 
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Table 6 Index Register Stack Pointer Instructions 

Mnemonics) Operation 

CMPS, CMPU Compare memory from stack pointer 

CMPX, CMPY Compare memory from index register 

EXG R1, R2 Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 

LEAS, LEAU Load effective address into stack pointer 

LEAX, LEAY Load effective address into index register 

LDS, LDU Load stack pointer from memory 
LDX, LDY Load index register from memory 
PSHS Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack 
PSHU Push A, B, CC, DP, D, X, Y, S, or PC onto user stack 
PULS Pull A, 8, CC, DP, D, X, Y, U or PC from hardware stack 

PULU Pull A, B, CC, DP, D, X, Y, S or PC from user stack 
STS, STU Store stack pointer to memory 

STX, STY Store index register to memory 

TFR R1, R2 Transfer D, X, Y, S, U or PC to D, X, Y, S, U or PC 

ABX Add B accumulator to X (unsigned) 

Table 7 Branch Instructions 

Mnemonicls► Operation 
SIMPLE BRANCHES 

BEO, LBEO Branch if equal 

BNE, LBNE Branch if not equal 

BMI, LBMI Branch if minus 

BPL, LBPL Branch if plus 

BCS, LBCS Branch if carry set 

BCC, LBCC Branch if carry clear 

BVS, LBVS Branch if overflow set 

BVC, LBVC Branch if overflow clear 
SIGNED BRANCHES 

BGT, LBGT Branch if greater (signed) 

BGE, LBGE Branch if greater than or equal (signed) 

BEO, LBEO Branch if equal 

BLE, LBLE Branch if less than or equal (signed) 

BLT, LBLT Branch if less than (signed) 

UNSIGNED BRANCHES 

BHI, LBHI Branch if higher (unsigned) 

BHS, LBHS Branch if higher or same (unsigned) 

BEO, LBEO Branch if equal 

BLS, LBLS Branch if lower or same (unsigned) 
BLO, LBLO Branch if lower (unsigned) 

OTHER BRANCHES 
BSR, LBSR Branch to subroutine 
BRA, LBRA Branch always 
BRN, LBRN Branch never 
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Table 8 Miscellaneous Instructions 

Mnemonicls) Operation 

ANDCC AND condition code register 

CWAI AND condition code register, then wait for interrupt 

NOP No operation 

ORCC OR condition code register 

JMP Jump 

JSR Jump to subroutine 

RTI Return from interrupt 

RTS Return from subroutine 

SWI, SWI2, SWI3 Software interrupt (absolute indirect) 

SYNC Synchronize with interrupt line 
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Table 9 HD6809E Instruction Set Table 

INSTRUCTION! 
FORMS 

HD6809E ADDRESSING MODES 

DESCRIPTION IMPLIED DIRECT EXTENDED IMMEDIATE INDEXED RELATIVE 5 3 2 1 0 
OP - # OP - # OP - # OP ~ # OP - # OP ~~'~ # H N Z V C 

ABX 3A 3 1 

-- _. 
i 

~
tf~

 
N

N
r 

X
1

0
 

n 
n 

~
~

 

g • • • • • 

ADC ADCA 99 4 2 89 3 89 2 2 A9 4+ 2+ 
IUNSXS~~GII~~EDI 
A+ M+ C -. A t i I i i 

ADCB D9 4 2 F9 3 C9 2 2 E9 4+ 2+ g+ M+ C A B I I I I I 
ADD ADDA 9B 4 2 BB 3 88 2 2 AB 4+ 2+ A+ M- A I I I I I 

ADDB DB 4 2 FB 3 CB 2 2 EB 4+ 2+ g+M~ B I I I I I 
ADDD D3 6 2 F3 3 C3 4 3 E3 6+ 2+ D+ M:M + i -. D • S I I I 

AND ANDA 94 4 2 B4 3 84 2 2 A4 4+ 2+ A nM ~ A • I I 0 • 
AN DB D4 4 2 F4 3 C4 2 2 E4 4+ 2+ B /~M -• B • i 1 0 • 
ANDCC 1C 3 2 CC/~ IMM-» CC (—~1~ —) 

ASL ASLA 48 2 1 A Ce) I S I S 
ASLB 58 2 1 B~~° te_` I I I I 
ASL OB 6 2 76 3 68 6+ 2+ M (e. i I i t 

ASR ASRA 47 2 1 A c8) I I • J 
B ~~-'~ ASRB 57 2 1 gel I J • I 

ASR 07 6 2 77 3 67 6+ 2+ M ~ ~e~ I I • I 

BCC BCC 24 3 2 Branch C = 0 • • • • • 
LBCC 10 5161 4 Long Branch • • • • • 

24 C=0 

BCS BCS 25 3 2 0ranch C = 1 • • • • • 
LBCS 10 5161 4 Long Branch • • • • • 

25 C=1 

BEO BEO 27 3 2 Branch Z=1 • • • • • 
LBEO 

2~ 
516) 4 Long Branch • • • • • 

Z=1 

BGE BGE 2C 3 2 Branch N ®V=0 • • • • • 
LBGE 10 516) 4 Long Branch • • • • • 

2C N ®V=0 

BGT BGT 2E 3 2 Bra nch ZV IN®VI'0 • • • • • 
LBGT 10 516) 4 Long Branch • • • • • 

2E ZVIN 83 V1=0 

BHI BHI 22 3 2 Branch CVZ=O • • • • • 
LBHI 10 516) 4 Long Branch • • • • • 

22 CVZ=O 

BHS BHS 24 3 2 Branch • • • • • 
C=0 

LBHS 10 516) 4 Long Branch • • • • • 
24 C=0 

BIT BITA 95 4 2 85 3 85 2 2 A5 4+ 2+ Bit Test A (MAA) • I t 0 • 
BITB D5 4 2 F5 3 C5 2 2 E5 4+ 2+ Bit Test B IM /gel • I I 0 • 

BLE BLE 2F 3 2 Branch ZVIN®VI=1 • • • • • 
LBLE 10 516) 4 Long Branch • • • • • 

2F ZVIN®VI=1 

BLO BLO 25 3 2 Branch C=1 • • • • • 
LBLO 10 516) 4 Long Branch • • • • • 

25 C=1 

BLS BLS 23 3 2 Branch • • • • • 
CVZ=1 

LB LS 10 5161 4 Long Branch • • • • • 
23 CVZ=1 

BLT BLT 2D 3 2 Branch N ®V=1 • • • • • 
LB LT 10 516) 4 Long Branch • • • • • 

2D N ®V=1 

BMI BMI 26 3 2 Branch N=1 • • • • • 
LBMI 10 516) 4 Long Branch • • • • • 

28 N=1 

BNE BNE 26 3 2 Branch Z =0 • • • • • 
LBNE 10 516) 4 long Branch • • • • • 

26 Z=0 

BPL BPL 2A 3 2 Branch N=0 • • • • • 
LBPL 10 516) 4 Long Braneh • • • • • 

2A N=0 

BRA BRA 20 3 2 Branch Always • • • • • 
LBRA 16 5 3 long Braneh/ • • • • • 

Always 

BRN BRN 21 3 2 Braneh Never • • • • • 
LBRN 10 5 4 Long Branch Never • • • • • 

21 

(to be continued) 
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INSTRUCTION/ 
FORMS 

H D6809E ADDRESSING MODES 

DESCRIPTION 
IMPLIED DIRECT EXTENDED IMMEDIATE INDEXEDti~ RELATIVE 5 3 2 1 0 

OP ~ # OP ~ # OP ~ # OP ~ # OP - # OP -~ # H N Z V C 

BSR BSR BD 7 2 Branch to • • • • • 
Subroutine 

LBSR 17 9 3 Long Branch to • • • • • 
Subroutine 

BVC BVC 28 3 2 Branch V=0 • • • • • 
LBVC 10 516) 4 Long Branch • • • • • 

28 V = 0 

BVS 8VS 29 3 2 Branch V = 1 • • • • • 
LBVS 10 516) 4 long Branch • • • • • 

29 V=1 

CLR CLRA 4F 2 1 0~ A • 0 1 0 0 
CLRB 5F 2 1 0-B • 0 1 0 0 
CLR OF 6 2 7F 7 3 6F 6+ 2+ 0» M • 0 1 0 0 

CMP CMPA 91 4 2 B1 5 3 81 2 2 Al 4+ 2+ Compare M from A tJ 1 2 I I 
CMPB D1 4 2 Fi 5 3 C1 2 2 E1 4+ 2+ Compare M from B lJ I I I I 
CMPD 10 

93 
7 3 10 

83 
8 4 10 

83 
5 4 10 

A3 
7+ 3+ Compare M: M+ 1 

from D 
• I I I I 

CMPS 11 
9C 

7 3 11 
BC 

8 4 11 
8C 

5 4 11 
AC 

7+ 3+ Compare M: M+ 1 
from S 

• I I I I 

CMPU 11 
93 

7 3 11 
83 

8 4 11 
83 

5 4 11 
A3 

7+ 3+ Compare M: M+ 1 
from U 

• I I I I 

CMPX 9C 6 2 BC 7 3 8C 4 3 AC 6+ 2+ Compare M: M+ 1 
from X 

• 7 I I I 

CMPV 10 
9C 

7 3 10 
BC 

8 4 10 
8C 

5 4 10 
AC 

7+ 3+ Compare M: M+ 1 
from Y 

• I I I I 

COM COMA 43 2 1 A- A • I 1 0 1 
COMB 53 2 1 13- B • I 1 0 1 
COM 03 6 2 73 7 3 63 6+ 2+ vivl -~ M • t 1 0 1 

CWAI 3C >20 2 CC ~ IMM ~ CC —) < — I~ 
- (except 1~E) 

Wart for Interrupt 
DAA 19 2 1 Decimal Adjust A • I I U I 

DEC DECA 4A 2 1 A- 1» A • I I I • 
DECB 5A 2 1 B- 1~ 8 • I 1 t • 
DEC OA 6 2 7A 7 3 6A 6+ 2+ M- 1- M • t I t • 

FOR EORA 98 4 2 BB 5 3 88 2 2 AS 4+ 2+ A ®M-• A • 2 t 0• 
EORB DS 4 2 FB 5 3 C8 2 2 ES 4+ 2+ Ba1M-B • I I O• 

EXG R1, R2 lE 7 2 R1»R2~ (—+o—) 

INC INCA 4C 2 1 A+ 1~ A • I I I • 
INCB 5C 2 1 8+1-B • I J I • 
INC OC 6 2 7C 7 3 6C 6+ 2+ M+ 1~ M • I 1 1 • 

JMP OE 3 2 7E 4 3 6E 3+ 2+ EA©"-~ PC • • • • • 

JSR 90 7 2 BD 8 3 AO 7+ 2+ Jump to Subroutine • • • • • 

LD LDA 96 4 2 B6 5 3 86 2 2 A6 4+ 2+ M» A • I 2 0• 
LD8 D6 4 2 F6 5 3 C6 2 2 E6 4+ 2+ M O B • I I O• 
LDD DC 5 2 FC 6 3 CC 3 3 EC 5+ 2+ M: M+ 1 -~ D • I 2 0• 
LDS 10 6 3 10 7 4 10 4 4 10 6+ 3+ M: M+ 1~ S • t 2 0• 

DE FE CE EE 
LDU DE 5 2 FE 6 3 CE 3 3 EE 5+ 2+ M: M+ 1 -~ U • I S O• 
LDX 9E 5 2 BE 6 3 BE 3 3 AE 5+ 2+ M: M+ 1 -~ X • I I O• 
LDY 10 6 3 10 7 4 10 4 4 10 6+ 3+ M: M+ 1~ Y • I I O• 

9E BE 8E AE 

LEA LEAS 32 4+ 2+ EArl'» S • • • • • 
LEAU 33 4+ 2+ EA© - U • • • • • 
LEAX 30 4+ 2+ EAR» X • • I • • 
LEAU 31 4+ 2+ EA~~- V • • I • • 

LSL LSLA 48 2 1 A • I I I I 
6 

'{ „'~-~ ~• 
LS LB 58 2 1 • I i I I 
LSL OS 6 2 78 7 3 66 6+ 2+ 2 I I I M 

—gymA~ LSR LSRA 44 2 1 • O I • I 
LSRB 54 2 1 

y
B o .~1 
M ~J 

• 0 I • i 
LSR 04 6 2 74 7 3 64 6+ 2+ • 0 I • I 

AxB~D MUL 3D 11 1 • • I • 7 
(Unsigned) 

NEG NEGA 40 2 1 A+1-A U S I I S 
NEGB 50 2 1 B+ 1~ 8 r~ I I I I 
NEG 00 6 2 70 7 3 60 6+ 2+ AI + 1~ M i] I I I I 

NOP 12 2 t No Operation • • • • • 

(to be continued) 
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INSTRUCTION/ 
FORMS 

HD6809E ADDRESSING MODES 

DESCRIPTION IMPLIED DIRECT EXTENDED IMMEDIATE INDEXED RELATIVE 5 3 2 1 0 

OP _ # OP - # OP _ # OP - # OP - # OP -~ # H N Z V C 

OR ORA 9A 4 2 BA 5 3 BA 

IN
N

c
'f 

N
N

 
N

N
R

 

2 AA 4+ 2+ AVM - A • i i 0 • 
ORB DA 4 2 FA 5 3 CA 2 EA 4+ 2+ B V M-r B • I I O• 
ORCC to 2 CCV IMM~CC (—C~—) 

PSH PSHS 34 5+~ 2 Push Registers on • • • • • 

PSHU 36 5+0 2 
S Stack 

Push Registers on • • • • • 
U Stack 

PUL PULS 35 5+~ 2 Pull Registers from (—Vii))—) 

PULU 37 5+~ 2 
S Stack 

Pull Registers from 
Stack 

(— ~9~ — ) 

ROL 
ROLB 59 2 1 

l

U 

B} II I'~I • I I I I 
ROL 09 6 2 79 7 3 69 6+ 2+ MJJJ ~' • I I S S 

ROR RORA 46 2 1 A - • I I • I I 
B L- ~• 
M 

RORB 56 2 1 I t • S 
ROR 06 6 2 76 7 3 66 6+ 2+ • I I • t ~ ,_~„ 

RetwnFrom RTI 38 6/15 1 (—(»—) 
Interrupt 

RTS 39 5 1 Return From • • • • • 
Subroutine 

SBC SBCA 92 4 2 82 5 3 82 2 A2 4+ 2+ A- M- C A A (> f i I I 
SBCB D2 4 2 F2 5 3 C2 2 E2 4+ 2+ B- M- C- B (e) I I I I 

SEX 1D 2 1 Sign Extend B 
into A 

• I I • • 

ST STA 97 4 2 67 5 3 A7 4+ 2+ A -~ M • I t 0• 
STB D7 4 2 F7 5 3 E7 4+ 2+ B E M • I t 0• 
STD DD 5 2 FD 6 3 ED 5+ 2+ D - M: M+ 1 • I t 0 • 
STS 10 6 3 10 7 4 10 6+ 3+ S ,  M: M+ 1 • t I O• 

DF FF EF 
STU DF 5 2 FF 6 3 EF 5+ 2+ U- M: M+ 1 • t I 0• 
STX 9F 5 2 BF 6 3 AF 5+ 2+ X~ M: M+ 1 • I I O• 
STY 10 6 3 10 7 4 10 6+ 3 ~r V- M: M+ 1 • I t 0• 

9F BF AF 

SUB SUBA 90 4 2 BO 5 3 60 2 AO 4+ 2+ A- M-~ A ~e~ L i t t 
SU88 DO 4 2 FO 5 3 CO 2 EO 4+ 2+ B- M -- B ~e~ i i l t 
SUED 93 6 2 B3 7 3 83 3 A3 6+ 2+ D- M: M+ 1~ D • S f t I 

SWI SWI® 3F 19 1 Software Interruptt • • • • • 
SWI2® 10 20 2 Software lnterrupt2 • • • • • 

3F 
SWI3® 11 20 2 Software lnterrupt3 • • • • • 

3F 

SYNC 13 24 1 Synchronize to • • • • • 
Interrupt 

TFR Ri, R2 1F 6 2 R1 - R2~ (— ro —) 
TST TSTA 4D 2 1 Test A • I I O• 

TSTB 5D 2 1 Test B • I I O• 
TST OD 6 2 7D 7 3 6D 6+ 2+ Test M • t f 0• 

(NOTES) 

Q 

~
O

O
©

~
©

~
Q

 

This column gives a base cycle and byte count. To obtain total count, end the values obtained from the INDEXED ADDRESSING MODES table. 
Rt end R2 maV be any pair of 8 bit or any pair of 16 bit registers. 
The 8 bit registers ere: A, B, CC, DP 
The 16 bit registers are: X, V, U, S, D, PC 
EA is the effective address. 
The PSH end PU L instructions require 5 cycle plus 1 cycle for each byte pushed or pulled. 
516) means: 5 cycles if branch rat taken, 6 cycles if taken. 
SWI sets 1 and F bits. SW12 and SWI3 do not affect 1 and F, 
Conditions Codes set as a direct result of the instruction. 
Value of half-carry flag is undefined. 
Special Case -Carry set if b7 is SET. 
Condition Codes sat as a direct rewlt of the instruction if CC is specified, and not effected otherwise. 

LEGEND: 
OP Operation Code (Hexadecimal) Z Zero (byte) 

Number of MPU Cycles V Overfbw, 2's complement 
# Number of Program Bytes C Carry from bit 7 
+ Arithmetic Plus S Test and set if true, cleared otherwise 
- Arithmetic Minus • Not Affected 
x Multiply CC Condition Code Register 
IR Complement of M Coneatenetion 

Transfer Into V Logical or 
H Half-carry (from bit 31 n Logical end 
N Negative (sign bit) ~ Logical Exclusive or 
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Table 10 Hexadecimal Values of Machine Codes 

OP Mnem Mode # OP Mnem 

00 NEG Direct 6 2 30 LEAX 
01 • ~ 31 LEAV 
02 32 LEAS 
03 COM 6 2 33 LEAU 
04 LSR 6 2 34 PSHS 

05 35 PULS 

O6 ROR 6 2 36 PSHU 
07 ASR 6 2 37 PULU 

08 ASL, LSL 6 2 38 
09 ROL 6 2 39 RTS 
OA DEC 6 2 3A ABX 

OB 3B RTI 

OC INC 6 2 3C CWAI 

OD TST 6 2 3D MUL 
OE JMP • 3 2 3E 

OF CLR Direct 6 2 3F SWI 

10 See — — — 40 NEGA 
11 1 Next Page — — — 41 • 

12 NOP Implied 2 1 42 
13 SYNC Implied _>q 1 43 COMA 

14 44 LSRA 

15 45 
16 LBRA Relative 5 3 46 RORA 

17 LBSR Relative 9 3 47 ASRA 

18 48 ASLA,LSLA 

19 DAA Implied 2 1 49 ROLA 

to ORCC Immed 3 2 4A DECA 

1B — 48 • 

1C ANDCC Immed 3 2 4C INCA 
1D SEX Implied 2 i 4D TSTA 
1E EXG = 8 2 4E 

1F TFR Implied 6 2 4F CLRA 

20 BRA Relative 3 2 50 NEGB 
21 BRN ~ 3 ~2 51 
22 BHI 3 2 52 

23 BLS 3 2 53 COMB 
24 BHS,BCC 3 2 54 LSRB 

25 BLO,BCS 3 2 55 • 

26 BNE 3 2 56 RORB 

27 BEO 3 2 57 ASRB 

28 BVC 3 2 58 ASLB,LSLB 

29 BVS 3 2 59 ROLE 
2A BPL 3 2 5A DECB 

28 BMI 3 2 SB • 

2C BGE 3 2 5C INCB 

2D BLT 3 2 5D TSTB 

2E BGT • 3 2 5E 

2F BLE Relative 3 2 5F CLRB 

Mode 

Indexed 

I 
Indexed 
Impied 

• 

~ 

Implied 
Immed 
Implied 

Implied 

Implied 

Implied 

Implied 

Implied 

LEGEND: 
Number of MPU cycles (less possible push Dull or indexed-mode cycles) 

# Number of program bytes 
• Denotes unused opcode 
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# OP Mnem Mode — # 

4+ 2+ 60 NEG Indexed 6+ 2+ 
4+ 2+ 61 ~ 
4+ 2+ 62 
4+ 2+ 63 COM 6+ 2+ 
5+ 2 64 LSR 6+ 2+ 

5+ 2 65 
5+ 2 66 ROR 6+ 2+ 
5+ 2 67 ASR 6+ 2+ 

68 ASL, LSL 6+ 2+ 

5 1 69 ROL 6+ 2+ 

3 1 6A DEC 6+ 2+ 

6, 15 1 68 
_> 20 2 6C INC 6+ 2+ 

11 1 6D TST 6+ 2+ 
6E JMP ~ 3+ 2+ 

19 1 6F CLR Indexed 6+ 2+ 

2 70 NEG Extended 7 3 
71 
72 

2 1 73 COM 7 3 

2 1 74 LSR 7 3 

75 • 

2 1 76 ROR 7 3 

2 1 77 ASR 7 3 

2 1 78 ASL, LSL 7 3 

2 1 79 ROL 7 3 

2 1 7A DEC 7 3 

78 

2 1 7C INC 7 3 

2 1 7D TST 7 3 

7E JMP 4 3 

2 7F CLR E xt~nded 7 3 

2 1 80 SUBA Immed 2 2 

61 CMPA ~ 2 2 

82 SBCA 2 2 

2 1 83 SUBD 4 3 

2 1 84 ANDA 2 2 
85 BITA 2 2 

2 1 86 LDA 2 2 

2 1 87 

2 1 88 EORA 2 2 

2 1 89 ADCA 2 2 
2 1 8A ORA 2 2 

88 AODA ~ 2 2 
2 1 BC CMPX Immed 4 3 

2 1 SD BSR Relative 7 2 
8E LDX Immed 3 3 

2 1 8F 

(to be continued) 



H D68O9E 

OP Mnem Moda _ # OP Mnem Mode # 

90 SUBA Direct 4 2 C6 LDB Immed 2 2 
91 CMPA ~ 4 2 C7 
92 SBCA 4 2 C8 EORB 2 2 
93 SUED 6 2 C9 ADCB 2 2 
94 ANDA 4 2 CA ORB 2 2 
95 BITA 4 2 CB ADDB 2 2 
96 LOA 4 2 CC LDD 3 3 
97 STA 4 2 CD 
98 EORA 4 2 CE LDU Immed 3 3 
99 ADCA 4 2 CF 
9A ORA 4 2 
98 ADDA 4 2 DO SUBS Direct 4 2 
9C CMPX 6 2 D1 CMPB 4 2 
90 JSR 7 2 D2 SBCB 4 2 
9E LDX ~ 5 2 D3 ADDD 6 2 
9F STX Direct 5 2 D4 ANDB 4 2 

D5 BITB 4 2 
AO SUBA Indexed 4+ 2+ D6 LDB 4 2 
Al CMPA ~ 4+ 2+ D7 STB 4 2 
A2 SBCA 4+ 2+ D8 EORB 4 2 
A3 SUBD 6+ 2+ D9 ADCB 4 2 
A4 ANDA 4+ 2+ DA ORB 4 2 
A5 BITA q+ 2+ DB ADDB 4 2 
A6 LDA 4+ 2+ DC LDD 5 2 
A7 STA 4+ 2+ DD STD 5 2 
A8 EORA 4+ 2+ DE LDU 5 2 
A9 ADCA 4+ 2+ DF STU Direct 5 2 
AA ORA 4+ 2+ 
AB ADDA 4+ 2+ EO SUBB Indexed 4+ 2+ 
AC CMPX 6+ 2+ E1 CMPB 4+ 2+ 
AD JSR 7+ 2+ E2 SBCB 4+ 2+ 
AE LDX 5+ 2+ E3 ADDD 6+ 2+ 
AF STX Indexed 5+ 2+ E4 ANDB 4+ 2+ 

E5 BITB 4+ 2+ 
BO SUBA Extended 5 3 E6 LDB 4+ 2+ 
81 CMPA • 5 3 E7 STB 4+ 2+ 

B2 SBCA 5 3 E8 EORB 4+ 2+ 
63 SUED 7 3 E9 ADCB 4+ 2+ 
84 ANDA 5 3 EA ORB 4+ 2+ 
85 BITA 5 3 EB ADDB q+ 2+ 
B6 LDA 5 3 EC LDD 5+ 2+ 
87 STA 5 3 ED STD 5+ 2+ 
B8 EORA 5 3 EE LDU 5+ 2+ 
69 ADCA 5 3 EF STU Indexed 5+ 2+ 

BA ORA 5 3 
BB ADDA 5 3 FO SUBB Extended 5 3 
BC CMPX 7 3 F1 CANB ,~ 5 3 
BD JSR 8 3 F2 SBCB 5 3 

BE LDX ~ 6 3 F3 ADDD 7 3 
BF STX Extended 6 3 F4 ANDB 5 3 

F5 BITB 5 3 
CO SU86 Immed 2 2 F6 LDB 5 3 
C1 CMPB 2 2 F7 STB 5 3 
C2 SBCB 2 2 FS EORB 5 3 
C3 ADDD 4 3 F9 ADCB 5 3 
C4 ANDB 2 2 FA ORB ~ 5 3 
C5 BITB Immed 2 2 FB ADDB Ex ended 5 3 

(NOTEI: All unused opcodos era both undefined and illegal 

OP Mnem Mode — # 

FC LDD Extended 6 3 
FD STD 6 3 
FE LDU 6 3 
FF STU Extended 6 3 

2 Bytes Opcode 

1021 LBRN Relative 
1022 LBHI 
1023 LBLS 
1024 LBHS, LBCC 
1025 LBCS, LBLO 
1026 LBNE 
1027 LBEO 

1028 LB VC 
1029 LB VS 

102A LBPL 

1028 LBMI 
102C LBGE 

102D LBLT 
102E LBGT • 
102E LBLE Rela ive 
103E SW12 Implied 
1083 CMPD Immed 
tOBC CMPV 
108E LDY Immed 
1093 CMPD Direct 
109C CMPV 
109E LDV 
109E STV Direct 
10A3 CMPD Indexed 
tOAC CMPV 
tOAE LDY 
LOAF STY Indexed 
1083 CMPD Extended 
tOBC CMPV 
108E LDV 
708E STV Extended 
tOCE LDS Immed 
10DE LDS Direct 
10DF STS Direct 
10EE LDS Indexed 
10EF STS Indexed 
tOFE LOS Extended 
tOFF STS Extended 
113E SW13 Implied 
1183 CMPU Immed 

118C CMPS Immed 
1193 CMPD Direct 
119C CMPS Direct 
itA3 CMPU Indexed 
11AC CMPS Indexed 
1183 CMPD Extended 
116C CMPS Extended 

5 4 

5161 4 

516) 4 

5181 4 

516) 4 

5161 4 

516) 4 

516) 4 

5161 4 

516) 4 

5161 4 

5161 4 

5161 4 

5161 4 
5161 4 
20 2 
5 4 
5 4 
4 4 
7 3 
7 3 
6 3 
6 3 
7+ 3+ 
7+ 3+ 

6+ 3+ 

6+ 3+ 

8 1 

6 4 
7 4 
7 4 
4 4 
6 3 
6 3 

6+ 3+ 
6+ 3+ 
7 4 

7 4 

20 2 

5 4 

5 4 

7 3 
7 3 
7+ 3+ 
7+ 3+ 
8 1 
8 4 
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■ NOTE FOR USE 
Execution Sequence of CLR Instruction 

Cycle-by-cycle flow of CLR instruction (Duect, Extended, 
Indexed Addressing Mode) is shown below. In this sequence 
the content of the memory location specked by the operand 
is read before writing "00" into it. Note that status Flags, such 
as IRQ Flag, will be cleared by this extra data read operation 
when accessing the control/status register (sharins the same 
address between read and write) of peripheral devices. 

Example: CbR (Extended) 

$8000 
$A000 

Cycle # 

CLR 
FCB 

Address 

$A000 
$80 

Data R/W Description 
1 8000 7F 1 Opcode Fetch 
2 8001 AO 1 Operand Address, 

High Byte 
3 8002 00 1 Operand Address, 

Low Byte 
4 FFFF + 1 VMA Cycle 
5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 00 0 Store Fixed "00" 

into Specified 
Location 

• The data bus has the data at that pazticular address. 
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MICROPROCESSOR 





H D6303 R, H D63A03 R, 
HD63B03R 
C M OS MPU (Micro Processing Unit) 

The HD6303R is an 8-bit CMOS micro processing unit 
which has the completely compatible instmction set with the 
HD6301V1. 128 bytes RAM, Serial Communication interface 
(SCI), parallel I/O ports and multi function timer are incorpora-
ted in the HD6303R. It is bus compatible with HMCS6800 and 
can be expanded up to 65k bytes. Like the HMCS6800 family, 
I/O level is TTL compatible with +S.OV single power supply. 
As the HD6303R is CMOS MPU, power dissipation is extremely 
low. And also HD6303R has Sleep Mode and Stand-by Mode 
as lower power dissipation mode. Therefore, flexible low power 
consumption application is possible. 

■ FEATURES 
• Object Code Upward Compatible with the HD6800, HD6801, 

H D6802 
• Multiplexed Bus IDo /Ao^~D~/A,Aa ^~Ars I, Non Multiplexed 

Bus (Do"-Dv. Ao 'Ars 1 
• Abundant On-Chip Functions Compatible with the 

HD6301V1; 128 Bytes RAM, 13 Parallel I/O Lines, 16-bit 
Timer, Serial Communication Interface (SCI) 

• Low Power Consumption Mode; Sleep Mode, Stand-ey Mode 
• Minimum Instruction Execution Time 

1µs If=1MHz1, 0.67µs If=1.5MHz1, 0.5µs If=2.OMHz) 
• Bit Manipulation, Bit Test Instruction 
• Error Detecting Function; Address Trap, Op Code Trap 
• Up to 65k Bytes Address Space 
• Wide Operation Range 

Vcc =3 to 6V (f = 0.1 ^~ 0.5 MHz) 
f=0.1 to 2.0 MHz(Vcc =5V±10%) 

• TYPE OF PRODUCTS 

Type No. 
H D8303 R 
HD63A03R 

Bus Timing 

1.0 MHz 

1.6 MHz 
HD63803R 2.0 MHz 

HD6303RP,HD63A03RP, 
HD63B03RP 

~'''', 

~'~~~~' 
~, 1 

(DP-401 

HD6303RF, HD63A03RF, 
HD63603RF 

'~ ~~~~A~ 

\`\,~~ 

(FP-541 

H D6303RCG, HD63A03RCG, 
HD63603RCG 

'°-'" 

(CG-40) 

HD6303RCP, HD63A03RCP, 
HD63603RCP 

IIfI1.ICl1jI1l,h1/~~' ~Ralll

(CP-52) 
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• PIN ARRANGEMENT (Top View) 

• HD6303RP, HD83A03RP, 
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■ ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage Vcc -0.3 ^~ +7.0 V 

Input Voltage V;n -0.3 ~ Vcc+0.3 V 

Operating Temperature Top, 0 ̂ - +70 °C 

Storage Temperature T„g -55 ~ +150 °C 

(NOTE) This product has protection circuits in input terminal from high static electricity wltage and high electric field. 
But be careful not to app y overwltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend VIn, Vout ~ VSS S IVIr, or Vout) ~ VGC• 

■ ELECTRICAL CHARACTERISTICS 
• DC CHARACTERISTICS IVY  = 5.OV±10%, V~ = OV, Ta = 0^'+70°C, unless otherwise noted.) 

Item Symbol Test Condition min typ max Unit 

Input "High" Voltage 

RES, STB9 

VIH 

Vcc-0.5 -

~ 
3 

V EXTAL Vccx0.7 - 

Other Inputs 2.0 -

Input "Low" Voltage All Inputs VIA -0.3 - 0.8 V 

Input Leakage Current NMI, I~ t , RES, STBF Il;n l V ;,, =0.5^-Vcc -0.5V - - 1.0 µA 

Three State (off-state) 
Leakage Current 

P to^~P t~, P20^•P:o 
Do"'D~, Aa"'Ats Ilrsl I V;,, =0.5^-Vcc-0.5V - - 1.0 µA 

Output "High" Voltage All Outputs VoH 
IoH = -200µA 2.4 - - V 

IoH = -10µA Vcc-0.7 - - V 

Output "Low" Voltage All Outputs Von log = 1.6mA - - 0.55 V 

Input Capacitance All Inputs C;n 
V;n=OV, f=1.OMHz, 
Ta = 25°C 

_ _ 12,5 pF 

Standby Current Non Operation Icc - 2.0 15.0 µA 

Current Dissipation' Icc 
Operating~f=lMHz") - 6.0 10.0 

mA 
Sleeping (f=►MHz") - 1.0 2.0 

RAM Stand-By Voltage VggM 2.0 - - V 

• VIH min = VAC-1.OV, VIA max = O.9V 

• • Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max, 
values about Current Dissipations at f = x MHz operation ere decided according to the following formula; 

typ. value If = xMHzl = typ. value If = 1 MHz) z x 
max. value If =xMHz1 =max. value If = 7MHz) xx 

(both the sleeping and operating) 
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• AC CHARACTERISTICS IV~c = 5.OV±10%, Vss = OV, Ta = 0^+70°C, unless otherwise noted.) 

BUS TIMING 

Item Symbol 
Test 
Con- 
dition 

HD6303R HD63A03R HD63B03R 
Unit 

min typ max min typ max min typ max 

Cycle Time t~y~ 

Fig. 1 

Fig. 2 

1 — 10 0.666 — 10 0.5 — 10 Ns 
Address Strobe Pulse Width • 
"High" PWASH 220 — — 150 — — 110 — — ns 

Address Strobe Rise Time tnsr — — 20 — — 20 — — 20 ns 
Address Strobe Fall Time tasf — — 20 — — 20 — — 20 ns 

Address Strobe Delay Time' tggp 60 — — 40 — — 20 — — ns 

Enable Rise Time tE, — — 20 — — 20 — — 20 ns 

Enable Fall Time tEf — — 20 — — 20 — — 20 ns 
Enable Pulse Width "High" Level• PWEH 450 — — 300 — — 220 — — ns 
Enable Pulse Width "Low" Level' PWEL 450 — — 300 — — 220 — — ns 
Address Strobe to Enable Delay• 
Time tASED 

60 — — 40 — — 20 — — ns 

Address Delay Time 
tgpt — — 250 — — 190 — — 160 ns 
tADz — — 250 — — 190 — — 160 ns 

Address Delay Time for Latch' tgpL ~ — — 250 — — 190 — — 160 ns 

Data Set-up Time 
Write tpsyy 230 — — 150 — — 100 — — ns 

Read tpsR BO — — 60 — — 50 — — ns 

Data Hold Time 
Read tH R 0 — — 0 — — 0 — — ns 

Write tHw 20 — — 20 — — 20 — — ns 

Address Set-up Time for Latch' tggL 60 — — 40 — — 20 — — ns 

Address Hold Time for Latch t AHL 30 — — 20 — — 20 — — ns 

Address Hold Time tAH 20 — — 20 — — 20 — — ns 

Ao ^~ A~ Set-up Time Before E• t,gsM 200 — — 110 — — 60 — — ns 

Peripheral Read 
Access Time 

Non-Multiplexed 
gus (tnccN 1 — — 650 — — 395 — — 270 ns 

Multiplexed Bui (tAccnn — — 650 — — 395 — — 270 ns 

Oscillator stabilization Time tRc Fig. 8 

Fig. 9 

20 — — 20 — — 20 — — ms 

Processor Control Set-up Time tpcs 200 — — 200 — — 200 — — ns 

'These timings change in approximate proportion to tom. The figures in this characteristics represent those when t~ is minimum 

(= in the highest speed operationl. 

PERIPHERAL PORT TIMING 

Item Symbol 
Test 
Con 
dition 

HD6303R HD63A03R HD63803R 
Unit 

min typ max min typ max min typ max 

Peripheral Data 
Set-up Time Port 1, 2 tppsu Fig• 3 200 — — 200 — — Z00 — — ns 

Peripheral Data 
Hold Time port 1, 2 tppH Fig. 3 200 — — 200 — — 200 — — ns 

Delay Time, Enable Nega• 
five Transition to Peri- 
pheral Data Valid 

port 1, 
2• tpyyp Fig. 4 — — 300 — — 300 — — 300 ns 

• Except Par 
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TIMER, SCI TIMING 

Item Symbol 
Test 
Con 
dition 

HD6303R HD63A03R HD63B03R 
Unit 

min typ max min typ max min typ max 

Timer Input Pulse Width tpwr 2.0 — — 2.0 — — 2.0 — — t~v~ 

Delay Time, Enable Positive 
Transition to Timer Out trop Fig. 5 — — 400 — — 400 — — 400 ns 

SCI Input Clock Cycle tsoy~ 2.0 — — 2.0 — — 2.0 — — tcyc 

SCI Input Clock Pulse Width tpWSCK 0.4 — 0.6 0.4 — 0.6 0.4 — 0.6 tScYc 

MODE PROGRAMMING 

Item Symbol 
Test 
Con 
dition 

HD6303R HD63A03R HD63B03R 
Unit 

min typ max min typ max min typ max 

RES "Low" Pulse Width PWnsrL 
Fig. 6 

3 — — 3 — — 3 — — t~v~ 

Mode Programming Set-up Time tMpS 2 — — 2 — — 2 — — tcrc 
Mode Programming Hold Time tl„IpH 150 — — 150 — — 150 — — ns 

Address Strobe 
IASI 

Enable 
IEI 

R/W. As'Ars 

z.4v 

0.8 V 

2.4 V 

MPU Wrlta 
Oe .` p, ~ Ae "A+ 

MPU Mssd 

0.8 V 

t ASD 

PWASH—• 

~tASr 

 PWEL 

~tA51 

~IASED~ 

~ — tADi— ~ 

rADL 

~--fEr 

PWEH 

2.4V 

Address Valid 

0.8V 

r ASL~ 

2.4V 
Address 
Valid 
O.BV 

w —t om

2.4V 
Address 
Valid 
0.8V 

~rAHI 
IDSW — . 

~fEl 

2,4V 

Data Valid 

0.8 V 

(IACCMI 

Z.0 V 

Data Valid 
O.Bv 

Figure 1 Multiplexed Bus Timing 
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tp~p 

E n,bN 
IEI 

RIiiV 

MPU Writ. 

D, -D, 

MPU Rpd 

Da -D, 

Aa -A, IPOn 11 

Ar - A.. 

P„ — P, t
Pa. ' Ps. 
Inputs 

24v 

O.BV 

~E L 

~ — tADl —r.

PWER 

w tEf 

~tAR 

2.4V 

Address VaIW 

O.eV 

It ACCHI 

~tDSw~ 

2.4V 
Dau Valid 

O.eV 

2.DV 

O.eV 

~ - iDSR - ~ 

Data valid 

2.4V 

Addrna Valid 
O.6V 

Figure 2 Non-Multiplexed Bus Timing 

r MPV Write 

1 O.eV  

Figure 3 Port Data $et-up and Hold Times 
(MPU Read) 

Timor 
Counter 

Pr. 
Output 

24V 

E 

All Dau 
von Outputs 

RES 

rte 

C
/ 

rHR 

f- 

rtAR 

~-- tP W D"'~ 

® Not Valid 

2.4V o.0 v,ud ~oev 

Note) Port 2: Except Pa t
Fgure 4 Port Data Delay Times 

(MPU Write) 

Mode Inpuli 
tiOD~I IPzo . Pti . P:t 1 

2AV 
0 eV 

~OBV OeVy 

 PwRsr t —• 
MPS' 

2.Ov~ 
Dau vaim 

O.aV  
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tMPw r 

Figure 5 Timer Output Timing Figure 6 Mode Programming Timing 

t98 HITACHI 



H D 6303R 

~cc 

Test Point 

E ~~ 

Internal 
Address eus 

NMI. IPO~ 

Internal 
Data Bus 

Internal 
Read 

Internal 
Wrna 

E 

VCC 

STBV 

R~ = 2.2 kS2 

(4.OkS2 for E) 

IS2074 

or Equiv. 

Interrupt 
Test 

C=90pF for AS, R/DV, Do/Ao "~ D./A,, and AS 
=30PF for Pip ~ Pi . and Ao/Plo "~ A,/P„ 
=40pF for E 

R=12k4 

Figure 7 Bus Timing Test Loads (TTL Load) 

Op Coda Op Cotle FFFf SP 
Address Atltlrass+ 1 

'— tPCS 

-5.5 V 
~t 

45V 
tRC 

J I--I I--

2 SP~3 SP~d SP-5 SP~6 Vector Vector Naw PC 
Mse LSB Address 
Address Address 

Figure 8 Interrupt Sequence 

V~~-0SV 

PES 1 

Adtlrau 
Bus 

Internal 
R 

ImernN 
w 

1111111111 

11111\11111 

1111111111 

I VC 

\111\\\INN\1\N\N11U 

11111\1\11,1111"`\"`1\ 

1111111111111111111111111 

tPCs 

~-0SV 

FFFf FFFE FFFF N~  PCsI~ 

RAN 

Dan a~r 

1111111111 

1111111111 

1111111111111111111111\P~ 

11111111111111NIA\111111111111111 t 

■ FUNCTIONAL PIN DESCRIPTION 

Figure 9 Reset Timing 

• ~ccr ass 
These two pins are used for power supply and GND. 

Recommended power supply voltage is SV t 10%. 3 to 6V can 
be used for low speed operation (100 ^~ 500 kHz). 

• XTAL, EXTAL 
These two pins are connected with parallel resonant funda-

1110111111111111 f 

mental crystal, AT cut. For instance, in order to obtain the 
system clock IMHz, a 4MHz resonant fundamental crystal is 
used because the devide-by-4 circuitry is included. An example 
of the crystal interface is shown in Fig. 10. EXTAL accepts 
an external clock input of duty 45% to 55%p to drive. For 
external clock, XTAL pin should be open. The crystal and 
capacitors should be mounted as close as possible to the pins. 
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AT Cut Parallel Resonance Crystal 

Co - 7 pF mez 
RF - so n maz 

XTAL 

EXTAL 

O 

T 
1

CL2 CL1 

i)i 

CLt ' CL2 - 10-22PF ' 20% 

(3.2-8MNz) 

Figure 10 Crystal Interface 

• Standby (STBYI 
This pin is used to place the MPU in the standby mode. 

If this goes to "Low" level, the oscillation stops, the internal 
clock is tied to VSg or VCS and the MPU is reset. In order to 
retain information in RAM during standby, write "0" into RAM 
enable bit (RAME). RAME is bit 6 of the RAM Control Register 
at address $0014. This disables the RAM, so the contents of 
RAM is guaranteed. For details of the standby mode, see the 
Standby section. 

• Reset (RES) 
This input is used to reset the MPU. ~ must be held 

"Low" for at least 20ms when the power starts up. It should be 
noted that, before clock generator stabilize, the internal state 
and I/O ports are uncertain, because MPU can not be reset 
without clock. To reset the MPU during system operation, it 
must be held "Low" for at least 3 system clock cycles. From 
the third cycle, all address buses become "high-impedance" 
and it continues while l~ is "Low". [f IfE~S goes to "High", 
CPU does the following. 
(1) 1/O Port 2 bits 2,1,0 are latched into bits PC2, PCI, PCO of 

program control register. 
(2) The contents of the two Start Addresses, $FFFE, $FFFF 

are brought to the program counter, from which program 
starts (see Table 1). 

(3) The interrupt mask bit is set. In order to have the CPU 
recognize the maskable interrupts IRQI and IRQI , clear it 
before those are used. 

• Enabb IEI 
This output pin supplies system clock. Output is a single-

phase, TTL compatible and I/4 the crystal osciIlation frequen-
cy. It will drive two LS TTL load and 40pF capacitance. 

• Non Maskeble Interrupt (NMI) 
When the falling edge of the input signal of this pin is re-

cognized, NMI sequence starts. The current instruction is con-
tinued to complete, even if NMI signal is detected. Interrupt 
mask bit in Condition Code Register has no effect on NMI 
detection. In response to NMI interrupt, the information of 
Program Counter, Index Register, Accumulators, and Condition 
Code Register are stored on the stack. On completion of this 
sequence, vectoring address $FFFC and $FFFD are generated 
to load the contents to the program counter. Then the CPU 
branch to a non maskable interrupt service routine. 

• Interrupt Request (IROt 1 
This level sensitive input requests a maskable interrupt 

sequence. When IIFZ)r goes to "Low", the CPU waits until it 
completes the current instruction that is being executed. Then, 
if the interrupt mask bit in Condition Code Register is not set, 
CPU begins interrupt sequence; otherwise, interrupt request 
is neglected. 

Once the sequence has started, the information of Program 
Counter, Index Register, Accumulator, Condition Code Register 
are stored on the stack. Then the CPU sets the interrupt mask 
bit so that no further maskable interrupts may be responded. 

Table 1 Interrupt Vectoring memory map 

HigMst 
Priority 

Lowest 
Priam 

w 
MSa 

FFFE 

FFEE 

FFFC 

FFfA 

Ff FE 

iFFe 

FFf~ 

FFF] 

FFFD 

ar 

LSa 

FFFF 

FfEf 

FFFD 

FFFe 

FFF9 

FFF7 

iFF6 

FFF] 

FFFF 

IntKrlgt 

IIES 

TMI 

FLI 

]olrwn InYrng115YR1 
rlfb, lo! 1531 

ICF ITirrw Input Cglunl 

OCf RImFr Output Canpwsl 

70F ITwnw Owrnowl 

SCI (BORE ~ ORFE ~ TDREI 

At the end of the cycle, the CPU generates 16 bit vectoring 
addresses indicating memory addresses $FFF8 and $FFF9, and 
loads the contents to the Program Counter, then branch to an 
interrupt service routine. 

The Internal Interrupt will generate signal IRQ:  which is 
quite the same as IRQI except that it will use the vector address 
$FFFD to $FFF7. 

When IRQI and IRQz are generated at the same time, the 
former precedes the latter. Interrupt Mask Bit in the condition 
code register, if being set, will keep the both interrupts off. 

On occurrence of Address error or Opcode error, TRAP 
interrupt is invoked. This interrupt has priority next to RES. 
Regardless of the interrupt Mask Bit condition, the CPU will 
start an interrupt sequence. The vector for this interrupt will be 
$FFEE,$FFEF. 

• Ra•d/Writs IR/WI 
This TTL compatible output signals peripheral and memory 

devices whether CPU is in Read ("High"), or in Write ("Low"). 
The normal stand-by state is Read ("High"). Its output will 
drive one TTL load and 90pF capacitance. 

• Address Strobe IASI 
In the multiplexed mode, address strobe signal appears at this 

pin. It is used to latch the lower 8 bits addresses multiplexed 
with data at Do/Ao ^~ D~/A,. The 8-bit latch is controlled by 
address strobe as shown in Figure I5. Thereby, Do/Ao " DT/AT 
can become data bus during E pulse. The timing chart of this 
signal is shown in Figure 1. 

Address Strobe (AS) is sent out even if the internal address 
is accessed. 

■ PORTS 
There are two I/O ports on HD6303R MPU (one 8-bit ports 

and one 5-bit port). Each port has an independent writeonly 
data direction register to program individual [/O pins for 
input or output.• 

When the bit of associated Data Direction Register is "I", 
I/O pin is programmed for output, if "0", then programmed (or 
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an input. 
There are two ports : Port 1, Port 2. Addresses of each 

port and associated Data Direction Register are shown in 
Table 2. 
' Only one exception is bit t of Port 2 which becomes either a 

data input or a timer output. It cannot be used as an output 
port. 

Table 2 Port and Data Direction Register Addresses 

Ports Port Address Data Direction 
Register Address 

I/O Port 1 

I/O Port 2 

$0002 

$0003 

$0000 

$0001 

• I/O Part 7 
This is an 8-bit port, each bit being defined individually as 

input or outputs by associated Data Direction Register. The 
8-bit output buffers have three-state capability, maintaining in 
high impedance state when they are used for input. In order to 
be read accurately, the voltage on the input lines must be more 
than 2.OV for logic "1" and less than 0.8V for logic "0". 

These are TTL compatible. After the MPU has been reset, all 
I/O lines are configured as inputs in Multiplexed mode. In Non 
Multiplexed mode, Port 1 will be output line for lower order 
address lines (Ao '- A,), which can drive one TTL load and 
30 pF capacitance. 

• 1/O Port 2 
This port has five lines, whose I/O direction depends on its 

data direction register. The 5-bit output buffers have three-state 
capability, going high impedance state when used as inputs. In 
order to be read accurately, the voltage on the input lines must 
be more than 2.OV for logic "1" and less than O.SV for logic 
"0". After the MPU has been reset, I/O lines are configured as 
inputs. These pins on Port 2 (Pxo ^~ Pxx of the chip) are used 
to program the mode of operation during reset. The values of 
these three pins during reset are latched into the upper 3 bits 
(bit 7, 6 and 5) of Port 2 Data Register which is explained in 
the MODE SELECTION section. 

In all modes, Port 2 can be configured as I/O lines. This port 
also provides access to the Serial I/O and the Timer. However, 
note that bit 1 (Px~) is the only pin restricted to data input or 
Timer output. 

■ BUS 

This TTL compatible three-state buffer can drive one TTL 
load and 90 pF capacitance. 
Non Multiplexed Made 

In this mode, these pins become only data bus (Do ~ D~ ). 
Multiplexed Mode 

These pins becomes both the data bus (Do ~ D,) and lower 
bits of the address bus (Ao ^~ A,). An address strobe output is 
"High" when the address is on the pins. 

• A6 "'A~s 
Each line is TTL compatible and can drive one TTL load and 

90 pF capacitance. After reset, these pins become output for 
upper order address lines (Ae "" Ars )• 

• MODE SELECTION 
The operation mode after the reset must be determined by the 

user wiring the Pxo, Pxr ,and Pxx externally. These three pins are 
lower order bits; I/O 0, 1/O 1, 1/O 2 of Port 2. They are latched 
into  the control bits PCO, PC 1, PC2 of I/O Port 2 register when 
RES goes "High". I/O Port 2 Register is shown below. 

$0003 

Port 2 DATA REGISTER 

7 S S 7 x 0 

rcx ~t ►co uo ~ uox 1/O Z vo t vo 0 

An example of external hardware used for Mode Selection 
is shown in Figure 11. The HD14053B is used to separate the 
peripheral device from the MPU during reset. It is necessary if 
the data may conflict between peripheral device and Mode 
generation circuit. 

No mode can be changed through software because the bits 
5, 6, and 7 of Port 2 Data Register are read-only. The mode 
selection of the HD6303R is shown in Table 3. 

The HD6303R operates in two basic modes: (1) Multiplexed 
Mode, (2) Nan Multiplexed Mode. 

• Multiplexed Mode 
The data bus and the lower order address bus are multiplexed 

in the Do/Ao ^~ D~/A, and can be separated by the Address 
Strobe. 

Port 2 is configured for 5 parallel 1/O or Serial I/0, or Timer, 
or any combination thereof. Port 1 is configured for 8 parallel 
I/O. 

• Non Multiplexed Mode 
In this mode, the HD6303R can duectly address HMCSti800 

peripherals with no address latch. Do /Ao ~ D,/A, become a 
data bus and Port 1 becomes Ao ~ A, address bus. 

In this mode, the HD6303R is expandable up to 65k bytes 
with no address latch. 

• Lower Order Address Bus Latch 
Because the data bus is multiplexed with the lower order 

address bus in Do/Ao'r D,/Av in the multiplexed mode, address 
bits must be latched. It requires the 74LS373 Transparent octal 
D-type to latch the LSB. Latch connection of the HD6303R 
is shown in Figure 15. 
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Pon t 
8 1/O Lines 

Port 2 
s Iro Lin.. 
SCI 
Timer 

Inh 
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ve
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• 
• 
• 

Pr[ 

P, , 
P,[

~~~ 

11~"'~- v x 

~ z, r 

- x, z - 

Nbde 
Wntrol 
S itch 

MD1e053B 

RES 

D6303' 

P„ IPC01 

P„ IPcu 
P„ IPC41 

Figure 11 Recommended Circuit for Mode Selection 
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Note 11 Figure of Multiplexed Mode 
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Figure 12 HD140538 Multiplexers/De-Multiplexers 
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Figure 13 HD6303R MPU Multiplexed Mode 

STBY 

RES 

Purr 1 
8 Address Unss 
Ao A[ 

Pen ~ 
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Figure 14 HD6303R MPU Non Multiplexed Mode 

202 ~ H ITAC H 1 



HD6303R 

GND 

AS  

G OC 
D, I 

Da/A. 'D,/A, 

Address/Data 
74LSJ 73 

Table 3 Mode Selection 

Address: Aa 'A, 

Data: Oa —D, 

Figure 15 Latch Connection 

Operating Mode Pze Psl P22

Multiplexed Mode 
L H L 

L L H 

Non Multiplexed Mode H L L 

L: logic "0" 
H: logic "1" 

■ MEMORY MAP 
The MPU can provide up to 65k byte address space. Figure 

16 shows a memory map for each operating mode. The first 32 
locations of each map are for the CPU's internal register only, 
as shown in Table 4. 

Function Table 

Output Enable Omput 
Control 
IDCI 

G D D 

L H H H 

L H L L 

L L % D e

H X X Z 

Table 4 Internal Register Area 

Register Address 

Port 1 Data Direction Register" 
Port 2 Data Direction Register" 
Port 1 Data Register 
Port 2 Data Register 

00` 
01 
02' 
03 

Timer Control and Status Register 
Counter (High Byte) 
Counter (Low Byte) 
Output Compare Register (High Byte) 

OB 
09 
OA 
OB 

Output Compare Register (Low Byte) 
Input Capture Register (High Byte) 
Input Capture Register (Low Byte) 

OC 
OD 
OE 

Rate and Mode Control Register 
Transmit/Receive Control and Status Register 
Receive Data Register 
Transmit Data Register 

10 
11 
12 
13 

RAM Control Register 
Reserved 

14 
15-1 F 

' External address in Non Multiplexed Mode 
i =Output, 0 =Input 

Non~Multiplexed

f0000 ....~ iiiii 

S001F 

f0080 

saOF F 

Internal Req~siers 

E eternal Memory Space 

Inver nal RAM 

E ere.nal Memory Spxe 

SFFFF  

(NOTE) 
Excludes the following addresses which may be 
uzed externally; 500, $02. 

Multiplexed 

50000 

SOO1F 

50080 

f00FF 

SFFFF 

Inre.nal Regiarns 

E eternal Memory $pxe 

Internal RAM 

E Mernal Memoy Space 

Figure 16 HD6303R Memory Maps 
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■ PROGRAMMABLE TIMER 
The HD6303R contains 16-bit programmable timer which 

may measure input waveform.In addition to that it can generate 
an output waveform by itself. For both input and output wave-
form, the pulse width may vary from a few microseconds to 
several seconds. 
The timer hardware consists of 

• an 8-bit control and status register 
• a 16•bit free running counter 
• a 16-bit output compare register 
• a 16-bit input capture register 

A block diagram of the timer is shown in Figure 17. 

o~~sw~ , ~...~ a. 
e..I ano 

Iar ] bn 7 

Figure 17 Programmable Timer Blodc Diagram 

• Free Running Counter ($0009: $OOOA) 
The key element in the programmable timer is a 16•bit free 

running counter, that is driven by an E (Enable) clock to 
increment its values. The counter value will be read out by the 
CPU software at any time with no effects on the counter. 
Reset will clear the counter. 

When [he MSB of this counter is read, the LSB is stored 
in temporary latch. The data is fetched from this latch by the 
subsequent read of LSB. Thus consistent double byte data can 
be read from the counter. 

When the CPU writes arbitrary data to the MSB ($09), the 
value of $FFF8 is being pre-set to the counter ($09, $OA) 
regardless of the write data value. Then the CPU writes arbi-
trary data to the LSB ($OA), the data is set to the "Low" byte 
of the counter, at the same time, the data preceedingly written 
in the MSB ($09) is set to "High" byte of the counter. 

When the data is written to this counter, a double byte 
store instruction (ex. STD) must be used. If only the MSB of 
counter is written, the counter is set to $FFF8. 

The counter value written to the counter using the double 
byte store instruction is shown in Figure 18. 

To write to the counter can disturb serial operations, so it 
should be inhibited during using the SCI. [f external clock 
mode is used for SC[, this will not disturb serial operations. 

~ {O9 Wnu 
ISAI 

S E~ r
Counter 

:OA Wnu~ 
IFaI 

~~  1~ 
FFfe 5AF3 

15AF3 written to the munterl 

Figure 18 l:oumer Write Timing 

• Output Compare Register ($0008:$OOOC) 
This is a 16-bit read/write register which is used to control an 

output waveform. The contents of this register are constantly 
being compared with current value of the free running counter. 

When the contents match with the value of the free running 
counter, a flag (OCF) in the timer control/status register 
(TCSR) is set and the current value of an output level Bit 
(OLVL) in the TCSR is transferred to Port 2 bit 1. When bit 1 
of the Port 2 data direction register is "1"(output), the OLVL 
value will appear on the bit 1 of Port 2. Then, the value of Out-
put Compare Register and Output level bit may be changed 

for the next compare. 
The output compare register is set to $FFFF during reset. 
The compare function is inhibited at the cycle of writing to 

the high byte of the output compare register and at the cycle 
just after that to ensure valid compare. It is also inhibited in 
same manner at writing to [he free running counter. 

In order to write a data to Output Compare Register, a 
double byte store instruction (ex.STD) must be used. 

• Input Capture Register ($OOOD: $OOOE) 
The input capture register is a 16-bit read-only register used 

to hold the current value of free conning counter captured when 
the proper transition of an external input signal occurs. 

The input transition change required to trigger the counter 
transfer is controlled by the input edge bit (IEDG). 

To allow the external input signal to go in the edge detect 
unit, the bit of the Data Direction Register corresponding to bit 
0 of Port 2 must have been cleared (to zero). 

To insure input capture in all cases, the width of an input 
pulse requires at least 2 Enable cycles. 

• Timer Control/Status Register (TCSR) ($0008) 
This is an 8-bit register. All 8-bits are readable and the lower 

5 bits may be written. The upper 3 bits are read-only, indicating 
the timer status information as is shown below. 
(1) A proper transition has been detected on the input pin 

(ICF). 
(2) A match has been found between the value in the free 

running counter and the output compare register (OCF). 
(3) When counting up to $0000 (TOF). 

Each flag has an individual enable bit in TCSR which 
determines whether or not an interrupt request may occur 
(R z). If the I-bit in Condition Code Register has been 
cleared, a prior vectored address occurs corresponding to 
each flag. A description of each bit is as follows. 

Timer Control /Status Register 

7 6 5 1 ) 7 t 0 

ICf OCF TOf I EICI EOU ETOI IEDG Dlvt. 50008 

Bit 0 OLVL (Output Levell; When a match is found in the 
value between the counter and the output corn• 
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pare register, this bit is transferred to the Port 2 
bit 1. If the DDR corresponding to Port 2 bit 1 is 
set "1", the value will appear on the output pin of 
Port 2 bit 1. 

Bit 1 IEDG Ilnput Edge►: This bit control which transition 
of an input of Port 2 bit 0 will trigger the data 
transfer from the counter to the input capture 
register. The DDR corresponding to Port 2 bit 0 
must be clear in advance of using this function. 
When IEDG = 0, trigger takes place on a negative 
edge ("High"—to—"Low" transition). When IEDG = 
1, trigger takes place on a positive edge ("Low"-to-
"High" transition). 

Bit 2 ETOI (Enable Timer Overflow Interrupt); When set, 
this bit enables TOF  interrupt to generate the 
intermpt request (IRQt). When cleared, the inter-
rupt is inhibited. 

Bit 3 EOCI (Enable Output Compare Interrupt►; When set, 
this bit enables OCF interrupt to generate the 
interrupt request (IRQx).When cleared, the inter-
rupt is inhibited. 

Bit 4 EICI (Enable Input Capture Interrupt►; When set, this 
bit enables ICF interrupt to generate the interrupt 
request (IRQx). When cleared, the interrupt is 
inhibited. 

Bit 5 TOF (Timer Over Flow Flag►; This read-only bit is set 
at the transition of $FFFF to $0000 of the 
counter. It is cleared by CPU read of TCSR (with 
TOF set) followed by a CPU read of the counter 
($0009). 

Bit 6 OCF (Output Compare FIag1; This read-only bit is set 
when a match is found in the value between the 
output compare register and the counter. It is 
cleared by a read of TCSR (with OCF set) fol• 
lowed by a CPU write to the output compare re-
gister ($OOOB or $OOOC). 

Bit 7 ICF Ilnput Capture Flag); The read-only bit is set by a 
proper transition on the input, and is cleared by 
a read of TCSR (with ICF set) followed by a 
CPU read of Input Capture Register ($GOOD). 

Reset will clear each bit of Timer Control and Status 
Register. 

■ SERIAL COMMUNICATION INTERFACE 
The 1111p6303R contains afull-duplex asynchronous Serial 

Communication Interface (SCI). SCI may select the several 
kinds of the data rate. It consists of a transmitter and a receiver 
which operate independently but with the same data format 
and the same data rate. Both of transmitter and receiver com-
municate with the CPU via the data bus and with the outside 
world through Port 2 bit 2, 3 and 4. Description of hardware, 
software and register is as follows. 

• Wake•Up Feature 
In typical multiprocessor applications the software protocol 

will usually have the designated address at the initial byte of the 

message. The purpose of Wake-Up feature is to have the non-
selected MPU neglect the remainder of the message. Thus 
the non-selected MPU can inhibit the all further interrupt 
process until the next message begins. 

Wake-Up feature is re-enabled by a ten consecutive "1"s 
which indicates an idle transmit line. Therefore software pro-
tocol must put an idle period between the messages and must 
prevent it within the message. 

With this hardware feature, the non-selected MPU is re-
enabled (or "waked-up") by the next message. 

• Programmable Options 
The HD6303R has the following programmable features. 
• data format; standard mark/space (NRZ) 
•clock source; external or internal 
• baud rate; one of 4 rates per given E clock frequency or 

t/8 of externalclock 
• wake-up feature; enabled or disabled 
• interrupt requests; enabled or masked individually for 

transmitter and receiver 
•clock output; internal clock enabled or disabled to Port 

2 bit 2 
• Port 2 (bits 3, 4); dedicated or not dedicated to serial 

1/O individually 

• Serial Communication Hardware 
The serial communications hardware is controlled by 4 

registers as shown in Figure 19. The registers include: 
• an 8-bit control/status register 
• a 4-bit rate/mode control register (write-only) 
• an 8-bit read-only receive data register 
• an 8-bit write-only transmit data register 
Besides these 4 registers, Serial 1/0 utilizes Port 2 bit 3 

(input) and bit 4 (output). Port 2 bit 2 can be used when an 
option is selected for the internalclock-out or the external-
clock-in. 

• Transmit/Receive Control Status Register (TRCSR) 
TRCS Register consists of 8 bits which all may be read while 

only bits 0 to 4 may be written. The register is initialized to $20 
on RES. The bits of the TRCS Register are explained below. 

Transmit /Receive Control Status Register 

7 6 S ~ 7 1 1 0 

RDRF ORFE TORE RIE RE TIE TE WU AODR 
(0011 

Bit 0 WU (Wake Up►; Set by software and cleared by hardware 
on receipt of ten consecutive "1 "s. While this bit 
is "1", RDRF and ORFE flags are not set even 
if data are received or errors are detected. There-
fore received data are ignored. [t should be noted 
that RE flag must have already been set in advance 
of WU flag's set. 

Bit t TE (Transmit Enablel; This bit enables transmitter. When 
this bit is set, bit 4 of Port 2 DDR is also forced 
to be set. It remains set even if TE is cleared. 
Preamble of ten consecutive "1"s is transmitted 
just after this bit is set, and then transmitter 
becomes ready to send data. If this bit is cleared, 

the transmitter is disabled and serial I/O affects 

nothing on Port 2 bit 4. 
Bit 2 TIE (Transmit Interrupt Enablel: When this bit is set, 

TDRE (bit 5) causes an IRQz interrupt. When 
cleared, TDRE interrupt is masked. 

Bit 3 RE (Receive Enable►; When set, Port 2 bit 3 can be used 
as an input of receive regardless of DDR value for 
this bit. When cleared, the receiver is disabled. 

Bit 4 RIE (Receive Interrupt Enablel; When this bit is set, 
RllRF (bit 7) or ORFE (bit 6) cause an IRQz 
interrupt. When cleared, this interrupt is masked. 
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Bit 5 TDRE (Transmit Data Register Empty►; When [he data 
is transferred from the Transmit Data Register 
to Output Shift Register, this bit is set by hard-
ware. The bit is cleared by reading the status re-
gister followed by writing the next new data into 
the Transmit Data Register. TDRE is initialized 
to 1 by RES. 

Bit 6 ORFE (Over Run Framing Errorl; When overrun or 
framing error occurs (receive only), this bit is set 
by hardware. Over Run Error occurs if the attempt 
is made to transfer the new byte to the receive 
data register while the RDRF is "1". Framing 
Error occurs when the bit counter is not synchro-
nized with the boundary of the byte in the re-

Part 

R• 
Bit 

clots 
Bir 
1 

r. 
en 

ceiving bit stream. When Framing Error is de-
tected, RDRF is not set. Therefore Framing Error 
can be distinguished from Overrun Error. That is, 
if ORFE is "1" and RDRF is "1", Overrun Error 
is detected. Otherwise Framing Error occurs. 
The bit is cleared by reading the status register 
followed by reading the receive data register, or 
by RES. 

Bit 7 RDRF (Receive Data Register Full1; This bit is set by 
hardware when the data is transferred from the 
receive shift register to the receive data register. 
It is cleared by reading the status register followed
by reading [he receive data register, or by RES. 

Bit 7 Rsre and MOEe Connor Reyltrer eir p 

LCl CCO 551 550 

Trenemit/RKnw Control entl Stetur Rpleter 

RDRF ORfE TORE RiE RE TIE iE WU 

Reeeiw Dete Rpirter 

INor ApAre,uCiel 

Receive Shin Rpierer 

Bit Rate 
Generator 

 1 

INor Ar10rNual<1 

Transmit Shift Register 

S10 

flt 

S11 

Transmit Data Register 

Figure 19 Serial I/O Register 

7 6 5 4 3 2 1 0 

x x x cc1 cco ss1 SSo 

Transfer Rate /Mode Control Register 

Table 5 SCI Bit Times and Transfer Rates 

sn 

ADDR 60010 

xTAI. 2.4576 MHz 4.0 MHz 4.9152MHz 
SS1 S50 E 614.4 kHz 1.0 MHz 1 2288MH: 

0 0 E _ 16 26 vs/38,400 Baud 16 us/62,500 Bwd t3 „s/76.800Baud 

0 1 E _ 128 20Bys/4,800 Bwd 128 ys/7812.5 Bwd t04.2„s/ 9.600Baud 

1 0 E + 1021 t.67ms/600 Bsud 1.024ms/976.6 Baud 833 3„s/ 1,2008aud 

1 1 E + 4096 6.67ms/150 Bsud 4.096ms/244.1 Baud 3 333ms/ 300Baud 
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Table 6 SCI Format and Clock Source Control 

CC1: CCO Format Clock Source Port 2 Bit 2 Port 2 Bit 3 Port 2 Bit 4 
0 0 — — _ _ _ 
0 1 NRZ Internal Not Used""" •• •• 

1 0 NRZ Internal Output • •• •• 

t 1 NRZ External Input •• •• 

• Clock output is available regardless of values for bits RE and TE. 
•• Bit 3 is used for serial input if RE . "t" in TRCS. 

Bit 4 is used for serial output it TE ~ "1" in TRCS. 

••• This pin can be used as I/O port. 

• Transfer Rate/Mode Control Register (RMCR) 
The register controls the following serial I/O functions: 
• Bauds rate •data format •clock source 
•Port 2 bit 2 feature 
It is 4-bit write-only register, cleared by RCS. The 4 bits are 

considered as a pair oC 2•bit fields. The lower 2 bits control the 
bit rate of internal clock while the upper 2 bits control the 
format and the clock select logic. 

Bit 0 SSO ~ 
Speed Select 

Bit 1 SS1 
These bits select the Baud rate for the internal clock. The 

rates selectable are function of E clock frequency of the CPU. 

Table 5 lists the available Baud Rates. 
Bit2 CCO l Clock Control/Format Select 
Bi[ 3 CC1 

They control the data format and the clock select logic. 
Table 6 defines the bit field. 

• Internally Generated Clock 
If the user wish to use externally an internal clock of the 

serial 1/O, the following requirements should be noted. 
• CC 1, CCO must be set to "10". 
•The maximum clock rate must be E/16. 
• The clock rate is equal to the bit rate. 
•The values of RE and TE have no effect. 

• Externally Generated Clock 
If the user wish to supply an external clock [o the Serial 

1/O, the following requirements should be noted. 
•The CCI, CCO must be set to "I I" (See Table 6). 
• The external clock must be set to 8 times of the desired 
baud rate. 

•The maximum external clock frequency is E/2 clock. 

• Serial Operations 
The serial I/O hardware must be initialized by the software 

before operation. The sequence will be normally as follows. 
•Writing the desired operation control bits of the Rate and 
Mode Control Register. 

•Writing the desired operation control bits of the TRCS 
register. 

[f Port 2 bit 3, 4 are used for serial I/O, TE, RE bits may be 
kept set. When TE, RE bit are cleared during SCI operation, 
and subsequently set again, it should be noted that TE, RE 
must be kept "0" for at least one bit time of the current baud 
rate. If TE, RE are set again within one bit time, there may be 
the case where the initializing of internal function for trans-
mitter and receiver does not take place correctly. 

• Transmit Operation 
Data transmission is enabled by the TE bit in the TRCS 

register. When set, the output of the transmit shift register 
is connected with Port 2 bit 4 which is unconditionally con-
figured as  an output. 

After RES, the user should initialize both the RMC register 
and the TRCS register for desired operation. Setting the TE bit 
causes a transmission of ten•bit preamble of "1 "s. Following the 
preamble, internal synchronization is established and the trans-
mitter is ready to operate. Then either of the following states 
exists. 

(1) If the transmit data register is empty (TDRE = 1), the 
consecutive "1 "s are transmitted indicating an idle 
states. 

(2) If the data has been loaded into the Transmit Data 
Register (TDRE = 0), it is transferred to the output 
shift register and data transmission begins. 

During the data transfer, the start bit ("0") is first trans• 
ferred. Next the 8-bit data (beginning at bit 0) and finally the 
stop bit ("1 "). When the contents of the Transmit Data Register 
is transferred to the output shift register, the hardware sets the 
TDRE flag bit: If the CPU fails to respond to the flag within 
the proper time, TDRE is kept set and then a continuous string 
of 1's is sent until the data is supplied to the data register. 

• Receive Operation 
The receive operation is enabled by the RE bit. The serial 

input is connected with Port 2 bit 3. The receiver operation 
is determined by the contents of the TRCS and RMC register. 
The received bit stream is synchronized by the first "0" (start 
bit). During 10•bit time, the data is strobed approximately at 
the center of each bit. If the tenth bit is not "1" (stop bit), 
the system assumes a framing error and the ORFE is set. 

If the tenth bit is "1 ", the data is transferred to the receive 
data register, and the RDRF flag is set. If the tenth bit of the 
next data is received and still RDRF is preserved set, then 
ORFE is set indicating that an overrun error has occurred. 

After the CPU read of the status register as a response to 
RDRF flag or ORFE flag, followed by the CPU read of the 
receive data register, RDRF or ORFE will be cleared. 

■ RAM CONTROL REGISTER 
The register assigned to the address $0014 gives a status 

information about standby RAM. 

a001e 

RAM Control Register 

7 8 5 4 3 1 0 

srev 
NM/R RAME X X x x 

Bit 0 Not used. 
Bit 1 Not used. 
Bit 2 Not used. 
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Bit 3 Not umd. 
Bit 4 Not used. 
Bit 5 Not used. 
Bit 6 RAM Enable (RAME1. 

Using this control bit, the user can disable the RAM. RAM 
Enable bit is set on the positive edge of RES and RAM is 
enabled. The program can write "1" or "0". If RAME is 
cleared, the RAM address becomes external address and the 
CPU may read the data from the outside memory. 
Bit 7 Standby Power Bit (STBY PWR) 

This bit can be read or written by the user program. It is 
cleared when the V~~ voltage is removed. Normally this bit 
is set by the program before going into stand-by mode. When 
the CPU recovers from stand-by mode, this bit should be 
checked. If it is "1", the data of the RAM is retained during 
stand-by and it is valid. 

■ GENERAL DESCRIPTION OF INSTRUCTION SET 
The HD6303R has an upward object code compatible with 

the HD6801 to utilize all instruction sets of the HMCS6800. 
The execution time of the key instruction is reduced to increase 
the system through-put. In addition, the bit operation instruc• 
lion, the exchange instruction between the index and the 
accumulator, the sleep instruction are added. This section 
describes: 

• CPU programming model (See Fig. 20) 
• Addressing modes 
•Accumulator and memory manipulation instructions (See 
Table 7) 

•New instructions 
•Index register and stack manipulation instructions (See 
Table 8) 

•Jump and branch instructions (See Table 9) 
•Condition code register manipulation instructions (See 

Table 10) 
• Op-code map (See Table 11) 
• Cycle-by-cycle operation (See Table 12) 

• CPU Programming Model 
The programming model for the HD6303R is shown in Fig-

ure 20. The double accumulator is physically the same as the 
accumulator A concatenated with the accumulator B, so that 
the contents of A and B is changed with executing operation of 
an accumulator D. 

r 0 

IS 

fie 

ire 

X 

Se 

PC 

0 

0 

of 

6-Bd Accumulators A end B 
Or 16-Bit Double Attumulamr D 

Inds• Register l%I 

Stack Pointer lSPl 

Program Counte. IPCI 

Cond~tian Cotle Register ICCRI 

CarrylBor.ow I.om MSB 
Overflow 
Zer 
Negar 
I nterruPt 

Nad Carry IFiom Bit 31 

Figure 20 CPU Programming Model 

every instruction is shown along with execution time given in 
terms of machine cycles (Table 7 to 1 I ). When the clock 
frequency is 4 MHz, the machine cycle will be microseconds. 
Accumulator IACCX) Addressing 

Only the accumulator (A or B) is addressed. Either accumula-
tor A or B is specified by one-byte instmctions. 
Immediate Addressing 

In this mode, the operand is stored in the second byte of the 
instruction except that the operand in LDS and LDX, etc are 
stored in the second and the third byte. These are two or 
three-byte instructions. 
Direct Addressing 

In this mode, the second byte of instruction indicates the 
address where the operand is stored. Duect addressing allows 
the user to directly address the lowest 256 bytes in the machine; 
locations zero through 255. Improved execution times are 
achieved by storing data in these locations. For system 
configuration, it is recommended that these locations should be 
RAM and be utilized preferably for user's data realm. These are 
two-byte instructions except the AIM, 0[M, EIM and TIM 
which have three-byte. 
Extended Addressing 

In this mode, the second byte indicates the upper 8 bit 
addresses where the operand is stored, while the third byte 
indicates the lower 8 bits. This is an absolute address in 
memory. These are three-byte instructions. 
Indexed Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the Index Register. For each of AIM, OIM, EIM 
and TIM instructions, the contents of the third byte are added 
to the lower 8 bits in the Index Register. In addition, the result-
ing "carry" is added to the upper 8 bits in the Index Register. 
The result is used for addressing memory. Because the modified 
address is held in the Temporary Address Register, there is no 
change to the Index Register. These are two-byte instructions 
but AIM, OIM, EIM, TIM have three-byte. 
Implied Addressing 
[n this mode, the instruction itself gives the address; stack 

pointer, index register, etc. These are 1-byte instmctions. 
Relative Addressing 

[n this mode, the contents of the second byte is added to the 
lower 8 bits in the program counter. The resulting carry or 
borrow is added to the upper 8 bits. This helps the user to 
address the data within a range of —126 to +129 bytes of the 
current execution instruction. These are two-byte instructions. 

• CPU Addressing Modes 
The HD6303R has seven address modes which depend on 

both of the instruction type and the code. The address mode for 
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Table 7 Accumulator, Merrlory Manipulation Instructions 

ClWrtbm Mnemonic 
Addretsinq Mods 

Boolean/ 
Arithmetic Ograt~on 

Condition Cod• 
Register 

IMMED DIRECT INDEX EXTEND IMPLIED 5 ♦ 3 ] 1 0 

OP - N OP - M OP - a OP -♦ OP - N H I N Z V C 

Add ADDA 8B 2 2 9B J 7 AB 1 2 BB I J A♦ M» A t • S i f i 

ADDS CB 2 Z DB J 2 EB I Z FB I J 8♦ M» B t • t t t i 

Add Dottbb ADDO CJ 3 J DJ 4 2 EJ 5 2 iJ 5 3 A: B a M: M+ i» A: B •• i t t ! 

Add Accumubton ABA 18 1 1 A a 8» A t • i t t i 

Add With Cary ADCA 89 Z J 99 J 2 A9 / Z B9 4 3 A a M♦ C» A t • i t i i 

ADCB C9 Z Z D9 3 2 E9 / Z F9 1 3 B+ M r C» B t • i t i i 
AND ANDA 81 Z 2 91 3 Z AI ♦ Z B4 ♦ ] A•M»A • • ! i R 

ANDS CI Z Z D4 J J EI I Z FI ♦ J B•M» B •• t i R 

Bit T•tt BITA 85 2 2 95 J Z AS 1 2 BS I J A•M • • S S R 

BIT B C5 2 2 D5 J J ES / 2 FS / J B•M •• t i R 

Clear CLR 6F 5 2 7F 6 3 00»M •• R S R R 

CLRA IF 1 1 00-A •• R S R R 

CLRB SF 1 1 00 » B •• R S R R 

Comps• CMPA 81 2 2 91 3 2 A/ 1 2 8 1 / 3 A- M • • i t i t 

CMPB C1 2 Z D1 7 Z E1 I J F1 1 3 8 -M • • t t J f 
ComWr 
Accumulator CBA 11 1 1 A -B • • i t t i 

Complement, 1's COM 63 6 J 73 6 J M -- M • • t i R S 
COMA 13 1 1 A» A • • S S R S 
COMB SJ 1 1~ -- B • • S t R S 

Complement, 2's 

INepaul 

NEG 60 6 Z 70 6 3 00 - M -- M • • t 2 ~ 'S) 
NEGA 10 1 1 00 - A» A •• 1 t n W 
NEGB 50 1 1 00-8»B •• i i n C+ 

Decimal Adjust, A DAA 19 2 1 
Convent binary dd of BCO 
cMrader into BCO lormat • • i I t ~ 

Decrment DEC 6A 6 Z 7A 6 J M- i» M •• t J (IU 
DECA IA 1 1 A -1»A •• t t Q♦
OECB SA 1 1 8- 1» B •• t i n 

Exclutiva OR EORA 88 Z 2 98 J Z AB 4 7 88 ♦ 3 A ©M- A •• t i R• 

EORB C8 Z 7 D8 J 2 E8 ♦ Z F8 I J B Q M- B •~ t i R 

Intnment INC 6C 6 2 7C 6 3 M+ 1» M •• t i 

INCA IC 1 1 Aat»A • • t i 

INCB 5C 1 1 8+ 1» B •• t i 

Lod 
Accumulator 

LDAA 86 Z 2 96 J 2 A6 ♦ ~ 86 ♦ J M » A • • t i R 

LDAB C6 2 J D6 J Z E6 a 3 F6 / J M» B •• S I R 

Lod Double 
Accumulator LDD CC J 3 DC I J EC 5 2 FC 5 J M+ 1» 8, M» A •• t 1 R 

Multgly UnsignW MUL JD 7 1 A x B» A: B 

OR, Inclusive ORAA BA 2 2 9A 3 Z AA I Z BA I J A a M» A •• 1 t R 

GRAB CA 2 2 OA J Z EA I J FA ♦ J B. M- B •• J i R 

Push Dau PSHA J6 ♦ 1 A » Mq, SP - 1 » SP 

PSHB 77 • 1 B » Mq, SP - 1 » 5► 
Pull Oar PULA JJ 3 1 SP + 1 » SP, Mq» A 

►ULB 73 3 1 SP + 1 » SP, Mq» B 
Ronn Last ROL 69 i 7 79 B J •• t i (D t 

ROLA 19 1 1 
1 1_ ~, I 

A 4 ~}{~ •• I J m t 

ROLB 59 i l • Q ~1 b • • t t ® ! 
Rmsfa Rght ROR 86 B J 76 6 7 M •• i i® t 

RORA /6 1 1 A~~'~' , •• i t p t 

RORB 56 1 1 a • • 1 i ;U t 

Note) Condition Code Register will be explained in Note of Table 10. Ito be con inued) 
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Table 7 Accumulator, Memory Manipulation Instructbns 

OPeratwns Mnemonic 

Addrsuing Mode 

ArithrtBr~itc~O~ation 

Cottditbn Cod• 
Ragiatar 

IMMED DIRECT INDEX EXTEND IMPLIED S / J 2 1 0 

OP _ • OP - M OP - • OP - N OP - N H I N Z V C 

Shift Uft 
Aritnrrrtic 

ASL 68 8 2 78 8 J r •• i t® i 
ASLA IB 1 1 A) fly{ - fl - fT•~Tl~• • • i t ® i 

ASLB 58 l l a p1 °0 •• i i® i 

DOYWe Snip 
LNt, Arithmetic ASLD OS 1 1 • • • i t © i •~ Ao

Shill Rght 
Arithmetic 

ASR 67 6 2 77 6 J M • • i i® i 
ASRA /7 1 1 

I~1,~~ ~, 

.~ "L11.1.1_I_I I FiJ •• i t p i 

ASRB 57 1 1 a e0~~ °o TTTT •• i i© i 

Shift Right 
Logical 

LSR N 8 2 7/ 6 3 M •• R t® i 
LSRA p 1 / a4o»{TTTTiTfI-~] • • R i © t 

 LSRB 51 1 1 • p1 ~ G • • R t ® 1 

Double $hilt 
Right Logical 

LSRD M 1 1 0»~ Ace A/ •GC • 4J~1 • • R i ® t 
ar Ao ar so Lr

Store 
Attumulator 

STAA 97 J 2 A7 1 2 B) ♦ J A» M •• i 1 R 

STAB 07 3 2 E7 1 2 F7 I J B» M •• j j R 

Store Doubt• 
Accumu4tor STD DO / 2 ED 5 2 FD 5 J A» M 

B » M ♦ 1 •• i t R 

Subtract SUBA 80 2 2 90 3 2 AO / 2 BO ♦ 7 A- M» A •• i i i 2 

SUBS CO 2 2 DO J 2 EO 1 2 FO I J B- M» B •• i i i J 

DoubN SuDtran SUED 8J 3 3 97 4 2 A3 6 2 BJ 6 J A: B- M: M~ 1» A: B •• i t t t 

Subtract 
Accumulnors SBA 10 1 1 A- B» A • • t i i t 

Subtract 
With Grry 

SBCA 82 2 2 92 J 2 A2 1 2 B2 I J A- M- C» A • • i t i i 

SBCB C2 2 2 D2 J Z E2 ♦ 2 F2 / 3 B -M -C-B •• i t i i 

Tender 
Accumu4ton 

TAB 16 1 1 A» B • • j i R 

TBA 17 1 1 B» A • • 1 t R 

Tnt Zero or 
Minus 

TST 6D / 2 7D 4 J M - 00 • • i t R R 

TSTA ID 1 1 A -00 • • t i R R 

TSTB 5D 1 1 8- lb • • j j R R 

AtW Imme6ata AIM 71 8 3 81 7 3 M•IMM~M • • 1 2 R • 

OR Immediate OIM 72 8 3 82 7 3 M+IMM»M •• I I R• 

FOR Immedista EIM 75 8 3 85 7 J M~IMM»M • • I I R • 
Tnt Inxnadiate TIM 78 4 3 88 5 3 M•IMM • • I I R • 

Note) Condition Code Register will be explained in No a of Table 10. 
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• New Instructions 
In addition to the HD6801 Instruction Set, the HD6303R 

has the following new instructions: 
AIM ----(M) • (IMM)-+(M) 

Evaluates the AND of the immediate data and the 
memory, places the result in the memory. 

OIM---- (M) + (IMM) -~ (M) 
Evaluates the OR of the immediate data and the 
memory, places the result in the memory. 

EIM----(M)Q+ (IMM)-~(M) 
Evaluates the FOR of the immediate data and the 
memory, places the result in the memory. 

TIM----(M) • (IMM) 
Evaluates the AND of the immediate data and the 
memory, changes the flag of associated condition code 
register 

Each instruction has three bytes; the first is op-code, the 
second is immediate data, the third is address modifier. 
XGDX--(ACCD) ++ (IX) 

Exchanges the contents of accumulator and the index 
register. 

SIP----The MPU is brought to the sleep mode, For sleep 
mode, see the "sleep mode" section. 

Table 8 Index Register, Stack Manipulation Inst uctions 

Pointer Operations Mnemonic 

Addreeeinp Modes 
Bodaan/ 

Arithmetic Ogration 

Condition Code 
Repiner 

IMMED DIRECT INDEX EXTEND IMPLIED 5 1 7 2 1 0 
OP - M OP • OP - N OP - M OP '- • H I N Z V C 

Compare Inde• Req CPX BC 3 7 9C 6 2 AC 5 2 BC 5 3 X-M:M+1 •• S i l t 

Decrement Index Rep DEX D9 1 1 x - 1 » X • • • t 

lMremam Suck Pnv pES a1 1 1 SP - 1 » SP 

Increnwnt Index Rp INX lM 1 1 X + 1 » X • • • t 

Incnmem Suck Pntr INS 31 1 1 SP + 1 » SP 

LOW Index Rep LOX CE 7 3 DE 1 Z EE 5 Z FE 5 3 M» xN, IM+11» XL • • Cl t R 

Lwd Suck Pntr LDS BE 3 3 9E 1 2 AE 5 Z BE 5 3 M» SPM, IM+11» SPL • •- © i R 

Store lndee Rep ST% OF 4 Z EF 5 2 FF 5 3 xH»M, XL»IM+11 • • ~ t R 

Store Steck Pntr STS 9F 4 2 AF 5 Z BF 5 3 SPH » M, SPL » IM+ 11 • • © i R 

InMv Re•» Stack Pntr TXS J5 1 1 X - 1 » SP 

Stick Pntr » Inde■ Req TSX 30 1 1 SP + t » X 

Add ABX 3A 1 1 B+X» X 

Push D•u PSHX 3C 5 1 XL » Mme, SP - i » SP 

XH» Mp , SP - 1 -• SP 

Pull Dau PULX J8 4 1 SP+1»SP, Mep »XH

SP+1»SP, M~»XL

Exchange XGDX 18 2 1 ACCD•-IX • • • • • • 

Note) Condition Code Register will be explained in Note of Table 10. 
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Table 9 Jump, Branch Instruction 

Operations MMrrlflnit 

Addressing Modes 

Branch Test 

Condnan CoM 
Regnter 

5 ~ 3 2 t 0 RELATIVE DIRECT INDEX EXTEND IMPLIED 

H I N Z V C OP — x OP —# OP — x OP — x OP — x 

Bench Always BRA 20 3 2 None 

Bench Newr BRN 21 3 2 Nona 

Bench II Cary Clw BCC 2a J Z C - 0 

Breech If Carry Set BCS 25 3 2 C • 1 

Bench I1 -Zero 8E0 2) 3 2 2 - 1 

Branch I1 > Zero 8GE 1C 3 2 N ©V - 0 

Bench I1 > taro BGT 2E 3 2 Z + IN Q+ VI - 0 

Branch If Higher BHI T2 3 2 C + 2 • 0 

Bench If G Zaro BLE 2F 3 2 2 + IN QQ VI - 1 

Brmch It Lorwr Or 
$eme 

BLS 23 3 2 C + Z - 1 

BnnM II < Zaro BLT 2D 3 2 N Q V- 1 

Branch II Minus BMI 2B 3 2 N - 1 

Branch If Not ErruN 
Zero 

8NE 26 3 2 Z - 0 

Bunch II Owrlbw 
CNer 8VC 28 3 2 V - 0 

Bench II Owrfbw S•t BVS 29 3 2 V - i 

Bench II Plus BPL 2A 3 2 N - 0 

Bench To SubroutlM BSR BD 5 I 

Jump JMP 6E 3 2 7E 3 3 

Jump To SuWoutiM JSR 90 5 Z AD 6 2 80 6 3 

No Op•ntbn NOP Ol 1 1 Advances Proa. Cntr, 
Only 

Return From Innrrupt RTI 3B 10 1 — Q 

Ratum From 
$ubroutlM 

RTS 39 5 1 

• S Software Interrupt SWI 3F 12 1 
• Q WHt for Interrupt• WAI ]E 9 1 

SIseP SLP lA 4 1 • • • • • • 

Note)'WAI puts R/V~ high; Address Bus goes to FFFF; Date Bus goe to the three state. 
Condition Code Register will be exp ained in Note of Tabie 10. 
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Table 10 Condition Code Regirter Manipulation Inrtructions 

Operations Mnemonk 

AddrntingMod•s 

Boolean Operation 

Coodnbn CoAe Reghur 

IMPLIED 5 ~ 7 Z 1 0 

OP — r H I N Z V C 

Char CrrY CLC OC 1 1 0 » C • • • • • R 

Char InNrrupt A4tk CLI OE 1 1 0 — I • q 

Char Over/low CLV OA 1 1 0 » V • • • • q 

Sat Carry SEC 00 1 1 1 » C • • • • • S 

5•t Innrrupt Muk SEI OF 1 1 1 » I • S 

S•t Owrfbw SEV OB 1 1 1 ~— V • • 

• • 

S 
Attumulator A »CCR TA► OB 1 1 A» CCR ® 
CCR » Accumubto. A TPA 07 1 1 CCR » A 

[NOTE 1 ] Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 
~~ IBit V Test: Result ~ 10000000? 

U (Bit C Test: Result ~ 000000007 
~ IBit C Test: BCD Character of highorder byte greater than 9 T INot cleared if previously set) 

Q (Bit V Test: Operand = 10000000 prior to execution? 

~ (Bit V Test: Operand .01111111 prior to execution? 

© (Bit V Test: Set equal to N•C=1 after the execution of instructions 

Q (Bit N Test: Result less than zero? (Bit 15=11 
~ IAiI e,tl Load Condition Code Register from Stack. 
~ IBit 11 Set when interrupt occurs. It previously set, a Non~Maskable Interrupt is required to exit the wait 

state. 
10 (All Bit) Set according to the contents of Accumulator A. 
tt (Bit C) Result of Multiplication Bit 7= 1 of ACCB? 

[NOTE 2] CLI instruction and interrupt. 
If interrupt maskbit is set 11="1") and interrupt is requested (IR(Tt = "0" or IRS _ "0"), 
and than CLI instruction is executed, the CPU responds as follows. 
p The next instruction of CLI is one-machine cycle instruction. 

Subsequent two instructions are executed before the interrupt is responded. 
That is, the next and the next of the next instruction are executed. 

02 The next instruction of CLI is two-machine cycle for more) instruction. 
Only the next instruction is executed and then the CPU jump to the interrupt routine. 

Even if TAP instruction is used, instead of CLI, the same thing occurs. 

Table 11 OP-Code Map 

OP 

CODE 
ACC 

A 
ACC 

B 
IND 

EXT 

DIR 

ACCA or SP ACCB or X 
IMM DIR IND EXT IMM DIR IND EXT 

HI 

LO 

0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 IOII 1100 1101 1110 1111 
0 1 2 S t S 0 7 q 9 A B C D E F 

0000 0 / SBA BRA TSX NEG SUB 0 

0001 I NOP CBA BAN INS AIM CMP 1 

0010 Z / ~ BHI PULA ~_ OIM SBC Z 
0011 g ~~ BLS PULB COM SUED ADOD S 
0100 { LSRD ~ BCC DES LSR AND ~ 

0101 5 ASLD / BCS TXS _~ EIM 81T g 
0110 0 TAP TAB BNE PSHA ROR LDA g 
0111 7 TPA TBA BED PSHB ASR. / STA V STA 

1000 q INX XGOX BVC PULX ASL FOR q 
1001 9 DEX DM BVS RTS ROL ADC g 
1010 A CLV SLP 8PL ABX DEC OM A 
1011 8 SEV ABA BMI RTI ~~ TIM AOD B 
1100 C CLC ~ BGE PSHX INC CPX LDD C 
1101 D SEC ~ BLT MUL BSR JSR 

/ 

f ~ STD D 
1110 E CLI ~ BGT WAI 

~ J TST 

/ ✓ ~ JMP LDS LDX E 
till F SEI ~ BLE SWI CLR f STS ~ STX F 

0 1 Z S / S B ~ 7 0 9 I A I 8 C D ~ E I F 

UNDEP NEO OP CODE (~ 
• Only for instructions of AIM, OIM, EIM, TIM 
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• Instruction Execution Cycles 
In the HMCS6800 series, the execution cycle of each instruc-

tion is the number of cycles between the start of the current 
instruction fetch and just before the start of the subsequent 
instruction fetch. 

The HD6303R uses a mechanism of the pipeline control 
for the instruction fetch and the subsequent instruction fetch 
is performed during the current instruction being executed. 

Therefore, the method to count instruction cycles used in 
the HMCS6800 series cannot be applied to the instruction 
cycles such as MULT, PULL, DAA and XGDX in the HD6303R. 

Table 12 provides the information about the relationship 
among each data on the Address Bus, Data Bus, and R/W status 
in cycle-bycycle basis during the execution of each instruction. 

Table 12 Cycle-by-Cycle Operation 

Address Mode & 
Instructions 

Cycles Cycle 
t< 

Address Bus R/W Data Bus 

IMMEDIATE 
ADC ADD 
AND BIT 

1 
2 

Op Code Address+l 
Op Code Address+2 

1 
1 

Operand Data 
Next Op Code 

CMP FOR 2 
LDA ORA 
SBC SUB 
ADDD CPX 1 Op Code Address+l 1 Operand Data (MSB) 
LDD LDS 3 2 Op Code Address+2 1 Operand Data (LSB) 
LDX SUBD 3 Op Code Address+3 1 Next Op Code 

DIRECT 
ADC ADD 
AND BIT 
CMP FOR 
LDA ORA 
SBC SUB 

3 

1 
2 
3 

Op Code Address+l 
Address of Operand 
Op Code Address+2 

1 
1 
1 

Address of Operand (LSB) 
Operand Data 
Next Op Code 

STA 
3 

1 
2 
3 

Op Code Address+l 
Destination Address 
Op Code Address+2 

1 
0 
1 

Destination Address 
Accumulator Data 
Next Op Code 

ADDD CPX 
LDD LDS 
LDX SUED 

4 

1 
2 
3 
4 

Op Code Address+l 
Address of Operand 
Address of Operand+l 
Op Code Address+2 

1 
1 
1 
1 

Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 

STD STS 
STX 

4 

1 
2 
3 
4 

Op Code Address+l 
Destination Address 
Destination Address+l 
Op Code Address+2 

1 
0 
0 
1 

Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 

JSR 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
Stack Pointer 
Stack Pointer-1 
Jump Address 

1 
1 
0 
0 
1 

Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 

TIM 

4 

1 
2 
3 
4 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
Op Code Address+3 

1 
1 
1 
1 

Immediate Data 
Address of Operand (LSB) 
Operand Data 
Next Op Code 

AIM EIM 
OIM 

6 

1 
2 
3 
4 
5 
6 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
FFFF 
Address of Operand 
Op Code Address+3 

1 
t 
1 
1 
0 
1 

Immediate Data 
Address of Operand (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 

HITACHI 
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Table 12 Cycle-by-Cycle Operation (Continued) 

Address Mode & 
Instructions 

Cycles Cycle Address Bus R/W Data Bus 

INDEXED 
JMP 

3 
1 
2 
3 

Op Code Address+l 
FFFF 
Jump Address 

1 
1 
1 

Offset 
Restart Address (LSB) 
First Op Code of Jump Routine 

ADC ADD 
AND BIT 
CMP FOR 
LDA ORA 
SBC SUB 
TST 

4 

1 
2 
3 
4 

Op Code Address+l 
FFFF 
IX+Offset 
Op Code Address+2 

1 
t 
1 
1 

Offset 
Restart Address (LSB) 
Operand Data 
Next Op Code 

STA 

4 

1 
2 
3 
4 

Op Code Address+ 1 
FFFF 
IX+Offset 
Op Code Address+2 

1 
1 
0 
1 

Offset 
Restart Address (LSB) 
Accumulator Data 
Next Op Code 

ADDD 
CPX LDD 
LDS LDX 
SUED 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
IX+Offset 
IX+Offset+l 
Op Code Address+2 

1 
1 
1 
1 
1 

Offset 
Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 

STD STS 
STX 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
IX+Offset 
IX+Offset+l 
Op Code Address+2 

1 
1 
0 
0 
1 

Offset 
Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 

JSR 

5 

1 
2 
3 
4 
5 

Op Cade Address+l 
FFFF 
Stack Pointer 
Stack Pointer-1 
IX+Offset 

1 
1 
0 
0 
1 

Offset 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 

ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 

6 

1 
2 
3 
4 
5 
6 

Op Code Address+l 
FFFF 
IX+Offset 
FFFF 
IX+Offset 
Op Cade Address+2 

1 
1 
1 
1 
0 
1 

Offset 
Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 

TIM 

5 

1 
2 
3 
4 
5 

Op Code Address+t 
Op Code Address+2 
FFFF 
IX+Offset 
Op Code Address+3 

1 
1 
1 
1 
1 

Immediate Data 
Offset 
Restart Address (LSB) 
Operand Data 
Next Op Code 

CLR 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
IX+Offset 
IX+Offset 
Op Code Address+2 

1 
1 
1 
0 
1 

Offset 
Restart Address (LSB) 
Operand Data 
00 
Next Op Code 

AIM EIM 
OIM 

7 

1 
2 
3 
4 
5 
6 
7 

Op Code Address+l 
Op Code Address+2 
FFFF 
IX+Offset 
FFFF 
IX+Offset 
Op Code Address+3 

1 
1 
1 
i 
1 
0 
1 

Immediate Data 
Offset 
Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 

— Continued — 

HITACHI 215 



H D 6303 R 

Table 12 Cycle•by-Cycle Operation (Continued) 

216 

Address Mode & 
Instructions Cycles Cycle Address bus R/W Data Bus 

EXTEND 
JMP 

3 
1 
2 
3 

Op Code Address+l 
Op Code Address+2 
Jump Address 

1 
1 
1 

Jump Address (MSB) 
Jump Address (LSB) 
Next Op Code 

ADC ADD TST 
AND BIT 
CMP FOR 
LDA ORA 
SBC SUB 

4 

1 
2 
3 
4 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
Op Code Address+3 

1 
1 
1 
1 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 

STA 

4 

1 
2 
3 
4 

Op Code Address+l 
Op Code Address+2 
Destination Address 
Op Code Address+3 

1 
1 
0 
1 

Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 
Next Op Code 

ADDD 
CPX LDD 
LOS LDX 
SUBD 

5 

1 
2 
3 
4 
5 

Op Code Address+i 
Op Code Address+2 
Address of Operand 
Address of Operand+l 
Op Code Address+3 

1 
1 
1 
1 
1 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 

STD STS 
STX 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
Op Code Address+2 
Destination Address 
Destination Address+l 
Op Code Address+3 

1 
1 
0 
0 
1 

Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 

JSR 

6 

1 
2 
3 
4 
5 
6 

Op Code Address+l 
Op Code Address+2 
FFFF 
Stack Pointer 
Stack Pointer-1 
Jump Address 

1 
1 
1 
0 
0 
1 

Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 

ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 

6 

1 
2 
3 
4 
5 
6 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
FFFF 
Address of Operand 
Op Code Address+3 

1 
1 
1 
1 
0 
1 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 

CLR 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
Address of Operand 
Op Code Address+3 

1 
1 
1 
0 
1 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
00 
Next Op Code 
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Table 12 Cycle-by-Cycle Operation (Continued) 

Address Mode & 
Instructions 

Cycles Cycle Address Bus R/W Data Bus 

IMPLIED 
ABA ABX 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 
LSRD ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 

1 

1 Op Code Address+l 1 Next Op Code 

DAA XGDX 
2 

1 
2 

Op Code Address+l 
FFFF 

1 
1 

Next Op Code 
Restart Address (LSB) 

PULA PULB 
3 

1 
2 
3 

Op Code Address+t 
FFFF 
Stack Pointer+l 

1 
1 
1 

Next Op Code 
Restart Address (LSB) 
Data from Stack 

PSHA PSHB 

4 

1 
2 
3 
4 

Op Code Address+l 
FFFF 
Stack Pointer 
Op Code Address+l 

1 
1 
0 
1 

Next Op Code 
Restart Address (LSB) 
Accumulator Data 
Next Op Code 

PULX 

4 

1 
2 
3 
4 

Op Code Address+l 
FFFF 
Stack Pointer+l 
Stack Pointer+2 

t 
1 
1 
1 

Next Op Code 
Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 

PSHX 

5 

1 
2 
3 
4 
5 

Op Code Address+i 
FFFF 
Stack Pointer 
Stack Pointer-1 
Op Code Address+l 

1 
1 
0 
0 
1 

Next Op Code 
Restart Address (LSB) 
Index Register (LSB) 
Index Register (MSB) 
Next Op Code 

RTS 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
Stack Pointer+l 
Stack Pointer+2 
Return Address 

1 
1 
1 
1 
1 

Next Op Code 
Restart Address (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 

MUL 

7 

1 
2 
3 
4 
5 
6 
7 

Op Code Address+t 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 

1 
1 
1 
1 
1 
1 
t 

Next Op Code 
Restart Address (LSB) 
Restart Address (LS8) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 

— Continued — 
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Tabfe 12 Cycle-byCycle Operation (Continued) 

Address Mode & 
Instructions 

Cycles Cycle Address Bus R/W Data Bus 

IMPLIED 
WAI 

9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Op Code Address+l 
FFFF 
Stack Pointer 
Stack Pointer-1 
Stack Pointer-2 
Stack Pointer-3 
Stack Pointer-4 
Stack Pointer-5 
Stack Pointer-6 

1 
1 
0 
0 
0 
0 
0 
0 
0 

Next Op Code 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulato.A 
Accumulator B 
Conditional Code Register 

RTI 1 Op Code Address+l 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer +1 1 Conditional Code Register 
4 Stack Pointer+2 1 Accumulator B 

10 
5 
6 

Stack Pointer+3 
Stack Pointer+4 

1 
1 

Accumulator A 
Index Register (MSB) 

7 Stack Pointer+5 1 Index Register (LSB) 
8 Stack Pointer+6 1 Return Address (MSB) 
9 Stack Pointer+7 1 Return Address (LSB) 

10 Return Address 1 First Op Code of Return Routine 
SWI 1 Op Code Address+l 1 Next Op Code 

2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer 0 Return Address (LSB) 
4 Stack pointer — 1 0 Return Address (MSB) 
5 Stack pointer — 2 0 Index Register (LSB) 

12 
6 
7 

Stack Pointer — 3 
Stack Pointer — 4 

0 
0 

Index Register (MSB) 
Accumulator A 

8 Stack Pointer — 5 0 Accumulator B 
9 Stack Pointer — 6 0 Conditional Code Register 

10 Vector Address FFFA 1 Address of SWI Routine (MSB) 
11 Vector Address FFFB 1 Address of SWI Routine (LSB) 
12 Address of SWI Routine 1 First Op Code of SWI Routine 

SLP 1 Op Code Address+l 1 Next Op Code 
2 FFFF 1 Restart Address (LSB) 
i FFFF High Impedance-Non MPX Mod 

4 Sle
l

e Address

) 

Bus -MPX Mode 

! p 1 
3 FFFF Restart Address (LSB) 
4 Op Code Address+) Next Op Code 

— Continued — 
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Table 12 Cycle•by•Cycle Operation (Continued) 

Address Mode & 
Instructions 

Cycles Cycle Address Bus R/W Data Bus 

RELATIVE 

BCC BCS 1 Op Code Address+l 1 Branch Offset 
BEO BGE 3 2 FFFF 1 Restart Address (LSB) 
BGT BHI (Branch Address Test="1" First Op Code of Branch Routine 
BLE BLS 

3 
Op Code Address+l Test="0" 

1
Next Op Code 

BLT BMT 
BNE BPL 
BRA BRN 
BVC BVS 
BSR 1 Op Code Address+l 1 Offset 

2 FFFF 1 Restart Address (LSB) 
5 3 Stack Pointer 0 Return Address (LSB) 

4 Stack Pointer-1 0 Return Address (MSB) 
5 Branch Address 1 First Op Code of Subroutine 

• LOW POWER CONSUMPTION MODE 
The HD6303R has two low power consumption modes; sleep 

and standby mode. 

• Slesp Mode 
On execution of SLP instruction, the MPU is brought to the 

sleep mode. In the sleep mode, the CPU stops its operation, 
but the contents of the registers in the CPU are retained. In this 
mode, the peripherals of CPU will remain active. So the opera- 
lions such as transmit and receive of the SCI data and counter 
may keep in operation. In this made, the power consumption 
is reduced to about 1/6 the value of a normal operation. 

The escape from this mode can be done by internrpt, RES, 
STBY. The ItE~ resets the MPU and the STAB brings it into the 
standby mode (This will be mentioned later). When interrupt is 
requested to the CPU and accepted, the sleep mode is released, 
then the CPU is brought in the operation mode and jumps to 
the interrupt routine. When the CPU has masked the interrupt, 
after recovering from the sleep mode, the next instruction of 
SLP starts to execute. However, in such a case that the timer 
interrupt is inhibited on the timer side, the sleep mode cannot 
be released due to the absence of the interrupt request to the 
CPU. 

a MMI 

m RES 

0 $TOY 

 t}•~ 

 11 

i~ 
O Stcx rgi„~r, 
O FlAM CON,rol 

.eo 

 IJ~ 

Figure 21 Standby Mode Timing 

O eil iinp 
I y 

This sleep mode is available to reduce an average power 
consumption in the applications of the HD6303R which may 
not be always running. 

• Standby Mode 
Bringing S'I'SY "Low", the CPU becomes reset and all 

clocks of the HD6303R become inactive. It goes into the 
standby mode. This mode remarkably reduces the power con-
sumptions ofthe HD6303R. 

In the standby mode, if the HD6303R is continuously sup-
plied with power, the contents of RAM is retained. The standby 
mode should escape by the reset start. The following is the 
typical application of this mode. 

First, MI routine stacks the CPU's internal information and 
the contents of SP in RAM, disables RAME bit of RAM wntrol 
register, sets the standby bit, and then goes into the standby 
mode. If the standby bit keeps set on reset start, it means that 
the power has been kept during stand-by mode and the contents 
of RAM is normally guaranteed. The system recovery may be 
possible by returning SP and bringing into the condition before 
the standby mode has started. The timing relation for each line 
in this application is shown in Figure 21. 
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■ ERROR PROCESSING 
When the HD6303R fetches an undefined instruction or 

fetches an instruction from unusable memory area, it generates 
the highest priority internal interrupt, that may protect from 
system upset due to noise or a program error, 

• Op-Code Error 
Fetching an undefined op-code, the HD6303R will stack the 

CPU register as in the case of a normal interrupt and vector to 
the TRAP (SFFEE, SFFEF), that has a second highest priority 
(RFS is the highest). 

• Addrers Error 
When an instruction is fetched from other than a resident 

RAM, or an external memory area, the CPU starts the same 
interrupt as op-code error. In the case which the instruction is 
fetched from external memory area and that area is not usable, 
the address error can not be detected. 

The address which cause address error are shown in Table 
13. 

Thia feature is applicable only to the instruction fetch, not to 
normal read/write of data acceaing. 

Transitions among the active mode, sleep mode, standby 
mode and reset are shown in Figure 22. 

Figures 23, 24 show a system configuration. 
The system flow chart of HD6303R is shown in Figure 25. 

0 
T 

Table 13 Address Error 

Address Error 

60000 —5001 F 

HD6303R 
MPU 

Enable 

Address A 
svcbe e e f ~ 

16~~  
La ch 

1 I a 

ROM 

 a 

RAM 

PIA 

GPIA 

Address But Dau Bus 

PT M 

Figure 23 HD6303R MPU Multiplexed Mode 

Figure 22 Transitions among Active Mode, Standby Mode, 
Sleep Mode, and Reset 

HD6303R MPu 

/16 f~ 8 

Enada 

ROM 

RAM 

PIA 

GPI A 
 >. 

• ~' 

Address Bus Osta But 

PTM 

Figure 24 HD6303R MPU Non-Multiplexed Mode 
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FFEE. FFEF FFFC, FFFD fFFA, FFFB FFFB. FFF9 
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REGUFST (LAG 
CLEAR 

H D6303R 

RESET 

O

Q3EyL•7:jI'LL~] 
ra+aa~a _ 

NO 

IRQ 7 
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NO 

YES 

YES 

YES 
NO~I;Y

NO 

NO 

NO 

~~j 
NO 

YES 

YES 

YES 

EXECUTE 

EXECUTE 

INSTRUCTION 
FETCN 

O 

SLEEP FIEQ 5.1~ 

YES 

YES 

VES 
_"~ 

NO NO SLEEP Fop 
CL AR 

® NO 

A 

® NO 

IR01 
NO 

IRQx NO 
ICI 

IRQz NO 
OCI 

IRQr NO 
TOI 

IRQ: 
SIO 

I~ 1 I-1 I~ 1 I~-1 

VECTORING VECTORING VECTORING VECTORI 

FFFB, FFF7 FFF4, FFFS FFF2, FFF3 FFFO. Ff 

PC ~ PC-1 

PC ~ PC-1 

STACK 

PCL -- MSP 

PCH -- MSP-1 

IXL ~ MSP-2 

IXH ~ MSP-3 

ACCA ~ MSP~O 

ACCa ~ MSP-S 

CCR ~ MSP-8 

WAI 

NO INTERRURT 
EOUES 

YES 

0 

INTERRUPT REQUEST FLAG 

EXCEPT NMI CLEAR 

Figure 25 HD6303R System Flow Chart 
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■ PRECAUTION TO THE BOARD DESIGN OF OSCILLA-
TION CIRCUIT 
As shown in Fig. 26, there is a case that the cross talk dis-

turbs the normal oscillation if signal lines are put near the 
oscillation circuit. When designing a board, pay attention to 
this. Crystal and CL must be put as near the HD6303R as 
possible. 

Do not use this kind of print board design. 

Figure 26 Precaution to the boad design 
of oscillation circuit 

~20mm maz 

H D6303R 

Avoid signal lines 
~~ in this area. 

1 x 
E 
E 
E 0 r 

L 

(Top View) 

Fig. 27 Example of Oscillation Circuits in Board Design 

■ PIN CONDITIONS AT SLEEP AND STANDBY STATE 
• Sleep State 

The conditions of power supply pins, clock pins, input pins 

and E clock pin are the same as those of operation. Refer to 

Table 14 for the other pin conditions. 

• Standby State 
Only power supply pins and STBY are active. As for the 

clock pin EXTAL, its input is fixed internally so the MPU is 
not influenced by the pin conditions. XTAL is in "1" output. 
All the other pins are in high impedance. 

Table 14 Pin Condition in Sleep State 

Mode 
Pin Non Multiplexed Mode Multiplexed Mode 

Pxo 'r P~ 
Function 1/O Port 1/O Port 

Condition Keep the condition just before sleep ~— 

Ao/Pto ^~ 
A~/Pti 

Function Address Bus (Ao ^~A~) I/O Port 

Condition Output "1" Keep the condition just before sleep 

Ae ^' Ats 
Function Address Bus (A6 ̂ 'Ats) Address Bus (As ^~Ats) 

Condition Output "1" 

Do/Ao ^~ 
D~/A~ 

FunMion Data Bus (Do"D~) E: Address Bus (Ae ^~A~), E: Data Bus 

Condition High Impedance E: Output "1", E: High Impedance 

R/w 
Function R/V~ Signal R/W Signal 

Condition Output "1" 

AS — Output AS 

222 ~ H ITACH 



H D 6303 R 

Table 15 Pin Condition during RESET 

Mode 

Pin 
Non-Multiplexed Mode Multiplexed Mode 

Pxo ^~ Pza High Impedance . 

Ao/Pro ^' A~/Pro High Impedance 

As ^~ Ars High Impedance 

Do/Ao ^' D~/A~ High Impedance 
E : "1"Output 
E : "t" output ~"°"' 
(High Impedance) 

R/w "1" Output 

AS 
E : "1"Output 
E :High Impedance 

(Note) In the multiplexed mode, the data bus is set to "1" output state during E _ "1" and it causes the conflict with the output of 
external memory. Following 1 and 2 should be done to avoid the conflict; 
111 Construct the system that disables the external memory during reset. 
121 Add 4.7 k12 pull down resistance to the AS pin to make AS pin "o" level during E _ "1". This operation makes the 

data bus high impedance state. 

■ DIFFERENCE BETWEEN HD6303ANDHD6303R 
The HD6303R is an upgraded version of the HD6303. The 

difference between HD6303 and HD6303R is shown in Table 
16. 

Table 16 Difference between HD6303 and HD6303R 

Item HD6303 HD6303R 

Operating 
Mode 

Mode 2: Not defined 
Mode 2: Multiplexed 
Mode 
(Equivalent to Mode 4) 

Electrical 
Character- 
istics 

The electrical character- 
istics of 2MHz version 
IB version) are not spec- 
ified. 

Some characteristics 
are improved. 
The 2MHz version is 
guaranteed. 

Timer 

Has problem in output 
compare function. 
(Can be avoided by soft• 
ware.) 

The problem is solved. 

Ideal Waveform 

Real Waveform 

START 

■ RECEIVE MARGIN OF THE SCI 
Receive margin of the SCI contained in the HD6303R is 

shown in Table 17. 
Note: SCI =Serial Communication Interface 

Table 17 
Bit distortion 

tolerance 
h—tol /to 

Character 
distortion tolerance 

IT—Ta) /To 

H D6303 R 137.5% +3.75% 
-2.5% 

2 3 4 5 6 7 6 STOP 

Bit length ~ — to —►1 

 Character length To

■ APPLICATION NOTE FOR HIGH SPEED SYSTEM 
DESIGN USING THE HD6303R 
This note describes the solutions of the potential problem 

caused by noise generation in the system using the HD6303R. 
The CMOS ICs and I.SIs featured by low power consumption 

T 
~t~ 

 1 

and high noise immunity are generally considered to be enough 
with simply designed power source and the GND line. 

But this does not apply to the applications configured of 
high speed system or of high speed parts. Such high speed sys-
tem may have a chance to work incorrectly because of the noise 
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by the transient current generated during switching. One of 
example is a system in which the HD6303R directly accesses 
high speed memory such as the HM6264. The noise generation 
owing to the over current (Sometimes it may be several 
hundreds mA for peak level.) during switching may cause data 
write error. 

This noise problem may be observed only at the Expanded 
Mode (Mode 1, 2, 4, 5 and 6) of the HD6303R. 

E 

AS 

R/W 

As~Ais 

Do —D, 

 / \ 

 X 

Assuming the HD6303R is used as CPU in a system. 

I. Noise Occurrence 
If the HD6303R is connected to high speed RAM, a write 

error may occur. As shown in Fig. 28, the noise is generated in 
address bus during write cycle and data is written into an unex-
pected address from the HD6303R. This phenomenon causes 
random failures in systems whose data bus load capacitance 
exceeds the specification value (90 pF max.) and/or the impe-
dance of the GND line is high. 

~-/ NOise X 
 C  ~ > 

Fig. 28 Noise Occurrence in address bus during write cycle 

If the data bus De ^- D~ changes from "FF" to "00", ex-
tremely large transient current flows through the GND line. 
Then the noise is generated on the LSI's V~ pins proportioning 
to the transient current and to the impedance [Zg] of the GND 
line. 

D, 

HD630 R —

Fig. 29 Noise Source 

This noise level, Vn, appears on all output pins on the LSI 
including the address bus. 

Fig. 30 shows the dependency of the noise voltage on the each 
parameter. 

VO

Vn

VO

~cc 

cd 
N: 

Zg 

Cd 

N 

Noise Voltage Zg: GND Impedance 
Data bus load capacitance 
Number of data bus lines switching from H to L 

Fig. 30 Dependency of the noise voltage on each parameter 

II. Noise Protection 
To avoid the noise on the address bus during the system 

operation mentioned before. there are [wo solutions as follows: 
The one method is to isolate the HD6303R from peripheral 

devices so that peripherals are not affected by the noise. The 
other is to reduce noise level to the extent of not affecting peri• 
pherals using analog method. 
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1. Noise Isolation 
Addresses should be latched at the negative edge of the 

AS signal or at the positive edge of the E signal. The 74LS373 
is often used in this case. 

D° /Ao — D~/A t e 

H D6303R 

q, ` A~ s 

AS 

L5373 

 ► Da -~ D, 

4

LS373 

Ao At

A, A,s

Additional Latch 
174LS373 for 

noise isolation) 

2. Noise Reduction 
As the noise level depends on each parameter such Cd,VCC, 

Zg, the noise level can be reduced to the allowable level by con-
trolling those analog parameters. 

(a) Transient Current Reduction 
(1) Reduce the data bus load capacitance. If large load 

capacitance is expected, a bus buffer should be in-
serted. 

(2) Lower the power supply voltage V~ within specifi-
cation. 

(3) Increase a time constant at transient state by insert-
ing aresistor (100 ^- 20052) to Data Buses in series 
to keep noise level dawn. 
Table 18 shows the relationship between a series 
resistor and noise level or a resistor and DC/AC 
characteristics. 

Tabte 18. 

Resistor 
Item No 10052 20052 

Noise Voltage Level See Fig. 31 

DC Characteristics IDL 1.6 mA 1.6 mA 1.0 mA 

AC 
Charac- 
teristics 

f = 1 MHz No change 

f = 1.5 MHz 

tADL 190 ns 190 ns 210 ns 

t ACCM 395 ns 395 ns 375 ns 

f = 2 MHz 
tADL 160 ns 180 ns 200 ns 

tASL 20 ns 20 ns 0 ns 

tACCM 270 ns 250 ns 230 ns 

Fig. 31 shows an example of the dependency of the noise 

voltage on the load capacitance oC the data bus.' 

c 

0 

m 
0 
Z 

conditions 

V cc = 5.0 V 
Ta = 25°C 
Za=0 
N=8 

Maximum allowed 
load capacitance of 
the H 06303R 

Cd = 90 pF specification 

R=0 

R = 100rt 

R = 20051 

R: Se•ies Resistor 

50 100 

Data but load capacitance Cd [pF] 

Fig. 31 

•Note: The value of series resistor should be carefully selected because 
it heavily depends on each parameter of actual application 
system. 

Fig. 32 shows the typical wave form of the noise. 

E pin 

A, pin 

Vn \

~25 ns 

ns 

Fig. 32 
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(b) Reduction of GND line impedance 
(I) Widen the GND line width on the PC board. 
(2) Place the HD6303R close by power source. 

Power 
Source 

V c 

(3) Insert a bypass capacitor between the V~~ line and the 
GND of the HD6303R. A tantalum capacitor (about 
0.1µF) is effective on the reduction. 

(Recommended) 

I/O 

GND 

Memory 

 !/ 

INot recommended) 

H D6303R 

 IS 

Fig. 33 Layout of the HD6303R on the PC board 

■ POWER-ON RESET 
At power-on it is necessary to hold RES "low" to reset the 

internal state of the device and to provide sufficient time for 
the oscillator to stabilize. Pay attention to the following. 

RES pin 

Inside the LSI 

'Just after power-on, the MPU doesn't enter reset state until 
the oscillation starts. This is because the reset signal is input 
internally, with the clocked synchronization as shown below. 

Fig. 34 Reset Circuit 

Internal reset signal 

Thus, just after power-on the LSI state (1/0 port, mode necessary to inform the LSI state to the external devices during 
Condition etC.) iS unstable until the Oscillation starts. If it is this period, it needs to be done by the external circuits. 

226 HITACHI 



H D6303X, H D63A03X, 
H D63 B03X 
C M OS MPU (Micro Processing Unit) 

The HD6303X is a CMOS 8-bit micro processing unit (MPU) 
which includes a CPU compatible with the HD6301 VI, 192 
bytes of RAM, 24 parallel 1/0 pins, a Serial Communication 
Interface (SCI) and two timers on chip. 

■ FEATURES 
• Instruction Set Compatible with the HD6301V1 
• 192 Bytes of RAM 
• 24 Parallel I/O Pins 

16 I/O Pins-Port 2, 6 
8 Input Pins-Port 5 

• Darlington Transistor Drive (Port 2, 6) 
• 16-Bit Programmable Timer 

Input Capture Register x 1 
Free Running Counter x 1 
Output Compare Register x 2 

• 8-Bit Reloadable Timer 
External Event Counter Square Wave Generation 

• Serial Communication Interface 
• Memory Readv 
• Halt 
• Error-Detection (Address Trap, Op-Code Trap) 
• Interrupts . . . 3 External, 7 Internal 
• Up to 65k Bytes Address Space 
• Low Power Dissipation Mode 

Sleep Mode 
Standby Mode 

• Minimum Instruction Execution Time -0.5µs 
If = 2.0 MHzI 

• Wide Range of Operation 
Vcc =3^~6V If=0.1^-0.5MHz1. 

r f = 0.1 ̂ ~ 1.0 MHz; HD6303X 
Vcc = 5V±10% I f = 0.1 ̂ ~ 1.5 MHz; HD63A03X 

l f = 0.1 ̂ - 2.0 MHz; HD63803X 

HD6303XP,HD63A03XP, 
HD63B03XP 

(DP-64S) 

HD6303XF, HD63A03XF, 
H D63B03X F 

(FP-80) 

HD6303XCP, HD63A03XCP, 
HD63603XCP 

(CP-68) 
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■ PIN ARRANGEMENT (Top View) 

• HD6303XP, HD63A03XP, HD63803XP 
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■ BLOCK DIAGRAM 
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■ ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage Vcc -0.3 ̂ ~+7.0 V 

Input Voltage V;n -0.3 ̂ -Vcc+0.3 V 

Operating Temperature T° pr 0 ^~ +70 °C 

Storage Temperature T,ng -55 'r +150 °C 

(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend Vln. Vout~ uSS S I Vin or Voutl ~ uCC• 

■ ELECTRICAL CHARACTERISTICS 
• DC CHARACTERISTICS (Vcc = 5.OV±10%, V~ = OV, Ta = 0^'+70°C, unless otherwise noted.) 

Item Symbol Test Condition min typ max Unit 

Input "High" Voltage 

RES, STBY 

VIH 

Vcc-0.5 -
V0.3 V EXTAL Vccx0.7 - 

Other Inputs 2.0 -

Input "Low" Voltage All Inputs VIA -0.3 - 0.8 V 

In ut Leaka a Current p g 
NMI, RES, STBY, 
MPa , MP t ,Port 5 II I in V - 0.5 ̂ ' V 0.5V .n - cc- - - 1.0 µ A 

Three State (off-state) 
Leakage Current 

Ae"A t s , De~D~, RD, 
WR, R/W,Port 2,Port 6 ~Irsll Vln = 0.5 ̂ 'Vcc-0.5V - - 1.0 µA 

Output "High" Voltage All Outputs VoH 
IoH = -200µA 2.4 - - V 

IoH = -10µA Vcc-0.7 - - V 

Output "Low" Voltage All Outputs Von log = 1.6mA - - 0.4 V 

Darlington Drive 
Current 

ports 2, 6 -IoH Vout = 1.5V 1.0 - 10.0 mA 

Input Capacitance All Inputs C;n V;n = OV, f = 1MHz, 
Ta = 25°C 

_ _ 12 5 pF 

Standby Current Non Operation Isre - 3.0 15.0 µA 

Current Dissipation' 

Is~p 

Sleeping (f = 1 MHz") - 1.5 3.0 mA 

Sleeping (f = 1.5MHz") - 2.3 4.5 mA 

Sleeping (f = 2MHz") - 3.0 6.0 mA 

Icc

Operating (f = 1MHz") - 7.0 10.0 mA 

Operating (f = 1.5MHz") - 10.5 15.0 mA 
Operating (f = 2MHz") - 14.0 20.0 mA 

RAM Standby Voltage VggM 2.0 - - V 

'V IH min =VCC-1.OV, VIA max = O.f3V ,All output terminals are at no load. 

•'Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the ryp. or max. 
values about Current Dissipations at x MHz operation are decided according to the following formula; 

typ. value If = x MHz) = typ. value If = 1 MHz) x x 
max. value If = x MHz) =max. value If = tMHz) x x 

(both the sleeping and operating) 
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• AC CHARACTERISTICS (V0C = 5.OV±10%, V~ = OV, Ta = 0 ̂ -+70°C, unless otherwise noted.) 

BUS TIMING 

Item Symbol Test 
Condition 

HD6303X HD63A03X HD63803X 
Unit 

min typ max min typ max min typ max 

Cycle Time t°v° 

Fig. 1 

1 — 10 0.666 — 10 0.5 — 10 µs 

Enable Rise Time tEr — — 25 — — 25 — — 25 ns 

Enable Fall Time tEt — — 25 — — 25 — — 25 ns 

Enable Pulse Width "High" Level" PWEH 450 — — 300 — — 220 — — ns 

Enable Pulse Width "Low" Level' PWE~ 450 — — 300 — — 220 — — ns 

Address, R W Delay Time' tqp — — 250 — — 190 — — 160 ns 

Data Delay Time Write tppyy — — 200 — — 160 — — 120 ns 

Data Set-up Time Read tpgR 80 — — 70 — — 70 — — ns 

Address, R/W Hold Time' tAH 80 — — 50 — — 35 — — ns 

Data Hold Time 
Write" tHw 80 — — 50 — — 40 — — ns 

Read tHR 0 — — 0 — — 0 — — ns 

RD, WR Pulse Width" PWRw 450 — — 300 — — 220 — — ns 

RD, WR Delay Time tRyyp — — 40 — — 40 — — 40 ns 

RD, iW t Hold Time tHRW — — 30 — — 30 — — 25 ns 

LIR Delay Time tDLR — — 200 — — 160 — — 120 ns 

LIR Hold Time tt{LR 10 — — 10 — — 10 — — ns 

MR Set-up Time' tgMR 

Fig. 2 

400 — — 280 — — 230 — — ns 

MR Hold Time' LHMR — — 90 — — 40 — — 0 ns 

E Clock Pulse Width at MR PWEMR — — 9 — — 9 — — 9 µs 

Processor Control Set-up Time tpCg ~ '1 ~' 200 — — 200 — — 200 — — ns 

Processor Control Rise Time tppr
Fig. 2, 3 

— — 100 — — 100 — — 100 ns 

Processor Control Fall Time tpCt — — 100 — — 100 — — 100 ns 

BA Delay Time tBA Fig. 3 — — 250 — — 190 — — 160 ns 

Oscillator Stabilization Time tRc Fig. 11 20 — — 20 — — 20 — — ms 

Reset Pulse Width PWRST 3 — — 3 — — 3 — — t°v° 

' These timings change in approximate proportion to tcYc. The figures in his characteristics represent those when tcyc is minimum 
(= in the highest speed operationl. 

PERIPHERAL PORT TIMING 

Item Symbol Test 
Condition 

HD6303X HD63A03X HD63603X 
Unit 

min typ max min typ max min typ max 

Peripheral Data 
Set-up Time ports 2, 5, 6 tposu Fig. 5 200 — — 200 — — 200 — — ns 

Peripheral Data 
Hold Time ports 2, 5, 6 TppH Fig. 5 200 — — 200 — — 200 — — ns 

Delay Time (Enable 
Negative Transition to 
Peripheral Data Valid) 

Ports 2, 6 tpyyp Fig. 6 — — 300 — — 300 — — 300 ns 

HITACHI 231 



HD63O3X 

TIMER, SCI TIMING 

Item Symbol Test 
Condition 

HD6303X HD63A03X HD63B03X 
Unit 

min typ max min typ max min typ max 

Timer 1 Input Pulse Width tpyy7 Fig. 8 2.0 — — 2.0 — — 2.0 — — tcvc 

Delay Time (Enable Positive 
Transition to Timer Output) ( TOD Fig• ~ — — 400 — — 400 — — 400 ns 

SCI Input 
Clock Cycle 

Async. Mode 

ts̀ v̀  

Fig. B 1.0 — — 1.0 — — 1.0 — — t~v~ 

Clock Sync. Fig. 4, 8 2.0 — — 2.0 — — 2.0 — — tcyc 

SCI Transmit Data Delay 
Time (Clock Sync. Model tTXD 

Fig. 4 

— 
_ 2pp _ _ 200 — — 200 ns 

SCI Receive Da[a Setup 
Time (Clock Sync. Model tsax 290 — — 290 — — 290 — — ns 

SCI Receive Data Hold Time 
(Clock Sync. Model tHRX 100 — — 100 — — 100 — — ns 

SCI Input Clock Pulse Width tPW SCK 

Fig g 

0.4 — 0.6 0.4 — 0.6 0.4 — 0.6 tscyc 

Timer 2 Input Clock Cycle tcav~ 2.0 — — 2.0 — — 2.0 — — (wc 

Timer 2 Input Clock Pulse 
Width 

t 
PWTCK 200 — — 200 — — 200 — — ns 

Timert•2,SCI Input Clock 
Rise Time 

(cKr _ _ 100 — — 100 — — 100 ns 

Timerl•2,SCI InputClock 
Fall Time tcK+ — — 100 — — 100 — — 100 ns 

232 HITACHI 



HD6303X 

t~~~ 

z.av 
E 

Ao—Als. 
R. W 

RD, WR 

MPU Write 

Do—Dr 

MPU Read 
Do—D~ 

LIR 

0.8V 
PWEL 

-tAD~ 

PWEH 

tEr IEI tAHy 

2.4V 

o.av 

to 

E 

MR 

PWRW 

0.8V 

~~ tDDW —~ 

tHRW 

~2.4V 

~ — tHW y' 

~2.4V 

~—tDLfl—~ 

Figure 1 Bus Timing 

O.aV 

`ftDSR—~' 

~2.OV 

0.8V 

0.8V 

LHR 

~—~' tHLfl 

PWEMR 

2.4V ~~ 

2.OV 

tHMfl 

O.BV 
SPCf 

Figure 2 Memory Ready and E Clock Timing 

O.BV 

tSMR 

tflci 
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Las[ Instruction Instruction Execution 
Execution Cycle HALT Cycle Cycle 

E 
~~O.SV , 

HALT 

BA 

2 OV} 

tPCi 

y-2.4V 1 

/1t_S

t PC$ 

Synchronous Clock 

Transmit Data 

Receive Data 

E 

Pzo - Pn 2 OV P50 ' Ps 7 O. B V Peo - P57 
(Inputs) 

2.4V 
O.SV 

tPDSU 

tBR 
/ 2.4V 

O.SV 

 S) 
0.8 V 

tPC. ~ tuts 

Figure 3 HALT and BA Timing 

[rxo 

2.OVI2.4V 

2.4V 

0.8V 

IBA 

0.8V 

tsw~ 

~ ~ 

' 2.OV is high level when clock input. 
2.4V is high level when clock output. 

Figure 4 SCI Clocked Synchronous Timing 

MPU Read 

Figure 5 Port Data Set-up and Hold Times (MPU Read) 
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Pzo - Pn 
Pso-Pe7 

(Outputs) 

MPU Write 

O BV 

tPWD 

2.4V Data Valid 
0.8 V 

Figure 6 Port Data Delay Times IMPU write) 
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Timer 1 
FRC 

Pzt. Pu
Outputs 

2.4V 
0.8 V 

(a) Timer 1 Output Timing 

car 

• Timer 2; ttcyc 
SCI ;tScVc 

T2CNT 

tTOD+ 

Pte Output_~~ 

Figure 7 Timer Output Timing 

"Timer 1;tpWT 

Timer 2; ipWTCK 
$CI ; tpWSCK 

Figure 8 Timer 1.2, SCI Input Clock Timing 

E ~~ 

Internal 
Address Bus 

NMI, IRIS. 0 RV  
IR~t. IROt 

Infernal 
Dau Bus 

Internal 
Reotl 

Internal 
W is 

Interrupt 
Tesl 

2.OV 
0.8Y

TCON R = N 

(bl Timer 2 Output Timing 

Test Point 

ucc 

RL=2.2k4 

152074 
C T ~ R for Equiv. 

C=90pF for Do^~D7, AD"'A ts , E 
=30pF for Port 2, Port 6, RD, WR, R/W, BA, LI R 

R=12kS2 

Figure 9 Bus Timing Test Loads (TTL Load) 

Op Code Op Code FFFF SP SP~1 SP.2 SP~3 SP-6 SP~S SP.6 
Vector vector New 

Adtlress Address+l MSB LSB PC 
Adtlress Address Address 

~-tres 

Op Operand Irrelevant PCO- PCB- I%0- I%B-
Code Dp Code Data PC7 PC1S Ix7 1%15 

CA ACCB CCR Vector Vector Frst Inst 1 
MSB LSB Interrupt Routine 

Figure 10 Interrupt Sequence 
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~sFsv 
Lr  /  5V

star 

BFB 

Bus
e

v~~ o.sv 
ocs 

\111111111 

11111111111 

IUIIII\\~ 

\1111111111111111111111` 

1111\\111111111111111111 

11111111\1\\111111111111 

^~ \\\\\\\\i\ 

11111111\U111;\\11 

~: 

111111111 

11/11111 

~11111h1 

11111NIN111~P1111~N 

v~~ o.s~ 

i Fff Ffff FFFF Ffff fffE Ffff Nfw BC 1

~

-

-

-

~

+

I
i

`

~—~
`  

F fF ffFF if Ff 

, I fl--~~--~1 1 

~~~  f 

, 
~~~ t 

t r1U  U „J~-~; 

, 

PCe- PW- Fvst~ 
PC75 PC7 IfIStfUCtlOfl 

Figure 11 Reset Timing 

■ FUNCTIONAL PIN DESCRIPTION 
• VCC• VSS 

V~~ and Vss provide power to the MPU with SV±10%sup- 
ply. In the case of low speed operation (fmax = SOOkHz), the 
MPU can operate with three through six volts. Two VSS pins 
should be tied to ground. 

• XTAL, EXTAL 
These two pins interface with an AT~cut parallel resonant 

crystal. Divide•by-four circuit is on chip, so if 4MHz crystal 
oscillator is used, the system clock is 1MHz for example. 

AT Cut Parallel Resonant Crystal Oscillator 

Co=7pF max 
Rs=604 max 

XTAL 

EXTAL 

i 
O 

T 
1 

Cu=C~x 
= 1 OpF - 22pF - 20°i°

13.2 - 8MHz) 

T
Ctz `C~, 

77T ,)i 
Figure 12 Crystal lnterface 

EXTAL pin can be drived by the extemal clock of 45 to 
55% duty, and one fourth frequency of the external clock 
is produced in the LSI. The external clock frequency should 
be less than four times of the maximum operable frequency. 
When using the external clock, XTAL pin should be open. 
Fig. 12 shows an example of the crystal interface. The crystal 
and CLt, CL2 should be mounted as close as possible to XTAL 

and EXTAL pins. Any line must not cross the line between the 
crystal oscillator and XTAL, EXTAL. 

• STBY 
This pin makes the MPU standby mode. In "Low" level, the 

oscillation stops and the internal clock is stabilized to make 
reset condition. To retain the contents of RAM at standby 
mode, "0" should be written into RAM enable bit (RAME). 
RAME is the bit 6 of the RAM/port 5 control register at $0014. 
RAM is disabled by this operation and its contents is sustained. 

Refer to "LOW POWER DISS~ATION MODE" for the 
standby mode. 

• Reset (RES) 
This pin resets the MPU from power OFF state and pro-

vides astartup procedure. During power-on, RES pin must 
be held "Low" level for at least 20ms. 

The CPU registers (accumulator, index register, stack pointer, 
condition code register except for interrupt mask bit), RAM 
and the data register of a port are not initialized during reset, 
so their contents are unknown in this procedure. 

To reset the MPU during operation, RES should be held 
"Low" Cor at least 3 system-clock cycles. At the 3rd cycle 
during "Low" level, all the address buses become "High". When 
RES remains "Low", the address buses keep "High". If RES 
becomes "High", the MPU starts the next operation. 
(1) Latch the value of the mode program pins; MPe and MP, . 
(2) Initialize each internal register (Refer to Table 3). 
(3) Set the interrupt mask bit. For the CPU to recognize the 

maskable interrupts IRQ~ , IRQ = and IRQ~, this bit should 
be cleared in advance. 

(4) Put the contents (= start address) of the last two addresses 
($FFFE, $FFFF) into the program counter and start the 
program from this address. (Refer to Table 1). 

•The MPU is usable to accept a reset input until the clock 
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becomes normal oscillation after power on (max. 20ms). During 
this transient time, the MPU and I/O pins are undefined. Please 
be aware of this for system designing. 

• Enable IEI 
This pin provides a TTLcompatible system clock to external 

circuits. Its frequency is one fourth that of the crystal oscillator 
or external clock. This pin can drive one TTL load and 90pF 
capacitance. 

• Non-Maskable Interrupt (NMI) 
When the falling edge of the input signal is detected at this 

pin, the CPU begins non-maskable interrupt sequence internally. 
As well as the IRQ mentioned below, the instruction being 
executed at NMI signal detection will proceed to its completion. 
The interrupt mask bit of the condition code register doesn't 
affect non-maskable interrupt at all. 

When starting the acknowledge to the NMI, the contents of 
the program counter, index register, accumulators and condition 
code register will be saved onto the stack. Upon completion 
of this sequence, a vector is fetched from $FFFC and $FFFD 
to transfer their contents into the program counter and branch 
to the non-maskable interrupt service routine. 
(Note) After reset start, the stack pointer should be initialized 

on an appropreate memory area and then the falling edge 

should be input to NMI pin. 

• Interrupt Request (IRON, IRO=) 
These are level-sensitive pins which request an internal 

interrupt sequence to the CPU. At intettupt request, the CPU 
will complete the current instruction before its request acknowl-
edgement. Unless the interrupt mask in the condition code 
register is set, the CPU starts an interrupt sequence; if set, the 
interrupt request will be ignored. When the sequence starts, the 
contents of the program counter, index register, accumulators 
and condition code register will be saved onto the stack, then 
the CPU sets the intertupt mask bit and wiB not acknowledge 
the maskable request. During the last cycle, the CPU fetches 
vectors depicted in Table 1 and transfers their contents to the 
program counter and branches to the service routine. 

The CPU uses the external interrupt pins, IRQ r and IRQz , 
also as port pins Pse and Psr, so it provides an enable bit to 
Bit 0 and 1 of the RAM port 5 control register at $0014. Refer 
to "RAM/PORT 5 CONTROL REGISTER" for the details. 

When one of the internal interrupts, IC[, OCI, TOI, CMI or 
SIO is generated, the CPU produces internal interrupt signal 
(IRQ3). IRQ3 functions just the same as IRQ, or [RQi except 
for its vector address. Fig. 13 shows the block diagram of the 
interrupt circuit. 

Table 1 Interrupt Vector Memory Map 

Priority 
Vector 

Interrupt 
MSB LSB 

Highest 

lowest 

~ 

FFFE FFFF RES 
FFEE FFEF TRAP 

FFFC FFFD NMI 

FFFA FFFE SWI (Software Interrupt) 
FFFE FFF9 IRQ, 
FFFE FFF7 ICI (Timer t InputCapture) 
FFF4 FFF5 OCI (Timer t Output Compare 1, 2) 
FFF2 FFF3 TOI (Timer t Overflow) 
FFEC FFED CMI (Timer 2 Counter Match) 
FFEA FFEE IRQ=

FFFD FFF1 SIO (RDRF+ORFE+TDRE) 
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Each Register's 
Enable 
"1 ";Enable, 

IROi 

Interrupt 
Flag 

"0"; Disable 

Imo= 

OH O 

OH O 

ICI 
OHO ICF 

OCFt O~O--
OCI 

OCF2 O~O-

TO TOF 6~0 

CMI IR03. 

CMF 
RDRF 

OH O 

O~O--
ORFE SIO 

TDRE O~O-

NMI 

SWI 

Edge 
Detective 
Circuit 

Condition 
Code 

Register 
I -MASK 

'0",Enable 

'1";Disable 

~O O 

Address Error 
Op Code Error 

Detective Circuit 

TRAP 

Figure 13 Interrupt Circuit Block Diagram 

• Mode Program (MPo , MP t ) 
To operate MPU, MPe pin should be connected to "High" 

level and MP, should be connected to "Low" level (refer to 
Fig. I S ). 

• Read/Write IR/wl 
This signal, usually be in read state ("High"), shows whether 

the CPU is in read ("High") or write ("Low") state to the 

peripheral or memory devices. This can drive one TTL load 

and 30pF capacitance. 

• RD, WR 
These signals show active low outputs when the CPU is 

reading/writing to the peripherals or memories. This enables 

the CPU easy to access the peripheral LSI with RD and WR 
input pins. These pins can drive one TTL load and 30pF capaci-
tance. 

• Load Instruction Register (LIR) 
This signal shows the instruction opecode being on data 

bus (active low). This pin can drive one TTL load and 30pF 
capacitance. 

• Memory Ready (MR; Psr) 
This is the input control signal which stretches the system 

clock's "High" period to access low-speed memories. During 

this signal is in "High", the system clock operates in normal 
sequence. But this signal in "Low", the "High" period of the 
system clock will be stretched depending on its "Low" level 
duration in integral multiples of the cycle time. This allows the 
CPU to interface with low-speed memories (see Fig. 2). Up to 
9µs can be stretched. 

During internal address space access or nonvalid memory 
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Interrupt 
Repuest 
Signal 

Sleep  t~ 
Canml 
Signal 

access, MR is prohibited internally to prevent decrease of oper-
ation speed. Even in the halt state, MR can also stretch "High" 
period of system clock to allow peripheral devices to access 
low•speed memories. As this signal is used also as Ps: , an enable 
bit is provided at bit 2 of the RAM/port S control register at 
$0014. Refer to "RAM/PORT S CONTROL REGISTER" for 
more details. 

• Halt (HALT; Psa) 
This is an input control signal to stop instruction execution 

and to release buses. When this signal switches to "Low", the 
CPU stops to enter into the halt state after having executed 
the present instruction. When entering into the halt state, it 
makes BA (P-,o) "High" and also an address bus, data bus, RD, 
WR, R/W high impedance. When an interrupt is generated 
in the halt state, the CPU uses the interrupt handler after the 
halt is cancelled. 
(Note) Please don't switch the HALT signal to "Low" when 

the CPU executes the WAI instruction and is in the 
interrupt wait state to avoid the trouble of the CPU's 
operation after the halt is cancelled. 

• Bus Available IBA) 
This is an output control signal which is normally "Low" 

but "High" when the CPU accepts HALT and releases the buses. 
The HD6800 and HD6802 make BA "High" and release the 
buses at WAI execution, while the HD6303X doesn't make 
BA "High" under the same condition. But if the HALT becomes 
"Low" when the CPU is in the interrupt wait state after having 
executed the WA[, the CPU  makes BA "High" and releases the 
buses. And when the HALT becomes "High", the CPU returns 
to the interrupt wait state. 
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■ PORT 
The HD6303X provides three I/O ports. Table 2 gives the 

address of ports and the data direction register and Fig. l4 
the block diagrams of each port. 

Table 2 Port and Data Direction Register Address 

Port Port Address Data Direction Register 

Port 2 $0003 $0001 

Port 5 $0015 —

Port6 $0017 $0016 

• Port 2 
An 8-bit input/output port. The data direction register 

(DDR) of port 2 controls the I/O state. It provides two bits; 
bit 0 decides the I/O direction of PZg and bit 1 the I/O direc-
tion of Pz t to P2 ~ ("0" for input, "1" for output). 

Timer t, 2, 
SCI Output 

Timer 1 2 
SCI Input 

Data Bus 

Port Write Signal 
Port Output Enable 
_L 

Port 2 

Port Read Signal 

~C_~  

Port 5 

Tri-state 
Control 

Port 2 is also used as an [/0 pin for the timers and the 
SCI. When used as an I/O pin for the timers and the SCI, port 
2 except P2o automatically becomes an input or an output 
depending on their functions regardless of the data direction 
register's value. 

Port 2 Data Direction Register 

s s a 3 2 0 
DDR 
1-7 

DDR 
0 $0001 

A reset clears the DDR of port 2 and configures port 2 as an 
input port. This port can drive one TTL and 30pF capaci-
tance. In addition, it can produce 1mA current when Vout = 
1.SV to drive directly the base of Darlington transistors. 

Data Buz 

Timer 1 Input 
IP,o only) 

Figure 14 Port Block Diagram 

• Port 5 
An 8-bit port for input only. The lower four bits are also 

usable as input pins for interrupt, MR and HALT. 

• Port 6 
An 8-bit I/O port. This port provides an 8-bit DDR corre-

sponding to each bit and can specify input or output by the 
bit ("0" for input, "1" for output). This port can drive one 
TTL load and 30pF capacitance. A reset clears the DDR of port 
6. In addition, it can produce ]mA current when Vout = 1.SV 
to drive directly the base of Darlington transistors. 

■ BUS 
• Do^'D, 

These pins are data bus and can drive one TTL load and 
90pF capacitance respectively. 

• Ao...Ats 
These pins are address bus and can drive one TTL load and 

90pF capacitance respectively. 

■ RAM/PORT 5 CONTROL REGISTER 
The control register located at $0014 controls onchip 

RAM and port 5. 

7 

Port Write Signal 

Port 6, Port 2 iBit 01 

RAM/Port 5 Control Register 

s 5 4 3 2 0 
STRY 
PWR RAME HLTE MRE 

IROr 
E 

IROi 
E $0014 

Bit 0, Bit 1 IRO,, IR02 Enable Bit (IROIE, IROrE) 
When using Pso and Pst as interrupt pins, write "1" in 

these bits. When "0", the CPU doesn't accept an external 
interrupt or a sleep cancellation by the extemal interrupt. 
These bits become "0" during reset. 

Bit 2 Memory Ready Enable Bit (MRE) 
When using Psa as an input for Memory Ready signal, write 

"1" in this bit. When "0". the memory ready function is pro-
hibited and Psz can be used as I/O port. This bit becomes 
"1" during reset. 

Bit 3 Halt Enable bit (HLTE) 
When using Psi as an input for Halt signal, write "1" in this 
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bit. When "0", the halt function is prohibited and Psi can be 
used as ISO port. This bit becomes "1" during reset. 
(Note) When using Psa and Psi as the input ports in mode 1 

and 2, MRE and HLTE bit should be cleared just after 
the reset. 
Notice that memory ready and halt function is enable 
till MRE and HLTE bit is cleared. 

Bit 4, Bit 5 Not Used. 

Bit 6 RAM Enable (RAME) 
Onchip RAM can be disabled by this control bit. By re-

setting the MPU, "1" is set to this bit, and onchip RAM is 
enabled. This bit can be written "1" or "0" by software. When 
RAM is in disable condition (= logic "0"), onchip RAM is 
invalid and the CPU can read data from external memory. 
This bit should be "0" before getting into the standby mode to 
protect on-chip RAM data. 

Bit 7 Standby Power Bit (STBY PWR) 
When V~~ is not provided in standby mode, this bit is 

cleared. This is a flag for both read write by software. If this bit 
is set before standby mode, and remains set even after returning 

from standby mode, V~~ voltage is provided during standby 

mode and the on-chip RAM data is valid. 
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0 

R~ 
TBv 
NMI 

Port 2 
B I/O Lines 
Timer 1, 2 

Ponl5 
8 ~In uut l~me~s 

IRD,, Ilia 
MR, H~lT 

Port 6 
81/O Lines 

v~~ 

HD6303X 
MPU 

Figure 15 Operation Mode 

I~ 

R/ W 
LIR 
BA 

8 Data Bus 

16 Address 
Bus 

■ MEMORY MAP 
The MPU can address up to 65k bytes. Fig. 16 gives memory 

map of HD6303X. 32 internal registers use addresses from "00" 
as shown in Tablc 3. 

Tabte 3 Internal Register 

Address Registers R/W~'~ Initialize at RESET 
00 — — —

01 Port 2 Data Direction Register W $FC 
02' — — —

03 Port 2 R/W Undefined 
04' — — —

05 — — —

O6' — — —

07' — — —

08 Timer Control/Status Register 1 R/1N $00 
09 Free Running Counter ("High") R/W $00 
OA Free Running Counter ("Low") R/W $00 
OB Output Compare Register 1 ("High") R/W $FF 
OC Output Compare Register 1 ("Low") R/W $FF 
OD Input Capture Register ("High") R $00 
OE Input Capture Register ("Low") R $00 
OF Timer Control/Status Register 2 R/W $10 
10 Rate, Mode Control Register R/W $00 
11 Tx/Rx Control Status Register R/W $20 
12 Receive Data Register R $00 
13 Transmit Data Register W $00 
14 RAM/Port 5 Control Register R/W $7C or $FC 
15 Port 5 R —
'16 Port 6 Data Direction Register W $00 

H ITACH I 

(continued) 



HD6303X 

Table 3 Internal Register 

Address Registers R/W"' Initialize at RESET 

17 Port 6 R/W Undefined 

18• — — — 

19 Output Compare Register 2 ("High") R/W $FF 

1A Output Compare Register 2 ("Low") R/W $FF 

16 Timer Control/Status Register 3 R/W $20 

1C Time Constant Register W $FF 

1D Timer 2 Up Counter R/W $00 

1E — — —

1F" Test Register — — 

• External Addres . 
•' Test Register. Do not access to this~register. 

••• R :Read Only Register 
W :Write Only Register 
R/W :Read/Write Register 

H D6303 X 
Expanded Mode 

$0000 

$001F 

$ooa0 

$OOFF 

$EPEE i 

Internal• 
Registers 
External 
Memory 
Space 
Internal 
RAM 

External 
Memory 
Space 

• Excludes the following addresses 
which may be used externally: 
$os,soa,sos,$o7,$ta. 

Figure 16 HD6303X Memory Map 

■ TIMER 1 
The Hp6303X provides a Ib-bit programmable timer which 

can simultaneously measure an input waveform and generate 
two independent output waveforms. The pulse widths of both 
input/output waveforms vary from microseconds to seconds. 

Timer 1 is configurated as follows (refer to Fig. I8). 
• Control/Status Register I (8 bit) 
• Control/Status Register 2 (7 bit) 
• Free Running Counter (16 bit) 

Output Compare Register 1 (16 bit) 
• Output Compare Register 2 (16 bit) 
• Input Capture Register (16 bit) 

• Free-Running Counter (FRC) ($0009 : OOOA) 
The key timer element is a 16-bit free-running counter driven 

and incremented by system clock. The counter value is readable 
by software without affecting the counter. The counter is 
cleared by reset. 

When writing to the upper byte ($09), the CPU writes the 
preset value ($FFF8) into the counter (address $09, $OA) 
regardless of the write data value. But when writing to the 
lower byte ($OA) after the upper byte writing, the CPU writes 
not only the lower byte data into lower 8 bit, but also the 
upper byte data into higher 8 bit of the FRC. 

The counter wiB be as follows when the CPU writes to it 
by double store instructions (STD, STX etc.). 

E 

$09 Write $OA Write 

IS5A1 1$F31 

Counter value $FFFB $5AF3 

In the case of the CPU write ($5AF3) to the FRC 

Figure 17 Counter Write Timing 

• Output Compare Register (OCR) 
1$0008, $OOOC; OCR1) ($0019, $001A ; OCR2) 
The output compare register is a 16-bit read/write register 

which can control an output waveform. The data of OCR is 
always compared with the FRC. 

When the data matches, output compare flag (OCF) in the 
timer control/status register (TCSR) is set. If an output enable 
bit (OE) in the TCSR2 is "1", an output level bit (OLVL) in 
the TCSR will be output to bit 1 (Tout 1) and bit 5 (Tout 2) 
of port 2. To control the output level again by the next com-
pare, the value of OCR and OLVL should be changed. The 
OCR is set to $EPEE at reset. The compare function is inhibited 
for a cycle just after a write to the OCR or to the upper byte 
of the FRC. This is to begin the comparison after setting the 
16-bit value valid in the register and to inhibit the compare 
function at this cycle, because the CPU writes the upper byte 
to the FRC, and at the next cycle the counter is set to $FFF8. 

* For data write to the FRC or the OCR, 2•byte transfer 
instruction (such as STX etc.) should be used. 

• Input Capture Register (1CR1 ISOOOD : OOOE) 
The input capture register is a 16-bit read only register which 

stores the FRC's value when external input signal transition 
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generates an input capture pulse. Such transition is controlled 
by input edge bit (IEDG) in the TCSRI. 

In order to input the external input signal to the edge 
detecter, a bit of the DDR corresponding to bit 0 of port 2 
should be cleared ("0"). When an input capture pulse occurs 
by the external input signal transition at the next cycle of CPU's 
high-byte read of the ICR, the input capture pulse will be de-
layed by one cycle. In order to ensure the input capture oper-
ation, aCPU read of the ICR needs 2-byte transfer instruction. 
The input pulse width should be at least 2 system cycles. This 
register is cleared ($0000) during reset. 

• Timer Control/Status Register 1 (TCSRI) ($0008) 
The timer control/status register I is an 8-bit register. All bits 

to the OCR1 ($OOOB or $OOOC) after the TCSRI or 
TCSR2 read. 

Bit 7 ICF Input Capture Flag 
This read-only bit is set when an input signal of 

port 2, bit 0 makes a transition as defined by IEDG and 
the FRC is transferred to the ICR. Cleared when reading 
the upper byte ($OOOD) of the ICR following the 
TCSRI or TCSR2 read. 

• Timer Control/Status Register 2 (TCSR2) ISOt)t1F1 
The timer control/status register 2 is a 7-bit register. All bits 

are readable and the lower 4 bits are also writable. But the 
upper 3 bits are readonly which indicate the following timer 
status. 

are readable and the lower 5 bits are also writable. The upper 3 
bits are read only which indicate the following timer status. 
Bit 5 The counter value reached to $0000 as a result of 

Bit 5 

Bit 6 

A match has occured between the FRC and the OCR2 
(OCF2). 
The same status flag as the OCFI flag of the TCSRI, 

counting-up (TOF). bit 6. 
Bit 6 A match has occured between the FRC and the OCR 1 Bit 7 The same status flag as the ICF flag of the TCSRI ,bit 7. 

(OCF1). The followings are the each bit descriptions. 
Bit 7 Defined transition of the timer input signal causes the 

counter to transfer its data to the ICR (ICF). Timer Control/Status Register 2 
The followings are each bit descriptions. 7 6 5 4 3 2 1 0 

Timer Control/Status Register 1 

7 6 5 4 3 2 t 0 
ICF OCF1 OCF2 OC12 LVL2 OE2 OE~ SOOOF 

ICF OCF1 TOF EICI EOC11 ETOI IEDG OLVL1 $0006 
Bit 0 OE1 Output Enable 1 

Bit 0 OLVLt Output Level 1 
OLVLI is transferred to port 2, bit ] when a match 

occurs between the counter and the OCRI. If bit 0 of 

the TCSR2 (OEl) is set to "1", OLVL1 will appear at 

bit 1 of port 2. 
Bit 1 IEDG Input Edge 

This bit determines which edge, rising or falling, of 

input signal of port 2, bit 0 will trigger data transfer 

from the counter to the ICR. For this function, the 

DDR corresponding to port 2, bit 0 should be cleared 

beforehand. 
IEDG=O, triggered on a falling edge 

("High" to "Low") 
IEDG=1 , triggered on a rising edge 

("Low" to "High") 
Bit 2 ETOI Enable Timer Overflow Interrupt 

When this bit is set, an internal interrupt (IRQ3) by 
TOI interrupt is enabled. When cleared, the interrupt is 
inhibited. 

Bit 3 EOCI t Enable Output Compare Interrupt 1 
When this bit is set, an internal interrupt (IRQ3) by 

OC11 interrupt is enabled. When cleared, the interrupt 
is inhibited. 

Bit 4 EICI Enable Input Capture Interrupt 
When this bit is set, an internal interrupt (IRQ3) by 

ICI interrupt is enabled. When cleared, the interrupt is 
inhibited. 

Bit 5 TOF Timer Overflow Flag 
This read-only bit is set when the counter incre-

ments from SFFFF by 1. Cleared when the counter's 
upper byte ($0009) is ready by the CPU after the 
TCSRI read. 

Bit 6 OCF1 Output Compare Flag t 
This readonly bit is set when a match occurs be-

tween the OCR1 and the FRC. Cleared when writing 

This bit enables the OLVLI to appear at port 2, bit 
I when a match has occurred between the counter and 
the output compare register 1. When this bit is cleared, 
bit 1 of port 2 will be an 1/O port. When set, it will be 
an output of OLVLI automatically. 

Bit 1 OE2 Output Enable 2 
This bit enables the OLVL2 to appear at port 2, bit 

5 when a match has occurred between the counter and 
the output compare register 2. When this bit is cleared, 

port 2, bit 5 will be an 1/0 port. When set, it will be an 
output of OLVL2 automatically. 

Bit 2 OLVL2 Output Level 2 
OLVL2 is transferred to port 2, bit 5 when a match 

has occurred between the counter and the OCR2. If 
bit 5 of the TCSR2 (OE2) is set to "1", OLVL2 will 

appear at port 2, bit 5. 
Bit 3 EOC12 Enable Output Compare Interrupt 2 

When this bit is set, an internal interrupt (IRQa) by 
OCl2 interrupt is enabled. When cleared, the interrupt 
is inhibited. 

Bit 4 Not Used 
Bit 5 OCF2 Output Compare Flag 2 

This readonly bit is set when a match has occurred 
between the counter and the OCR2. Cleared when 
writing to the OCR2 ($0019 or $OOIA) after the TCSR2 
read. 

Bit 6 OCF1 Output Compare Flag 1 
Bit 7 ICF Input Capture Flag 

OCFI and ICF addresses are partially decoded. 
The CPU read of the TCSRI/TCSR2 makes it possible 
to read OCFI and ICF into bit 6 and bit 7. 

Both the TCSRI and TCSR2 will be cleared during reset. 
(Note) [f OEI or OE2 is set to "1" before the first output 

compare match occurs after reset restart, bit 1 or bit 5 
of port 2 will produce "0" respectively. 
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Figure 18 Timer 1 Block Diagram 

■ TIMER 2 
In addition to the timer 1, the HD6303X provides an 8-bit 

reloadable timer, which is capable of counting the external 
event. This timer 2 contains a timer output, so the MPU can 
generate three independent waveforms (refer to Fig. 19). 

The timer 2 is configured as follows: 
Control/Status Register 3 (7 bit) 
8-bit Up Counter 
Time Constant Register (8 bit) 

• Timer 2 Up Counter (T2CNT) ($001 D) 
This is an 8-bit up counter which operates with the clock 

decided by CKSO and CKSI of the TCSR3. The CPU can read 
the value of the counter without affecting the counter. In ad-
dition, any value can be written to the counter by software 
even during counting. 

The counter is cleared when a match occurs between the 
counter and the TCONR or during reset. 

[f a write operation is made by software to the counter a[ the 

cycle of counter clear, it does not reset the counter but put the 
write data to the counter. 

r  __ _I _____~____ _ 

Pn Pti P o 

• Time Constant Register (TCONR) ($001C1 
The time constant register is an 8-bit write only register. It 

is always compared with the counter. 
When a match has occurred, counter match flag (CMF) of 

the timer control status register 3 (TCSR3) is set and the value 
selected by TOSO and TOSI of the TCSR3 will appear at port 2, 
bit 6. When CMF is set, the counter will be cleared simultane-
ously and then start counting from $00. This enables regular 
interrupts and waveform outputs without any software support. 
The TCONR is set to "$FF"during reset. 

• Timer Control/Status Register 3 (TCSR3) ($001 B) 
The timer control/status register 3 is a 7•bit register. All bits 

are readable and 6 bits except for CMF can be written. 
The followings are each pin descriptions. 

Timer Control/Status Register 3 
7 6 5 4 3 2 1 0 

CMF ECMI T2E TOS1 TOSO CKSI CKSO $0018 
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Figure 19 Timer 2 Block Diagram 

Bit 0 CKSO Input Clock Select 0 
Bit 1 CKS1 Input Clock Select 1 

Input clock to the counter is selected as shown in 
Table 4 depending on these two bits. When an external 
clock is selected, bit 7 of port 2 will be a clock input 
automatically. Timer 2 detects the rising edge of the 
external clock and increments the counter. The external 
clock is countable up to half the frequency of the 
system clock. 

Table 4 Input Clock Select 

CKS1 CKSO Input Clock to the Counter 

0 0 E clock 

0 1 E clock/8' 

1 0 E clock/128' 

1 1 External clock 

• These clocks come from the FRC of the timer 1. Ii one of these clocks 
is selected as an input clock to the up counter, the CPU should not-

Write to the FRC of the timer 1. 

Bit 2 TOSO Timer Output Select 0 
Bit 3 TOS7 Timer Output Select 1 

When a match occurs between the counter and the 
TCONR timer 2 outputs shown in Table 5 will appear at 
port 2, bit 6 depending on these two bits. When both 
TOSO and TOSI are "0", bit 6 of port '_ will be an I/O 
port. 

Port 2 
Bit 6 

Table 5 Timer 2 Output Select 

TOS1 TOSO Timer Output 
0 0 Timer Output Inhibited 
0 1 Toggle Output' 
1 0 Output "0" 

1 1 Output "1" 

• When a match occurs between the counter and the TCON R, timer 2 

output level is reversed. This leads to production of a square wave with 
5096 duty to the external without any software support. 

Bit 4 T2E Timer 2 Enable Bit 
When this bit is cleared, a clock input to the up 

counter is prohibited and the up counter stops. When set 
to "I", a clock selected by CKSI and CKSO (Table 4) 
is input to the up counter. 

(Note) P26 outputs "0" when T2E bit cleared and timer 2 set 
in output enable condition by TOSI or TOSO. It also 
outputs "0" when T2E bit set "I" and timer 2 set in 
output enable condition before the firs[ counter match 
occurs. 

Bit 5 Not Used 
Bit 6 ECMI Enable Counter Match Interrupt 

When this bit is set, an internal interrupt (IRQa) by 
CMI is enabled. When cleared, the interrupt is inhibited. 

Bit 7 CMF Counter Match Flag 
This read-only bit is set when a match occurs between 

the up counter and the TCONR. Cleared by writing 
"0" by software write (unable to write "1" by soft- 
ware). 
Each bit of the TCSR3 is cleared during reset. 
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■ SERIAL COMMUNICATION INTERFACE (SCI) 
The HD6303X SCI contains two operation modes; one is an 

asynchronous mode by the NRZ format and the other is a 
clocked synchronous mode which transfers data synchronizing 
with the serial clock. 

The SCI consists of the following registers as shown in 
Fig. 20 Block Diagram: 

• Control/Status Register (TRCSR) 
• Rate/Mode Control Register (RMCR) 
• Receive Data Register (RDR) 
• Receive Data Shift Register (RDSR) 
• Transmit Data Register (TDR) 
• Transmit Data Shift Register (TDSR) 
The serial I/O hardware requires an initialization by software 

for operation. The procedure is usually as follows: 
1) Write a desirable operation mode into each correspond-

ingcontrol bit of the RMCR. 
2) Write a desirable operation mode into each correspond-

ing control bit of the TRCSR. 
When using bit 3 and 4 of port 2 for serial 1/O only, there is 

no problem even if TE and RE bit are set. But when setting the 
baud rate and operation mode, TE and RE should be "0". When 
clearing TE and RE bit and setting them again, more than 1 bit 
cycle of the current baud rate is necessary. If set in less than I 
bit cycle, there may be a case that the internal transmit/receive 
initialization fails. 

• Asynchronous Mode 
An asynchronous mode contains the following two data 

formats: 
1 Start Bit + 8 Bit Data + 1 Stop Bit 
I Start Bit + 9 Bit Data + 1 Stop Bit 

In addition, if the 9th bit is set to "1" when making 9 
bit data format, the format of 

1 Start bit + 8 Bit Data + 2 Stop Bit 
is also transferred. 

Data transmission is enabled by setting TE bit of the TRCSR, 
then port 2, bit 4 will become a serial output independently of 
the corresponding DDR. 

For data transmit, both the RMCR and TRCSR should be 
set under the desirable operating conditions. When TE bit is 
set during this process, !0 bit preamble will be sent in 8-bit data 
format and 11 bit in 9-bit data format. When the preamble is 
produced, the internal synchronization will become stable and 
the transmitter is ready to act. 

The conditions at this stage are as follows. 
1) If the TDR is empty (TDRE=1), consecutive 1's are 

produced to indicate the idle state. 

2) If the TDR contains data (TDRE=O), data is sent to the 
transmit data shift register and data transmit starts. 

During data transmit, a start bit of "0" is transmitted first. 
Then 8-bit or 9-bit data (starts from bit 0) and a stop bit "1" 
are transmitted. 

When the TDR is "empty", hardware sets TDRE flag bit. If 
the CPU doesn't respond to the flag in proper timing (the TDRE 
is in set condition till the next normal data transfer starts from 
the transmit data register to the transmit sift register), "1" is 
transferred instead of the start bit "0" and continues to be 
transferred till data is provided to the data register. While the 
TDRE is "1", "0" is not transferred. 

Data receive is possible by setting RE bit. This makes port 2, 
bit 3 be a serial input. The operation mode of data receive is 
decided by the contents of the TRCSR and RMCR. The first 
"0" (space) synchronizes the receive bit flow. Each bit of the 
following data will be strobed in the middle. If a stop bit is not 
"1", a framing error assumed and ORFE is set. 

When a framing error occurs, receive data is transferred to 
the receive data register and the CPU can read error-generating 
data. This makes it possible to detect a line break. 

If the stop bit is "1", data is transferred to the receive data 
register and an interrupt flag RDRF is set. If RDRF is still 
set when receiving the stop bit of the next data, ORFE is set to 
indicate overrun generation. 

When the CPU read the receive data register as a response to 
RDRF flag or ORFE flag after having read TRCS, RDRF or 
ORFE is cleared. 
(Note) Clock Source in Asynchronous Mode 

If CC 1 : CCO = 10, the internal bit rate clock is provided 
at Pzz regardless of the values for TE or RE. Maximum 
clock rate is E= 16. 
If both CC1 and CCO are set, an external TTL compati-
ble clock must be connected to Pzs at sixteen times 
(16x) the desired bit rate, but not greater than E. 

• Clocked Synchronous Mode 
In the clocked synchronous mode, data transmit is 

Synchronized with the clock pulse. The HD6303X SCI 
provides functionally independent transmitter and receiver 
which makes fu6 duplex operation possible in the asynchronous 
mode. But in the clocked synchronous mode an SCI clock 1/O 
pin is only Pz= , so the simultaneous receive and transmit 
operation is not available. In this mode, TE and RE should 
not be in set condition ("1") simultaneously. Fig. 21 gives a 
synchronous clock and a data format in the clocked synchro• 
nous mode. 

HITACHI 245 



H D6303X 

Receive S~~It Register 

P 

Receive Dara 
Regn~er 

B.t 7 Bn0 

~~

B 7 

flare and MOEe 
Control Register Bn0 

RDB TDB 552 CC2 CC1 CCO 551 S50 

H D6303X Internal Data Bus 

Transmit C
Bn 7 Data Registe \ Bn0 

~~

Tiansmn Snits Register 

Bn Bi10 

RDRF ORFE TORE RE RE TIE TE U 

Transmit/Receive Control ane Bratu Register 

Timed r c. 
Timer2 
Up Counter+ 

BR flare 
Generator 

Figure 20 Serial Communication Interface Block Diagram 

Data transmit is realized by setting TE bit in the TRCSR. 
Port 2, bit 4 becomes an output unconditionally independent 
of tltc value of the corresponding DDR. 

Both the RMCR and TRCSR should be set in the desirable 
operating condition for data transmit. 

When an external clock input is selected, data transmit is 

Synchronous 
clock 

Data 

 ] Transmit Direction 

I I ~~ 

Bit l~ Bit 2 M Bit 3 Bit 4 

performed under the TDRE flag "0" from port 2, bit 4, syn-
chronizing with 8 clock pulses input from external to port 2, 
bit 2. 

Data is transmitted from bit 0 and the TDRE is set when the 
transmit data shift register is "empty". More than 9th clock 
pulse of extemal are ignored. 

Bit 6 MtBit 7 ~~1//!/<
t  ®Not Valid 

• Transmit data is output from a falling edge of a synchronous Clock to the next falling edge. 

• Receive data is latched at the rising edge. 

Figure 21 Clocked Synchronous Mode Format 

When data transmit is selected to the clock output, the MPU 
produces transmit data and synchronous clock at TDRE flag 
clear. 

Data receive is enabled by setting RE bit. Port 2, bit 3 will 
be a serial input. The operating mode of data receive is decided 
by the TRCSR and the RMCR. 

If the external clock input is selected, RE bit should be 
set when P22 is "High". Then 8 external clock pulses and 
the synchronized receive data are input to port 2, bit 2 
and bit 3 respectively. TITe MPU put receive data into the 
receive data shift register by this cluck and set the RDRF 
flag at the termination of 8 bit data receive. More than 9th 
cluck pulse of external input are ignored. Wlten RDRF is 
cleared by reading the receive data register, the MPU starts 

receiving the next data. So RDRF should be cleared with P22

•'High„
When data receive is selected to the clock output, 8 synchro-

nous clocks are output to the extemal by setting RE bit. So re• 
ceive data should be input from extemal, synchronously with 
this clock. When the first byte data is received, the RDRF flag 
is set. After the second byte, receive operation is performed and 
output the synchronous clock to the external by clearing the 
RDRF bit. 

• Transmit/Receive Control Status Register (TRCSR) (50011) 
The TRCSR is composed of 8 bits which are all readable. Bits 

0 to 4 are also writable. This register is initialized to $20 during 
reset. Each bit functions as follows. 
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Transmit/Receive Control Status Register 

7 fi 5 4 3 2 1 0 

RDRF ORFE TDRE RIE RE TIE TE WU $0011 

Bit 0 WU Wake-up 
In a typical multi-processor configuration, the 

software protocol provides the destination address at 
the first byte of the message. In order to make un-
interested MPU ignore the remaining message, awake-up 
function is available. By this, uninterested MPU can in-
hibit all further receive processing till the next message 
starts. 

Then wake-up function is triggered by consecutive 
1's with 1 frame length (]0 bits for 8-bit data, 11 for 
9-bit). The software protocol should provide the idle 
time between messages. 

By setting this bit, the MPU stops data receive till the 
next message. The receive of consecutive "1" with one 
frame length wakes up and clears this bit and then the 
MPU restarts receive operation. However, the RE flag 
should be already set before setting this bit. In the 
clocked synchronous mode WU is not available, so this 
bit should not be set. 

Bit 1 TE Transmit Enable 
When this bit is set, transmit data will appear at port 

2, bit 4 after one frame preamble in asynchronous mode, 
while in clocked synchronous mode it appears im-
mediately. This is executed regardless of the value of 
the corresponding DDR. When TE is cleared, the serial 
I/O doesn't affect port 2, bit 4. 

Bit 2 TIE Transmit Interrupt Enable 
When this bit is set, an internal interrupt (IRQ~) is 

enabled when TDRE (bit 5) is set. When cleared, the 
interrupt is inhibited. 

Bit 3 RE Receive Enable 
When set, a signal is input to the receiver from port 

2, bit 3 regardless of the value of the DDR. When RE 
is cleared, the serial I/O doesn't affect port 2, bit 3. 

Bit 4 RIE Receive Interrupt Enable 
When this bit is set, an internal interrupt, IRQ3 is 

enabled when RDRF (bit 7) or ORFE (bit 6) is set. 
When cleared, the interrupt is inhibited. 

Bit 5 TDRE Transmit Data Register Empty 
TDRE is set when the TDR is transferred to the 

transmit data shift register in the asynchronous mode, 
while in clocked synchronous mode when the TDSR is 
"empty". This bit is reset by reading the TRCSR and 
writing new transmit data to the transmit data register. 
TDRE is set to "1" during reset. 

(Note) TDRE should be cleared in the transmittable state after 
the TE set. 

Bit 6 ORFE Overrun Framing Error 
ORFE is set by hardware when an overrun or a fram-

ing error is generated (during data receive only). An 
overrun error occurs when new receive data is ready to 

be transferred to the RDR during RDRF still being set. 

A framing error occurs when a stop bit is "0". But in 

clocked synchronous mode, this bit is not affected. This 
bit is cleared when reading the TRCSR, then the RDR, 
or during reset. 

Bit 7 RDRF Receive Data Register Full 
RDRF is set by hardware when the RDSR is transfer-

red to the RDR. Cleared when reading the TRCSR, then 
the RDR, or during reset. 

(Note) When a few bits are set between bit 5 to bit 7 in [he 
TRCSR, a read of the TRCSR is sufficient for clearing 
those bits. It is not necessary to read the TRCSR every- 
time to clear each bit. 

• Transmit Rate/Mode Control Register IRMCRI 
The RMCR controls the following serial l/O: 

• Baud Rate •Data Format 
• Clock Source •Port 2, Bit 2 Function 

In addition, if 9-bit data format is set in the asynchronous 
mode, the 9th bit is put in this register. All bits are readable and 
writable except bit 7 (read only). This register is set to $00 
during reset. 

Transfer Rate/Mode Control Register 

fi 5 4 3 2 t 0 

RDB TDB ssz ccz cct CCO ss~ SSO 

Bit 0 SSO 
Bit 1 SSt Speed Select 
Bit 5 SS2 

Soo~o 

These bits control the baud rate used for the SCI. Table 
6 lists the available baud rates. The timer 1 FRC (SS2=0) and 
the timer 2 up counter (SS2=1) provide the internal clock to the 
SCI. When selecting the timer 2 as a baud rate source, it func-
tions as a baud rate generator. The timer 2 generates the baud 
rate listed in Table 7 depending on the value of the TCONR. 
(Note) When operating the SCI with intemal clock, do not 

perform write operation to the timer/counter which is 
the clock source of the SCI. 

Bit 2 
Bit 3 
Bit 4 

CCO 
CC1 
CC2 

Clock Control/Format Select 

These bits control the data format and the clock source 
(refer to Table 8). 

* CCO, CCI and CC2 are cleared during reset and the MPU 
goes to the clocked synchronous mode of the external 
clock operation. Then the MPU sets port 2, bit 2 into 
the clock input state. When using port 2, bit 2 as an 
output port, the DDR of port 2 should be set to "1" and 
CC1 and CCO to "0" and "I" respectively. 
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Table 6 SCI Bit Times and Transfer Rates 

(1) Asynchronous Mode 

SS2 SS1 SSO 
XTAL 2.4576MHz 4.OMHz 4.9152MHz 

E 614.4kHz 1.OMHz 1.2288MHz 

0 0 0 

0 0 t 
0 1 0 
0 1 1 
1 — — 

E=16 

E=128 
E=1024 
E=4096 

— 

26us/38400Baud 

208us/4800Baud 
1.67ms/600Baud 
6.67ms/1508aud 

* 

thus/62500Baud 

128us/7812.58aud 
1.024ms/976.68aud 
4.096ms/244.1Baud 

s 

13us/768008aud 

104.2 us/9600Baud 
833.3us/1200Baud 
3.333ms/300Baud 

~ 

* When SS2 is "1", Timer 2 provides SCI clocks. The baud rate is shown as follows with the TCONR as N. 

Baud Rate = 
f 

32 (N+1) 

12) Clocked Synchronous Mode 

C f : input clock frequency to the 
timer 2 counter 

N=0255 ' 

SS2 SS1 SSO 
XTAL 4.OMHz 6.OMHz B.OMHz 

E 1.OMHz 1.5MHz 2.OMHz 

0 0 0 

0 0 1 

0 1 0 

0 1 1 
1 - 

E=2 

E=16 

E=128 
E=512 

2us/bit 

thus/bit 

128us/bit 

512us/bit 
as 

1.33us/bit 

10.7usi'bit 

85.3us/bit 

341 us/bit 
•r 

lusibit 

Bus/bit 

64us/bit 
256us%bit 

st 

* Bit rates in the case of internal clock operation. In the case of extemal clock operation, the extemal clock is 
operatable up to DC ^~ 1 /2 system clock. 

**The bit rate is shown as follows with the TCONR as N. 

Bit Rate (µs/bit) - 4 (N+1) Cf : input clock frequency to the\ 
f timer 2 counter JI 

N=0255 

Table 7 Baud Rate and Time Constant Registe Example 

XTAL 
Baud RateiBaud 

2.4576MHz 3.6864MHz 4.OMHz 4.9152MHz B.OMHz 

110 21' 32' 35' 43' 70' 
150 127 191 207 255 51' 
300 63 95 103 127 207 
600 31 47 51 63 103 
1200 15 23 25 31 51 
2400 7 11 12 15 25 
4800 3 5 — 7 12 
9600 1 2 — 3 --
19200 0 — — t —
38400 — — — 0 — 

* E/8 clock is input to the timer 2 up counter and E clock otherwise. 
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Table 8 SCI Format and Clock Source Control 

CC2 CC1 CCO Format Mode Clock Source Port 2, Bit 2 Port 2, Bit 3 Port 2, Bit 4 
0 0 0 8-bit data Clocked Synchronous External Input 
0 0 1 8-bit data Asynchronous Internal Not Used" 
0 1 0 8-bit data Asynchronous Internal Output' 

When the TRCSR, RE bit is "t", 

0 1 1 B-bit data Asynchronous External Input 
bit 3 is used as a serial input. 

1 0 0 8-bit data Clocked Synchronous Internal Output 

1 0 1 9-bit data Asynchronous Internal Not Used" 

1 1 0 9-bit data Asynchronous Internal Output' 
When the TRCSR, TE bit is "t", 

1 t 1 9-bit data Asynchronous External Input 
, bit 4 is used as a serial output. 

"Clock output regardless of the TRCSR, bit RE and TE. 
"" Not used for the SCI. 

Bit 6 TD8 Transmit Data Bit 8 
When selecting 9•bit data format in the asynchron-

ous mode, this bit is transmitted as the 9th data. In 
transmitting 9•bit data, write the 9tlt data into this bit 
then write data to the receive data register. 

Bit 7 RD8 Receive Data Bit 8 
When selecting 9-bit data format in the asynchronous 

mode, this bit stores the 9th bit data. In receiving 9-bit 
data, read this bit then the receive data register. 

• TIMER, SCI STATUS FLAG 
Table 9 shows the set and reset conditions of cacti status 

flag in the timer 1, timer 2 and SCI. 
As for Timer 1 and Timer 2 status Flag, if the set and reset 

condition occur simultaneously, the set condition is prior to 
the reset condition. But in case of SCI control status flag, 
the reset condition has priority. Especially as far OCFI and 
OCF2 of Timer 1, the set signal is generated periodically when-
ever FRC matches OCR after the set, and which can cause the 
unclear of the flag. To clear surely, the method is necessary to 
avoid the occurence of the set signal between TCSR Read and 
OCR write. For example, match the OCR value to FRC first, 
and next read TCSR, and then write OCR at once. 

Table 9 Timer 1, Timer 2 and SCI Status Flag 

Set Condition Reset Condition 

Timer 
~ 

ICE FRC -+ ICR by edge input to Pzo. 1. Read the TCSR1 or TCSR2 then ICRH, 
when ICF=1 

2. 1TCS=0 

OCF1 OCRI=FRC 1. Read the TCSR1 or TCSR2 then write to the 
OCR 1 H or OCR 1 L, when OCF 1=1 

2. FF~S=o 

OCF2 OCR2=FRC 1. Read the TCSR2 then write to the OCR2H or 
OCR2L, when OCF2=1 

2. fi€S=0 

TOF FRC=$EPEE+7 cycle 1. Read the TCSR1 then FRCH, when TOF=1 
2. RES=O 

Timer 
2 

CMF T2CNT=TCONR 1. Write "0" to CMF, when CMF=1 
2. DR 'S=0 

SCI 

RDRF Receive Shift Register ~ RDR 1. Read the TRCSR then RDR, when RDRF=1 

ORFE 1. Framing Error (Asynchronous Mode) 
Stop Bit = 0 

2. Overrun Error (Asynchronous Mode) 
Receive Shift Register -~ RDR when 
RDRF=1 

1. Read the TRCSR then RDR, when ORFE=1 
2. RES=O 

TDRE 1. Asynchronous Mode 
TDR -~ Transmit Shift Register 

2. Clocked Synchronous Mode 
Transmit Shift Register is "empty" 

3. FiES=O 

Read the TRCSR then write to the TDR, 
when TDRE=7 
(Note) TDRE should be reset after the TE set. 

(Note) t. ;transfer 
2. For example; "ICRH" means High byte of ICR. 
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■ LOW POWER DISSIPATION MODE 
The HD6303X provides two low power dissipation modes; 

sleep and standby. 

• Sleep Mode 
The MPU goes to the sleep mode by SLP instruction execu-

tion. In the sleep mode, the CPU stops its operation, while the 
registers' contents are retained. In this mode, the peripherals 
except the CPU such as timers, SCI etc. continue their func-
tions. The power dissipation of sleep-condition is one fifth that 
of operating condition. 

The MPU returns from this mode by an interrupt, RES or 
STBY; it  goes to the reset state by RES and the standby mode 
by STBY. When the CPU acknowledges an interrupt request, it 
cancels the sleep mode, returns to the operation mode and 
branches to the interrupt routine. When the CPU masks this 
interrupt, it cancels the sleep mode and executes the next 
instruction. However, for example if the timer 1 or 2 prohibits 
a timer interrupt, the CPU doesn't cancel the sleep mode be-
cause of no interrupt request. 

This sleep mode is effective to reduce the power dissipation 

Q) NMI 

7) RES 

for a system with no need of the HD6303X's consecutive 
operation. 

• Standby Mode 
The HD6303X stops all the clocks and goes to the reset 

state with STBY "Low". In this mode, the power dissipation is 
reduced conspicuously. All pins except for the power supply, 
the STBY and XTAL are detached from the MPU internally 
and go to the high impedance state. 

In this mode the power is supplied to the HD6303X, sa 
the contents of RAM is retained. The MPU returns from this 
mode during reset. The followings are typical usage of this 
mode. 

Save the CPU information and SP contents on RAM by NMI. 
Then disable the RAME bit of the RAM control register and set 
the STBY PWR bit to go to the standby mode. If the STBY 
PWR bit is still set at reset start, that indicates the power is 
supplied to the MPU and RAM contents are retained properly. 
So system can restore itself by returning their pre•standby infor-
mations to the SP and the CPU. Fig. 22 depicts the timing at 
each pin with this example. 

G STBY 

I ~ 

I~o Sa a registers 
o RAM/Port 5 Control 

Register Set 

Figure 22 Standby Mode Timing 

■ TRAP FUNCTION 
The CPU generates an interrupt with the highest priority 

(TRAP) when fetching an undefined instruction or an instruc-
tion from non-memory space. The TRAP prevents the system-
burst caused by noise or a program error. 

• Op Code Error 
When fetching an undefined op code, the CPU saves CPU 

registers as well as a normal interrupt and branches to the TRAP 
($EPEE, $EPEE). This has the priority next to reset. 

• Address Error 
When an instruction fetch is made from internal register 

($0000$001 F), the MPU generates an interrupt as well as an 
up code error. But on the system with no memory in its ex-
ternal memory area, this function is not applicable if an in-
struction fetch is made from the external non-memory area. 

 S} 

~~
I

o u0 i1 for 
Start Time 

H 
Restart 

This function is available only for an instruction fetch and 
is not applicable to the access of normal data read/write. 
(Note) The TRAP interrupt provides a retry function different• 

ly from other interrupts. This is a program flow return 
to the address where the TRAP occurs when a sequence 
returns to a main routine from the TRAP interrupt 
routine by RTI. The retry can prevent the system burst 
caused by noise etc. 
However, if another TRAP occurs, the program repeats 
the TRAP interrupt forever, so the consideration is 
necessary in programming. 

• INSTRUCTION SET 
The HD6303X provides object code upward compatible 

with the HD6801 to utilize all instruction' set of the 
HMCS6800. It also reduces the execution times of key instruc-
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lions for throughput improvement. 
Bit manipulation instruction, change instruction of the 

index register and accumulator and sleep instruction are also 
added. 

The followings are explained here. 
• CPU Programming Model (refer to Fig. 23) 
• Addressing Mode 
• Accumulator and Memory Manipulation Instruction 

(refer to Table 10) 
• New Instruction 
• Index Register and Stack Manipulation Instruction 

(refer to Table 11) 
• Jump and Branch Instruction (refer to Table 12) 
• Condition Code Register Manipulation 

(refer to Table 13) 
Op Code Map (refer to Table 14) 

• Programming Model 
Fig. 23 depicts the HD6303X programming model. The 

double accumulator D consists of accumulator A and B, so 
when using the accumulator D, the contents of A and B are 
destroyed. 

w 

D~~  

B-B~i P~•~m~l•,or, ~ •b B 

D O. 16 Bpi OOud• ~«~mulnw D 

SP 

PC 

D) 

DI 

o~ 

~a. r. ..I 

5~<. Pa~~~n ISPI 

a ~~~~n iP0 

~.,.~ao„o.,,,~., Mse 

:.. 

H.n c... IP~am e„ n 

Figure 23 CPU Programming Model 

• CPU Addressing Mode 
The HD6303X provides 7 addressing modes. The addressing 

mode is decided by an instruction type and code. Table 10 

through 14 show addressing modes of each instruction with 

the execution times counted by the machine cycle. 
When the clock frequency is 4 MHz, the machine cycle time 

becomes microseconds directly. 
Accumulator (ACCX) Addressing 

Only an accumulator is addressed and the accumulator A or 

B is selected. This is a one-byte instruction. 
Immediate Addressing 

This addressing locates a data in the second byte of an 
instruction. However, LDS and LDX locate a data in the second 
and third byte exceptionally. This addressing is a 2 or 3-byte 
instruction. 
Direct Addressing 

In this addressing mode, the second byte of an instruc-
tion shows the address where a data is stored. 256 bytes ($0 
through $2SS) can be addressed directly. Execution times 
can be reduced by storing data in this area so it is recommended 
to make it RAM for users' data area in configurating a system. 
This is a 2-byte instruction, while 3-byte with regard to AIM, 
0[M, EIM and T[M. 
Extended Addressing 

In this mode, the second byte shows the upper 8 bit of the 
data stored address and the third byte the lower 8 bit. This 
indicates the absolute address of 3-byte instruction in the 
memory. 
Indexed Addressing 

The second byte of an instruction and the lower 8 bit of the 
index register are added in this mode. As for AIM, OIM, EIM 
and TIM, the third byte of an instruction and the lower 8 bits 
of the index register are added. 

This carry is added to the upper 8 bit of the index register 
and the result is used for addressing the memory. The modified 
address is retained in the temporary address register, so the con-
tents of the index register doesn't change. This is a 2-byte 
instruction except AIM, OIM, EIM and TIM (3-byte instruc- 
lion). 

Implied Addressing 
An instruction itself specifies the address. That is, the 

instruction addresses a stack pointer, index register etc. This is a 
one-byte instruction. 
Relative Addressing 

The second byte of an instruction and the lower 8 bits of 
the program counter are added. The carry or borrow is added to 
the upper 8 bit. So addressing from —126 to +129 byte of the 
current instruction is enabled. This is a 2•byte instruction. 
(Note) CLI, SEI Instructions and Interrupt Operation 

When accepting the IRQ at a preset timing with CLI 
and SEI instructions, more than 2 cycles are neces-
sary between the CLI and SEI instructions. For example, 
the following program (a) (b) don't accept the IRQ but 
(c) accepts it. 

CLI 
SEI 

CLI 
NOP 
SEI 

CLI 
NOP 
NOP 
SEI 

The same thing can be said to the TAP instruction 
instead of the CLI and SEI instructions. 
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Table 10 Accumulator, Memory Manipulation Instructions 

Operations Mnemonic 
Addressing Modes 

Boolean/ 
grithmatic Operation 

condition Code 

Hagrst•r 

IMMED DIRECT INDEX EXTEND IMPLIED 5 4 3 2 1 0 

OP — x OP ^ x OP ^ x OP ^ x OP ^ x H I N Z V C 

Add AODA BB 2 2 98 3 2 AB 4 2 BB 4 3 A+ M» A 1 • I t t t 

ADDS CB 2 2 DB 3 1 EB 4 Z FB 4 3 B +M» B 2 • S I t t 

Add Double ADDD C3 3 7 D3 4 2 E3 5 2 F3 5 3 A:B+M:M+1»A:B • • I i i t 

Add Accumulators ABA 1 B 1 1 A+ B» A f • t S 2 t 

Add With Carry ADCA 89 2 4 99 J 2 A9 4 Z 89 4 3 A+ M+ C» A I • i l i t 

ADCB C9 Y Y D9 3 2 E9 4 2 F9 4 3 B+M+C»B t • i l i t 

AND ANDA 80 Z Z 94 3 Z A4 4 2 BI 4 7 A•M»A • • I I R 

ANDS C4 Z 2 D4 3 I E4 4 T F4 4 3 B•M»e • • 1 t R 

Bit Tnt BIT A 85 2 2 95 3 2 AS 4 T BS 4 7 A•M • • t i R 

817 B CS 2 Z DS 3 7 E5 4 2 FS 4 7 B•M • • l I R 

Clear CLR 6F 5 2 7F 5 3 00»M • • R S R R 

CLRA 4F 1 / 00 — A • • R S R R 

CLRB 5F i t 00»B • • R S R R 

Compare CMPA 81 Z 2 91 3 2 Al 1 1 B1 O J A- M • • t t t 

CMPB C1 2 2 Dl 3 1 E1 / Z F1 4 3 8 -M • • 1 t 1 1 

Cornwre 
Accumulator CBA 11 1 1 A- B • • t t I 1 

Complement, 1's COM 67 6 2 73 6 3 M» M • • t 2 R S 

COMA 43 i t A» A • • S i R 5 

COMB 53 1 1 8» B • • t i R S 

Complement, Z's 

INpsb) 

NEG 60 6 2 70 6 7 00 - M -- M • • i i m m 

NEGA 10 1 1 00-A»A • • 1 i mm 

NEGB 50 1 / 00-e»B • • t i O m 

Decimal AOlust, A DAA 19 2 1 
Converts binary add of BCD 
cnaracten mto BCD tarmac • • 1 t t m 

Decrement DEC 6A fi 2 7A 6 3 M- 1» M • • i t 

DECA 4A 1 1 A- 1 -~ A • • i 1 

DECK SA 1 1 8- 1» B • • t i 

E xclwiv OR EORA 88 Z Z 98 3 Z A8 4 Z BB 4 3 A Q M— A • • t 1 R 

EORB C8 Z Z D8 7 2 E8 4 T FB 4 3 B ~ M» B • • I i R 

Increment INC 6C 6 4 7C 6 3 M+ 1 » M • • S J m 

INCA OC 1 1 A+ 1» A • • t t 

INCB 5C 1 1 8+ 1» B •• t i m 

Loatl 
Accumularor 

LOAA 86 Z Z 96 1 Z A6 4 2 86 / 3 M» A •• S I R 

LDAB C6 Z 2 D6 3 2 E6 0 4 F6 4 7 M— 8 • • I S R 

Load Double 
Accumulator LDD CC 3 J DC 4 2 EC 5 7 FC 5 3 M+/» B, M» A •• i I R 

Mult ply Unngnad MUL 7D 7 1 A a 8 — A : 8 • • • • • Qt 

OR, Inclusry ORAA BA Z 7 9A 3 1 AA I Z 8A 4 3 A+M» A • • t 1 R 

GRAB CA 2 2 DA 3 7 EA 1 7 FA 4 3 B+M» B • • ! S R 

Push Data PSHA J6 4 1 A — Msp, SP - 1 » SP 

PSHB 37 4 1 B » Msp, SP - 1 » SP 

Pull Data PULA 32 3 1 SP • 1 » SP, Msp» A 

PULE 37 3 1 SP + 1 » SP, Msp» B 

Roma Lah ROL 69 6 7 79 6 7 ss 1 • • t i ® 2 

ROLA 49 1 1 q) ~t 1 I I I I ' I w • • i t® t 

ROLE 59 1 1 a C 6/ 6p • • 1 1® 2
Rotate Ripht ROR 66 6 Z )6 6 3 M  •• 1 1® i ~~—r--~-~--~--~-~ 

RORB 56 1 1 a •• I 1® 1 

(Note) Condition Code Register wi 1 be explained in Note of Tabte 13. continued) 
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Table 10 Accumulator, Memory Manipulation Instructions 

Operations Mnemonic 

Addressing Modes 

Booleanl 
Arithmetic Operation 

Condition Code 
Rapistar 

IMMED. DIRECT INDEX EXTEND IMPLIED 5 4 7 2 1 0 

OP w # OP ^~ # OP - # OP - # OP - # R 1 N Z V C 

Suitt Le/t 
Arithmetic 

ASL 6a 6 2 78 6 3 M •• 3 3® t 

ASLA w 1 1 A4 O•~q • • t t. ® t 
ASLB 58 1 1 a J J C m ^• •• t J© f 

Double Shift 
Ldt, Arithmetit ASLD 05 1 1 

~ 
■ ® 0 • • i i © t 

A) Ao at w 

Shift Rpht 
Arithmetic 

ASR 67 6 2 77 6 3 
MI 

• • S i © I 

ASRA 47 1 1 
1l~~ ~~, ~~, 

81 '•L_I_1_I_I_I_I_I_F►1__I • • t i © t 

ASRB ~ 57 1 1 I et x 
C 
C •• t J© J 

Shih Right 
Logical 

LSR 64 6 2 74 6 3 M • • R i© i 

LSRA 44 1 1 A~O 

~.~~ 1

• R t © i 

LSRB 54 1 1 a et m C 
•• R t© 3 

Double Shift 
Right Logical 

LSRD 04 1 1 0-►{ ACC M ACC a Hfl • • R t ® 1 
•/ Ao et eo C 

Store 
Accumulator 

STAA 97 3 2 A7 4 2 B7 4 3 A B M • • f i R 

S7AB D7 3 2 E7 4 2 F7 4 3 8- M •• 1 S R 

Store Double 
Attumulator S7D DD 4 2 ED 5 2 FD 5 3 'q ~ M 

8 ~ M + 1 • • 1 ! R 

Subtract SUBA 80 2 2 90 3 2 AO 4 2 80 4 3 A- M B A • • 2 f t i 

SUBS CO 2 2 DO 3 2 EO 1 2 FO 4 3 8- M O B • • S i i i 

Double Subnxt SUED 83 3 3 93 4 2 A7 5 2 83 5 3 A: B- M: M+ 1- A: B • • J i t f 

Subtrxt 
Accumulators SBA 10 1 / A- B S A • • t 7 S t 

Subtract 
With Grry 

SBCA 82 2 2 92 3 2 A2 1 2 82 4 3 A- M- C A A • • 2 1 t t 

SBCB C2 2 2 02 3 2 E2 4 2 F2 4 3 B- M- C- B • • t J i i 

Tnndar 
Accumulator 

TAB 16 1 1 A -+B •• i t R 

T8A 17 1 1 8» A •• i S R 

Taft Zero or 
Minus 

TST 6D 4 2 7D 4 3 M- 00 •• t t R R 

TSTA 4D 1 1 A- 00 •• t I R R 

TS7B 5D 1 1 B- 00 •• t i R R 

And Immediate AIM 71 8 3 61 7 3 M~IMM--M • • 1 I R • 

OR Immediate OIM 72 8 3 62 7 3 MtIMM~M • • S 1 R • 

FOR Imtnedieta EIM 75 6 3 65 7 3 M~+~IMM--M • • I 1 R • 

Test Immediate TIM 78 4 3 BB 5 3 M~IMM • • I I R • 

(Note) Condition Code Register will be explained in Note of Table 13. 
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• Additional lnstruction 
In addition to the HD6801 instruction set, the HD6303X 

prepares the following new instructions. 

AIM   (M)•(IMM) —~(M) 

Executes "AND" operation to immediate data and the 
memory contents and stores its result in the memory. 

OIM   (M) + (IMM) ~ (M) 

Executes "OR" operation to immediate data and the 
memory contents and stores its result in the memory. 

EIM   (M) Q+ (IMM) -+ (M) 

Executes "EOR" operation to immediate data and the 
memory contents and stores its result in the memory. 

TIM   (M) • (IMM) 

Executes "AND" operation to immediate data and 
changes the relative flag of the condition code register. 

These area 3byte instructions; the first byte is op code, the 
second immediate data and the third address modifier. 

XGDX   (ACCD) .-->• (IX) 

Exchanges the contents of accumulator and the index 
register. 

SLP 

Goes to the sleep mode. Refer to "LOW POWER DIS-
SIPATION MODE" for more details of the sleep mode. 

Table 11 Index Register, Stack Manipulation Instructions 

Polnro ODaretiam Mnemonic 

Addr•ssinq MOGe 
Boob•n/ 

AriNmetic Opentgn 

Condition Cod• 
Rpinn 

IMMED. DIRECT INDEX EXTEND IMPLIED 5 1 7 I 1 0 

OP - • OP - • OP - • OP - • OP - M H I N I V C 

Compare Index Rp CPX BC 3 ] 9C 4 ~ AC 5 I BC 5 7 X-M:M+1 • • i t 

Decrement Index Rp DEX 09 1 1 X - 1 » X • • • i 

Decrement Stuk Pntr DES 74 1 1 SP - 1 » SP 

Increment Index Rp INX OB 1 1 X ~ 1 » X • • • t 

Increment Steck Pntr INS 31 1 1 SP ~ 1 -• SP 

Load Index Req LOX CE 7 3 DE 4 Z EE 5 I FE 5 7 M» XH, IMF 11» xL • • 0 t R 

Lad Stack Pntr LDS BE 3 3 9E 1 Z AE 5 2 BE 5 7 M- SpM, IM. 11»SFL • • © t R 

Store Index Reg STX OF / 2 EF 5 2 FF 5 3 XH » M, X L » IM ~ 11 • • © J R 

Store $tack Pntr STS 9F 4 2 AF 5 I BF 5 3 SPM » M, SPL -- IM ~ 11 • • 07 f R 

tone. Rp -~ Stack Pntr TXS 75 1 1 X - 1 » SP 

Stack Pntr -Index Rp T5X 30 1 1 SP ~ 1 » X 

Add ABX 3A 1 1 B M X -~ X 

Push Data PSHx 3C 5 1 X L » Mp , SP - t » SP 

XH»Mp , SP-1»SP 

Pull Data PULX 38 4 1 SP ~ 1 » SP, Mw » XH

SP~1-•$P,Mp -X L

Exchange XGDX 1 a 2 1 ACCD• •IX • • • • • • 

(Note) Condition Code Register will be explained in Note of Table 13. 
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Table 12 Jump, Branch Instructions 

Operations Mnenwmc 

Addressing Modes 

Branch Test 

Condition Code 
Ragtster 

5 4 3 Z 1 0 RELATIVE DIRECT INDE% E7(TE ND IMPLIED 

H I N Z V C OP — x OP — x OP — x OP — x OP — x 

Branch Always BRA 20 3 2 None 

Bench N•wr BRN Zt 3 2 None 

Bench If Grry Clear BCC Z4 3 2 C - 0 

Branch II Carry Set BCS 25 3 '_ C - 1 

Branch If •Zero BEO 27 3 2 2 - 1 

Branch If ~ Zero BGE 2C 3 2 N Q+ V • 0 

Branch If > Zero 8GT 2E 3 2 Z + IN QQ V) - 0 

Branch If Higher BHI 22 3 2 C+ 2 • 0 

Branch If G Zero 8LE 2F ] 2 Z + IN Q+ VI - 1 

Branch II Lower Or 
Soma BLS 23 3 2 C * Z - 1 

Brunch II < Zaro BLT 2D 3 2 N ~ V - 1 • e 

Bench It Minw BMI 28 3 2 N - 1 

Bench II Not EQWI 
Zero 

BNE 26 3 2 Z - 0 

Branch II Owrllow 
Clear BVC 28 3 2 V - 0 • • 

Bench II Owr/bw Set BVS 29 3 Z V - 1 

Branch If Plus BPL 2A 3 2 N • 0 

Branch To Subroutine 85R BD 5 2 

Jump JMP 6E J 2 7E 3 3 

Jump To Subroutine JSR 9D 5 2 AO 5 2 BD 6 3 

No ODention NOP Ot 1 1 Advances Prog. Cntr. 
Only 

• • • • • • 

Return From Interrupt RTI 38 10 1  Q 

• • • • • e Return From 
Subroutine 

RTS J9 5 1 

• S Soltwar• Interrupt SWI JF 12 1 

• Qy Wait for Interrupt' WAI 3E 9 1 

Sleep SLP lA 4 1 • • • • • • 

(Note) 'WAI puts R/W high; Address Bus goes to FFFF; Data Bu goes to the three state. 
Condition Code Register will be exp ained in Note of Table 13. 

H ITACH 1 255 



HD6303X 

Table 13 Condition Code Register Manipulation Instructions 

Opantions Mnemonic 

AddreaingModas 

Boolean Operation 

Condit~on Code R•gnter 

IMPLIED 5 1 J ~ 1 0 

OP - a H I N Z V C 

CI•w Cory CLC OC 1 1 0» C • • • • • R 

Claar Infarrupt Mask CU OE 1 1 0 » I • R 

Clear Overflow CLV OA i 1 0»V • • • • R 

Sat Carry SEC OD 1 1 1 » C • • • • • S 

S•t InnrruPt Mask SEI OF 1 1 1 -~ I • S 

S•t Ovrfbw SEV 08 1 1 1 » V • • 
• 

S 
Accumulator A »CCR TAP 05 1 1 A» CCR 

CCR» Accumulator A TPA 07 1 1 CCR -» A 

LEGEND CONDITION CODE SYMBOLS 
OP Operation Code IHexadecimall H Halftarry from bit 3 to bit 4 
- Number of MCU Cycles I Interrupt mask 

Mgp Contents of memory location pointed to by Stack Pointer N Negative (sign bit) 
# Number of Program Bytes Z Zero Ibytel 
+ Arithmetic Plus V Overflow, 2's complement 
- Arithmetic Minus C Carry/Borrow from/to bit 7 
• Boolean AND R Reset Always 
+ Boolean Inclusive OR S Set Always 
® Boolean Exclusive OR t Set if true after test or clear 
M Complement of M Not Affected 
-. Transfer into 
0 Bit =Zero 
00 Byte =Zero 

(Note) Condition Code Register Notes: IBit set if test is true and cleared otherwise) 
~ (Bit V 1 Test: Result = 100000007 
n (Bit C) Test: Result ~ 00000000) 
n (Bit C) Test: BCD Character of high-order byte greater than 10) (Not cleared if previously set) 
Cal, (Bit VI Test: Operand = 10000000 prior to executiont 
6 (Bit V) Test: Operand = 01111111 prior to execution) 
fi' (Bit V) Test: Set equal to NtD C = 1 after the execution of instructions 

r7~ (Bit N) Test: Result less than zero? (Bit 15=1) 
del (All Bit) Load Condition Code Register from Stack. 
(9 IBIt 11 Set when interrupt occurs. If previously set, allon-Maskable Interrupt is required to exit the wait state. 

t0 (All Bit) Set according to the contents of Accumulator A. 
(t1 (Bit C) Result of MultiDlitation Bit 7=17 IACCB) 

Table 14 OP-Code Map 

OP 

CODE 

ACC 

A 

ACC 

B 
IND

EXT 

OIR 

ACCA or SP ACCB or X 

IMM DIR INO EXT IMM DIR IND EXT 

HI 

LO 

0000 0001 0010 0011 0100 0101 0110 OIII 1000 1001 1010 1011 1100 1101 II10 1111 

0 1 Z 3 / 5 5 7 0 9 A B C D E F 

0000 0 ~ SBA BRA TSX NEG SUB 0 

0001 1 NOP CBA BRN INS AIM CMP 1 

0010 2 ~ BHI PULA 
~ 

OIM SBC 2 

0011 9 ~ 
BLS PULE COM SUED ADDD 3 

0100 1 LSRD~ BCC DES LSR AND 1 

0101 ~ s ASLD ~ BCS TXS ~ EIM BIT S 
0110 8 TAP TAB BNE PSHA ROR LDA e 

0111 7 TPA TBA BEO PSHB ASR ~ STA V S7A ) 

1000 0 INX XGDX BVC PULX ASL FOR B 

1001 9 DEX DAA BVS RTS ROL ADC. 9 

1010 A CLV SLP BPL ABX DEC ORA A 

1011 B SEV ABA BMI RTI -I TIM ADD B 

1100 C CLC ~ BGE PSHX INC CPX LDD C 

1101 D SEC ~ BLT MUL TST BSR JSR / STD D 

1110 E CLI / BGT WAI ~~ JMP LDS LDX E 

1111 F SEI / BLE SWI CLR / STS ~ STX F 

0 1 2 7 I l 0 l s ~ 7 8 9 A I B C D I E I F 

'UNDEFINED OP CODE ~ 
' Only each instructions of AIM, OIM, EIM, TIM 
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■ CPU OPERATION 
• CPU Instruction Flow 

When operating, the CPU fetches an instruction from a 
memory and executes the required function. This sequence 
starts with RES cancel and repeats itself limitlessly if not 
affected by a special instruction or a control signal. SWI, RTI, 
WAI and SLP instructions change this operation, while NMI, 
IRQt , IRQz , IRQ3 , HALT and STBY control it. Fig. 24 gives 
the CPU mode transition and Fig. 25 the CPU system flow 
chart. Table 1 S shows CPU operating states and port states. 

• Operation at Each Instruction Cycle 
Table 16 shows the operation at each instruction cycle. 

By the pipeline control of the HD6303X, MULT, PUL, DAA 
and XGDX instructions etc. prefetch the next instruction. So 
attention is necessary to the counting of the instruction cycles 
because it is different from the usual one   op code fetch 
to the next instruction op code. 

Table 15 CPU Operation State and Port State 

Port Reset STBY'"" HALT Sleep 

Ae ^~ A, H T T H 

Port 2 T T Keep Keep 

Oo ^~ D~ T T T T 

Aa ^~ Als H T T H 

Port 5 T T T T 

Port 6 T T Keep Keep 

Control 
Signal 

~ T "" " 

H ;High, L ;Low, T ;High Impedance 
• RD, WR, R/W, IL R = H, BA = L 

•• RD, WR, R%W=T, LIR, BA=H 
' •' E pin goes to high impedance state. 

HITACHI 

Figure 24 CPU Operation Mode Transition 
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Table 16 Cycle•by-Cycle Operation 

Address Mode & 
Instructions 

Cycles Cycle 
a 

Address Bus R/VTr RD WR LIR Data Bus 

IMMEDIATE 

ADC ADD 
ANO BIT 

1 
2 

Op Code Address+l 
Op Code Address+2 

1 
1 

0 
0 

1 
1 

1 
0 

Operand Data 
Next Op Code 

CMP FOR 2 
LDA ORA 
SBC SUB 
ADDD CPX 1 Op Code Address+l 1 0 ~1 1 Operand Data IMSBI 
LDD LDS 3 2 Op Code Address+2 1 0 1 1 Operand Data ILSBI 
LDX SUED 3 Op Code Address+3 1 0 1 0 Next Op Code 

DIRECT 

ADC ADD 
AND BIT 
CMP FOR 
LDA ORA 
SBC SU8 

3 

1 
2 
3 

Op Code Address+l 
Address of Operand 
Op Code Address+2 

1 
1 
1 

0 
0 
0 

1 
1 
1 

1 
1 
0 

Address of Operand (LSB) 
Operand Data 
Next Op Code 

STA 
3 

1 
2 
3 

Op Code Address+l 
Destination Address 
Op Code Address+2 

1 
0 
1 

0 
1 
0 

1 
0 
1 

1 
1 
0 

Destination Address 
Accumulator Data 
Next Op Code 

ADDD CPX 
LDD LDS 
LDX SUED 

4 

1 
2 
3 
4 

Op Code Address+l 
Address of Operand 
Address of Operand+l 
Op Code Address+2 

1 
1 
1 
1 

0 
0 
0 
0 

1 
1 
1 
i 

1 
1 
1 
0 

Address of Operand (LSB) 
Operand Data IMSBI 
Operand Data (LSB) 
Next Op Code 

STD STS 
STX 

4 

1 
2 
3 
4 

Op Code Address+ 1 
Destination Address 
Destination Address+t 
Op Code Address+2 

1 
0 
0 
1 

0 
1 
1 
O 

1 
0 
O 
1 

1 
1 
1 
O 

Destination Address ILSBI 
Register Oata IMSBI 
Register Data (LSB) 
Next Op Code 

JSR 

5 

1 
2 
3 
4 
5 

Op Code Address+ 1 
FFFf 
Stack Pointer 
Stack Pointer— 1 
Jump Address 

1 
1 
0 
0 
1 

0 
1 
1 
1 
0 

1 ' 
1 
0 
0 
1 

1 
1 
1 
1 
0 

Jump Address I1S81 
Restart Address (LSB) 
Return Address ILSB) 
Rerurn Address IMSBI 
First Subroutine Op Code 

71M 

4 

i 
2 
3 
4 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
OD Code Address+3 

1 
1 
1 
1 

0 
0 
0 
0 

1 
1 
1 
1 

1 
1 
1 
0 

Immediate Data 
Address of Operand ILSBI 
Operand Data 
Next Op Code 

AIM EIM 
OIM 

B 

1 
2 
3 
4 
5 
6 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
FFFF 
Address of Operand 
Op Code Address+3 

1 
1 
1 
1 
0 
1 

0 
0 
0 
1 
1 
0 

1 
1 
1 
1 
0 
1 

1 
1 
1 
1 
1 
0 

Immediate Da[a 
Address of Operand ILSB) 
Operand Data 
Restart Address ILSBI 
New Operand Data 
Next Op Code 

(Continued) 
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Address Mode & 
Instructions Cyctes Cycle 

tl
Address Bus R/W RD WR LIR Data Bus 

INDEXED 
JMP 

3 
1 
2 
3 

OD Code Address+l 
FFFF 
Jump Address 

1 
1 
1 

0 
1 
0 

1 
1 
1 

1 
1 
0 

Offset 
Restart Address (LSBI 
First Op Code of Jump Routine 

ADC ADD 
AND BIT 
CMP FOR 
LDA ORA 
SBC SUB 
TST 

4 

1 
2 
3 
4 

Op Code Address+l 
FFFF 
IX+ONse[ 
Op Code Address+2 

1 
1 
1 
1 

0 
1 
0 
0 

1 
1 
1 
1 

1 
1 
1 
0 

Offset 
Restart Address (LSB) 
Operand Da[a 
Next Op Code 

STA 

4 

1 
2 
3 
4 

Op Code Address+ 1 
FFFF 
IX+Offset 
Op Code Address+2 

1 
1 
0 
i 

0 
1 
1 
0 

1 
1 
0 
1 

1 
1 
i 
0 

Offset 
Restart Address (LSB) 
Accumulator Data 
Next Op Code 

ADDD 
CPX LDD 
LDS LDX 
SUED 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
IX+Offset 
IX+Offset+1 
Op Code Address+2 

1 
1 
1 
1 
1 

0 
1 
0 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
0 

Offset 
Restart Address (LSB) 
Operand Data IMSBI 
Operand Data (LSBI 
Next Op Code 

STD STS 
STX 

5 

1 
2 
3 
4 
5 

Op Code Address+ 1 
FFFF 
IX+Offset 
IX+Offset+l 
Op Code Address+2 

1 
1 
0 
0 
1 

0 
1 
1 
1 
0 

1 
1 
0 
0 
1 

1 
1 
1 
1 
0 

Offset 
Restart Address ILSRI 
Register Data IMSBI 
Register Data ILSeI 
Next Op Code 

JSR 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
Stack Pointer 
Stack Pointer— 1 
IX+Offset 

i 
1 
0 
0 
1 

O 
1 
1 
1 
0 

1 
1 
0 
0 
1 

1 
1 
1 
1 
0 

Offset 
Restart Address (LSB) 
Return Address (LSBI 
Return Address IMSBI 
Frs[ Subroutine Op Code 

ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 

5 

1 
2 
3 
4 
5 
6 

Op Code Address+l 
FFFF 
IX+Offset 
FFFF 
IX+Offset 
Op Code Address+2 

1 
1 
1 
1 
0 
1 

0 
1 
0 
1 
1 
0 

1 
1 
1 
1 
0 
1 

Offset 
Restart Address (LSBI 
Operand Date 
Restart Address (LSBI 
New Operand Date 
Next OD Code 

TIM 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
Op Code Address+2 
FFFF 
IX+Offset 
Op Code Addrass+3 

1 
1 
1 
1 
1 

0 
0 
1 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
0 

Immediate Dete 
Offset 
Restart Address (LSBI 
Operand Date 
Next Op Code 

CLR 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
IX+Offset 
IX+Offset 
Op Code Address+2 

1 
1 
1 
0 
1 

0 
1 
0 
1 
0 

1 
1 
1 
0 
1 

1 
1 
1 
1 
0 

Offset 
Restart Address (LSBI 
Operand Data 
00 
Next Op Code 

AIM EIM 
OIM 

7 

1 
2 
3 
4 
5 
6 
7 

Op Code Address+l 
Op Code Address+2 
FFFF 
IX+OHse[ 
FFFF 
IX+Offset 
Op Coda Address+3 

1 
1 
1 
1 
1 
0 
1 

0 
0 
1 
0 
1 
1 
0 

1 
1 
1 
1 
1 
0 
1 

1 
1 
1 
1 
1 
1 
0 

Immediate Data 
Offset 
Restart Address (LSB) 
Operand Data 
Restart Address (LSBI 
New Operand Bata 
Next OD Code 

HITACHI 
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Address Mode & 
Instructions 

Cycles Cycle 
q 

Address Bus R/W RD WR LIR Data Bus 

EXTEND 
JMP 

3 
i 
2 
3 

Op Code Address+l 
Op Code Address+2 
Jump Address 

1 
1 
1 

0 
0 
0 

1 
1 
1 

7 
1 
0 

Jump Address IMSB) 
Jump Address ILSB) 
Next Op Code 

ADC ADD TST 
AND BIT 
CMP FOR 
LDA ORA 
SBC SUB 

4 

i 
2 
3 
4 

Op Code Address+l 
Op Code Address+2 
Address of ODerand 
Op Code Address+3 

1 
1 
t 
1 

0 
0 
0 
0 

1 
1 
1 
1 

1 
1 
1 
0 

Address of Operand IMSeI 
Address of Operand ILS6) 
Operand Data 
Next Op Code 

STA 

4 

1 
2 
3 
4 

Op Code Address+l 
Op Code Addi ess+2 
Destination Address 
Op Cade Address+3 

1 
1 
0 
1 

0 
0 
1 
0 

1 
1 
0 
1 

1 
i 
1 
O 

Destination Address (MSB) 
Destination Address (LSBI 
Accumulator Data 
Next Op Code 

ADDD 
CPX LDD 
LDS LOX 
SUED 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
Address of Operand+t 
Op Code Address+3 

1 
t 
1 
1 
1 

0 
0 
0 
0 
0 

1 
1 
1 
1 
t 

1 
1 
1 
i 
0 

Address of Operand IMSeI 
Address of Operand ILS81 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 

STD STS 
STX 

5 

7 
2 
3 
4 
5 

Op Code Address+t 
Op Code Address+2 
Destination Address 
Destination Address+l 
Op Code Address+3 

1 
1 
0 
0 
1 

0 
0 
1 
1 
0 

1 
1 
0 
0 
1 

1 
t 
1 
1 
0 

Destination Address IM581 
Destination Address (LSB) 
Register Data (MS81 
Register Data ILSeI 
Next Op Code 

JSR 

6 

1 
2 
3 
4 
5 
6 

Op Code Address+t 
Op Code Address+2 
FFFF 
Stack Poin[er 
Stack Pointer-1 
Jump Address 

1 
1 
1 
0 
0 
1 

0 
0 
1 
1 
t 
0 

1 
1 
1 
0 
0 
1 

1 
1 
1 
1 
1 
0 

Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSBI 
Return Address ILSeI 
Return Address IMSBI 
First Subroutine Op Code 

ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 

6 

1 
2 
3 
4 
5 
6 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
FFFF 
Address of Operand 
Op Coda Address+3 

1 
i 
1 
1 
0 
1 

0 
0 
0 
1 
t 
0 

1 
t 
1 
1 
0 
1 

1 
1 
t 
1 
i 
0 

Address of Operand (MSB) 
Address of Operand (LSBI 
Operand Data 
Restart Address ILS6) 
New Operand Data 
Next Op Code 

CLR 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
Address of Operand 
Op Code Address+3 

1 
1 
1 
0 
1 

0 
0 
0 
1 
0 

1 
1 
1 
0 
1 

1 
7 
i 
1 
0 

Address of Operand (MSB) 
Address of Operand (LSBI 
Operand Data 
00 
Next Op Code 

(Continued) 
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Address Mode & 
Instructions 

Cycles Cycle Address Bus R/W RD WR LIR Data Bus 

IMPLIED 
ABA ABX 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES OEX 
INC INS 
IN% LSR 
LSRD ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 

1 

1 Op Code Address+l 1 0 1 0 Next Op Code 

OAA XGDX Z 1 
2 

Op Code Address+l 
FFFF 

1 
1 

0 
1 

1 
1 

0 
1 

Next Op Code 
Restart Address ILSBI 

PULA PULE 
3 

1 
2 
3 

Op Code Address+l 
FFFF 
Stack Pointer+l 

1 
1 
1 

0 
7 
0 

1 
1 
1 

0 
t 
1 

Next Op Code 
Restart Address ILSBI 
Data from $tack 

PSHA PSHB 

4 

1 
2 
3 
4 

Op Code Address+l 
FFFF 
Stack Pointer 
Op Code Address+l 

i 
1 
0 
1 

0 
1 
1 
0 

1 
1 
0 
1 

1 
1 
1 
0 

Next Op Code 
Restart Address ILSBI 
Accumulator Data 
Nex[ Op Code 

PUL% 

4 

1 
2 
3 
4 

Op Code Address+t 
FFFF 
Stack Pomter+l 
Stack Pointer+2 

1 
t 
1 
1 

0 
1 
0 
0 

1 
1 
t 
t 

0 
1 
1 
1 

Nezt Op Code 
Restart Address ILSBI 
Data from Stack IMSBI 
Data from Stack ILSBI 

PSHX 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
Stack Pointer 
Stack Pomter-1 

OD Code Address+t 

1 
1 
0 
0 
1 

0 
1 
1 
1 
0 

1 
1 
0 
0 
1 

1 
1 
1 
1 
0 

Next Op Code 
Restart Address ILS81 
Index Register ILSBI 
Index Register IMSBI 
Nezt Op Code 

RTS 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
Stack Pointer+l 
Stack Pointer+2 
Return Address 

1 
1 
1 
1 
1 

0 
1 
0 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
0 

Next Op Code 
Restart Address ILSBI 
Return Address IMSeI 
Return Address ILS81 
First Op Code of Return Routine 

MUL 

7 

t 
2 
3 
4 
5 
6 
7 

Op Code Address+ 1 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 

1 
1 
1 
1 
1 
1 
1 

0 
1 
1 
1 
1 
1 
i 

1 
1 
1 
1 
1 
1 
1 

0 
i 
1 
1 
1 
t 
t 

Nezt Op Cotle 
Restart Atldress ILS8) 
Restart Address ILS8) 
Restart Address ILSBI 
Restart Address ILSBI 
Restart Address ILSBI 
Restart Address ILSBI 

(Continued) 
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Address Mode & 
Instructions 

Cycles Cycle 
3s Address Bus R/ W A6 WR LIR YData Bus 

IMPLIED 
WAI 1 

2 
3 
4 

Op Code Address+ 1 
FFFF 
Stack Pointer 
Stack Pointer -1 

1 
1 
0 
0 

0 
1 
i 
1 

1 
1 
0 
0 

1 
1 
1 
1 

Nezt Op Code 
Restart Address ILSBI 
Return Address ILS81 
Return Addres51MSB) 

9 5 Stack Pointer - 2 0 1 0 1 Index Register ILSBI 
6 Stack Pointer -3 0 1 0 1 Index Register (MSBI 
7 Stack Pointer-4 0 1 0 1 Accumulator A 
8 Stack Pointer -5 0 1 0 1 Accumulator B 
9 Stack Pointer -6 0 1 0 1 Conditional Code Register 

RTI 1 Op Code Address+l 1 0 1 Next Op Code 
2 FFFF i 1 1 Restart Address ILSBI 
3 Stack Pointer+l 1 0 i Conditional Code Register 
4 Stack Pointer+2 1 0 1 Accumulator B 

10 5 
6 

Stack Pointer+3 
Stack Pointer+4 

1 
1 

0 
0 

1 
1 

Accumulator A 
Index Register (MSB) 

7 Stack Pointer+5 1 0 1 Index Register ILSBI 
8 Stack Pointer+6 1 0 1 Return Address (MSB) 
9 Stack Pointer+7 1 0 1 Return Address (LSB) 
10 Return Address 1 0 1 First OD Coda a} Retwn Routine 

SWI 1 Op Code Address+l 1 0 1 1 Nezt Op Code 
2 FFFF 1 1 1 i Restart Address ILSBI 
3 Stack Pointer 0 1 0 1 Return Address ILSBI 
4 Stack Pointer-1 0 1 0 1 Return Address (MSB) 
5 Stack Pointer -2 O 1 0 1 Index Register ILSBI 

12 
6 
7 

Stack Pointer -3 
Stack Pointer -4 

0 
0 

1 
1 

0 
0 

1 
1 

Index Register (MSB) 
Accumulator A 

8 Stack Pointer -5 0 1 O 1 Accumulator 8 
9 Stack Pointer -8 0 1 0 1 Conditional Code Register 

1 O Vector Address FFFA 1 0 1 1 Address of SWI Routine IMSB) 
11 Vector Address FFFB 1 0 1 1 Address of SWI Routine (LS8) 
1 2 Address of SWI Routine 1 0 1 0 First Op Code of SWI Routine 

SLP 1 Op Code Address+l 1 0 1 7 Next Op Code 
2 FFFF 1 1 1 i Restart Address ILSBI 

4 SI 
I
~ep 

1 
3 FFFF Restart Address ILSBI 
4 Op Code Address+l 0 0 Next OD Code 

RELATIVE 
BCC BCS 1 Op Code Address+l 1 0 1 1 Branch Offset 
BED BGE 3 2 FFFF 1 1 1 1 Restart Address ILSBI 
BGT BHI I Branch Address Test='1" First Op Code of Branch Routine 
BLE BLS 

3 
I Op Code Address+F-Test="0'. 

1 0 1 O Nezt Op Code 
BLT BMT 
BNE BPL 
BRA BRN 
BVC BVS 
BSR 1 Op Code Address+l 1 0 1 1 Offset 

2 FFFF 1 1 1 1 Restart Address ILSBI 
5 3 Stack Pointer 0 1 0 1 Return Address ILSBI 

4 $tack Pointer— 1 0 1 0 1 Return Address IMSBI 
5 Branch Address 1 0 1 0 First Op Code of Subroutine 
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■ PRECAUTION TO THE BOARD DESIGN OF OSCILLA• 
TION CIRCUIT 
As shown in Fig. 26, there is a case that the cross talk dis-

turbs the normal oscillation if signal lines are put near the 
oscillation circuit. When designing a board, pay attention to 
this. Crystal and CL must be put as near the HD6303X as 
possible. 

,__CrL 

/,! 

ris C L

c c 

C C 
~ OI 

to N 

XTAL 

EXTAL 

HD6303X 

Do not use this kind of print board design. 

Figure 26 Precaution to the boad design 
of oscillation circuit 

■ RECEIVE MARGIN OF THE SCI 
Receive margin of the SC[ contained in the HD6303X is 

shown in Table 17. 
Note: SCI =Serial Communication Interface 

Ideal Waveform 

Real Waveform 

START 

~20mm maz 

Crysta 

H D6303X 
(DP•64S) 

Avoid signal lines 
in this area. 

E 
E 
E 
0 
H 

(Top View) 

Figure 27 Example of Oscillation Circuits in Board Design 

Table 17 
Bit distortion 

tolerance 
It—tot /to 

Character 
distortion tolerance 

IT—To) /To 

HD6303X 143.7% 14.37% 

1 2 3 4 5 6 7 8 STOP 

Bit length~""to—~ 

 Character length To

T 
~t~  i 
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■ POWER-ON RESET 
At power-on it is necessary to hold RES "low" to reset the 

internal state of the device and to provide sufficient time for 
the oscillator to stabilize. Pay attention to the following. 

•Just after power-on, the MPU doesn't enter reset state until 
the oscillation starts. This is because the reset signal is input 
internally, with the clocked synchronization as shown below. 

RES pin T , Internal reset signal 

Inside the LSI 

Fig. 28 Reset Circuit 

Thus, just after power-on the LSI state (I/0 port, mode ■ RESET SIGNAL AND MEMORY READY FUNCTION 
condition etc.) is unstable until the oscillation starts. If it is The reset signal is strobed to CPU synchronized with internal 
necessary to inform the LSI state to the external devices during clock. Since internal clock is held to "High" level during 
this period, it neer's to be done by the external circuits. memory-ready-state ~ _ "Low"), reset sygnal is not strobed 

to CPU . 
Please MR input (Pss) should be "High" level during reset-

state. 
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H D6303Y, H D63A03Y, 
H D63 B03Y 
C M OS M P U (Micro Processing Unit) 

The HD6303Y is a CMOS 8-bit single-chip microprocessing unit 
which contains a CPU compatible with the CMOS 8-bit microcom-
puter HD6301 V, 256 bytes of RAM, 24 parallel I/O pins, Serial 
Communication Interface (SCI) and two timers. 

■ FEATURES 
• Instruction Set Compatible with the HD6301V1 
• 256 Bytes of RAM 
• 24 Parallel I/O Pins 
• Parallel Handshake Interface (Port 61 
• Darlington Transistor Drive (Port 2, 61 
• 16-Bit Programmable Timer 

Input Capture Register x 1 
Free Running Counter x 1 
Output Compare Register x 2 

• 8-Bit Reloadable Timer 
External Event Counter 
Square Wave Generation 

• Serial Communication Interface (SCI) 
Asynchronous Mode 18 Transmit Formats, Hardware Parity) 
Clocked Synchronous Mode 

• Memory Ready 
3 Kinds of Memory Ready 

• Halt 
• Error Detection 

(Address Error, Op-code Error) 
• Interrupt —External 3, Internal 7 
• Maximum 65k Bytes Address Space 
• Low Power Dissipation Mode 

Sleep Mode 
Standby Mode (Hardware Standby, Software Standby) 

• Minimum Instruction Execution Time — 0.5µs If = 2MHz) 
• Wide Range of Operation 

Vic=3 to 5.5V If=0.1 to 0.5MHz) 
f=0.1 to 1.OMHz : HD6303Y l 

Vcc= 5Vt 10% f=0.1 to 1.5MHz : HD63A03Y } 
f=0.1 to 2.OMHz : HD63B03Y J 

HD6303YP, HD63A03YP, 
HD63803YP 

(DP-64S) 

HD6303YF, HD63A03YF, 
HD63603YF 

(F P-64 ) 

266 HITACHI 



H D6303Y 

■ PIN ARRANGEMENT (Top View► 

• HD6303YP, HD63A03YP, HD63603YP ; 

vss 
XTAL 

EXTAL 
MPo LT 

MPI
RES 

ST BY 

NMI 
Pep 

P21 C 

Pn 11 
P~ E 
P~ C 
P2s 
P~ 

P2~ 
Psp 

Pst 

Psa. C 
P53 

Psq 21 
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■ BLOCK DIAGRAM 
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■ ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage VC0 -0.3-~t-7.0 V 
Input Voltage V;n - 0.3-Vcc+0.3 V 
Operating Temperature Tcpr 0-+ 70 °C 

Storage Temperature Tstg - 55-+ 150 °C 

(NOTE) This product has protection circuits in input terminal from high static electricity voltage end high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection circuits. To assure the normal 
operation, we recommend V~~, Vou1: Vss S IVY„ or V°°~1 S Vcc. 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (VC0 = 6.OVf 10%, Vss = OV, Ta = 0--♦• 70°C, unless otherwise noted.) 

Item Symbol Test Condition min typ max Unit 

Input "High" Voltage 

A~ES, STBY 

ViH

Vcc-0 .5 -

} 0.3 
V EXTAL Vcc x 0.7 - 

Other Inputs 2.0 -

Input "Low" Voltage All Inputs VIA - 0.3 - 0.8 V 

Input Leakage Current 
NMI, RES, ~1̀S4, 
MPo, MPt Ilan ~ V;n = 0.5-Vcc-0.5V - - 1.0 µA 

Three State 
Leakage Current 

A A Op-D~,li6, 
~, R~ Ports 2, 5, 6 ITsI V;n =0.5-Vcc-0.5V - - 1.0 µA 

Output "High" Voltage All Outputs VoH 
IDH =-200µA 2.4 - - V 

IpH = -10µA Vcc-0.7 - - V 

Output "Low" Voltage All Outputs VDT IDt = 1.6mA - - 0.4 V 

Darlington Drive 
Current ports 2, 6 - IOH Vout = 1.5V 1.0 - 10.0 mA 

Input Capacitance All Inputs C;n Vln = OV, f = t MHz, 
Ta = 25°C 

_ _ 12,5 pf 

Standby Current Non Operation Isre - 3.0 15.0 µA 

Current Dissipation' 

Is~p 

Sleeping (f=1 MHz") - 1.5 3.0 mA 

Sleeping If=1.5MHz") - 2.3 4.5 mA 

Sleeping If=2MHz•') - 3.0 6.0 mA 

Icc

Operating If= 1 MHz") - 7.0 10.0 mA 

Operatingif=l.SMHz") - 10.5 15.0 mA 

Operating If=2MHz") - 14.0 20.0 mA 

RAM Standby Voltage VRAM 2.0 - - V 

V;M min =Vcc - 1.DV, Vii max = 0.8V (All output terminals are a no load.) 
Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. values about Current 
Dissipations et X MHz operation are decided according to the following formula: 

typ. value If = X MHz) = typ. value If = 1 MHz) x X 
max. value If = X MHz) =max. value (f = 1 MHz) x X 

(both the sleeping and operating) 
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• AC CHARACTERISTICS IVcc = 6.OVt 10 % , Vss = OV, T~ = 0—+70°C, unless otherwise noted.) 

BUS TIMING 

Item Symbol 
Test 

Condition 
HD6303Y HD63A03Y HD63B03Y 

Unit 
min typ max min typ max min typ max 

Cycle Time toyc

Fig. 1 

1 — 10 0.666 — 10 0.5 — 10 µs 

Enable Rise Time tEr — — 25 — — 25 — — 25 ns 

Enable Fall Time tEt — — 25 — — 25 — — 25 ns 

Enable Pulse Width "High" Level PWFH 450 — — 300 — — 220 — — ns 

Enable Pulse Width "Low" Level' PWEt 450 — — 300 — — 220 — — ns 

Address, R/w Delay Time' tAp — — 250 — — 190 — — 160 ns 

Data Delay Time Write tODV,~ — — 200 — — 160 — — 120 ns 

Data Set-up Time Read tDBR 80 — — 70 — — 60 — — ns 

Address, R/W Hold Time' tqq 80 — — 50 — — 40 — — ns 

Data Hold Time 
Write' tHw 70 — — 50 — — 40 — — ns 

Read tHq 0 — — 0 — — 0 — — ns 

ib, WR Pulse Width' PWgvr 450 — — 300 — — 220 — — ns 

iib, WR Delay Time tgNrp — — 40 — — 40 — — 40 ns 

RD, WR Hold Time tHgyy — — 20 — — 20 — — 20 ns 

L—fil Delay Time tOtq — — 200 — — 160 — — 120 ns 

Hold Time tHtq 10 — — 10 — — 10 — — ns 

MR Set-up Time tBMR

Fig. 2 

400 — — 280 — — 230 — — ns 

MR Hold Time' tgMq — — 100 — — 70 — — 50 ns 

E Clock Pulse Width at MR PWEMq — — 9 — — 9 — — 9 µs 

Processor Control Set-up Time tpcg ~ 3 ~ 4 200 — — 200 — — 200 — — ns 

Processor Control Rise Time tper
fig. 2, 3 

— — 100 — — 100 — — 100 ns 

Processor Control Fall Time tpct
— _ 100 — — 100 — — 100 ns 

BA Delay Time teA Fig. 3 — — 250 — — 190 — — 160 ns 

Oscillator Stabilization Time tqc Fig. 14 20 — — 20 — — 20 — — ms 

Reset Pulse Width PWgST 3 — — 3 — — 3 — — tcyc

These timings change in approximate proportion to t~r~. The figures in this characteristics represent those when try is minimum (= in the highest speed 
operetionl. 

PERIPHERAL PORT TIMING 

Item Symbol Test 
Condition 

HD6303Y HD63A03Y HD63B03Y 
Unit 

min typ max min typ max min typ maz 

Peripheral Data 
Set Up Time 

port 2, 5, 6 t PDSU 

Fig. 5 

200 — — 200 — — 200 — — ns 

Peripheral Data 
Hold Time 

port 2. 5. 8 tpu~ 200 — — 200 — — 200 — — ns 

Delay Time (From 

Enable Fall Edge to 

Peripheral Output) 

Port 2, 5, 8 tP~,~,o Fig. 8 — — 300 — — 300 — — 300 ns 

Input Strobe Pulse Width tP~,,,~s

Fig. 10 

200 — — 200 — — 200 — — ns 

Input Data Hold Time Port 6 yH 150 — — 150 — — 150 — — ns 

Input Data Set-Up Time Port 6 4s 100 — — 100 — — 100 — — ns 

Output Strobe Delay Tima 
tosot 

fig. 11 — — 200 — — 200 — — 200 ns 
tosoz 
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TIMER, SCI TIMING 

Item Symbol Test 
Condition 

HD6303Y HD63A03Y HD63B03Y 
Unit 

min typ max min typ max min typ max 

Timer 1 Input Pulse Width tpyyT Fig. 9 2.0 — — 2.0 — — 2.0 — — tcyc 
Delay Time (Enable Positive 
Transition to Timer Output) tTOD Fig. 7, B — — 400 — — 400 — — 400 ns 

SCI Input 
Clock Cycle 

Async. Mode 
tscyc 

Fig. 9 1.0 — — 1.0 — — 1.0 — — tcyc

Clock Sync. Fig. 4 2.0 — — 2.0 — — 2.0 — — tcyc

SCI Transmit Data Delay 
Time (Clock Sync. Mode) hxo 

Fig. 4 

— — 220 — — 220 — — 220 ns 

SCI Receive Data Set-up 
Time (Clock Sync. Model tsnx 260 — — 280 — — 260 — — ns 

SCI Receive Data Hold Time 
(Clock Sync. Model tHAx 100 — — 100 — — 100 — — ns 

SCI Input Clock Pulse Width tpWSCK 

Fig, g 

0.4 — 0.6 0.4 — 0.6 0.4 — 0.6 t5cyc 

Timer 2 Input Clock Cycle trcyc 2.0 — — 2.0 — — 2.0 — — tcyc

Width2 Input Clock Pulse 
tPWTCK 200 — — 200 — — 200 — — ns 

Timer 12, SCI Input Clock 
Rise Time tcxr — — 100 — — 100 — — 100 ns 

Timer 1.2, SCI Input Clock 
Fall Time tcxr — — 100 — — 100 — — 100 ns 

H ITACH I 271 



HD6303Y 

Ln.~ 

z.av 

E 

Ao—A~s, 
R/W 

RD, WR 

MPU Write 
Do'Dr 

MPU Raad 
po,`.p~ 

UR 

E 

MR 

0.8V 
PWEL 

~—LAD—~" 

PWEN 

LEr LEI IAN 

z.av 
0.8V 

t D 

0.8V 

PWRW 

r SDDW ~~ 

LNRW 

z.av 

~ — tNW y 

~2.av 

~—tOLR+~ 

0.8V 

ftDSR+ 

~2.OV 

~0.8V

Figure 1 Bus Timing 

0.8V 

PWEMR 

~z.av 

2.OV 

 tNUR 

O.BV 
qci 

Figure 2 Memory Ready and E Clock Timing 
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E 

Last Instruction 
Cycl~ 

Instruction Execution 
HALT Cycle Cycle (Execution 

O.BV 

2.4V 

2.OV 
HALT 

0.8V~ 

SPCS 
tai 

tPCS 
t8A 

S) 
IPp IPCI' ` 

2.4V ' 
BA 

0.8V 

Figure 3 HALT and BA Timing 

Synchronous Clock 

Transmit Data 

Receive Data 

E 

Pao—Pz~ 
Pso—Psi 0.8V Peo— Psi 
(Inputs 

2.4V 
0.8V 

tpDSU 

2.OV(2.4V)• 

'2.OV is high level when clock input. 
2.4V is high level when clock output. 

Figure 4 SCI Clocked Synchronous Timing 

Figure 5 Port Data Set-up and Hold Times (MPU Read) 

P20-P 27, 

Pso—Ps„ 

~t~utputs) 

0.8V 

tPWD 

2.4V Data Valid 0.8V 

Figure B Port Data Delay Times (MPU Write) 
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E 

E 

Timer 1 
FRC 

Per, Pis 
Outputs 

O.BV 
tCKr 

P55 

(b$) 

274 

2.4V 
0.8V 

Figure 7 Timer 1 Output Timing 

tCKI 

'Timer 2 ; ttcyc 
SCI ;tScyc 

"Timer 1 ; tPWT 
Timer 2 ; tPWTCK 
SCI ; tpWSCK 

figure 9 Timer 1 ~2, SCI Input Clock Timing 

MPU access of 
PORTS 

Figure 11 Output Strobe Timing 

E 

Internal 
Address Bus 

NMI. Ida, o BV  
Id s. IROt 

Internal 
Date Bw 

Internal 
Reed 

Inter Ml 
Write 

Inbrrupi 
Test 

E 2.4V 

T2CNT N X $00 

Pee 
Output 

f ~• 2TOD 

2.4V 
0.8V 

(TCONR=N) 
Figure 8 Timer 2 Output Timing 

Psa(T5) 

PORT6 

Data 
(Input) 

Figure 10 Port 6 Input Latch Timing 

Test Point 

Vcc 

R~=2.2k4 

1 S2074® 
or Equiv. 

C = 90pF for Do—DT, Ao—Ar 5, E 
= 30pF for Port 2, Port 5, Port 8, RD, 

~, R/W, aA,L7Ff 
R = 12kn 

Figure 12 Bus Timing Test Loads (TTL Load) 

Op Code Op Code FFFF SP SP~1 SP~2 SP~3 SP~d SP~5 SP.e Vector Vector New 

Addross Addross+l Add .ee Address Address 

---tree 

Op Operand Irrelevenr PCO- PCB- IXO- IXB- ACCA ACCe CCR Vector Ve<ror Rni Insr. 1 
Coda Op Code Dare PC) P 15 1X7 1X15 MSB lSB Inurrupr Rourina 

Figure 13 Interrupt Sequence 
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srsv 

Nr5 

S ri 

I°n,r 

D,i, 

\1\1\11\1 
S.SV 

t.5 V 

v~r -0.sv 
.cs 

"`\111\" 

11111111111 

1\\~\~~„\„\`1`1\1""\

11111111111111\~~ ~` ~1 

tiff 

11111111~~1

~~e1u11 nn1~~~a111,11111.1 

V~~-06v 

FFff iFFf FFif ffif tiff FFFf N,wK ~~ FGff GFFF 

l  II~~ 

1 

1 1 

1~~ 

~VtiP 11ll'l~~J~~~~vV-tf--'~,

um~~1 ~u~~11~11~~~11111u,11 
, 

PCa- PCO- Frtst 
PC,S PC7 Instruction 

Figure 14 Reset Timing 

■ FUNCTIONAL PIN DESCRIPTION 
• Vcc• Vsa 

V0C and V~ provide power to the MPU with SVt ]0% supply. 
In the case of low speed operation (fmax= SOOkHz), the MPU can 
operate with 3 to 5.5 volts. Two V~ pins should be tied to ground. 

• XTAL, EXTAL 
These two pins interface with an AT-cut parallel resonant crystal. 

Divide-by-four circuit is on chip, so if 4MHz crystal oscillator is 
used, the system clock is 1MHz for example. 

EXTAL pin can be drived by the external clock with 45°k to 55% 
duty. The system clock which is one (ourth frequency of the exter-
nal clock is generated in the LS[. The external clock frequency 
should be less than four times of the maximum operating frequen-
cy. When using [he external clock, XTAL pin should be open. Fig. 
15 shows examples of connection circuit. The crystal and Cat, CL2
should be mounted as close as possible to XTAL and EXTAL pins. 
Any line must not cross the line between the crystal oscillator and 
XTAL, EXTAL. 

AT Cut Parallel Resonant Crystal Oscillator 

Co=7pF max 
Rs=600 max 

XTAL 

EXTAL 

i 
O 

T 
1

 Ctz Ct, 

,T, ;T,

Cu =t.E7 

= 10pF-22pF±20% 
(3.2-8MHz) 

Figure 15 Connection Circuit 

• TBY 
This pin makes the MPU standby mode. In "Low" level, [he os-

cillation stops and the internal clock is stabilized to make reset con-
dition. To retain the contents of RAM at standby mode, "0" 
should be written into RAM enable bit (RAME). RAME is the bit 
6 of the RAM/port 5 control register a[ $0014. RAM is disabled by 
this operation and its contents is sustained. 

Refer to "LOW POWER DISSIPATION MODE" for [he 
standby mode. 

• Reset RES) 
This pin resets the MPU from power OFF state and provides a 

startup procedure. During power-on, ~R 3r pin must be held "Low" 
level for at least 20ms. 

The CPU registers (accumulator, index register, stack pointer, 
condition code register except for interrupt mask bit), RAM and 
the data register of ports are not initialized during reset, so their 
contents are undefined in this procedure. 

To reset the MPU during operation, RES should be held "Low" 
for at least 3 system-clock cycles. A[ [he 3rd cycle during "Low" 
level, all the address buses become "High". When RES remains 
"Low", the address buses keep "High". Ifsbecomes "High", 
the MPU starts the next operation. 
(1) Latch the value of the mode program pins; MP° and MP,. 
(2) Initialize each internal register (Refer to Table 4). 
(3) Set the interrupt mask bit. For the CPU to recognize the 

maskable interrupts [RQ„ IRQ2 and IRQ„ this bit should be 
cleared in advance. 

(4) Put the contents (=start address) of the last two addresses 
($FFFE, $FFFF) into the program counter and start the pro-
gram from this address. (Refer to Table 1). 

• Enable IE► 
This pin provides a TTL-compatible system clock to external cir-

cuits. Its frequency is one fourth that of the crystal oscillator or ex-
ternal clock. This pin can drive one TTL load and 90pF capacitance. 

• Non-Maskable Interrupt (NMI) 
When the falling edge of the input signal is detected at this pin, 

the CPU begins non-maskable interrupt sequence internally. As 
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well as the 11F~ mentioned below, the instruction being executed at 
NMi signal detection will proceed to its compele[ion. The interrupt 
mask bit of the condition code register doesn't affect non-maskable 
interrupt at all. 

In response to an NMI interrupt, the contents of the program 
counter, index register, accumulators and condition code register 
will be saved onto the stack. Upon completion of [his sequence, a 
vector is fetched from $FFFC and $FFFD to transfer their contents 
into the program counter and branch to the non-maskable interrupt 
service routine. 

(Note) At reset start, the stack pointer should be initialized on 
an appropriate memory area and then the falling edge 
be input to ~1 Mi pin. 

• Interrupt Request (RiQ-j , TFiiS2) 
These are level-sensitive pins which request an internal interrupt 

sequence to the CPU. At interrupt request, the CPU will complete 

Each Status Register's Interrupt 
Enable Flag 
"1 " ;Enable, "0 " ;Disable 

ISF OHO 

i1i~ 

IlilT 

o% 

OH O 

ICI ~, 
ICF 

OCF1 

OCF2 

Oro OCI 

ono 

IRON . 

TOI 
TOF 

~, 

CMI 
CMF 
RDRF 

OH O 

PER 
ORFE 

t)~O 
SIO 

TDRE OH O 

Nlli 
Edge 
Detective 
Circuit 

SWI 

Op Coa E o 
o.u~uw GrcM~ 

TRAP 

the current instruction before the acceptance of the request. Unless 
the interrupt mask in the condition code register is set, the CPU 
starts an interrupt sequence; i(set, the interrupt request will be ig-
nored. When the sequence starts, the contents of the program 
counter, index register, accumulators and condition code register 
will be saved onto the stack, then the CPU sets the interrupt mask 
bit and will not acknowledge the maskable request. During the last 
cycle, the CPU fetches vectors depicted in Table 1 and transfers 
their contents to the program counter and branches to the service 
routine. 

The CPU uses the external interrupt pins (IRQ, and IRQz) also 
as port pins Paa and P61 so it provides an enable bit to Bit 0 and 1 of 
the RAM port 5 control register at $0014. Refer to "RAM/PORT 5 
CONTROL REGISTER" for the details. 

When one of the internal interrupts, ICI, OCI, TOI, CMI or SIO 
is generated, the CPU produces internal interrupt signal (IRQ,). 
IRQa functions just the same as IRQ, or IRQ, except for its vector 
address. Fig. 16 shows the block diagram of the interrupt circuit. 

Condmm~ 
Cotle 
Register 
I MASK 
"0" Enahle 
i : osahla 

~0 0 Interrupt 
~~ Request 

Signal 

Figure 16 Interrupt Circuit Block Diagram 

Sleep 
~~ Cancel 

Signal 
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Table 1 Interrupt Vector Memory Map ries. Refer to "RAM/PORT 5 CONTROL REGISTER" for more 
details. 

Priority 
Vector 

Interrupt 
MSB LSB 

Highest 

Lowest 

FFFE FFFF 1;3E ``

FFEE FFEF TRAP 

FFFC FFFD AEI 

FFFA FFFB SWI 
(Software Interrupt) 

FFF8 FFF9 1R~t, ISF (port 6 Input Strobel 

FFFE FFF7 
ICI 
(Timer 1 Input Capture) 

FFF4 FFF5 
OCI 
(Timer 1 Output Compare 1, 2) 

FFF2 FFF3 
TOI 
(Timer 1 Overflow) 

FFEC FFED 
CMI 
(Timer 2 Counter Matchl 

FFEA FFEB )Ray 

FFFD FFF1 SIO 
(RDRF+ORFE+TDRE-f PER) 

• Mode Program (MPo, MPt) 
Set MPo "High" and MP, "Low". 

• Read/Write IR~1 
This signal, usually be in read state ("High"), shows whether 

the CPU is in read ("High") or write ("Low") state to the periph-
eral or memory devices. This can drive one TTL load and 30pF ca-
pacitance. 

• RO, WR 
These signals show active low outputs when the CPU is reading/ 

writing to the peripherals or memories. This enables the CPU easy 
to access the peripheral LSI with R6 and WR input pins. These pins 
can drive one TTL load and 30pF capacitance. 

• Load Instruction Register (LIR) 
This signal shows the instruction opecode being on data bus 

(active low). This pin can drive one TTL load and 30pF capacitance. 

• Memory Ready (MR; Pap) 
This is the input control signal which stretches the system 

clock's "High" period to access low-speed memories. HD6303Y 
can select three kinds of low-speed memory access method by 
RAM/Port 5 Control Register's MRE bit and AMRE bit. In the 
case that CPU accesses low-speed memories by the extemal MR 
signal (MRE="1", AMRE="0"), the system clock operates in 
normal sequence when this signal is in "High". 

But this signal in "Low", the "High" period of the system clock 
will be stretched depending on its "Low" level duration in integral 
multiples of the cycle time. This allows the CPU to interface with 
low-speed memories (See Fig. 2). Up to 9µs can be stretched. 

During internal address space access or nonvalid memory ac-
cess, MR is prohibited internally to prevent decrease of operation 
speed. Even in the halt state, MR can also stretch "High" period of 
system clock to allow peripheral devices to access low-speed memo-

• Halt (IiALT; P63) 
This is an input control signal to stop instruction execution and 

to release buses. When this signal switches to "Low", the CPU 
stops to enter into the halt state after having executed [he present 
instruction. When entering into the halt state, it makes BA "High" 
and also an address bus, data bus, RD, WR, R%W high impedance. 
When an interrupt is generated in the halt state, the CPU uses the 
interrupt handler after the halt is cancelled. When halted during the 
sleep state, the CPU keeps the sleep state, while BA is "High" and 
releases the buses. Then the CPU returns to the previous sleep 
state when the HALT signal becomes "High". 

(Note) Please don't switch the HALT signal to "Low" when 
the CPU executes the WAI instruction and is in the in-
terrupt wait state to avoid the trouble o(the CPU's op-
eration after the halt is cancelled. 

• Bus Available (BAI 
This is an output control signal which is normally "Low" but 

"High" when the CPU accepts ~HA'1' and releases the buses. The' 
HD6800 and HD6802 make BA "High" and release the buses at 
WAI execution, while the HD6303Y doesn't make BA "High" 
under the same condition. 

■ PORT 
The HD6303Y provides three 8-bit 1/O ports. Each port pro-

vides Data Direction Register (DDR) which controls the I/O state 
by the bit. 

Table 2 Port and Data Direction Register Address 

Port Port Address Data Direction Register 

Port 2 $0003 $0001 

Port 5 $0015 $0020 

Port 8 $0017 $0016 

• Port 2 
An 8-bit I/O port. Port 2 DDR (P2DDR) controls the I/O state. 

This port provides DDR corresponding to each bit and can define 
input or output by the bit ("0" for input, "1" for output). 

As Port 2 DDR is cleared during reset, it will be an input port. 
Port 2 is also used as an I/O pin for timer 1, Timer 2 and the SCI. 

Pins for Timers and the SCI set or reset each DDR depending on 
[heir functions and become I/O pins. When port 2 functions as an I/ 
O port after used as I/O pins of the timers or the SCI, the I/O direc-
tion of the pins remain as it is used as the I/O pin of timer and SC[. 

Port 2 can drive one TTL load and 30pF capacitance. This port 
can produce 1mA when Vovt=1.SV to drive directly the base of 
Darlington transistor. 

PYe (Tin) 
PZo is also used as an external input pin for the input-capture. 

This pin is an I/O port which is an input or output as defined by the 
Data Direction Register (PZoDDR) ("0" for an input and "1" for 
an output). Then either a signal to or from PZo ("to" for an output 
port, "from" for an input port) is always input to the Timer 1 input 
capture. 
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RES 

Pyt (Tout 11, P24 ITx), P26 (Tout 21, P28 (Tout 31 
These four pins can be also used as output pins for Timer 1, 

Timer 2 and a transmit output of the SCI. Timer 1, and the SCI 

PORT 

2n 

RES 

S R 
O D 
Px~ DDR 

C 

WP2D 

WP2D :DDR Write Signal 
WP2 :Port Write Signal 
RP2 :Port Read Signal 

Timer 1 
Input Capture Input 

have a register which enables output. By setting these registers, 
they automatically will be output pins of timer or the SCI. 

O D 
Px~ DATA 

C 

WP2 

In
te

rn
a

l 
D

a
ta

 B
u 

Timer 1, Timer 2  and SCI 

RP2 
_L 
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PZq(SCLK) 
PE2 is also used as a clock I/O pin for the SCI. It is selected as a 

clock input or output pin by the operating mode of the SCI. I[ is usa-

Pzz 

  RES 

I 
S Ri Rz 
Q D 
Pzz DDR 

C 

ble as an I/O port when the SCI has no clock input or output (as an 
output port if P22 DDR=1, as an input port if P22 DDR=O). 

WP2D 

O D 
Pzz DATA 

C 
r 

WP2 

m 
m 
m 
O 
m C 
d 
c 

SCI
r 

RP2 

P23 IRxI. PZ~ (TCLK) 
P23 and Pzr are also used as received data input pins for the SC[ 

and external clock input pins for Timer 2. The SCI and Timer 2 
have registers which enable input. 1(the registers are set, the DDR 
(P=aDDR, Pz,DDR) are cleared and P23 and Pzz will be input 
pins for Rx and TCLK. 

PORT 

2n 

RES 

Clock Input Enable signal 

Output Clock 

Clock Output Enable signal 
 ►Input Clock 

Since the SCI will be a clocked synchronous mode by an external 
clock-input during reset, the DDR of P22 is cleared automatically 
and Ptz is an input port. Set the SCI to a mode where P22 is not used 
(CCO or CC1 of the RMC Register is "0" or "I" respectively) and 
write "1" to the P22 DDR to make P2z an output port. 

Rz 
Q D 
Pzs DDR 

C 

WP2D 

RP2 
_L 

O D 
Pm DATA 

C 
I 

WP2 

In
te

rn
a

l 
D

a
ta

 B
us

 

SCI, Timer 2 
r 

MSB LSB 
P27
DDR 

Pza 
DDR 

Pzs 
DDR 

Pza 
DDR 

Pza 
DDR 

Pzz 
DDR 

Pzi 
DDR 

Pzo 
DDR 

Pzz Pzs Pzs Pza Psi Pzz Pzi Pzo 

PORT2 DDR 1$0001) 
(Write only, $00 
during reset.) 

PORT2 1$00031 
IR/W, not ini-
tialized during 
reset) 

Input Enable signal 
SCI Receive Data, 
Timer 2 External Clock 
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• Port 6 
An 8~bit I/O port. The DDR of port 5 controls I/O state. Each bit 

of part 5 has a DDR which defines I/O state ("0" for input and "1" 
for output). 

During reset, the DDR of port 5 is cleared and port 5 becomes 
an input port. 

Port 5 is also usable as IRQ„ IR s  HALT, MR and the strobed 
signal of port 6 for handshake (IS, OS). It is set to input or output 
automatically if it is used as these control signal pins (except Ps„ 
T3~. Since the DDR of port 5, as is port 2, is set or reset by the con-
trol signal, I/O directions of the I/O ports are retained after the con-
trol signal is disabled. Port 5 can drive one TTL load and 90pF ca-
pacitance. 

PORT 
5n 

RES 

Pso IlRtltl, Pat IIRQzI 
P~ and Ps, are also usable as interrupt pins. The RAM/port 5 

control registers of ~, and I1F~t have enable bits (IQ1E, IQ2E). 
When these bits are set to "1", P~ and Ps, will automatically be in-
terrupt input pins. 

P6z IMRI, Psi IHALTI 
P and P~ are also usable as MR and HALT inputs. MR and 

~HA~' have enable bits (MRE, HLTE) in the RAM/Port 5 Control 
Register as [R , and I ~t Y. Since MRE is cleared during reset, P64 is 
usable as an I/O port, and HLTE is set during reset, the DDR of Pss 
will be automatically reset to be a HALT input pin. HLTE of the 
RAM/Port 5 Control Register has to be cleared to use Pss as an I/O 
port. 

N 
7 

WP5D 0°m 
0 WP5D :DDR Write signal 
~ WP5 :Port Write signal 

Psi DATA -■ ~ RP5 :Port Read signal 

C 

~~ RAM/PORT 

Register 

• 

R, R= 
~ D 
Psi DDR 

C 

' Initializing value during reset; 
I R Q1 E _ "0", I R D2 E _ "0", MRE _ "0", HLTE _ " 1 " 

P64 IISI 
Ps, is also usable as the input strobe (IS) for port 6 handshake 

interface. This pin, as is Ppo, is always an I/O port. If Ps, is used as an 

280 

RES 

~, 

IRa: 
MR 
RACT 

output port (set the DDR of Ps, to "1"), an output signal from P„ 
will be the input to SI . 

HITACHI 

Port 6 Control Status Register 



H D6303Y 

P66 (~) 
P66 is also usable as the output strobe (O-3`) for port 6 handshake 

interface. It will be an 1/O port during reset, and an OS output pin 

Pss 

P66~ Pli7 
P~ and Ps, are I/O ports. 

by setting the aS enable register (OSE) of the port 6 Control Status 
Register (P6CSR). 

RES 

G 

S R 
Q D 

P5s DDR 
C 

WP5D 

O D 
P5s DATA 

C 

WP5 

m 
m 

iv 
C 

Port 6 Control/Status Register 
r 

RP5 
_!—
z 

RES 

OS 

OSE 1 : OS output 
10 : OS output disable 

MSB LSR 

PORT5 DDR ($0020) 
(Write only, $00 
during reset) 

PORT51$0015) 
(R/W, not ini-
tialized during 
reset.) 

Psi 
DDR 

Psa 
DDR 

P55 
DDR 

Psa 
DDR 

P57 
DDR 

Pse 
DDR 

Psi 
DDR 

Pso 
DDR 

Psi Pse P55 Psa Pso Psz Psi Pso 
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• Port 6 
8-bit 1/O port. Port 6 DDR controls 1/O state. Each bit oC port 6 

has a DDR and designates input or output ("0" for input, "1" for 
output). During reset, Port 6 DDR is cleared and port 6 becomes an 
input port. 

PORT 
6n 

RES 
I 
R 

O D 
P5~ DDR 

C 

Port 6 controls parallel handshake interlace besides (unctions as 
an I/O port. Therefore, i[ provides DDRs to control and IS LATCH 
to latch the input data. 

Port 6 can drive one TTL load and 30pF capacitance. [t can drive 
directly the base of Darlington transistor as port 2. 

WP6D 

RFrS 

R 
D O 

IS LATCH 
C 

O D 
Psi DATA 

C 
1 

WP6 
RP6 

N 
 •m 

m 
O 
m c 
m 

• c 

MSB 

Per 
DDR 

Pae 
DDR 

P65 
DDR 

Pay 
DDR 

Pea 
DDR 

Psx 
DDR 

Psi 
DDR 

Per P86 Pss P5~ Pea Psx Psi 

LSB 

P5o 
DDR 

P5o 

■ BUS 
• Addreaa Bua IAe — Ata) 

Address Bus (A5 — A15) is used for addressing the memory and 
peripheral LSI. 

This bus can interface with the bus of HMCS 6800 and drive one 
TTL load and 90pF capacitance. 

• Data Bus IDo — D7) 
8-bit parallel data bus for data transmit between the memory or 

peripheral LSI. This bus can drive one TTL Toad and 90pF capaci-
tance. 

■ RAM/PORT 6 CONTROL REGISTER 
The control register located at $0014 controls on-chip RAM and 

port 5. 

RAM/Port 5 Control Register (RP5CR) 

7 6 5 4 3 2 1 0 

STBV 
PWR RAME 

STBV 
FLAG 

AMR 
E HLTE MRE IROz 

E 
IRO, 

E E0014 

Bit 0, Bit 1 fRTlt, IROp Enable Bit (IROtE, IROZE) 
When using P~ and P„ as interrupt pins, write "1" in these bits. 
When the bit is set to "1", the DDRs corresponding to P,5 and 

• 

WP6D 
WP6 
RP6 

DDR Write signal 
Port Write signal 
Port Read signal 

Port 6 
Control Status Register 

PORT6 DDR ($0016) 
(Write only, $00 
during reset.) 

PORT6 ($001 71 
(R/W, not ini-
tialized during 
reset.) 

P51 are cleared and become IR , input pin and IRQx input pin. 
When IRQ,E and IRQZE are set, P~ and P61 cannot be used as an 
output ports. When "0", the CPU doesn't accept an external inter-
rupt or a sleep cancellation by [he external interrupt. These bits are 
cleared during reset. 

Bit 2 Memory Ready Enable Bit (MRE) 
When using Pbx as an input pin of the "memory ready" signal, 

write "I" in this bit. When set, P6R DDR is automatically cleared 
and becomes the MR input pin. The bit is cleared during reset. 

Bit 3 Halt Enable Bit (HLTE) 
When using P~ as an input pin of [he HALT signal, write "1" in 

this bit. When this bit is set, P~ DDR is automatically cleared and 
becomes the Halt input pin. If the bit is "0", the Halt function is 
inhibited and P~, is used as an I/O port. The bit is set to "l" during 
reset. 

Bit 4 Auto Memory Ready Enable Bit (AMRE) 
When the bit is set and the CPU accesses the external address, 

"memory ready" operates automatically and stretches the E clock's 
"High" duration for one system clock. When MRE bit of bit 2 is 
cleared and when the CPU accesses the external address space, the 
function operates. When MRE bit is set and then the CPU accesses 
the external address space with P52 (MR) pin in "low", "memory 
ready" operates automatically. This bit is set to "I" during reset. 
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Table 3 "Memory Ready" Function 

MRE AMRE Function 

0 0 "Memory ready" inhibited. 

0 1 When the CPU accesses the external address, "High" duration of E clock automatically becomes one-cycle 
longer. This state is retained during reset. 

1 0 "Memory ready" operates by P52 (MR) pin. The function is the same as that of the HD6301 X0. 

1 1 
When the CPU accesses the external address space with the Psy IMRI pin in "low", the "auto memory 
ready" operates. This function is effective if it has both "high-speed memory" and "slow memory" 
outside. Input CS signal of "slow memory" to MR pin. 

BIt 6 Standby Flag ISTBY FLA0) 
By clearing this flag, HD6303Y gets into the standby mode by 

software. This flag is set to "I"during reset, so the standby mode is 
canceled with RES pin in "low". The RES pin should be in "low" 
until oscillation becomes stable (min. 20ms.). If the SS B pin in is 
in "low", the standby mode can not be canceled with the RE3 pin 
in "low". 

Bit 6 RAM Enable (RAME) 
On-chip RAM can be disabled by this control bit. By resetting 

the MPU, "1" is set to this bit, and on-chip RAM is enabled. When 

(a) MRE=O, AMRE=1 

E 

Address 

BUS 

this bit is cleared (=logic "0") on-chip RAM is invalid and the 
CPU can read data from external memory. This bit should be "0" 
before getting into the standby mode [o protect on-chip RAM data. 

Bit 7 Standby Power Bit ISTBY PWR) 
When V~~ is not provided in standby mode, this bit is cleared. 

This is a flag For read/write and can be read by software. If this bit is 
set before standyby mode, and remains set even after returning 
from standby mode, V~~ voltage is provided during standby mode 
and the on-chip RAM data is valid. 

I 

address 

(b) MRE=1, AMRE=1 

E I- 1 

Address 

Bus 

MR 

ICS pin of "slow memory") 

(c) MRE=I,AMRE=O (HD6301X0 Compatible Mode) 

E 

Address 
Bus 

MR 

i 

I 

tHMR 

Figure 17 Memory Ready Timing 

■ Port 6 Control/Status Register 
This is the Control/Status Register for parallel handshake inter-

face using Port 6. The functions are as follows; 
1) Latches input data to Port 6 at the IS (P~) falling edge. 
2) Outputs a strobe signal OS (P55) outward by reading or writ-

ing to port 6. 
3) When IS FLAG is set at the IS falling edge, an interrupt oc-

CUfS. 

7 

tSMR 

The following shows Port 6 Control/Status Register (P6CSR). 

6 5 4 3 2 1 0 

IS' 
FLAG 

IS IRO, 
ENABLE OSE OSS 

LATCH 
ENABLE 

NITACNI 

50021 

'Bit 7 is Read-Only bit 

283 
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Bit 0 
Bit 1 
Bit 2 

Not used. 

Bit 3: Latch Enable 
This register controls the input latch for Por[ 6 (ISLATCH). 

When this bit is set to "I", the input data to port 6 will be latched 
inward a[ theme (P~) falling edge. An input latch will be canceled by 
reading Port 6, which enables to latch the next data. It cleared, the 
input latch remains canceled and this bit functions as a usual input 
port. This bit is cleared during reset. 

Blt 4: OSS Output Strobe Select 
This register initiates an output strobe (OS) from P65 by reading 

or writing to port 6. When cleared, OS occurs by reading Port 6. 
When set, Z5S occurs by writing to Port 6. This bit is cleared during 
reset. 

Bit 6: OSE Output Strobe Enable 
This register decides the enabling or disabling of the output 

HD6303Y 
MSB 

IS FLAG 
IS RQt 
ENABLE 

strobe. When cleared, P65 functions as an I/O port. When se[, P66
functions as an a3 output pin. (P66 DDR is set by OSE.) This bit is 
cleared during reset. 

Bit S: IS IROt Enable Input Strobe Interrupt Enable 
When set, an IRQ, interrupt to the CPU occurs by setting IS 

FLAG of bit 7. When cleared, the interrupt does not occur. This bit 
is cleared during reset. 

Bit 7: IS Flag Input Strobe Flag 
This flag is set at the IS (P~,) falling edge. This flag is Cor read-

only. When set, the flag is cleared by reading or writing to Port 6 
after reading the Port 6 Control Status Register. This bit is cleared 
during reset. 

■ MEMORY MAP 
The MPU can address up to 65k bytes. Memory map is shown in 

Fig. 20. 40 addresses ($0000 — 50027 except $00, $02, $04, $O5, 
$06, $07, $18) are the internal registers as shown in Table 4. 

  Port 6 Control/Status Register 

Pso —D D

IRQt 
E 

 IROt 

Figure 18 Input Strobe Interrupt block Diagram 

~~ 

~V 

Fly 

~ORT t~ 

PORT 
q
5 

~m 1 

PORTS 

MPa ~cc 

MP, 

%TAL 

E%TAL 

HD6303Y 

MPU 

R/W 
l~ 

BA 

Data Bus 

Address Bus 

Address Bus 

Figure 19 HD6303Y Operating Function 
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Table 4 Internal Register 

Address Register Abbreviation R/W'. Initialized value 
during reset"' 

00' Port 1 DDR (Data Direction Register) P1 DDR W $FE 
01 Port 2 DDR P2DDR W $00 
02' Port 1 PORTi R/W indefinite 
03 Port 2 PORT2 R/W indefinite 
04' Port 3 DDR P3DDR W $FE 
05' Port 4 DDR P4DDR W $00 
O6' Port 3 P0RT3 R/W indefinite 
07' Port 4 PORT4 R/W indefinite 
08 Timer Control/Status Register 1 TCSR1 R/W $00 
09 Free Running Counter (MSB) FRCH R/W $00 
OA Free Running Counter (LSB) FRCL R/W $00 
OB Output Compare Register 1 (MSB) OCR1H R/W $FF 
OC Output Compare Register 1 ILSeI OCR1 L R/W $FF 
OD Input Capture Register (MSB) ICRH R $00 
OE Input Capture Register (LS8) ICRL R $00 
OF Timer Control/Status Register 2 TCSR2 R/W $10 
10 Rate/Mode Control Register RMCR R/W $CO 
1 1 Tx/Rx Control Status Register 1 TRCSRI R/W $20 
1 2 Receive Data Register RDR R $00 
1 3 Transmit Data Register TDR W indefinite 
14 RAM/Port 5 Control Register RP5CR R/W $F8 ar $78 
15 Port 5 PORT5 R/W indefinite 
16 Port 6 DDR P6DDR W $00 
17 Port 6 PORT6 R/W indefinite 
18 Part 7 PORT7 R/W indefinite 
19 Output Compare Register 2 IMSBI OCR2H R/W $FF 
1 A Output Compare Register 2 (LSB) OCR2L R/W $FF 
18 Timer Control/Status Register 3 TCSR3 R/W $20 
1 C Time Constant Register TCONR W $FF 
1 D Timer 2 Up Counter T2CNT R/W $00 
1 E Tx/Rx Control Status Register 2 TRCSR2 R/W $28 
1 F"" Test Register' TSTREG — —
20 PORT5DDR PSDDR W $00 
21 PORT 6 ControliStatus Register P6CSR R/W $07 
22 — — — —
23 — — — —
24 — — — —
25 — Reserved — — — 

26 — — — —
27 — — 

' External address. 
" R: Read-only register, W: Write-only register, R/W: Read/Write register. 

"' Whan empty bit is in the register, it is set to "1 ". 
"" Register for test. Don't access this register. 

HITACHI 285 



HD6303Y 

50000 

50027 

$0040 

5013E 

$FFFF 

Inurnel ' 
Register 

External Memory 
Space 

Inumal RAM 
256 Bytes 

External 

Memory 

Specs 

'This mode does not 
include the addresses: 
$00, $02, $04, $05, 
$08, $07 or $18 which 
can be used externally. 

Figure 20 HD6303Y Memory Map 

■ TIMER 1 
The HD6303Y provides a 16-bit programmable timer which can 

simultaneously measure an input waveform and generate two inde-
pendent output waveforms. The pulse widths of both input/output 
waveforms vary from microseconds to seconds. 

Timer 1 is configured as follows (refer to Fig. 22). 
• Control/Status Register 1 (8 bit) 
• Control/Status Register 2 (7 bit) 
• Free Running Counter (16 bit) 
• Output Compare Register 1 (16 bit) 
• Output Compare Register 2 (]6 bit) 
• Input Capture Register (]6 bit) 

• Free-Running Counter (FRCI150009:OOOA) 
The key timer element is a 16-bit free-running counter driven 

and incremented by system clock. The counter value is readable by 
software without affecting the counter. The counter is cleared dur-
ing reset. 

When writing to the upper byte ($09), the CPU writes the preset 
value ($FFF8) into the counter (address $09, $OA) regardless of 
the write data value. Bu[ when writing to the lower byte ($OA) after 
the upper byte writing, the CPU writes not only lower byte data into 
lower 8 bit, but also upper byte data into higher 8 bit of the FRC. 

The counter will be as follows when the CPU writes to it by dou-
ble store instructions (STD, STX, etc.) 

• Output Compare Reglster (OCR) 
(SOOOB, SOOOC; OCR7) (50079, 5007 A: OCR2) 
The output compare register is a 16-bit read/write register which 

can control an output waveform. The data of OCR is always com-
pared with the FRC. 

When the data matches, output compare flag (OCF) in the timer 
control/status register (TCSR) is set. If an output enable bit (OE) in 
the TCSR2 is "1", an output level bit(OLVL) in the TCSR will be 
output to bit 1 (OCR 1) and bit 5 (OCR 2) of port 2. To control the 
output level again by the next compare, the value of OCR and 

OLVL should be changed. The OCR is set to $FFFF at reset. The 
compare function is inhibited for a cycle just after a write to the up-
per byte of the OCR or FRC. This is to set the 16-bit value valid in 
the counter register for compare. In addition, it is because counter 
is to set $FFF8 at the next cycle of the CPU's upper byte write to 
the FRC. 

' For data write to the FRC or the OCR, 2-byte transfer in-
struction (such as STX, etc.) should be used. 

• Input Capture Register (ICR) (SOOOD : OOOE) 
The input capture register is a 16-bit read-only register which 

stores the FRC's value when external input signal transition gener-
ates an input capture pulse. Such transition is controled by input 
edge bit (IEDG) in the TCSR1. 

In order to input the external input signal to the edge detector, a 
bit of the DDR corresponding to bit 0 of port 2 should be cleared 
("0"). When an input capture pulse occurs by external input signal 
transition at the next cycle of CPU's high-byte read o(the ICR, the 
input capture pulse will be delayed by one cycle. In order to ensure 
the input capture operation, a CPU read of the ICR needs 2-byte 
transfer instruction. The input pulse width should be at least 2 sys-
tem cycles. This register is cleared (50000) during reset. 

• Timer Control/Status Reglster 1 (TCSR1) (50008) 
The timer control/status register ] is an 8-bit register. All bits are 

readable and the lower 5 bits are also writable. The upper 3 bits are 
read-only which indicate the following timer status. 
Bit 5 The counter value reached to $0000 as a result of coun-

[ing-up (TOE). 
Bit 6 A match has occurred between the FRC and the OCR 1 

(OCFI). 
Bit 7 Defined transition of [he timer input signal causes the 

counter to transfer its data to the ICR (ICE). 
The followings are the each bit descriptions. 

Timer Control/Status Register 1 

7 6 5 4 3 2 1 0 

ICE OCF7 TOF EICI EOCI1 ETOI IEDG OLVLt $1H~08 

Bit 0 OLVL1 Output Level 7 
OLVL1 is transferred to port 2, bit 1 when a match occurs be-

tween the counter and the OCRI. If bit 0 of the TCSR2 (OEl). 
is set to "1", OLVL1 will appear at bit 1 of port 2. 

Bit 1 IEDG Input Edgs 
This bit determines which edge, rising or falling, of input sig-

nal of bit 0 of port 2 will trigger data transfer from the counter to 
the ICR. For this function, the DDR corresponding to port 2, bit 

$09 Write $OA Write 0 should be cleared beforehand. 
IEDG=O, triggered on a (ailing edge 

($5A) ($F3) ("High" to "Low") 
IEDG=1, triggered on a rising edge 

E _ ("Low" to "High") 
Counter value $FFF8 $5AF3 

In the case of the CPU write ($5AF3) to the FRC 

Figure 21 Counter Write Timing 

Bit 2 ETOI Enable Timer Overflow Interrupt 
When this bit is set, an internal interrupt (IRQ3) by TOI inter-

rupt is enabled. When cleared, the interrupt is inhibited. 
Bit 3 EOCI7 Enable Output Compare Interrupt 1 
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When this bit is set, an internal interrupt (IRQs) by OCII in-
terrupt is enabled. When cleared, the interrupt is inhibited. 

Bit 4 EICI Enable Input Capture Interrupt 
When this bit is set, an internal interrupt (IRQ,) by ICI inter-

rupt is enabled. When cleared, the interrupt is inhibited. 
Blt 6 TOF Timer Overflow Flag 

This read-only bit~is set when the counter increments Gom 
SFFFF by I. Cleared when the counter's MSB byte ($0009) is 
read by the CPU after the TCSRI read at TOF=1. 

Bit 6 OCF1 Output Compare Flag 1 
This read-only bit is set when a match occurs between the 

OCR1 and the FRC. Cleared when writing to the OCRl ($OOOB 
or $OOOC) alter the TCSRI or TCSR2 read at OCF=1. 

Blt 7 ICF Input Capture Flag 
This read-only bit is set when an input signal of port 2, bit 0 

makes a transition as defined by IEDG and the FRC is transfer-
red to the ICR. Cleared when reading the upper byte ($OOOD) of 
the ICR after the TCSRI or TCSR2 read at ICF=1. 

• Timer Control/Status Register 2 (TCSR2) ISOo0F1 
The timer control/status register 2 is a 7-bit register. All bits are 

readable and the lower 4 bits are also writable. But the upper 3 bits 
are read-only which indicate the following timer status. 

Bit 7 The same status flag as the ICF flag of [he TCSRI, bit 7. 
The followings are the each bit descriptions. 

Blt 0 OE1 Output Enable t 
This bit enables the OLVL1 to appear at port 2, bit 1 when a 

match has occurred between [he counter and the output com-
pare register 1. When this bit is cleared, bit 1 of port 2 will be an 
I/O port. When set, it will be an output of OLVLI automatically. 

Bit 1 OE2 Output Enable 2 
This bit enables the OLVL2 [o appear at port 2, bit 5 when a 

match has occurred between the counter and the output com-
pare register 2. When this bit is cleared, port 2, bit 5 will be an I/ 
O port. When set, it will be an output of OLVL2 automatically. 

Blt 2 OLVL2 Output Level 2 
OLVL2 is transferred to port 2, bit 5 when a match has occur-

red between the counter and the OCR2. If bit 5 of the TCSR2 
(OE2), is set to "1", OLVL2 will appear at port 2, bit 5. 

Bit 3 EOC12 Enable Output Compare Interrupt 2 
When this bit is set, an internal interrupt (IRQ,) by OCl2 in-

terrupt is enabled. When cleared, the interrupt is inhibited. 
Bit 4 No[ used 
Bit 6 OCF2 Output Compare Flag 2 

This read-only bit is set when a match has occurred between 
Bit 5 A match has occurred between [he FRC and [he OCR2 the counter and [he OCR2. Cleared when writing to the OCR2 

(OCF2). ($0019 or $OOIA) after the TCSR2 read at OCF2=1. 
Bit ti BIt 6 OCFt Output Compare Flag 1 

Blt 7 ICF Input Capture Flag 
Timer Control/Status Register 2 OCFI and ICF are dual addressed. If which register, TCSRI 

or TCSR2, CPU reads, it can read OCFI and ICF to bit 6 and bit 
7 8 5 4 3 2 1 0 7. 

ICF OCF1 OCF2 EOC12 owL2 OE2 OE1 
Both the TCSRI and TCSR2 will be cleared during reset. S000F (Note) If OEI or OE2 is set to "1" before the first output com-

pare match occurs aRer reset restart, bit 1 or bit 5 of port 2 
will produce "0" respectively. 

HD6303Y Internal Data Bus 

Et9. S1A 

Output Compare 
Reglster 2 

~f SOB. SOC 

DUtput Compare 
Reglster 1 

~f 509. SDA 

Free Running 
18 Blt Counter 

~J ~J 
Output Compare 2 

IROs 

V ~1 

Output Compare 1 

SOD, SOE 

Input Capture 
Register 

OverRow Detect Edge Detect 

— RES 

ICF OCF1 TOF EICI EOCI1 ETOI IEDG OLVLI 

V 

TCSRI 
SOB 

D 

CLK 
R 

ICF OCF1 OCF2 EOC12'OLVL2 OE21 OE1 
TCSR2 
SOF 

CLK 
R 

Figure 22 Timer 1 Block Diagram 
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■ TIMER 2 
In addition to the timer I, the HD6303Y provides an 8-bit re-

loadable timer, which is capable of counting the external event. The 
timer 2 contains a timer output, so the MPU can generate three in-
dependent waveforms. (Refer to Fig. 23J 

The timer 2 is configured as follows: 
• Control/Status Register 3 (7 bits) 
• 8-bit Up Counter 
• Time Constant Register (8 bits) 

• Timer 2 Up Counter (T2CNT) (S001 D) 
This is an 8-bit up counter which operates with the clock decided 

by CKSO and CKS1 0(the TCSR3. The CPU can read the value of 
the counter without affecting the counter. In addition, any value 
can be written to the counter by software even during counting. 

The counter is cleared when a match occurs between the counter 
and the TCONR or during reset. 

[( the write operation is made by sofware to the counter at the 
cycle of counter clear, it does not reset the counter but put the write 
data to the counter. 

• Time Constant Register (TCONR) (SOO7C) 
The time constant register is an 8-bit write only register. The 

data of register is always compared with the counter. 
When a match has occurred, the counter match flag (CMF) of 

the timer control status register 3 (TCSR3) is set and the value 

C 

tROa 

selected by TOSO and TOSl of the TCSR3 will appear at port 2, bit 
6. When CMF is se[, the counter will be cleared simultaneously and 
then start counting from $00. This enables regular interrupts and 
waveform outputs without any software support. The TCONR is set 
to "$FF" during reset. 

• Timer Control/Status Register 3 (TCSR3) (5001 BI 
The timer control/status register 3 is a 7-bit register. All bits are 

readable and 6 bits except (or CMF can be written. 
The followings are each pin descriptions. 

Timer Control/Status Register 3 

7 6 5 4 3 2 1 0 

CMF ECMI T2E TOS1 TOSO CKS1 CKSO $0018 

Bit 0 CKSO Input Clock Select 0 
Bit t CKSt Input Clock Select 1 

Input clock [o the counter is selected as shown in Table 5 de-
pending on these two bits. When an extemal clock is selected, 
bit 7 of port 2 will be a clock input automatically. Timer 2 detects 
the rising edge of the external clock and increments the counter. 
The external clock is countable up to half the frequency of the 
system clock. 

HD6303V Internal Data Bus 

Time 
Constant 
Register 

Compare 

Timer2 
Up Counter 

~-

c 

U 

Clock Input 
Clock 
Select 

~-~ 

Timed FRC 

Output 
Level 
Control 

CMF ECMI T2E TOS1 TOSO CKS1 CKSO 
TCSR3 
$0018 

Figure 23 Timer 2 Block Diagram 

Port 2 
Bit 7 

Port 2 
Bit 6 
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Table 5 Input Clock Select 

CKS 1 CKSO Input Clock to the Counter 

0 0 E clock 

0 1 E clock/8' 

1 0 Eclock/128' 

1 1 External clock 

' These clocks come from the FRC of the timer 1. Ii one of these clocks is 
selected es en input clock to the up counter, the CPU should not write to 
the FRC of the timer t. 

Bit 2 TOSO Timer Output Select 0 
Bit 3 TOS1 Timer Output Select 1 

When a match occurs between the counter and the TCONR 
timer 2 outputs shown in Table 6 will appear at port 2, bit 6 de-
pending on these two bits. When both TOSO and TOS1 are "0", 
bit 6 of port 2 will be an 1/O port. 

Table 6 Timer 2 Output Select 

TOSt TOSO Timer Output 

0 0 Timer Output Inhibited 

0 1 Toggle Output' 

1 0 Output "0" 

1 1 Output "1" 

' W hen a match occurs between the counter and the TCONR, timer 2 
output level is reversed. This leads to production of s square wave with 
50%duty to the external without any software support. 

Bit 4 T2E Timer 2 Enable Bit 
When this bit is cleared, a clock input to the up counter is 

inhibited and the up counter stops. When set to "1", a clock 

Pig 

Pts 

P1~ 

_ i

selected by CKS1 and CKSO (Table 5) is input to the up counter. 
(Note) P28 outputs "0" when T2E bit cleared and timer 2 set in 

output enable condition by TOS 1 or TOSO. It also outputs 
"0" when T2E bit set "1" and timer 2 set in output ena-
ble condition before the first counter match occurs. 

Bit 6 Not Used. 
Bit 6 ECMI Enable Counter Match Interrupt 

When [his bit is set, an internal interrupt (1RQ,) by CMI is 
enabled. When cleared, the interrupt is inhibited. 

BIt 7 CMF Counter Match Flag 
This read-only bit is set when a match occurs between the up 

counter and the TCONR. Cleared by writing "0" at CMF=1 by 
software (unable to write "1" by software). 
Each bit of the TCSR3 is cleared during reset. 

■ SERIAL COMMUNICATION INTERFACE (SCI) 
The Serial Communication Interface (SCI) in the HD6303Y 

contains the following two operating modes: asynchronous mode by 
the NRZ format, and clocked synchronous mode which transfers 
data synchronously with the clock. In the asynchronous mode, data 
length, parity bits and number of stop bits can be selected, and eight 
transfer formats are provided. 

The SCI consists of the following registers as shown in Fig. 24 
Block Diagram. 

• Transmit/Receive Control Status Register 1 (TRCSRI) 
• Rate/Mode Control Register (RMCR) 
• Transmit/Receive Control Status Register 2 (TRCSR2) 
• Receive Data Register (RDR) 
• Recevie Shift Register 
• Transmit Data Register (TDR) 
• Transmit Shift Register 
To operate the SCI, initialize the RMCR and TRCSR2, after 

selecting the desirab a operating mode and transfer format. Next, 
set the enable bit (TE or RE) o(the TRCSR 1. Operating mode and 
transfer format shou d be changed when the enable bit (TE, RE) is 
cleared. When setting the TE or RE again after changing the operat-
ing mode or transfer format, interval of more than a 1-bit cycle of 
the baud rate or bit rate is necessary. If a 1-bit cycle or more is not 
allowed, the SCI block may not be initialized. 

tti

Receive Shift Register 

RDR 

MSB LSB 

~. J 

Parity Check 
Generator 

TRCSR2 

IRDRF~ORFE~DRE 

i i t 
i i 

~RDRF~ORFE~TDR: 

PER PEN EOP SBL 

TRCSRI 

RE RE TIE ~ WU 

HD8303V INTERNAL DATA BUS 

TDR 

MSB tJ LSB 

tJ 

w ~ Transmit Shift Register 

RMCR 

SS2 CC2 CC1 CCO SSt SSO 

Brt Rate 
Generator 

Timer 1 FRC 

~ Timer 2 

Figure 24 SCI Block Diagram 
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• Asynchronous Mode 
Asynchronous mode contains 8 transfer formats as shown in 

Fig. 25. 
Data transmission is enabled by setting TE bit of the TRCSRI, 

then port 2, bit 4 will unconditionally become a serial output inde-
pendently of the corresponding DDR. 

To transmit data, set the desirable transmit format with RMCR 
and TRCSR2. When the TE bit is set, the data can be transmitted 
after transmitting the one frame of preamble ("1"). 

The conditions at [his stage are as follows. 
1) If the TDR is empty (TDRE=1), consecutive 1's are pro-

duced to indicate the idle state. 
2) If the TDR contains data (TDRE=O), data is sent to the 

Transmit Shift Register and data transmit starts. 
During data transmit, a start bit of "0" is transmitted first. Then 

7-bit or 8-bit data (starts from bit 0) is transmitted. With PEN=1, 
[he parity bit, even or odd, selected by EOP bit is added, lastly the 
stop bit (1 bit or 2 bis) is sent. 

When the TDR is "empty", hardware sets TDRE Bag bit. I(the 
CPU doesn't respond [o the flag in proper timing (the TDRE is in 
set condition till the next normal data transfer starts from the trans-
mit data register to the transmit sift register), "1" is transferred in-
stead of the start bit "0" and continues to be transferred till data is 
provided to the data register. While the TDRE is "1", "0" is not 
transferred. 

Data receive is possible by setting RE bit. This makes port 2, 
bit 3 a serial input. The operation mode of data receive is decided by 

the contents of the TRCSR2 and RMCR at first, and set RE bit of 
TRCSRI. The first "0" (space) synchronizes the receive bit Bow. 
Each bit of the following data will be strobed in the middle. If a stop 
bit is not "1", a framing error assumed and ORFE is set. 

When a framing error occurs, receive data is transferred to the 
Receive Data Register and the CPU can read the error-generating 
data. This makes it possible to detect a line break. 

When PEN bit is set, the parity check is done. If the parity bit 
does not match the EOP bit, a parity error occurs and the PER bit is 
set, not [he RDRF bit. Also, when the parity error occurs the re-
ceive data can be read just like in the case of the framing error. 

The RDRF Bag is set when the data is received without a fram-
ing error and a parity error. 

If RDRF is still set when receiving the stop bit of the next data, 
ORFE is set to indicate the overrun generation. CPU can get the re-
ceive data by reading RDR. When 7 bit data format is selected, the 
8th bit of RDR is "0". 

When [he CPU read the receive Data Register as a response to 
RDRF Bag or ORFE Bag after having read TRCSR, RDRF or 
ORFE is cleared. 
(Note) Clock Source in Asynchronous Mode 

If CC1:CC0=10, the internal bit rate clock is provided at Pzz 
regardless of the values for TE or RE. Maximum clock rate is 
E+ 16. 
If both CCI and CCO are set, an external TTL compatible clock 
must be connected to P~2 at sixteen times (16 x) the desired bit 
rate, but not greater than E. 

START 7Bit Data STOP 

START 7Bit Data 2 STOP 

START 7Bit Data PARITY STOP 

START 7Bit Data PARITY 2 STOP 

START BBit Data STOP 

START Bait Data 2 STOP 

START 88it Data PARITYI STOP 

START BBit Data PARITY 2 STOP 

Figure 25 Asynchronous Mode Transfer Format 

• Clocked Synchronous Mode 
In the clocked synchronous mode, data transmit is synchronized 

with the clock pulse. The HD6303Y SCI provides functionally inde-
pendenttransmitter and receiver which makes full duplex operation 
possible in the asynchronous mode. But in the clocked synchronous 
mode an SCI clock I/O pin is only PZ„ so the simultaneous receive 
and transmit operation is not available. In [his mode, TE and RE 
should nol be in set condition (" 1") simultaneously. Fig. 26 gives a 
synchronous clock and a data format in the clocked synchronous 
mode. 
1) Data transmit 

Data transmit is realized by setting TE bit in the TRCSRI. Port 
2, bit 4 becomes an output unconditionally independent of the 
value o(ihe corresponding DDR. 

Both the RMCR and TRCSR should be set in the desirable oper-
ating condition for data transmit. 

When an external clock input is selected and the TDRE Bag is 
"0", data transmit is performed from port 2, bit 4, synchronizing 
with 8 clock pulses input from external to port 2, bil 2. 

Data is transmitted from bit 0 and the TDRE is set when the 
Transmit Shift Register (TSR) is "empty". More than 9lh clock 
pulse of external are ignored. 

When data transmit is selected to the clock output, the MPU 
produces transmit data and synchronous clock at TDRE Bag clear. 
2) Data receive 

Data receive is enabled by setting RE bit. Port 2, bit 3 will be a 
serial input. The operating mode of data receive is decided by the 
TRCSRI and the RMCR. 

If the external clock input is selected, 8 external clock pulses and 
the synchronized receive data are input to port 2, bit 2 and bit 3 re-
spectively. The MPU put receive data into the receive data shift reg-
ister by this clock and set the RDRF Bag at the termination of 8 bit 
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data receive. More than 9th clock pulse of external input are ig-
nored. When RDRF is cleared, the MPU starts receiving the next 
data instantly. So, RDRF should be cleared with PEZ "High". 

When data receive is selected with the clock output, 8 syn-
chronous clocks are output to the external by setting RE bit. So re-

Synchronous 
clock 

Dets 

C  1 Transmit Direction 

Bit 1 Bit 2 
t~ 

ceive data should be input from external synchronously with this 
clock. When [he first byte data is received, the RDRF flag is set. 
Alter the second byte, receive operation is performed by sending 
the synchronous clock to the external after clearing the RDRF bit. 

~-
Bit 4 V̀ Bit 5 Bit 6 M Bit 7 

n `r   ®Not Valid 

• Transmit data is produced from a falling edge of a synchronous clock to the next falling edge. 
• Receive data is latched at the rising edge. 

Figure 26 Clocked Synchronous Mode Format 

• Transmit/Receive Control Status Register (TRCSRI) 
(50011) 
The TRCSR 1 is composed of 8 bits which are all readable. Bits 0 

to 4 are also writable. This register is initialized to $20 during reset. 
Each bit (unctions are as follows. 

Transmit/Receive Control Status Register 

7 6 5 4 3 2 1 0 

RDRF ORFE TDRE RIE RE TIE TE WU $0011 

Bit 0 WU Wake-up 
In a typical multi-processor configuration, the software pro-

tocol provides the destination address at the first byte of the 
message. In order to make uninterested MPU ignore the re-
maining message, awake-up function is available. By this, unin-
terested MPU can inhibit all further receive processing till the 
next message starts. 

Then wake-up function is triggered by consecutive 1's with 1 
frame length. The sofware protocol should provide the idle time 
between messages. 

By setting this bit, the MPU stops data receive till the next 
message. The receive of consecutive "1" with one frame length 
wakes up and clears this bit by hardware and then the MPU re-
starts receive operation. However, the RE flag should be already 
set before setting this bit. In the clocked synchronous mode WU 
is not available, so this bit should not be set. 

811 1 TE Transmit Enable 
When this bit is set, transmit data will appear at port 2, bit 4 

after one frame preamble in asynchronous mode, while in 
clocked synchronous mode it appears immediately. This is ex-
ecuted regardless of the value of the corresponding DDR. When 
TE is cleared, the serial 1/O doesn't affect port 2, bit 4. 

Bit 2 TIE Transmit Interrupt Enable 
When this bit is set, an internal interrupt (IRQ,) is enabled 

when TDRE (bit 5) is set. When cleared, the interrupt is 
inhibited. 

Bit 3 RE Receive Enable 
When set, a signal is input to the receiver from port 2, bit 3 

regardless of the value of the DDR. When RE is cleared, the 
serial I/O doesn't afffect port 2, bit 3. 

Bit 4 RIE Receive Interrupt Enable 
When this bit is set, an internal interrupt (IRQ,) is enabled 

when RDRF (bit 7) or ORFE (bit 6) is set. When cleared, the 
interrupt is inhibited. 

Bit 6 TDRE Transmit Data Register Empty 
TDRE is set by hardware when the TDR is transferred to the 

Transmit Shift Register in the asynchronous mode, while in 
clocked synchronous mode when the TDSR is "empty". This 
bit is cleared by reading the TRCSRI or TRCSR2 and writing 
new transmit data to the TDR when TDRE=1 TDRE is set to 
"1" during reset. 

Bit 6 ORFE Overrun Framing Errar 
ORFE is set by hardware when an overrun or a framing error 

is generated (during data-receive only). An overrun error occurs 
when new receive data is ready to be transferred to the RDR 
during RDRF still being set. A framing error occurs when a stop 
bit is "0". But in clocked synchronous mode, this bit is not af-
fected. This bit is cleared by reading the TRCSRI or TRCSR2, 
and the RDR, when RDRF=1. ORFE is cleared during reset. 

Bit 7 RDRF Receive Data Register Full 
RDRF is set by hardware when data is received normally and 

transferred from the Receive Shift Register (RSR) to the RDR. 
This bit is cleared by reading TRCSRI or TRCSR2, and the 
RDR, when RDRF= 1. This bit is cleared during reset. 

• Transmit Rate/Mode Control Register (RMCR) 
The RMCR controls the following serial I/O: 
• Baud Ra[e Data Format 
• Clock source Port 2, Bit 2 Function 
• Operation Mode 
All bits are readable/writable. Bit 0 to 5 of the RMCR are cleared 

during reset. 

Transfer Rate/Mode Control Register 

7 6 5 4 3 2 1 0 

SS2 CC2 CC1 CCO SS1 SSO 

Bit 0 
Bit 1 
Bit 6 

SSO 
SS7 Speed Select 
SS2 

$0010 

These bits control the baud rate used for the SCI. Table 7 lists 
the available baud rates. The timer 1 FRC (SS2=0) and the timer 2 
up counter (SS2=1) provide the internal clock to the SCI. When 
selecting the timer 2 as a baud rate clock source, it functions as a 
baud rate generator. The timer 2 generates the baud rate listed in 
Table 8 depending on the value of the TCONR. 
(Note) When operating the SC[ with internal clock, do not per-

form write operation to the timer/counter which is the 
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Table 7 SCI Bit Times and Transfer Rates 

111 Asynchronous Mode 

SS2 SS7 SSO 
XTAL 2.4576MH: 4,OMHz 4.9152MHz 

E 614.4kHz 1.OMHz 1.2288MHz 
0 0 0 
0 0 1 

0 1 0 
0 1 1 

1 — — 

E=16 
E-126 
E=t024 
Ei~4096 

— 

26;,s/38400Baud 
206us/46008aud 

1.67ms/600Baud 
6.67ms/150Baud 

• 

16us/62500Baud 
128us/7612.58aud 

L024ms/976.68aud 
4.096ms/2441Baud 

• 

13uz/768008aud 
104.2 us/9600Baud 

833.3us/12000aud 
3.333ms/300Baud 

• 

• When SS2 is "I",Timer 2 provides S('1 docks. fbe baud rate is shown as (ollows with the TCONR as N. 

Baud Rate =  f
32 (N+I) 

121 Clocked Synchronous Mode 

C ( input clock frequency to the 
timer 2 counter 

N=0255 

SS2 SS1 SSO 
X rAL 40MHz 6.OMHz BOMHz 

E 1.OMHz 1.5MMz 20MHz 
0 0 0 
0 0 1 
0 1 0 
0 1 1 

E=2 
E-16 
E=128 
Er512 

2„s/bn 
thus/bit 

128us/bit 
512us/bn 

133us/bn 
107us/brt 
853us/bn 
341ns/bit 

t us/bn 
Bus/bn 

64us/bit 
256us/Dit 

• Bit rates in the case of inlemal clock operation. In the case of extemal clock operation, the extemal cluck is 
operatable up to DC ^~ I /2 system clock. 

••The bit rate is shown as (ollows with the TCONR as N. 

4 N+l) 
Bit Rate (µs/bit) - 

f 
/f : input clock frequency to the\ 

I\ 
timer 2 counter 

J
f 

N = 0 255 

Table 8 Baud Rate and Time Constant Register Example 

XTAL 
Baud Rat•IBa

2.4578MHz 3.6e64MHz 4.OMHz 4.9152MHz B.OMHz 

110 21' 32' 35' 43' 70' 
150 127 191 207 255 51' 

300 63 95 103 127 207 
600 31 47 51 63 103 
1200 15 23 25 31 51 
2400 7 11 12 15 25 
4600 3 5 — 7 12 
9800 t 2 — 3 —
19200 0 — — 1 —
38400 — — — 0 — 

• E/8 clock is input to the tuner 2 up counter and E clock otherwise. 
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clock source of the SCI. 

Bit 2 CCO 
Bit 3 CCt Clock Control/Format Select' 
Bit 4 CC2 

These bits control the data format and the clock source (refer to 
Table 9). 

• CCO, CCl and CC2 are cleared during reset and the MPU 
goes to the clocked synchronous mode of the external clock 
operation. Then the MPU automatically set port 2, bit 2 into 
the clock input state. When using port 2, bit 2 as an output 
port, the DDR of port 2 should be set to "1" and CC1 and 
CCO to "0" and "1" respectively. 

Bit 6 
Bit 7 

Not Used. 
Not Used 

• Transmit/Receive Control Status Register 2 (TRCSR2) 
The TRCSR2 is a 7-bit register which can select a data format in 

the asynchronous mode. The upper 3 bits are the same address as 
the TRCSR 1. Therefore, the RDRF, ORFE and TDRE can be read 
by either the TRCSRI or TRCSR2. Bits 0 to 2 of the TRCSR2 are 
used for read/write. Bits 4 to 7 are used only for read. 

Transmit/Receive Control Status Register 2 

7 8 5 4 3 2 1 0 

RDRF ORFE TDRE PER PEN EOP SBL $OOtE 

Bit 0 SBL Stop Bit Length 
This bit selects [he stop bit length in the asynchronous mode. 

If this bit is "0", the stop bit is 1-bit. I("1", the stop bit is 2-bit. 
This bit is cleared during reset. 

Bit 1 EOP Even/Odd Parity 
This bit selects the parity generated and checked when the 

PEN is "1". If this bit is "0", the parity is even. If "1 ", it is odd. 
This bit is cleared during reset. 

Bit 2 PEN Parity Enable 
This bit decides whether the parity bit should be generated 

and checked in the asynchronous mode or not. If this bit is "0", 
[he parity bit is neither generated nor checked. If "1 ", it is gen-
erated and checked. This bit is cleared during reset. 

The 3 bits above do not affect the SCI opertion in the clocked 
synchronous mode. 

Bit 3 Not Used 
Bit 4 PER Parity Error 

This bit is set when the PEN is "1" and a parity error occurs. 
It is cleared by reading the RDR after reading the TRCSR2, 
when PER=1. 

Bit 6 TDRE 
Transmit Data Register Empty 

Bit 6 ORFE 
Overrun/Framing Error 

Bit 7 RDRF 
Receive Data Register Full 

• Each Ilag of the TDRE, ORFE, and RDRF can be read from 
either the TRCSRI or TRCSR2. 

■ TIMER, SCI STATUS FLAG 
Table 10 shows the set and reset conditions of each status Ilag in 

the timer 1, timer 2 and SCI. 

Table 9 SCI Format and Clock Source Control 

CC2 CCl CCO Format Mode Clock Source Port 2, Bit 2 Port 2, Bit 3 Port 2, Bit 4 
0 0 0 B-bit data Clacked Synchronous External Input 
0 0 1 8-bit data Asynchronous Internal Not Used" 
0 1 0 8-bit data Asynchronous Internal Output' When the TRCSRI, RE bit is "1", 

bit 3 is used as a serial input. 
0 1 1 8-bit data Asynchronous External Input 
1 0 0 B-bit data Clocked Synchronous Internal Output 

1 0 1 7-bit data Asynchronous Internal Not Used" 

t 1 0 7-bit data Asynchronous Internal Output' When the TRCSRI, TE bit is "1", 
bit 4 is used as a serial output. 

1 1 1 7-bit data Asynchronous External Input , 

• Clock output rega dless of the TRCSRI, bit RE and TE. 
•' Not used for the SCI. 
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Table 10 Timer 1, Timer 2 and SCI Status Flag 

Set Condition Clear Condition 

P6CSR IS FLAG Falling edge input to Psq (I$1 1. Read the P6CSR then read or write the 
P0RT6, when IS FLAG = 1 

2. RFS = 0 

Timer 
1 

ICE FRC —~ ICR by Rising or Falling edge input to 
Pyp 

(Selecting with the IEDG bit) 

1. Read the TCSR1 or TCSR2 then ICRH, 
when ICF = 1 

2 SSE `  ̀ = 0 

0CF1 0CR1 =FRC 1. Read the TCSR1 or TCSR2 then write to 
the0CRlHor0CRiL,when0CF1 = 1 

2. ~=0 

0CF2 OCR2 =FRC 1. Read the TCSR2 then write to the 0CR2H 
or 0CR2L, when 0CF2 = 1 

2. RES = 0 

TOF FRC = $EPEE+ 1 cycle 1. Read the TCSR1 then FRCH, when 
TOF = 1 

2. RE3`=0 

Timer 

z

CMF T2CNT = TCONR 1. Write "0'" to CMF, when CMF = 1 

2. ~ = 0 

SCI 

RDRF Receive Shift Register —RDR 1. Read the TRCSR 1 or TRCSR2 then RDR, 
when RDRF = 1 

2. RES = 0 

ORFE 1 . Framing Error (Asynchronous Model 
Stop Bit = 0 

2. Overrun Error (Asynchronous Model 
Receive Shift Register -~ RDR when 
RDRF = 1 

1. Read the TRCSRI or TRCSR2 then RDR, when 
ORFE = 1 

2. FiE$ = 0 

TDRE 1. Asynchronous Mode 
TDR —Transmit Shift Register 

2. Clocked Synchronous Mode 
Transmit Shift Register is "empty" 

3. R€S = 0 

Read the TRCSR 1 or TRCSR2 then write to the 
TDR, when TDRE = 1 

PER Parity when PEN=1 1. Read the TRCSR2 then RDR, when PER= 1 
2. ~=0 

(Note) ~ ; TranSfar = ;equal ICRH; Upper byte of ICR 
OCR1 H; Upper byte of OCR 1 
OCR2H; Upper byte of OCR2 

OCR 1 L; Lower byte of OCR 1 
OCR2L; Lower byte of OCR2 

FRCH; Upper byte of FRC 
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■ LOW POWER DISSIPATION MODE 
The HDti303Y provides two low power dissipation modes; sleep 

and standby. 

• Sleep Mode 
The MPU goes to the sleep mode by SLP instruction execution. 

In the sleep mode, [he CPU stops its operation, while the registers' 
contents are retained. In this mode, the peripherals except the CPU 
such as timers, SCI, etc. continue their functions. The power dis-
sipation oCsleep-condition is one fourth that of operating condition. 

The MPU returns from this mode  by an interrupt, RES or 
STBY; it goes to the reset state by RES and the standby mode by 
STBY. When the CPU acknowledges an interrupt request, it cancels 
the sleep mode, returns to the operation mode and branches to the 
interrupt routine. When the CPU masks this interrupt, it cancels 
the sleep mode and executes the next instruction. However, for ex-
ample, if the timer 1 or 2 prohibits a timer interrupt, the CPU 
doesn't cancel the sleep mode because of no interrupt request. 

Q NMI 

m RES 

This sleep mode is effective to reduce the power dissipation Cor a 
system with no need of the HD6303Y's consecutive operation. 

• Standby Mode 
The MPU goes to the standby mode with the STBY "Low" or 

by clearing the STBY Flag. In this mode, the HD6303Y stops all the 
clocks and goes [o [he reset state. In this mode, the power dissipa-
tion is reduced to several µA.  During standby, all pins, except the 
power supply (Vcc. Vss). the STBY, RES and XTAL (which out-
puts "0"), go to the high impedance state. In this mode, power 
(Vcc) is supplied to the HD6303Y, and the contents of RAM is re-
tained. The MPU returns from this mode during reset. When the 
MPU goes to the standby mode with STBY "Low", it will restart at 
the timing shown in Fig. 27(a). When the MPU goes to the standby 
mode by clearing the STBY flag, it will restart only by keeping the 
~g "Low" for longer than [he oscillating stabilization time. (Fig. 
27 (b)) 

 S} 

 t( 

Q STBY 

j} 

Standby Mode 

O Sava Registers 
O RAM/Port 5 Control Register Set 

(a) Standby Mode by STBY 

0 Oscillator )
Start 
Time ~' 

Restart 

i 
V 

O STBY FLAG 
Clear 

Standby Mode 

(b) Standby Mode by the STBY Flag 

r 
~+ 

O Oscillator 
Stan 
Tune 

r~ 
Restart 

Figure 27 Standby Mode Timing 
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■ TRAP FUNCTION 
The CPU generates an interrupt with the highest priority 

(TRAP) when fetching an undefined instruction or an instruction 
from non-memory space. The TRAP prevents the system-burst 
caused by noise or a program error. 

• Op Code Error 
When (etching an undefined op code, the CPU saves registers as 

well as a normal interrupt and branches to the TRAP ($FFEE, 
$FFEF). This has the priority next to reset. 

• Address Error 
When an instruction fetch is made from the address of internal 

register, the MPU generaters an interrupt as well as an op code 
error. But on the system with no memory in its external memory 
area, this function is not applicable if an instruction fetch is made 
from the external non-memory area. Addresses where an address 
error occurs are from $0(100 to 50027. 

This function is available only for an instruction fetch and is not 
applicable to the access of normal data read/write. 
(Note) The TRAP interrupt provides a retry (unction differently 

from other interrupts. This is a program Flow return to [he 
address where the TRAP occurs when a sequence returns 
to a main routine from the TRAP interrupt routine by 
RTI. The retry can prevent the system burst caused by 
noise, etc. 
However, i( another TRAP occurs, the program repeats 
the TRAP interrupt forever, so the consideration is neces-
sary in programming. 

■ INSTRUCTION SET 
The HD6303Y provides object code upward compatible with [he 

HD6801 to utilize all instruction set of the HMCS6800. It also re-
duces the execution times of key instructions for throughput im-
provement. 

Bit manipulation instruction, change instruction of the index 
register and accumulator and sleep instruction are also added. 

The followings are explained here. 
• CPU Programming Model (refer to Fig. 28) 
• Addressing Mode 
• Accumulator and Memory Manipulation Instruction (refer to 

Table 11) 
• New Instruction 
• Index Register and Stack Manipulation Instruction (refer to 

Table 12) 
• Jump and Branch Instruction (refer to Table 13) 
• Condition Code Register Manipulation (refer to Table 14) 
• Op Code Map (refer to Table 15) 

• Programming Model 
Fig. 28 depicts the HD6303Y programming model. The double 

accumulator D consists of accumulator A and B, so when using the 
accumulator D, the contents of A and B are destroyed. 
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the address where a data is stored. 256 bytes (SO through 5255) can 
be addressed directly. Execution times can be reduced by storing 
data in this area so it is recommended to make it RAM for users' 
data .area in configurating a system. This is a 2-byte instruction, 
while 3 byte with regard to AIM, OIM, EIM and TIM. 
Extended Addressing 

In this mode, the second byte shows the upper 8 bit of the data 
stored address and the third byte the lower 8 bit. This indicates the 
absolute address o(3 byte instruction in the memory. 
Indexed Addressing 

The second byte o(an instruction and the lower 8 bit of the in-
dex register are added in this mode. As for A[M, OIM, E[M and 
TIM, the third byte of an instruction and the lower 8 bits of the in-
dex register are added. 

This carry is added to the upper 8 bit of the index register and 
the result is used for addressing the memory. The modified address 
is retained in the temporary address register, so the contents o(the 
index register doesn't change. This is a 2-byte instruction except 
AIM, OIM, EIM and TIM (3-byte instruction). 
Implied Addressing 

An instruction itself specifies the address. This is, the instruction 
addresses a stack pointer, index register, etc. This is a one-byte in-
struction. 
Relative Addressing 

The second byte of an instruction and the lower 8 bits of the pro-
gram counter are added. The carry or borrow is added to the upper 
8 bit. So addressing from —126 to + 129 byte of the current instruc-
tion is enabled. This is a 2-byte instruction. 
(Note) CLI, SEI Instructions and Interrupt Operation 

When accepting the IRQ at a preset timing with CLI and 
SEI instructions, more than 2 cycles are necessary be-
tween the CLI and SEI instructions. For example, the fol-
lowing program (a)(b) don't accept the IRQ but (c) ac-
cepts it. 

• CPU Addrassing Mods 
The HD6303Y provides 7 addressing modes. The addressing 

mode is determined by an instruction type and code. Tables 11 
through 15 show addressing modes of each instruction with the ex-
ecution times counted by the machine cycle. 

When the clock frequency is 4MHz, the machine cycle time be-
comes microseconds directly. 
Accumulator (ACCX) Addrassing 

Only an accumulator is addressed and the accumulator A or B is 
selected. This is a one-byte instruction. 
Immediate Addressing 

This addressing locates a data in the second byte of an instruc-
tion. However, LDS and LDX locate a data in the second and third 
byte exceptionally. This addressing is a 2 or 3-byte instruction. 
Direct Addressing 

In this addressing mode, the second byte of an instruction shows 
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CLI 
SEI 

CLI 
NOP 
SEI 

CL[ 
NOP 
NOP 
SEI 

The same thing can be said to the TAP instruction instead 
of the CLI and SEI instructions. 
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Table 1 1 Accumulator, Memory Manipulation Instructions 

Op•ntbnt Mmmonic 

Addr•ttine Modet 

Boo~•enl 
Antnmaic Op•ntmn 

Condition Cod4 

R•9ip•r 

IMMED DIRECT INDE% E%TEND IMPLIED 5 1 3 2 1 0 

OP - • OP - M OP - e OP - • OP - JI M 1 N Z V C 

Add ADDA BB Z I 98 J 2 AB 1 2 BB I J A. M^ A i • i i i t 

ADDS CB Z Z DB ] 2 EB I Z FB 1 3 B~ M» B i • i i i i 

Add Dowell ADDD C] 3 3 OJ 4 2 E3 5 2 F3 S J A.B~M:M~1»A:B • • 2 2 7 2 

Add Accumubton ABA 1B 1 1 A~ 8» A i • i i t S 

Add WiN Crry ADCA 89 Z 2 99 J Z A9 1 2 e9 I J A~ M~ C» A i • , i t t 

ADCB C9 2 7 D9 J 7 E9 / 1 F9 ♦ J B E M♦ C» B i • i t t t 

AND ANDA 81 Z Z 91 J Z A/ / 2 BI 4 3 A•M ̂  A • • t i R 

ANDS CI Z Z DI 3 2 E/ 1 1 F4 / 3 B•M»B • • S i R 

Bit T•tt 81T A 85 Z 2 95 3 7 A5 I Z B5 / 7 A•M • • i i R 

BIT B C5 Z Z D5 3 1 E5 I Z FS I J B•M •• i i R 

CN•r CLR 6F 5 7 7F 5 J 00 -~ M •• R S R R 

CLRA IF 1 1 00 ^ A • • R S R q 

CLRB SF 1 1 00 ^ B • • R S R R 

ComP•re CMPA 81 Z Z 91 J 1 Ai 1 2 81 / J A- M • • 1 2 2 2 

CMPB Ct ~I 2 O1 l Z EI I Z F1 / J 8-M • • t i i i 

CornWn 
Accumuletort CBA 11 1 1 A- B • • t i t t 

Comobment, 1't COM 6J 6 7 73 6 J M- M • • t i R 6 
COMA /J I l A» A • • 1 2 R 5 
COMB 5J 1 1 B^ B • • i t R 5 

ComPl•m•nt, Tt 

IN•p•nl 

NEG 60 6 Z 70 6 7 OD - M» M • • i 1 n 7i~ 
NEGA 10 1 1 OD-A»A • • 1 i ~i; ;Z 
NEGB 50 1 t 00 - 8 » B • • t i Ct C1- 

O•cimel Adjun, A DAA t9 Z 1 Converu bmuy etld of 8CD 
cn•ncnrt mtn BCD lorm•t 

• • i t I ~ 

D•crerrwnt DEC 6A 6 7 7A 6 J M- 1» M • • i t 47j 

DECA IA 1 1 A -1»A •• I t a• 

DECK SA 1 1 6- 1» B •• i t ($ • 

Exclusive OR EORA ti8 Z 2 9B 3 2 A8 I Z 88 / J A Q M» A •• i i R• 

EORB CB Z 2 OB J Z EB I Z F8 I J B Q M^ B •• i t R 

Increment INC 6C 6 7 7C 6 J M r 1 » M •• i t s• 

INCA IC 1 1 A~ 1» A • • t i Q' 
INCB 5C 1 1 8 r 1^ B •• i i 3 

LoW 
Accumubtor 

LDAA 86 Z I 96 J 7 A6 I Z B6 1 3 M» A •• t i R 

LDAB C6 Z Z 06 J 2 E6 / 2 F6 I J M- 8 • • 1 2 R 

Load Double 
Aaumuletor LDD CC J 1 DC I Z EC 5 Z f C 5 7 M. 1^ B, M» A •• t i R 

Multply UntignW MUL 7D 7 1 A w B ^ A : B • • • • • Qy 
OR, Inclutit• ORAA BA Z Z 9A 7 7 AA / 2 BA 1 7 A a M^ A • • t i R 

DRAB CA Z 2 OA 3 7 EA 1 2 fA / J BfM» B •• t i R 

►uM Den PSNA J6 / 1 A » Mtp, SP - 1 » SP 

►SN8 J7 4 1 B » Mtp, SP - 1 » SP 

Pull Dm ►ULA ]2 3 1 fiP ~ 1 » 6P, Mw » A 

►ULB JJ J 1 SP ~ 1 » SP, Mto» B 

Rente Left ROL 69 6 2 79 6 3 M • • i t Cry i 
BOLA /9 1 1 ~~ W !•i 1 1 1 1 1 1 I W •• i i C(; t 

ROLE 59 I l e 
t o 

•• i t (~ i 

Resin RqM ROR 66 6 4 76 6 J r 1 ~ ~ •• i t rj, i 
RORA IG 1 1 

~ ~ 
A3 •• t i l t 

RORB 56 1 1 

C •
'►I..f•Ill_I_l~ 

e • • i i f; i 

(Note) Condition Code Rsyister will be explained in Note of Table 14. continued) 
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Table 1 1 Accumulator, Memory Manipulation Instructions 

Operations Mnemonic 

Addreuinq Modes 
Booleenf 

Arithmetic Operation 

Grdition Cod• 
Rpiater 

IMMED DIRECT INDEX EXTEND IMPLIED 5 / 3 2 1 0 

OP - M OP - a OP - e OP - x OP - N H I N 2 V C 

Shi/t LMt 
Arithnrtic 

ASL 60 6 2 78 B J Y • • t t® t 
ASLA /8 1 1 A) QI~O • • t t ® t 

ASLB 58 i l • t ~ °O • • t i © t 

Ooude shin 
Ldt, AriNmetic ASLO OS 1 1 ■® o • • i t Q t 

Ar o n w 

shift Rieht 
Arithmetic 

ASR 87 6 2 77 6 3 wI •• t i© i 

ASRA 17 1 1 A) •• t t© i 

ASRB 57 1 1 
n 

e L •• t t© t 

Shift Right 
Lopkal 

LSR H 6 2 7/ 6 J M1 • • R t® t 

LSRA 11 1 1 

~~~~ '7~t--I

A~o+~ • • R ! © t 

LSRB 51 1 1 • p1 
ea 

• • R t ® t 

Double Shift 
Right Logical 

LSRD O/ 1 1 0 ~ ~ • • R t ® t 
♦r .o u w C 

stoma 
Accumulator 

STAA 97 J 2 A7 1 2 B) / 3 A -M • • t t R 

STAB D7 3 2 E7 1 2 F7 I J B» M •• t S R 

Store Double 
Aaumulator STD DD / 2 ED 5 2 FD 5 3 A» MB » M ~ 1 • • t 7 R 

Subtract sUBA 80 2 2 90 J 2 AO / 2 80 I J A- M» A • • t i l t 

BUBO CO 2 2 DO J Z EO I Z FO / 3 B- M» B • • ! t t t 

Doube subtract SUED OJ 3 J 9J 4 2 A7 5 2 B7 5 J A: 8- M: M~ 1» A: B • • t t i t 

Subtract 
Accumulnors SBA 10 1 1 A- O ~+ A • • t t t t 

Subtract 
With Grry 

SBCA 82 2 2 92 J 2 A2 1 2 B2 / 3 A- M- C» A • • J t i l 

SOCK C2 2 2 D2 J 2 E2 I Z F2 1 3 8- M- C» B •• t t t t 

T 
Accumu4ton 

TAB 16 1 1 A»B •• t i R 

TBA ~ 17 1 1 B -. A •• t i R 

Ten Zero or 
Minus 

TST 6D 1 2 )D 4 J M- l)D •• t i R R 

TSTA ID 1 1 A -00 •• t t R R 

TSTB 5D 1 1 B- 00 • • t t R R 

And Immedate AIM 71 8 3 81 7 3 M~IMM-M • • i 1 R • 

OR Immediate OIM 72 8 3 82 7 3 M}IMM~M •• I I R• 

FOR Immediate EIM 75 8 3 85 7 3 MO+IMM-M • • 1 R • 

Tsat Immediate TIM 7B 4 3 88 5 3 M~IMM • • I I R • 

(Note) Condition Code Register will be explained in Note of Table 14. 
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• Additional Instruction 
In addition [o the HD6801 instruction set, the HD6303Y pre-

pares the following new instructions. 
AIM   (M)•(IMM) ~ (M) 

Executes "AND" operation to immediate data and the 
memory contents and stores its result in the memory. 

OIM   (M)+(IMM) ~ (M) 
Executes "OR" operation to immediate data and the memo-
ry contents and stores its result in the memory. 

EIM   (M) © (IMM) --~ (M) 
Executes "EOR" operation to immediate data and the 
memory contents and stores its result in the memory. 

TIM   (M)dIMM) 
Executes "AND" operation to immediate data and changes 
the relative Flag of the condition code register. 

These are the 3-byte instructions; the first byte is op code, the 
second immediate data and the third address modifier. 

XGDX   (ACCD)--(IX) 
Exchanges the contents of accumulator and the index regis-
ter. 

SLP 
Goes to the sleep mode. Refer to "LOW POWER DISSIPA-
TION MODE" for more details of the sleep mode. 

Table 12 Index Register, Stack Manipulation Instructions 

Pointer Cpenuom Mnemonic 

Address~nq Modes 
aodnn/ 

Arithmeuc Ogretgn 

Conditan Code 
R•pimr 

IMMED. OIRECT INOEX EXTEND IMPLIED S ♦ 7 2 1 0 
OP - • OP - M OP - • OP - • OP - • H I N Z V C 

Compare Index Req CPX aC 3 J 9C 4 2 AC 5 2 BC S J X-M.M+1 •• 1 1 f 2 

Decrement Index R•q DEX 09 1 1 X - t » X • • • t 

Decrement Suck Pnv DES JI 1 1 SP - 1 » SP 

Increment IrWex Rep INX 0a 1 1 X ~ 1 » X • • • 2 

Increment Suc4 Pntr INS Jl 1 1 SP ~ 1 » SP 

Load Index Req LDX CE 7 J DE ♦ Z EE 5 Z FE 5 3 M» XH, IM ~ 11» XL • • C, i R 

Lad Suck Pmr LDS aE 7 J 9E ♦ 2 AE 5 Z 9E 5 3 M- SPH, IM~11-SPL • • .7 t R 

Store Index Req STX DF ♦ Z EF 5 T FF 5 J XH-M, X L »IM+11 • • ?, t R 

Store Suck Pntr STS 9F ♦ ] AF 5 2 aF 5 7 SPH » M, SPA » IM ~ 11 • • '9 S R 

Index Rp» $uck Pntr TXS JS 1 1 X - 1 - SP 

Stack Pntr » Index Rep TSX JO 1 1 SP ~ 1 -~ X 

Add ABx JA 1 1 a ~ X» X 

Pusn Ow PSHX JC 5 1 X L -~ Mme, SP - 1 » SP 

XH»  Msp. SP - 1 » SP 

Pull Oeu PULX ]8 4 1 SP ~ 1 -~ SP, Mp  » XH

SP ~ 1 » SP, M~ » X L

ExcMnge XGDX 18 2 1 ACCD••IX • • • • • • 

(Note) Condition Coda Register will be explained in Note of Table 14. 
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Table 13 Jump, Branch Instruction 

Oper•uom MMngnn: 

Aodrettinq Modet 

Breech Teu 

Conditbn Coo• 
ReQnnr 

5 4 7 2 1 0 RELATIVE DIRECT INDEX EXTEND IMPLIED 
N I N 2 V C OP — • OP — • OP — • OP — • OP — • 

BreMA Alw•vt BRA 20 3 2 NOM 

Bench Never BRN 21 J 2 NOM 

Bench II Cerry DIMI BCC 2• J 2 C • 0 

Bench II Cerry Set BCS 2S 7 2 C • 1

BrenM If • 2ero BEd 27 7 2 2 • 1 

Bench le ~ 2ero BGE 2C 7 2 N ~. V • 0 

Bench I1 > Zero BGT 2E ] 2 I . IN Q VI • 0 

BrMch 1/ Ngh•r BHI 22 ] 2 C . 2 • 0 

Bench If < 2ero BlE 2F ] 2 I . IN Q. VI • 1 

8rench 11 Lower Or 
Seine 

BLS 22 7 2 C . 2 • 1 

BnncA 11 < 2•ro BLT 2D 2 2 N ~. V • 1 

Branch 11 Minut BMI 2B J 2 N • 1 

8nnch 11 Not EOwI 
Zero 

BNE 28 7 2 Z - 0 

Bnneh if 0t•Abw 
Cher 8VC 28 ] 2 V - 0 

BnnM II Overflow set 8VS 29 J 2 V - 1 

BnnM I/ ►Iw B►L 2A ] 2 N • 0 

Branch To SuDroutlM BSR 80 5 2 • • • • 

Jump JM► 6E J 2 7E ] 7 

Jump To SuMoutlM JSR 9D 5 2 AD 6 2 BD 6 ] 

No Op•retbn NOP Ol 1 1 AdvncN Proq. Cna. 
Only 

Return From Interrupt RTI 3B 10 1 — (~ 

Return From 
$uMeutlM RTS 79 5 1 

• s Software Interrupt SVvI JF 12 1 

• ,~, WIt for Inanupt• WAI IE 9 1 

$NeP SLP 1A 4 1 • • • • • • 

INotel ' WAI ouu R/W high; Add ass But poet to FFFF; Data Bu Ooet to the three state. 
Condition Coda Repitter will be ezpleined in Note of Table 14. 
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Table 14 Condition Code Register Manipulation Instructions 

Operations Mnemonic 

AddresrinOModes 

Boolean Opewtion 

Condition Code Rpifter 

IMPLIED 5 1 3 Z 1 0 
OP - r H 1 N Z V C 

Ckxr Carry CLC OC 1 1 0 » C • • • • • R 

Char Interrupt k4ek CLI OE 1 1 0 » 1 • q 

Ckar Overflow CLV OA 1 t 0 » V • • • • R 

Set Carry SEC OD 1 1 1 - C • • • • • 5 

S•t Intarupt kMsk SEI OF 1 1 1 » I • S 

Set Owrlbw SEV OB 1 1 1 » V • • 
• 

• S 
A»CCR TAP 06 1 1 A» CCR Accumulator 

CCR ~ Accumulator A TPA 07 1 1 CCR -~ A 

LEOEND CONDITION CODE SYMBOLS 
OP Operation Code (Hexadecimal) H Half<arry from bit 3 to bit 4 
- Number of MCU Cycles I Interrupt mask 

MSp Contents of memory location pointed by Stack Pointer N Negative (sign bit) 
# Number of Program Bytes Z Zero (byte) 
+ Arithmetic Plus V Overflow, 2's complement 
- Arithmetic Minus C Carry/Borrow from/to bit 7 
• Boolean AND R Reset Always 
+ Boolean Inclusive OR S Set Always 
0) Boolean Exclusive OR t Set if true after test or clear 
M Complement of M Not Affected 
-~ Transfer into 
0 Bit =Zero 
00 Byte =Zero 

(Note) Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 

~ (Bit VI 
left CI 
(Bit CI 
IBiI VI 

(Bit VI 
(Bit VI 
IBit NI 
(All Bit) 
IBit II 
(All Bit) 
(bit CI 

Test: Result = 100000007 

Test: Result ~ 000000007 

Test: BCD Character of high order byte greater than 107 INot cleared if previously sett 

Test: Operand = 10000000 prior to execution? 

Test: Operand = 01111111 prior to execution? 

Test: Set equal to N®C = 1 after the execution of instructions 

Test: Result less than zeroT (Bit 15=1) 

Load Condition Code Register from Stack. 

Set when interrupt occurs. If previously set, allon-Maskable Interrupt is required to exit the wait state. 

Set according to the contents of Accumulator A. 
Result of Multiplication Bit 7=1? IACCB) 

Table 15 OP-Code Map 

OP 
CODE 

ACC 
A 

ACC 
B 

IND
EXT 

DIR 
ACCA or SP ACCB or X 

IMM DIR IND EXT IMM DIR IND EXT 

HI 

LO 

0000 OODI 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 

0 1 Z S 1 S 6 7 B 9 A B C D E F 

0000 0 ~ SBA BRA TSX NEG SUB 0 

0001 1 NOP CBA BRN INS ' AIM CMP 1 

0010 Z 8HI PULA OIM SBC Z 

0011 S ~ BLS PULE COM SUBD ADDD S 

0100 { LSRD ~ BCC DES LSR AND / 

0101 S ASLD ~ I1CS TXS ~' EIM BIT y 
0110 0 TAP TAB BNE PSHA ROR LDA e 

0111 7 TPA TBA 8E0 PSHB ASR / STA V STA 7 

1000 B INX XGDX BVC PULX ASL FOR a 

1001 9 DEX DAA BVS RTS ROL ADC. 9 

1010 A CLV SLP BPL ABX DEC OM A 

1011 B SEV ABA BMI RTI ~~ TIM ADD B 

1100 C CLC / BGE PSHX INC CPX LDO C 

1101 D SEC ~ BLT MUL TST BSR JSR /I STD O 

1110 E CLI ~ BGT WAI ~~ JMP LDS LDX E 

1111 F SEI / BLE SWI CLR ~ STS / STX F 

0 1 Z S 1 S 6 7 0 9 A B C D E F 

UNDEFINED OP CODE m 

' Only each instructions of AIM, OIM, EIM, TIM 
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■ CPU OPERATION 
• CPU Instruction Flow 

When operating, the CPU fetches an instrution from a memory
and executes the required function. This sequence starts with RES 
cancel and repeats itself limitlessly if not affected by a special in-
struction or a control signal. SWI,  RTI, WAI and SLP instructions 
change this operation, while NMI, IRQ„ IRQQ, IRQe, AH LT` and 
TS BY control it. Fig. 29 gives the CPU mode transition and Fig. 30 
the CPU system flow chart. Table 16 shows CPU operating states 

and port states. 

• Operation at Each Instruction Cycle 
Table 17 shows the operation at each instruction cycle. By the 

pipeline control of the HD6303Y, MULT, PUL, DAA and XGDX 
instructions, etc. prefe[ch the next instruction. So attention is nec-
essary to the counting of the instruction cycles because it is different 
from the usual one —from op code Cetch to the next instruction op 
code. 

Figure 29 CPU Operation Mode Transition 

Table 16 CPU Operation State and Port, Bus, Control Signal State 

Port Reset STBY'3 HALT Sleep 

Ao —A~ H T T H 

Port 2 T T Keep Keep 

Do — D~ T T T T 

A8 —Ats H T T H 

Port 5 T T Keep Keep 

Port 6 T T Keep Keep 

Control Signal •+ T •z •+ 

' 1 Til), W11, R/W, ~L f = H, BA = L 
•z fib,WR,R/W=T,IIiCBA=H 
'3 E pin goes to high impedance state. 
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Table 17 Cycle-by Cycle Operation 

Address Mode & 
Instructions Cycles Cycle 

>t 
Address Bus R/W RD WR LIR Data Bus 

IMMEDIATE 
ADC ADD 
AND BIT 

1 
2 

Op Code Address+l 
Op Code Address+2 

1 
1 

0 
0 

1 
i 

1 
0 

Operand Data 
Next Op Code 

CMP FOR 2 
LDA ORA 
SBC SUB 
ADDD CPX 1 Op Code Address+l 1 0 1 1 Operand Data (MSBI 
LDD LDS 3 2 Op Code Address+2 1 0 1 1 Operand Data (LSBI 
LDX SUED 3 Op Code Address+3 1 0 1 0 Next Op Code 

DIRECT 
ADC AOD 
AND BIT 
CMP FOR 
LDA ORA 
SBC SUB 

3 

1 
2 
3 

Op Code Address+l 
Address of Operand 
Op Code Address+2 

1 
1 
1 

0 
0 
0 

1 
i 
1 

1 
1 
0 

Address of Operand (LSB) 
Operand Data 
Next Op Code 

STA 
3 

1 
2 
3 

Op Code Address+l 
Destination Address 
Op Code Address+2 

1 
0 
1 

0 
1 
0 

1 
0 
1 

1 
1 
0 

Destination Address 
Accumulator Data 
Next Op Code 

ADDD CPX 
LOD LDS 
LDX SUED 

4 

1 
2 
3 
4 

Op Code Address+t 
Address of Operand 
Address of Operand+l 
Op Code Address+2 

1 
1 
1 
1 

0 
0 
0 
0 

1 
1 
1 
1 

1 
1 
1 
0 

Address of Operand (LSBI 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 

STD STS 
STX 

4 

1 
2 
3 
4 

Op Code Address+l 
Destination Address 
Destination Address+l 
Op Code Address+2 

1 
0 
0 
1 

0 
1 
1 
0 

1 
0 
0 
1 

1 
1 
1 
0 

Destination Address (LS8) 
Register Data (MSB) 
Register Data (LS8) 
Next Op Code 

JSR 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
Stack Pointer 
Stack Pointer -1 
Jump Address 

1 
1 
0 
0 
1 

0 
1 
1 
1 
0 

1 
1 
0 
0 
1 

1 
1 
1 
1 
0 

Jump Address (LSB) 
Restart Address (LSBI 
Return Address (LSBI 
Return Address (MSB) 
First Subroutine Op Code 

TIM 

4 

1 
2 
3 
4 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
Op Code Address+3 

1 
1 
1 
1 

0 
0 
0 
0 

1 
1 
1 
1 

1 
1 
1 
0 

Immediate Data 
Address of Operand (LSBI 
Operand Data 
Next Op Code 

AIM EIM 
OIM 

6 

1 
2 
3 
4 
5 
6 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
FFFF 
Address of Operand 
Op Code Address+3 

1 
1 
1 
1 
0 
1 

0 
0 
0 
1 
1 
0 

1 
1 
1 
1 
0 
1 

1 
1 
1 
1 
1 
0 

Immediate Oata 
Address of Operand (LSBI 
Operand Data 
Restart Address (LSBI 
New Operand Data 
Next Op Code 

(Continued) 
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Address Mode & 
Instructions Cycles Cycle Address Bus FL- W RD WR LIR Data Bus 

INDEXED 

JMP 
3 

1 
2 
3 

Op Code Address+l 
FFFF 
Jump Address 

t 
1 
1 

0 
1 
0 

1 
1 
1 

1 
1 
0 

Offset 
Restart Address ILSeI 
First Op Code of Jump Routine 

ADC ADD 
AND BIT 
CMP FOR 
LDA ORA 
SBC SUB 
TST 

4 

t 
2 
3 
4 

Op Code Address+l 
FFFF 
IX+Offset 
Op Code Address+2 

1 
1 
1 
1 

0 
1 
0 
0 

t 
1 
1 
t 

1 
1 
1 
0 

Offset 
Restart Address (LSB) 
Operand Data 
Next Op Code 

STA 

4 

1 
2 
3 
4 

Op Code Address+l 
FFFF 
IX+Offset 
Op Code Address+2 

1 
1 
0 
1 

0 
1 
1 
0 

1 
t 
0 
1 

1 ~ 
1 
t 
0 

Offset 
Restart Address (LSB) 
Accumulator Data 
Next Op Code 

ADDD 
CPX LDD 
LDS LDX 
SUBD 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
IX+Offset 
IX+Offset+l 
Op Code Address+2 

1 
1 
1 
1 
1 

0 
1 
0 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
0 

Offset 
Restart Address (LSB) 
Operand Data IMSB) 
Operand Data (LSB) 
Next Op Code 

STD STS 
STX 

5 

t 
2 
3 
4 
5 

Op Code Address+ 1 
FFFF 
IX+Offset 
IX+Offset+l 
Op Code Address+2 

1 
1 
0 
0 
1 

0 
i 
1 
1 
0 

1 
t 
0 
0 
1 

1 
1 
1 
1 
0 

Offset 
Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSBI 
Next Op Code 

JSR 

5 

1 
2 
3 
4 
5 

Op Code Address+ 1 
FFFF 
Stack Pointer 
Stack Pointer— 1 
IX+Offset 

1 
1 
0 
0 
1 

0 
1 
1 
1 
0 

1 
1 
0 
0 
1 

1 
1 
1 
1 
0 

Offset 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 

ASL ASR 
COM DEC 
INC LSR 
NEG ROL 
ROR 

5 

1 
2 
3 
4 
5 
6 

Op Code Address+ 1 
FFFF 
IX+Offset 
FFFF 
IX+Offset 
OP Code Address+2 

1 
1 
1 
1 
0 
1 

0 
1 
0 
1 
1 
0 

1 
t 
1 
1 
0 
1 

1 
1 
1 
1 
1 
0 

Offset 
Restart Address (LSBI 
Operand Data 
Restart Address (LSBI 
New Operand Data 
Next Op Code 

TIM 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
Op Code Address+2 
FFFF 
IX+Offset 
Op Code Address+3 

1 
1 
1 
1 
1 

0 
0 
1 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
0 

Immediate Data 
Offset 
Restart Address (LSBI 
Operand Data 
Next Op Code 

CLR 

5 

t 
2 
3 
4 
5 

Op Code Address+ 1 
FFFF 
IX+Offset 
IX+Offset 
Op Code Address+2 

1 
1 
1 
0 
1 

0 
1 
0 
1 
0 

1 
1 
1 
0 
1 

1 
1 
1 
1 
0 

Offset 
Restart Address (LSBI 
Operand Data 
00 
Next Op Code 

AIM EIM 
OIM 

7 

i 
2 
3 
4 
5 
6 
7 

Op Code Address+l 
Op Code Address+2 
FFFF 
IX+Offset 
FFFF 
IX+Offset 
Op Code Address+3 

1 
1 
1 
1 
1 
0 
1 

0 
0 
1 
0 
1 
1 
0 

1 
1 
1 
1 
t 
0 
1 

1 
1 
1 
1 
1 
1 
0 

Immediate Data 
Offset 
Restart Address (LSB) 
Operand Data 
Restart Address (LS8) 
New Operand Data 
Next Op Code 

(Continued) 
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Address Mode & 
Instructions 

Cycles Cycle 
tt

Address Bus R/W RD WR LIR Data Bus 

EXTEND 

JMP 
3 

1 
2 
3 

Op Code Address+l 
Op Code Address+2 
Jump Address 

1 
t 
1 

0 
0 
0 

1 
1 
1 

1 
1 
0 

Jump Address (MSBI 
Jump Address (LSB( 
Next Op Code 

ADC ADD TST 
AND BIT 
CMP FOR 
LDA ORA 
SBC SUB 

4 

1 
2 
3 
4 

Op Code Address+l 
Op Code Addresst2 
Address of Operand 
Op Code Address+3 

1 
1 
1 
1 

0 
0 
0 
0 

t 
1 
1 
1 

1 
1 
1 
0 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 

STA 

4 

1 
2 
3 
4 

Op Code Address+l 
Op Code Address+2 
Destination Address 
Op Code Address+3 

1 
t 
0 
1 

0 
0 
1 
0 

1 
1 
0 
1 

1 
1 
1 
0 

Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 
Next Op Code 

ADDD 
CPX LDD 
LDS LDX 
SUED 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
Address of Operand+l 
Op Code Address+3 

1 
1 
1 
1 
1 

0 
0 
0 
0 
0 

1 
1 
1 
1 
1 

t 
1 
1 
1 
0 

Address of Operand (MSBI 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 

STD STS 
STX 

5 

1 
2 
3 
4 
5 

Op Code Address+t 
Op Code Address+2 
Destination Address 
Destination Address+l 
Op Code Address+3 

1 
1 
0 
0 
1 

0 
0 
1 
1 
0 

t 
1 
0 
0 
1 

1 
1 
1 
1 
0 

Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSBI 
Register Data (LSB) 
Next Op Code 

JSR 

6 

i 
2 
3 
4 
5 
6 

Op Code Address+l 
Op Code Address+2 
FFFF 
Stack Pointer 
Stack Pointer -1 
Jump Address 

1 
1 
1 
0 
0 
1 

0 
0 
1 
1 
1 
0 

1 
1 
1 
0 
0 
1 

1 
t 
1 
1 
1 
0 

Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSBI 
first Subroutine Op Code 

ASL ASR 
COM DEC 
INC LSR 

NEG ROL 
ROR 

6 

1 
2 
3 

4 
5 
6 

Op Code Address+l 
Op Code Address+2 
Address of Operand 

FFFF 
Address of Operand 
Op Code Address+3 

1 
1 
1 

1 
0 
1 

0 
0 
0 
1 
1 
0 

1 
1 
1 

1 
0 
1 

1 
1 
1 

1 
1 
0 

Address of Operand (MSBI 
Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 
Next Op Code 

CLR 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
Op Code Address+2 
Address of Operand 
Address of Operand 
Op Code Address+3 

1 
1 
1 
0 
1 

0 
0 
0 
i 
0 

1 
t 
1 
0 
1 

1 
1 
1 
1 
0 

Address of Operand (MS8) 
Address of Operand (LSB( 
Operand Data 
00 
Next Op Code 

(Continued) 
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Address Mode & 
Instructions 

Cycles Cycle Address Bus R/W RD WR LIR Data Bus 

IMPLIED 
ABA ABX 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 
LSRD ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 

1 

1 Op Code Address+l 1 0 1 0 Next Op Code 

DAA XGDX Z 1 
2 

Op Code Address+l 
FFFF 

1 
1 

0 
1 

1 
1 

0 
1 

Next Op Code 
Restart Address (LSB) 

PULA PULE 
3 

1 
2 
3 

Op Code Address+i 
FFFF 
Stack Pointer+l 

1 
i 
1 

0 
1 
0 

1 
i 
1 

0 
1 
1 

Next Op Code 
Restart Address (LSB) 
Data from Stack 

PSHA PSHB 

4 

1 
2 
3 
4 

Op Code Address+l 
FFFF 
Stack Pointer 
Op Code Address+l 

1 
1 
0 
1 

0 
1 
1 
0 

1 
1 
0 
t 

1 
1 
1 
0 

Next Op Code 
Restart Address (LSB) 
Accumulator Data 
Next Op Code 

PULX 

4 

1 
2 
3 
4 

Op Code Address+l 
FFFF 
Stack Pointertt 
Stack Pointer+2 

1 
1 
1 
1 

0 
1 
0 
0 

1 
1 
1 
1 

0 
1 
1 
1 

Next Op Code 
Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 

PSHX 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
Stack Pointer 
Stack Pointer -1 
Op Code Address+l 

1 
1 
0 
0 
1 

0 
1 
1 
1 
0 

1 
1 
0 
0 
1 

t 
t 
1 
1 
0 

Next Op Code 
Restart Address (LSB) 
Index Register (LSB) 
Index Register (MSB) 
Next Op Code 

RTS 

5 

1 
2 
3 
4 
5 

Op Code Address+l 
FFFF 
Stack Pointer+l 
Stack Pointer+2 
Return Address 

1 
1 
1 
1 
1 

0 
1 
0 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
0 

Next Op Code 
Restart Address (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 

MUL 

7 

1 
2 
3 
4 
5 
6 
7 

Op Code Address+l 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 

1 
1 
1 
1 
1 
1 
1 

0 
1 
1 
1 
1 
1 
1 _ 

1 
1 
1 
1 
1 
1 
1 

0 
1 
1 
t 
1 
1 
1 

Next Op Code 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (lS8) 
Restart Address (LSB) 

(Continued) 
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Address Mode & 
Instructions 

Cycles Cycle 
Address Bus R/W WR LIR Data Bus 

IMPLIED 
WAI 

9 

1 
2 
3 
4 
5 
6 
7 
B 
9 

Op Code Address+ 1 
FFFF 
Stack Pointer 
Stark Pointer - 1 
Stack Pointer -2 
Stack Pointer -3 
Stack Pointer -4 
Stack Pointer -5 
Stack Pointer -6 

1 
1 
0 
0 
0 
0 
0 
0 
0 

0 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
1 
1 
1 
1 
1 
1 

Next Op Code 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 

RTI 1 Op Code Address+l 1 0 1 1 Next Op Code 

2 FFFF 1 1 1 1 Restart Address (LSB) 
3 Stack Pointer+l 1 0 1 1 Conditional Code Register 

4 Stack Pointer+2 1 0 1 1 Accumulator B 

10 
5 
6 

Stack Pointer+3 
Stack Pointer+4 

1 
1 

0 
0 

1 
1 

1 
1 

Accumulator A 
Index Register (MSB) 

7 Stack Pointer+5 1 0 1 1 Index Register (LSB) 

8 Stack Pointer+6 i 0 1 1 Return Address (MSB) 
9 Stack Pointer+7 1 0 1 1 Return Address (LSB) 

10 Return Address 1 0 1 0 First Op Code of Return Routine 

SWI 1 Op Code Address+ 1 1 0 1 1 Next Op Code 
2 FFFF 1 1 1 1 Restart Address (LSB) 
3 Stack Pointer 0 1 0 1 Return Address (LSB) 
4 Stack Pointer -1 0 1 0 1 Return Address (MSB) 
5 Stack Pointer -2 0 1 0 1 Index Register (LSB) 

12 
6 
7 

Stack Pointer -3 
Stack Pointer -4 

0 
0 

1 
1 

0 
0 

1 
1 

Index Register (MSB) 
Accumulator A 

8 Stack Pointer -5 0 1 0 1 Accumulator B 

9 Stack Pointer —B 0 1 0 1 Conditional Code Register 

10 Vector Address FFFA 1 0 1 1 Address of SWI Routine (MSB) 
1 1 Vector Address FFFB 1 0 1 1 Address of SWI Routine ILSeI 
12 Address of SWI Routine 1 0 1 0 First Op Code of SWI Routine 

SLP 1 Op Code Address+l 1 0 1 1 Next Op Code 

FFFF 1 1 1 1 Restart Address (LSB) 

4 
1
2 

Sleap 

> 
3 FFFF 1 

1 
Restart Address (LSBI 

4 Op Code Address+l 0 0 Next Op Code 

RELATIVE 

BCC BCS 
BEO BGE 
BGT BHI 

3 
1 
2 

Op Code Address+l 
FFFF 

I Branch Address Test=~ 1" 

1 
1 

0 
1 

1 
1 

1 
i 

Branch Offset 
Restart Address ILSB) 
First Op Code of Branch Routine 

BLE BLS 
3 

} Op Code Address+l ~-Test="0" 
1 0 1 0 Next Op Code 

BLT BMT 
BNE BPL 
BRA BRN 
BVC BVS 
BSR 1 Op Code Address+ 1 1 0 1 1 Offset 

2 FFFF 1 1 i 1 Restart Address (LSB) 
5 3 Stack Pointer 0 1 0 1 Return Address (LSB) 

4 Stack Pointer -1 0 1 0 i Return Address (MSB) 
5 Branch Address 1 0 1 0 First Op Code of Subroutine 
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H D 6303Y 

■ PRECAUTION TO THE BOARD DESIGN OF OSCILLA• 
TION CIRCUIT 
As shown in Fig. 31, there is a case that the cross talk dis-

turbs the normal oscillation if signal lines are put near the 
oscillation circuit. When designing a board, pay attention to 
this. Crystal and CL must be put as near the HD6303Y as 
possible. 

c 

m 
C 

N 

CL 

c 

tT 

N 

Iri CL

XTAL 

EXTAL 

H D6303 V 

Do not use this kind of print board design. 

Figure 31 Precaution to the boad design 
of oscillation circuit 

Ideal Waveform 

Real Waveform 

START 

~20mm max 
Avoid signal lines 
in this area. 

Crysta ~L 
i 

i 

~~ 

X64

HD6303V 

(Top View) 

E 
E 0 
N 

i 

Figure 32 Example of Oscillation Circuits in Board Design 

■ RECEIVE MARGIN OF THE SCI 
Receive margin of the SCI contained in the HD6303Y is 

shown in Table 18. 
Note: SCI =Serial Communication Interface 

Table 18 

Bit distortion 
tolerance 
It—to) /to 

Character 
distortion tolerance 

IT—Tol /To 

HD6303Y 143.7% ±4.37% 

1 2 3 4 5 6 7 8 STOP 

Bit length ) to~ 

 Character length T o

~ t-► I 

T 

 a 
1 
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H D6305X2, H D63A05X2, H D63 B05X2 
H D6305Y2, H D63A05Y2, H D63B05Y2 
C M OS MPU (Micro Processing Unit) 

The HD6305X2 and the HD6305Y2 are CMOS 8-bit micro 
processing units which contains a CPU, a clock generator, 
RAM, I/O terminals, two timers, and a Serial Communication 
Interface (SCI). The memory space is expandable up to 16k 
bytes externally. 

The HD6305X2 and the HD6305Y2 provides the equi-
valent functions as the HD6305X0 and the HD6305Y0 except 
for the number of I/O terminals. 

■HARDWARE FEATURES 

• 8•bit based MPU 
• 128-bytes of RAM (HD6305X21, 

256-bytes of RAM (HD6305Y2) 
• A total of 31 terminals, including 24 I/O's, 7 inputs 
• Two timers 

— 8-bit timer with a 7-bit prescaler (programmable prescaler; 
event counter) 

— 15-bit timer (multiplexed with the SCI clock divider) 

• On-chip serial interface circuit (synchronized with clock) 
•Six interrupts (two external, two timer, one serial and one 

software) 
•Low power dissipation modes 

— Wait . . . . In this mode, the clock oscillator is on and the 
CPU halts but the timer/serial/interrupt func-
tion is operatable. 

— Stop . . . . In this mode, the clock stops but the RAM 
data, I/O status and registers are held. 

— Standby. . In this mode, the clock stops, the RAM data 
is held, and the other internal condition is 
reset. 

•Minimum instruction cycle time 
— HD6305X2/Y2 . . . . 1µs (f= 1 MHz) 
— HD63A05X2/Y2 . . . 0.67µs If = 1.5 MHz) 
— HD63B05X2/Y2 . . . 0.5 µs (f = 2 MHz) 

•Wide operating range 
V~~=3to6V (f=0.1 to 0.5 MHz) 

— HD6305X2/Y2   f = 0.1 to 1 MHz (V~~=5V±10%) 
— HD63A05X2/Y2   f = 0.1 to 1.5 MHz IV~~ = 5V ± 10%) 
— HD63605X2/Y2   f=0.1 tot MHz IVcc=5Vt10%) 

• System development fully supported by an evaluation kit 
• Compatibility with the HD6305X0 and the HD6305Y0 

except for external memory expansion and the number of 
I/O terminals. 

310 

HD6305X2P,HD63A05X2P,HD63B05X2P, 
HD6305Y2P, HD63A05Y2P, HD63B05Y2P 

HD6305X2F,HD63A05X2F,HD63805X2F, 
HD6305Y2F,HD63A05Y2F,HD63605Y2F 

(FP•64) 

■SOFTWARE FEATURES 

•Similar to HD6800 
• Byte efficient instruction set 
•Powerful bit manipulation instructions (Bit Set, Bit Clear, and 

Bit Test and Branch usable for all RAM bits and all I/O 

terminals) 
• A variety of interrupt operations 
•Index addressing mode useful for table processing 

• A variety of conditional branch instructions 

•Ten powerful addressing modes 
•All addressing modes adaptable to RAM, and I/O instructions 

• Three new instructions, STOP, WAIT and DAA, added to the 
HD6805 family instruction set 

HITACHI 



HD6305X2/HD6305Y2 

■ PIN ARRANGEMENT (Top View) 
• HD6305X2P, HD63A05X2P, HD63605X2P 

HD6305Y2P, HD63A05V2P, HD63805Y2P 

ass CL 
RES Q 

INTQ 

STBVI~ 
X TAL [Ty 

E%TAL Q 
NUM Q 

TIMER Q 
A,[~ 

Ae [Rr
~~--~r

A e w-4 
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BrQ 
Be [~ 
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R. 
Bye 
By~ 

B, Q1 
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Cr/Tx 

Cs/Rx ~' 

Cs/CK 

Ce
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Cy 
C, Q= 
ce QT 

■ BLOCK DIAGRAM 
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Register 
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• HD6305X2F, HD63A05X2F, HD63605X2F 
HD6305Y2F, HD63A05V2F, HD63B05Y2F 
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H D6305Y2; 256X8 RAM 
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HD6305X2/HD6305Y2 

■ ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Supply Voltage V~~ —0.3 ~ +7,0 V 

Input Voltage V;n —0.3 ~ V~~ + 0.3 V 

Operating Temperature Top, 0 ̂ -+70 °C 

Storage Temperature Tstg —55 ~ +150 °C 

[NOTE) These products have a protection circuit in their input terminals against high electrostatic voltage or high electric fields. Notwithstanding, 
be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circuits. To assure normal 
operation, we recommended Vln, Vout% VSS S IVIa or Voutl ~ VCC• 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS IVc~ = 5.OV±10%, V~ = OV, Ta = 0 "~ +70°C, unless otherwise noted.) 

Item Symbol Test Condition min typ max Unit 

Input "High" Voltage 

RES, STBY 

VIH 

Vcc-0.5 - Vcc+0.3 

V EXTAL Vcc x0.7 - Vcc+0.3 

Other Inputs 2.0 - Vcc+0.3 

Input "Low" Voltage All Inputs V l~ -0.3 - 0.8 V 

Output "High" Voltage All Outputs VoH 
IoH = -200µA 2.4 - - 

V 
IoH = -10µA Vcc-0.7 - -

Output "Low" Voltage All Outputs VoL IoL = 1.6mA - - 0.55 V 

Input Leakage Current TIMER, INT, Illt.l 
Vin = 0.5 ^' Vcc-0.5 

- - 1.0 µA 
D, ^~ D,, STBY 

Three-state Current 
Ao .,. q~, Bo ... gt, 
Co ^~ C~, ADRo ^' ADR ta`, 
DATAg^•DATA~, E", R 1N` 

IlTsll - - 1.0 µA 

Current Dissipation"" 

Operating 

Icc f = )MHz`"` 

- 5 10 mA 

2 mA 
Sot

P 
_ 2 10 µA 

Standby - 2 10 µA 

Input Capacitance All Terminals Cin f = 1 MHz, Vin = OV - - 12 pF 

Only at standby 
•' VIH min =VCC-1.OV, VIL maz = 0.t3V, all output and RES terminal are open and penetrate current of input are not included. 

'•• The value at f =xMHz is given by using. 
ICC If =xMHz) =ICC If = )MHz) xx 

• AC CHARACTERISTICS (V0C = 5.OV t10%, V~ = OV, Te = 0 ̂ ~ +70°C, unless otherwise noted.) 

Item Symbol Test 
Condition 

HD6305X2 
HD6305Y2 

HD63A05X2. 
HD63A05Y2 

HD63B05X2 
HD63B05Y2 

Unit 
min typ max min typ max min typ max 

Cycle Time tw° 

Fig. 1 

1 - 10 0.666 - 10 0.5 - 10 µs 
Enable Rise Time t E, — — 20 — — 20 — — 20 ns 

Enable Fall Time tEf - - 20 - - 20 - - 20 ns 
Enable Pulse Widthl"High" Level) PWEH 450 - - 300 - - 220 - - ns 

Enable Pulse Widthl"Low" Level) PWE~ 450 - - 300 - - 220 - - ns 

Address Delay Time tno - - 250 - - 190 - - 180 ns 

Address Hold Time tAH 40 — — 30 — — 20 — — ns 

Data Delay Time tow — — 200 — — 160 — — 120 ns 

Data Hold Time (Write) tHW 40 - - 30 - - 20 - - ns 

Data Set-up Time (Read) tosR 80 - - 60 - - 50 - - ns 

Data Hold Time (Read) tHR 0 - - 0 - - 0 - - ns 
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• PORT TIMING (VCC = 5.OV±10%, V~ = OV, Ta = 0 ̂ ~ +70°C, unless otherwise noted.) 

Item Symbol Test 
Condition 

HO6305%2, HD6305V2 H063A05x2, HD63A05V2 HD63B05XZ, HO83905V? 
Unit 

min typ max min typ max min t yp max 

Port Data Set-up Time 
(Port A, B, C, D) tPDS 

Fig. 2 
200 — — 200 — — 200 — — ns 

Port Data Hold Time 
(Port A, B, C, D) tPDH 200 — — 200 — — 200 — — ns 

Port Data Delay Time 
(Port A, B, C) 

tPoyy Fig. 3 — — 300 — — 300 — — 300 ns 

• CONTROL SIGNAL TIMING (VCC = 5.OV±10%, Vss = OV, Ta = 0 ̂ ~ +70°C, unless otherwise noted.) 

Item Symbol Test 
Condition 

MD8305%2, HD6305V2 HD63A05X2, HO83A05V2 HD63805X7, HDfi3B05V7 
Unit 

min typ max min typ max min typ max 

INT Pulse Width t 
iW'L

t`y` 
+250 

— — tcvc 
+200 

_ _ tcyc 
+200 

_ _ ns 

tiyVLz tcyc 

+250 
_ _ tcyc 

+200 
_ — tcyc 

+200 
_ _ ns INTZ Pulse Width 

RES Pulse Width tRyyL 5 — — 5 — — 5 — — t~yc
Control Set-up Time tcs Fig. 5 250 — — 250 — — 250 — — ns 

Timer Pulse Width tTyyL 
+250 +200 +200 — ns 

Oscillation Start Time (Crystal) tosc Fig.5,Fig,20' — — 20 — — 20 — — 20 ms 
Reset Delay Time LRHL Fig. 19 80 — — 80 — — 80 — — ms 

" CL = 22pF ±20%, RS = 6052 max. 

• SCI TIMING (VCC = 5.OV±10%, Vss= OV, Ta = 0 ̂ ~ +70°C, unless otherwise noted.) 

Item Symbol Test 
Condition 

HDfi305xZ, HD6305V2 HD63A05X2, HD63A05V7 HD63005%2, HD63B05Y2 
Unit 

min typ max min typ max min typ max 

Clock Cycle tscyc 

Fig. 6, 
Fig. 7

1 — 32768 0.67 — 21845 0.5 — 16384 µs 

Data Output Delay Time trxD — — 250 — — 250 — — 250 ns 

Data Set-up Time tsax 200 — — 200 — — 200 — — ns 

Data Hold Time tHRX 100 — — 100 — — 100 — — ns 
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Y< 

E 

Ao—A~a 
R/W 

2.4V 

0.6V 
PWEL 

~--tqp—► 

~ — tEr 

PWEH 

--► ~tEf

-~ t -- tAH 

\ 7~2.4V 

MPU Write 
DATAp _ DATA 

MPU Read 
DATAD — DATA 

E 

Port 

A,B,C,D 

0.6V 
Address Valid 

stow 

Figure 2 Port Data Set-up and Hold Times 
(MPU Read) 

E 

Address 
Bus 

INT,INTz 

Data Bus 

R/W 

Interrupt 
Test 

Figure 1 Bus Timing 

E 

Port 
A,B,C 

2.4V Data 

O.6V Valid 

 tosR~ 

~2.OV 

0.8V 
Data Valid 

0.6V 

tPDW 

f — tHW 

~tHR 

'2.4V Data 
-0.6V Valid 

Figure 3 Port Data Delay Time (MPU Write) 

A~draisa gdtlress+Ir 
FFF SP SP-t SP-Z SP-3 SP-4 VBCIOr vecror New PC 

 \ / MSB LSB Address 

P Co — 
Atldress Address 

PCB 

oc ooarend o-raia~a~r PCe— IX ACC CC vector vector First Inst. of 
Coee Ov Code Data MSB LBB 

PCra Address Address Interrupt Routine 

Figure 4 Interrupt Sequence 
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E 

Vcc 

~,~ 
5.5V 
4.5V~ 

~ —tS

lost 

{ 

~ —lost 

STBV Vcc-0.5V 
cs 

Vcc-0.5V 

Vcc-0.5V 
c 

RES 
'~

Address 

~ i 

~~ 

/T~7]j/j~j~jJ~ 
Bus 

1 FFF 
'_--~~LILIIL~LLILl!/

1 FFF 1 FFF 7 FFE 1 FFF New PC Ot ~ 

R%W ~~~~~~~~ Nltt.tttu ~~ 

Data Bus %~ ~~ 

Figures Reset Timing 

tScyc 

Clock Output 2.4V 
Cs/CK 0.6V O.6V~ 0.6V 

tTXD 

Data Output 

C~/TX 
2.4V 

0.6V 

Data Input 

Cs/RX 

tSRX 
tHRX 

 ~+ 2.OV 2.OV 

# 0.8V 0.8V 

Figure6 SCI Timing (Internal Clock) 

Clock Input 

Cs/CK ~0.8V

Data Output 

C~/TX 

Data Input 

Ce/RX 

tTXD 

tScyc 

/~ 2.OV 

0.8V y- 0.8V 

\, 2.4~ 

/X~  O.6V 

t SRX tHRX 

X 1 

 r 2.OV 2.OV 
0.8 V 0.8 V 

Figure? SCI Timing~External Clock) 
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TTL Load 
(Port) 

Test point 
terminal 

C = 90pF }or DATAo DATA,, 
ADRo"ADR,,, E, R/W 

= 40PF for Port A, B end C. 

12 kS2 

(NOTES( 1. The load capacitance includes stary capacitance caused 
by the probe, etc. 

2. All diodes are 152074 ©. 

Figure 8 Test Load 

■ DESCRIPTION OF TERMINAL FUNCTIONS 
The input and output signals of the MPU are described 

here. 

•VCC. Vss 
Voltage is applied to the MPU through these two terminals. 

V~~ is S.OV ± ]0%, while VgS is grounded. 

• INT, INTx 
External interrupt request inputs  to the MPU. For details, 

refer [o "INTERRUPT". The INT= terminal is also used as 
the port D6 terminal. 

•XTAL,EXTAL 
These terminals provide input to the on-chip clock circuit. 

A crystal oscillator (AT cut, 2.0 to 8.0 MHz) or ceramic 
filter is connected to the terminal. Refer to "INTERNAL 
OSCILLATOR" for using these input terminals. 

•TIMER 
This is an input terminal for event counter. Refer to 

"TIlNER" for details. 

• RES 
Used to reset the MPU. Refer to "RESET" for details. 

•NUM 
This terminal is not for user application. This terminal 

should be connected to Vim. 

•Enable IEI 
This output terminal supplies E clock. Output is a single-

phase, TTL compatible and 1/4 crystal oscillation frequency 
or 1/4 external clock frequency. It can drive one TTL load and 
a 90 pF condenser. 

• Read/Write IR/~ 
This TTL compatible output signal indicates to peripheral 

and memory devices whether MPU is in Read ("High"), or 
in Write ("Low"). The normal standby state is Read ("High"). 

Its output can drive one TTL load and a 90pF condenser. 

• Data Bus (DATAe — DATA 1 
This TTL compatible three-state buffer can drive one TTL 

load and 90pF. 

• Address Bus (ADRo —ADR13 ) 
Each terminal is TTL compatible and can drive one TTL 

load and 90pF. 

. Ports A, B, C IAe — A~, Ba — B,, Ca — C~ 1 
These 24 terminals consist of three 8-bit I/O ports (A, B, C). 

Each of them can be used as an input or output terminal on 
a bit through program control of the data direction register. 
For details, refer to "I/O PORTS." 

• Port D (Dt — D~ 1 
These seven inputonly terminals are TTL or CMOS com-

patible. Of the port D's, D6 is also used as [NTx . If De is 
used as a port, the INTx interrupt mask bit of the miscellane-
ous register must be set to "1" to prevent an INTx interrupt 
from being accidentally accepted. 

•STBY 
This terminal is used to place the MPU into the standby 

mode. With STBY at "Low" level, the oscillation stops and 
the internal condition is reset. For details, refer to "Stand-
by Mode." 

The terminals described in the following are I/O pins for 
serial communication interface (SCI). They are also used as 
ports Cs , C6 and C,. For details, refer to "SERIAL COM-
MUNICATION INTERFACE." 

• CK ICs 1 
Used to input or output clocks for serial operation. 

• Rx (Cs I 
Used to receive serial data. 

•Tx (C,1 
Used to transmit serial data. 

■MEMORY MAP 
The memory map of the MPU is shown in Fig. 9. During 

interrupt processing, the contents of the CPU registers are saved 
into the stack in the sequence shown in Fig. I0. This saving 
begins with the lower byte (PCL) of the program counter. 
Then the value of the stack pointer is decremented and the 
higher byte (PCH) of the program counter, index register (X), 
accumulator (A) and condition code register (CCR) are stacked 
in that order. In a subroutine call, only the contents of the 
program counter (PCH and PCL) are stacked. 
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$00 
401 

$02 

$03" 
$04' 

$05' 

$OB' 

0 

127 
128 

255 

I/O Ports 
Timar 
SCI 

s0000 0 

i 
3 '$OO7F 

[5̀0080 4 

5 
6 

$pOFF 

PORT A 
PORT 9 
PORT C 
PORT D 

RAM 
11289ytesl 

Stack 

PORT A DDR 
PORT R DDR 
PORT C DDR 
Not Used 

256 $0100 6 Reg $08 
9 Timer CTRL Reg $09 
10 Mlsc Rag SOA 

Exta nal 

Memory Speca Not Used 

1s s10 SCI CTRL Reg 
9192 I ntarrupt $1FFfi 17 sCl sTs Pea S11 
8191 . _ V9SSpli _ _. $IEEE 19 SCI De,e Reg $12 

Not Used 
31 $1F 

Extemel 3 External $20 

Memory $pace Memory Space 
127 $7F 

` write only ma~n.r 
16383 $3FFF •• Read only r.aleror 

(a HD6305X2 

$oo 
sot 

0 
I/O Ports $0000 0 

1 
PORT A 
PORT e 

Timer z $02 PORT C 
83 

SCI 
$003F 3 $03" PORT D 

84 RAM 4 POflT A DDR $04' 

(192 Bytes) 
\0040 

5 PDRT a DOR $05' 

255 
Stack 

6 
$oOFF 

PORT C DDR $O6' 
Not Used 

256 RAM $0100 8 
9 

$OB 
$09 nmer cTRL R.g 

319 
(648ytes) 10 

$013F 
Mlsc Reg $OA 

320 E 0140 

External Not Used 
Memory 
Space 

1s 510 SCI CTRL Reg 
8182 ntarrupt $1FF8 17 SCI STS Rep $11 
8191 ._ 9Glflt5__. $IEEE le SCI De,e Peg $12 

Not Used 

Exte nal 

31 
3z 

$1F 

$zo External 

Memory SDace 63` 
Memory Space 

$ 3F 

16383 $3FFF 
• write only r. 

`• R•ea onH re 
I"ef 
i 

(b) HD6305Y2 

Figure 9 Memory Maps of MPU 

n-4 

n-3 

n-2 

n-1 

n 
Push 

7 6 5 4 3 2 1 0 

1 1 1 Condition 
Code Register 

Accumulator 

Index Register 

0 o PC He 

PCL• 

Pul l 

n+1 

n+2 

n+3 

n+4 

n+5 

• In a subroutine call, only PCL and PCH are stacked. 

Figure 10 Sequence of Interrupt Stacking 

•REGISTERS 
There are five registers which the programmer can operate. 

7 

7 

13 

13 

PC 

6 5 

A 

X 

0 
Accumulator 

0 
Index 
Register 
0 

Program 
Counter 
0 
Stack 
Pointer 0 0 0 0 0 1 1 SP 

Figure 11 Programming Model 

Condition 
Code 
Register 

—Carryy/ 
BDrroW 

— Zero 

—Negative 
—Interrupt 

Mask 
Half 
Carry 

• Accumulator IAI 
This accumulator is a general purpose 8-hit register which 

holds operands or the result of arithmetic operation or data 
processing. 

• Index Register IX) 
The index register is an 8•bit register, and is used for index 

addressing mode. Each of the addresses contained in the 
register consists of 8 bits which, combined with an offset 
value,provides an effective address. 

In the case of a read/modify/write instruction, the index 
register can be used like an accumulator to hold operation 
data or the result of operation. 

If not used in the index addressing mode, the register can 
be used to store data temporarily. 

• Program Counter (PC) 
The program counter is a 14-bit register that contains the 

address of the next instruction to be executed. 

• Stack Pointer (SP) 
The stack pointer is a 14-bit register that indicates the ad-

dress of the next stacking space. Just after reset, the stack 
pointer is set at address $OOFF. It is decremented when data 
is pushed, and incremented when pulled. The upper 8 bits 
of the stack pointer are fixed to 00000011. During the MPU 
being reset or during a reset stack. pointer (RSP) instruction, 
the pointer is set to address $OOFF. Since a subroutine or 

interrupt can use space up to address $OOCl for stacking, the 
subroutine can be used up to 31 levels and the interrupt up 
to 12 levels. 

•Condition Code Register (CCR) 
The condition code register is a 5-bit register, each bit 

indicating the result of the instruction just executed. The 
bits can be individually tested by conditional branch instruc-
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tions. The CCR bits are as follows: 

Half Carry (H): Used to indicate that a carry occurred be-

tween bits 3 and 4 during an arithmetic oper-

ation (ADD, ADC). 
Interrupt(I): Setting this bit causes all interrupts, except 

a software interrupt, to be masked. If an 
interrupt occurs with the bit I set, it is 
latched. It will be processed the instant 
the interrupt mask bit is reset. (More specifi-
cally, it will enter the interrupt processing 
routine after the instruction following the 
CLI has been executed.) 

Negative (N): Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is negative (bit 7 is logic 
FF 1 „). 

Zero (Z): Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is zero. 

Carry/ Represents a carry or borrow that occurred 
Borrow (C): in the most recent arithmetic operation. This 

bit is also affected by the Bit Test and Branch 
instruction and a Rotate instruction. 

■INTERRUPT 

There are six different types of interrupt: external inter-
rupts (INT, INTx), internal timer interrupts (TIMER, 
TIMERx), serial interrupt (SCI) and interrupt by an instruc-
tion (SWI). 

Reset 

1—~I 
$FF—.SP 
0—+ DOR's 
CLR INT Logic 
$FF~TDR 
$7F~Timer Prescaler 
$50-~TCR 
$3F--SSR 
$OO~SCR 
$7F-AMR

Load PC From 
Reset:$1FFE, $tFFF 

Of these six interrupts, the INTx and TIMER or the SCI 
and TIMERz generate the same vector address, respectively. 

When an interrupt occurs, the program in progress stops 
and the then CPU status is saved onto the stack. And then, 
the interrupt mask bit (I) of the condition code register is 
set and the start address of the interrupt processing routine 
is obtained from a particular interrupt vector address. Then 
the interrupt routine starts from the start address. System 
can exit from the interrupt routine by an RTI instruction. 
When this instruction is executed, the CPU status before 
the interrupt (saved onto the stack) is pulled and the CPU 
restarts the sequence with the instruction next to the one at 
which the interrupt occurred. Table 1 lists the priority of 
interrupts and their vector addresses. 

Table 1 Priority of Interrupts 

Interrupt Priority Vector Address 

RES 1 $IEEE, $IEEE 

SWI 2 $1FFC, $1FFD 

INT 3 $1FFA, $1FFB 

TIMER/INTx 4 $1FF8, $1FF9 

SCl/TIMERz 5 $1FF6, $1FF7 

A flowchart of the interrupt sequence is shown in Fig. 12. 
A block diagram of the interrupt request source is shown in 
Fig. 13. 

Set 

Fetch 
Instruction 

Execute 
Instruction 

Execute 
Instruction 

Stack 
PC, X, A,CCR 

1—~I Bit 

io.a Rc From 
sWlf 1FFC.SIFFD 
IN7 f1FFA.f IfFB 
TIMER.f 1FF9.ffFf9 
I~ ,.S1fF9.S1FF9 
sC1.31FFB.f1FF] 
TIMER a.f1Fi8.f 1FF] 

Figure 12 Interrupt Flaw Chart 

318 ~ HITACHI 



HD6305X2/HD6305Y2 

In the block diagram, both the extemal interrupts INT and 
INTx are edge trigger inputs. At the falling edge of each input, 
an interrupt request is generated and latched. The INT inter-
rupt request is automatically cleared if jumping is made to 
the INT processing routine. Meanwhile, the INTz request is 
cleared if "0" is written in bit 7 of the miscellaneous register. 

For the extemal interrupts (INT, INTz), internal timer 
interrupts (TIMER, TIMERz) and serial interrupt (SCI), each 
interrupt request is held, but not processed, if the I bit of the 
condition code register is set. Immediately after the I bit is 
cleared, the corresponding interrupt processing starts accord-
ing to the priority. 

The INTz interrupt can be masked by setting bit 6 of the 
miscellaneous register; the TIMER interrupt by setting bit 6 
of the timer control register; the SCI interrupt by setting bit 
5 of the serial status register; and the TIMERz interrupt by 
setting bit 4 of the serial status register. 

The status of the INT terminal can be tested by a BIL or 
BIH instruction. The INT falling edge detector circuit and 
its latching circuit are independent of testing by these instruc-
tions. This is also true with the status of the INTz terminal. 

•Miscellaneous Register (MR; $OOOA) 
The interrupt vector address for the extemal interrupt 

INTx is the same as that for the TIMER interrupt, as shown 
in Table 1. For this reason, a special register called the miscel-
laneous register (MR; $OOOA) is available to control the 
INTz interrupts. 

INT 

INTz 

BIH/BIL Test 

1 F1T Inter-
rupt Latch 

1 
Falling Edge Detector 

Miscellaneous 
Register tMR) 

Timer Control 
Register (TCR) 

TIMER (TCR7 TCR6I

SCl/TIMERz 

Serial Status 
Register (SSRI 

SSR7 SSRe SSRS SSR4 

Bit 7 of this register is the INTz interrupt request flag. 
When the falling edge is detected at the INTz terminal, "1" 
is set in bit 7. Then the software in the interrupt routine 
(vector addresses: $1FF8, $1FF9) checks bit 7 to see if it 
is INTz interrupt. Bit 7 can be reset by software. 

Miscellaneous Register (MR;$000A) 

7 6 5 4 3 2 1 0 
MR7 MR6 

1 INT7 Interrupt Mask 
INT2 Interrupt Request Flag 

Miscellaneous Register (MR; $OOOA) 

Bit 6 is the INTz interrupt mask bit. If this bit is set to "1", 
then the INTz interrupt is disabled. Both read and write are 
possible with bit 7 but "1" cannot be written in this bit by 
software. This means that an interrupt request by software 
is impossible. 

When reset, bit 7 is cleared to "0" and bit 6 is set to "]". 

■TIMER 

Figure 14 shows a MPU timer block diagram. The timer 
data register is loaded by software and, upon receipt of a 
clock input, begins to count down. When the timer data 

Vectoring generated 
$1FFA, $1FFB 

INT 

INTx 

TIMER 

TIMERz 

  SCI 

Condition Code Register (CCR) 

Figure 73 Interrupt Request Generation Circuitry 

Interrupt Control 
Circuit 

Vectoring generated 
$1FF8,$1FF9 

Vectoring generated 
$1 FF6, $1FF7 
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register (TDR) becomes "0", the timer interrupt request 
bit (bit 7) in the timer control register is set. In response to 
the interrupt request, the CPU saves its status into the stack 
and fetches timer intertupt routine address from addresses 
$1FF8 and $1FF9 and execute the interrupt routine. The 
timer interrupt can be masked by setting the timer interrupt 
mask bit (bit 6) in the timer control register. The mask bit 
(I) in the condition code register can also mask the timer 
interrupt. 

The source clock to the timer can be either an external 
signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). If the E signal is used as 
the source, the clock input can be gated by the input to the 
timer input terminal. 

Once the timer count has reached "0", it starts counting 
down with "$FF". The count can be monitored whenever 
desired by reading the timer data register. This permits the 
program to know the length of time having passed after the 
occurrence of a timer intermpt, without disturbing the con-
tents ofthe counter. 

When the MPU is reset, both the prescaler and counter are 
initialized to logic "1". The timer intertupt request bit 
(bit 7) then is cleared and the timer interrupt mask bit (bit 
6) is set. 

To clear the timer intertupt request bit (bit 7), it is neces-
sary to write "0" in that bit. 

TCR7 Timer interrupt request 

0 Absent 

1 Present 

TCR6 Timer interrupt mask 

0 Enabled 

1 Disabled 

(Internal 
Clockl 

E 

• Timer Control Register.ITCR; $0009) 
Selection of a clock source, selection of a prescaler fre-

quency division ratio, and a timer interrupt can be controlled 
by the timer control register (TCR; $0009). 

For the selection of a clock source, any one of the four 
modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 

Timer Control Register (TCR; $00091 

7 6 5 4 3 2 1 0 

TCR7 TCR6 TCRS TCR4 TCR3 TCR2 TCRI TORO 

~ Prescaler division ratio selection 
Prescaler initialize 
  Cloak input source 

Timer interrupt mask 
 Timer interrupt request 

After reset, the TCR is initialized to "E under timer termi-
nal control" (bit 5 = 0, bit 4 = 1). If the timer terminal is 
"1", the counter starts counting down with "$FF" immediate-
ly after reset. 

When "1" is written in bit 3, the prescaler is initialized. 
This bit always shows "0" when read. 

Table 2 Clock Source Selection 

TCR 
Clock input source 

Bit 5 Bit 4 

0 0 Internal clock E 

0 1 E under timer terminal control 

1 0 No clock input (counting stopped) 

1 1 Event input from timer terminal 

Initialize 

D 
TIMER 
Input 
Terminal 

320 

Prescaler 

_y _, e 18 32 64 =, ze 

Multiplexer 

Timer Control 
Regis er 

(TCR;$0009 ) 

TCRI TCR6 TCR5 TCR4 TCR7 TCRI TCRI TORO 

Timer Data 
Register (TDR;$0008) 

Cloak Input 
8-Bit Counter 

Write 
1 

Read 

Timer Interrupt 

Figure 14 Timer Block Diagram 
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A prescaler division ratio is selected by the combination of 
three bits (bits 0, 1 and 2) of the timer control register (see 
Table 3). There are eight different division ratios: =1, -2, ~3, 
=8, =16, =32, =64 and =128. After reset, the TCR is se[ to the 
=1 mode. 

Table 3 Prescaler Division Ratio Selection 

TCR 
Prescaler division ratio 

Bit 2 Bit 1 Bit 0 

0 0 0 T1~ 

0 0 t -2 

0 1 0 =4 

0 7 1 =8 

7 0 0 =16 

7 0 1 -32 

1 1 0 =64 

1 1 1 =128 

A timer interrupt is enabled when the timer interrupt mask 
bit is "0", and disabled when the bit is "1". When a timer 
interrupt occurs, "1" is set in the timer interrupt request bit. 
This bit can be cleared by writing "0" in that bit. 

■SERIAL COMMUNICATION INTERFACE (SCI) 
This interface is used for serial transmission or reception 

of 8-bit data. Sixteen transfer rates are available in the range 
from 1 µs to approx. 32 ms (for oscillation at 4 MHz). 

The SCI consists of three registers, one eighth counter and 
one prescaler. (See Fig. 15.) SCI communicates with the CPU 
via the data bus, and with the outside world through bits 5, 
6 and 7 of port C. Described below are the operations of 
each register and data transfer. 

•SCI Control Register (SCR; $0010) 

7 6 5 4 3 2 1 0 

SCR7 SCR6 SCR5 SCR4 SCR3 SCR2 SCR1 SCRO 

SCI Control Registers (SCR; 0010) 

SCR7 SCR6 SCR5 SCR4 SCR3 SCR2 SCR1 SCRO 

r---
CsICK) , 

Ce1Rx) 

Cr(Tx) 

SCI Data Registers 
(SD R: $0012) 

7 

Multi-
plexer 

Pre-
scaler 

4 3 

Octal 
Counter 

1 0 

MSB LSB 

L J 
7 6 5 4 31 

SSR7 SSR6 SSR5 SSR4 SSR3 

~ ,~
uu 

i 

Not Usad 

SCl/TIMERz 

Figure 15 SCI Block Diagram 
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SCR7 C~ terminal 

0 Used as I/O terminal (by DDR). 

1 Serial data output (DDR output) 

SCR6 C6 terminal 

0 Used as I/O terminal (by DDR). 

1 Serial data input (DDR input) 

SCR5 SCR4 Clock source Cs terminal 

0 0 — Used as I/O terminal (by 

0 1 _ DDR►. 

1 0 Internal Clock output (DDR output) 

1 1 External Clock input (DDR input) 

Bit 7 (SCR7) 
When this bit is set, the DDR corresponding to the C~ 

becomes "1" and this terminal serves for output of SCI data. 
After reset, the bit is cleared to "0". 

Bit 6 (SCR6) 
When this bit is set, the DDR corresponding to the C6

becomes "0" and this terminal serves for input of SCI data. 
After reset, the bit is cleared to "0". 

Bits 5 and 4 (SCRS, SCR4) 
These bits are used to select a clock source. After reset, 

the bits are cleared to "0". 

Bits 3 — 0 (SCR3 — SCRO) 
These bits are used to select a transfer clock rate. After 

reset, the bits are cleared to "0". 

SCR3 SC R2 SCR1 SCRO 
Transfer clock rate 

4.00 MHz 4.194 MHz 

0 0 0 0 1µs 0.95µs 

0 0 0 1 2µs 1.91 µs 

0 0 1 0 4µs 3.82µs 

0 0 1 1 8µs 7.64µs 
r t z + r : 
1 1 1 1 32768µs 1/32s 

•SCI Data Register (SDR; $0072) 
A serial-parallel conversion register that is used for transfer 

of data. 

•SCI Status Register (SSR; $0011) 

7 6 5 4 3 

SSR7 SSR6 SSR5 SSR4 SSR3 
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Bit 7 (SSR7) 
Bit 7 is the SCI interrupt request bit which is set upon 

completion of transmitting or receiving 8•bit data. It is 
cleared when reset or data is written to or read from the 
SCI data register with the SCRS="1". The bit can also be 
cleared by writing "0" in it. 

Bit 6 (SSR6) 
Bit 6 is the TIMERz interrupt request bit. TIMER2 is multi-

plexed with the serial clock generator, and SSR6 is set each time 
the internal transfer clock falls. When reset, the bit is cleared. It 
also be cleared by writing "0" in it. (For details, see TIMER2 .) 

Bit 5 (SSR5) 
Bit 5 is the SCI interrupt mask bit which can be set or 

cleared by software. When it is "I", the SCI interrupt (SSR7) 
is masked. When reset, it is set to "1". 

Bit 4 (SSR4) 
Bit 4 is the TIMER= interrupt mask bit which can be set 

or cleared by software. When the bit is "1", the TIMERz
interrupt (SSR6) is masked. When reset, it is set to "1". 

Bit 3 (SSR3) 
When "1" is written in this bit, the prescaler of the transfer 

clock generator is initialized. When read, the bit always is "0". 

Bits 2 — 0 
Not used. 

SSR7 SCI interrupt request 

0 Absent 

1 Present 

SSR6 TIMERz interrupt request 

0 Absent 

1 Present 

SSR5 SCI interrupt mask 

0 Enabled 

1 Disabled 

SSR4 TIMERi  interrupt mask 

0 Enabled 
t Disabled 

. Data Transmission 
By writing the desired control bits into the SCI control 

registers, a transfer rate and a source of transfer clock are 
determined and bits 7 and 5 of port C are set at the serial 
data output terminal and the serial clock terminal, respec-
tively. The transmit data should be stored from the accumu-
lator or index register into the SCI data register. The data 
written in the SCI data register is output from the C,/Tx 
terminal, starting with the LSB, synchronously with the 
falling edge of the serial clock. (See Fig. 16.) When 8 bit of 
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data have been transmitted, the interrupt request bit is set in 
bit 7 of the SCI status register with the rising edge of the last 
serial clock. This request can be masked by setting bit 5 of the 
SCI status register. Once the data has been sent, the 8th bit 
data (MSB) stays at the Cv/Tx terminal. If an external clock 
source has been selected, the transfer rate determined by bits 
0 — 3 of dre SCI control register is ignored, and the Cs/CK 
terminal is set as input. If the internal clock has been selected, 
the Cs/ CK terminal is set as output and clocks are output at 
the transfer rate selected by bits 0 — 3 of the SCI control 
register. 

s.,~.~ ~~~. ~~,~ru~ 

o~~w~ o... igrt.i v,.mw, 

r,m~.o ~~,~R.~ 

Figure 16 SCI Timing Chart 

• Data Reception 
By writing the desired control bits into the SCI control 

register, a transfer rate and a source of transfer clock are de-
termined and bit 6 and 5 of port C are set at the serial data 
input terminal and the serial clock terminal, respectively. 
Then dummy-writing or -reading the SCI data register, the 
system is ready for receiving data. (This procedure is not 
needed after reading the subsequent received data. It must be 
taken after reset and after not reading the subsequent received 
data.) 

The data from the C6 /Rx terminal is input to the SCI 
data register synchronously with the rising edge of the 
serial clock (see Fig. IG). When 8 bits of data have been re-
ceived, the interrupt request bit is set in bit 7 of the SCI 
status register. This request can be masked by setting bit 5 
of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits 0— 3 of the SCI 
control register is ignored and the data is received synchro-

nously with the clock from the Cs /CKterminal. [f the internal 
clock has been selected, the Cs /CIC terminal is set as output 
and clocks are output at the transfer rate selected by bits 0 —
3 of the SCI control register. 

•TIMERS 
The SCI transfer clock generator can be used as a timer. 

The clock selected by bits 3 — 0 of the SCI control register 
(4µs — approx. 32 ms (for oscillation at 4 MHz)) is input to bit 
6 of the SCI status register and the TIMERS interrupt request 
bit is set at each falling edge of the clock, Since interrupt 
requests occur periodically, TIMERS can be used as a reload 
counter or clock. 

OO OO® ®© 

Q1 :Transfer clock generator is reset and mask bit (bit 4 
of SCI status register) is cleared. 

Q2,® :TIMERS interrupt request 
Q9 ,Q5 :TIMERS interrupt request bit cleared 

TIMERS is multiplexed with the SCI transfer clock generator. 
If wanting to use TIMERS independently of the SCI, specify 
"External" (SCRS = 1, SCR4 = 1) as the SCI clock source. 

If "Internal" is selected as the clock source, reading or 
writing the SDR causes the ~ prescaler of the transfer clock 
generator to be initialized. 

■ I/O PORTS 
There are 24 input/output terminals (ports A, B, C). Each 

I/O terminal can be selected for either input or output by the 
data direction register. More specifically, an I/O port will 
be input if "0" is written in the data direction register, and 
output if "1" is written in the data direction register. Port A, 
B or C reads latched data if it has been programmed as output, 
even with the output level being fluctuated by the output 
load. (See Fig. 17.) 

When reset, the data direction register and data register go 
to "0" and all the input/output terminals arc used as input. 

Bit of data 
direction 
register 

Bit of 
output 

data 

Status of 
output 

Input to 
CPU 

1 0 0 0 

1 1 1 1 

0 X 3-state Pin 

Figure 17 Input/Output Port Diagram 

Seven input-only terminals are available (port D). Writing 
to an input terminal is invalid. 

All input/output terminals and input terminals are TTL 
compatible and CMOS compatible in respect of both input and 
output. 

If I/O ports or input ports are not used, they should be 
connected to Vgg via resistors. With none connected to these 
terminals, there is the possibility of power being consumed 
despite that they are not used. 

■RESET 

The MPU can be reset either by external reset input (RES) 
or power-0n reset. (See Fig. 18.) On power up, the reset 
input must be held "Low" for at least Uosc to assure that the 
internal oscillator is stabilized. A sufficient time of delay can 
be obtained by connecting a capacitance to the RES input as 
shown in Fig. 19. 
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5V 
Vcc 
OV 

RES 
Terminal 

Internal 
Resat 

4.5V~ 

LRHL 

VIL RES 

requirement for minimum external configurations. It can be 

driven by connecting a crystal (AT cut 2.0 — 8.OMHz) or 

ceramic oscillator between pins 5 and 6 depending on the re-

quired oscillation frequency stability. 
Thrce different terminal connections are shown in Fig. 20. 

Figs. 21, and 22 illustrate the specifications and typical arrange-

ment of the crystal, respectively. 

Figure 18 Power On and Reset Timing XTAL 

VCC 

MPU 

100kS2typ 

RES   ~ 2.2„F 
i~i  

Figure 19 Input Reset Delay Circuit 

■INTERNAL OSCILLATOR 
The internal oscillator circuit is designed to meet the 

I2.0—g.OMHzI~ 

T+tr 10-22pFf20% 

External 
Clock 
Input_ 

EXTAL 

NC 
XTAL 

Crysta I Osc i I I ator 

Ceramic Oscillato 

MPU 

~~ 
~i 

External Clock Drive 

Figure 20 Internal Oscillator Circuit 

CI AT Cut 

~r I~— Parallel 
L Rs Resonance 

~ E TAL C0 -7pF max. 

Co f=2.0—S.OMHz 
 II  Rs=604 max. 

Figure 21 Parameters of Crystal 

(a) (b) 

XTAL 

EXTAL 

MPU 

(NOTE] Use as short wirings as possible for connection of the crystal 
with the EXTAL and XTAL terminals. Do not allow these 
wirings to cross others. 

Figure 22 Typical Crystal Arrangement 

■LOW POWER DISSIPATION MODE 
The HD6305X2 and the HD6305Y2 provides three low 

power dissipation modes: wait, stop and standby. 

• Wait Mode 
When WAIT instruction being executed, the MPU enters 

into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The CPU stops but the peripheral 
functions —the timer and the serial communication inter-
face —stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication interface can no longer 
be retriggered.) In the wait mode, the registers, RAM and I/O 
terminals hold their condition just before entering into the 
wait mode. 

The escape from this mode can be done by interrupt (INT, 
TIMER/INTs or SCl/TIMERx), RES or STBY. The RES 
resets the MPU and the STBY brings it into the standby 
mode. (This will be mentioned later.) 

When interrupt is requested to the CPU and accepted, the 
wait mode escapes, then the CPU is brought to the operation 
mode and vectors to the interrupt routine. If the interrupt is 
masked by the I bit of the condition code register, after releas-
ing from the wait mode the MPU executes the instruction 
next to the WAIT. If an interrupt other than the INT (i.e., 
T[MER/INTz or SCl/TIMER:) is masked by the timer control 
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register, miscellaneous register or serial status register, there 
is no interrupt request to the CPU, so the wait mode cannot 
be released. 

Fig. 23 shows a flowchart for the wait function. 

•Stop Mode 
When STOP instruction being executed, MPU enters into 

the stop mode. In this mode, the oscillator stops and the CPU 
and peripheral functions become inactive but the RAM, 
registers and I/O terminals hold their condition just before 
entering into the stop mode. 

The escape from this mode can be done by an extemal 
interrupt (111T or INTz ), RES or STBY. The RES resets the 
MPU and the STBY brings into the standby mode. 

When interrupt is requested to the CPU and accepted, 
the stop mode escapes, then the CPU is brought to the opera-
tion mode and vectors to the interrupt routine. If the inter-
rupt is masked by the I bit of the condition code register, 
after releasing from the stop mode, the MPU executes the 
instruction next to the STOP. If the INTz interrupt is masked 
by the miscellaneous register, there is no interrupt request to 
the MPU, so the stop mode cannot be released. 

Fig. 24 shows a flowchart for the stop function. Fig. 25 
shows a timing chart of return to the operation mode from 
the stop mode. 

For releasing from the stop mode by an interrupt, oscilla-
tion starts upon input of the interrupt and, after the internal 
delay time for stabilized oscillation, the CPU becomes active. 

For restarting by RES, oscillation starts when the RES goes 
"0" and the CPU restarts when the RES goes "1". The dura-
tion of RES="0" must exceed tosc to assure stabilized oscil-
lation. 

•Standby Mode 
The MPU enters into the standby mode when the STBY 

terminal goes "Low". In this mode, all operations stop and 
the internal condition is reset but the contents of the RAM are 
hold. The I/O terminals turn to high-impedance state. The 
standby mode should escape by bringing STBY "High". The 
CPU must be restarted by reset. The timing of input signals 
at the RES and STBY terminals is shown in Fig. 26. 

Table 4 lists the status of each parts of the MPU in each 
low power dissipation modes. Transitions between each mode 
are shown in Fig. 27. 

(Note) When I bit of condition  code register is "1" and inter• 
rupt (INT, TIMER/INTz , SCl/TIMERz ) is held, MPU 
does not enter WA[T mode by the execution of WAIT 
instruction. 
In that case, after the 4 dummy cycles MCU executes 
the next instruction. 
In the same way, when external interrupts (INT, INTz ) 
are held at the bit I set, MPU does not enter STOP 
mode by the execution of STOP instruction. In that 
case, also, MPU executes the next instruction after the 
4 dummy cycles. 
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C Wait 

Oscillator Active 
Timer and Serial 
Clock Active 
All Other Clocks 
Stop 

0 

Yes 

to Standby 
Mode 

0 

Restart 
Processor Clocks 

Initialize 
CPU, TIMER, SCI, 
I/O and All 
Other Functions 

0 

Load PC from 
$IEEE, $IEEE 

1=1 

0 

Yes 

Yes 

Restart 
Processor Clocks 

1=0 

0 

No Yes 

Load PC from 
Interrupt Vector 
Addresses 

Fetch 
Instruction 

Figure 23 Wait Mode Flow Chart 

0 

No 
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to Standby 
Mode 

Turn on Oscillator 
Wait for Time Delay 
to Stabilize 

Load PC from 
$1FFE, $1FFF 

I=1 

Turn on Oscillator 
Wait for Time Delay 
to Stabilize 

1=0 

Load PC from 
Interrupt Vector 
Addresses 

Fetch 
Instruction 

Figure 24 Stop Mode Flow Chart 
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Oscillator 
 f 

E 

Oscillator 

E 

RES 

STBY 

RES 

f Time required for oscillation to become  > 

STOP instruction Interrupt stabilized (built-in delay time) ~ Instructions 
executed 

 S 

restart 

(a) Restart by Interrupt 

f 
STOP instruction 
executed 

Time required for oscillation to become 
stabilized (lost) Reset 

start 

(b) Restart by Reset 

Figure 25 Timing Chart of Releasing from Stop Mode 

i i i i I ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ 
L 1  f 

 S~ 

tOSC 

Figure 26 Timing Chart of Releasing from Standby Mode 

Table 4 Status of Each Part of MPU in Low Power Dissipation Modes 

Restart 

Mode Start 
Condition 

Escape Oscil- 
lator CPU Timer, 

Serial Register RAM I/O 
terminal 

WAIT 
Soft- 
ware 

WAIT in• 
struction Active Stop Active Keep Keep Keep 

STBY, RES, INT, INT 2 , 
each interrupt request of 
TIMER, TIMER=, SCI 

STOP STOP in-
struction 

Stop Stop Stop Keep Keep Keep STBY, RES, INT, INTz 

Stand- 
by 

Hard- 
ware Stop Stop Stop Reset Keep High im 

pedance
STBY="Low" STBY="High" 
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Figure 27 Transitions among Active Mode, Wait Mode, 
Stop Mode, Standby Mode and Reset 

■BIT MANIPULATION 
The MPU can use a single instruction (BSET or BCLR) to set 

or clear one bit of the RAM within page 0 or an I/O port 
(except the write-only registers such as the data direction 
register). Every bit of memory or I/O within page 0 ($00 —
$FF) can be tested by the BRSET or BRCLR instruction; 
depending on the result of the test, the program can branch to 
required destinations. Since bits in the RAM, or I/O can be 
manipulated, the user may use a bit within the RAM as a flag or 
handle a single I/O bit as an independent I/O terminal. Fig. 28 
shows an example of bit manipulation and the validity of test 
instructions. In the example, the program is configured assum-
ing that bit 0 of port A is connected to a zero cross detector 
circuit and bit 1 of the same port to the trigger of a triac. 

The program shown can activate the triac within a time of 
10µs from zero-crossing through the use of only 7 bytes on 
the memory. The on-chip timer provides a required time of 
delay and pulse width modulation of power is also possible. 

SELF 1. BRCLR 0, PORT A, SELF 1 
BSET t, PORT A 
BCLR t, PORT A 

Figure 28 Example of Bit Manipulation 

■ADDRESSING MODES 
Ten different addressing modes are available to the MPU. 

•Immediate 
See Fig. 29. The immediate addressing mode provides 

access to a constant which does not vary during execution of 
the program. 

This access requires an instruction length of 2 bytes. The 
effective address (EA) is PC and the operand is fetched from 

the byte that follows the operation code. 

• Direct 
See Fig. 30. In the direct addressing mode, the address of 

the operand is contained in the grid byte of the instruction. The 
user can gain direct access to memory up to the lower 255th 
address. All RAM (HD6305X2) or 192 bytes of RAM 
(HD6305Y2), and I/O registers are on page 0 of address space so 
that the direct addressing mode may be utilized. 

• Extended 
See Fig. 31. The extended addressing is used for referenc-

ing to all addresses of memory. The EA is the contents of 
the 2 bytes that follow the operation code. An extended 
addressing instruction requires 3 bytes. 

• Relative 
See Fig. 32. The relative addressing mode is used with 

branch instructions only. When a branch occurs, the program 
counter is loaded with the contents of the byte following the 
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a 
signed 8-bit data following the operation code. If no branch 
occurs, Rel. = 0. When a branch occurs, the program jumps 
to any byte in the range +129 to —127. A branch instruction 
requires 2 bytes. 

• Indexed (No Offset) 
See Fig. 33. The indexed addressing mode allows access 

up to the lower 255th address of memory. In this mode, an 
instruction requires a length of one byte. The EA is the 
contents of the index register. 
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•Indexed 18-bit Offset) 
See Fig. 34. The EA is the contents of the byte follow-

ing the operation code, plus the contents of the index register. 

This mode allows access up to the lower 511th address of 

memory. Each instruction when used in the index addressing 

mode (8-bit offset) requires 2 bytes. 

• Indexed (16-bit Offset) 
See Fig. 35. The contents of the 2 bytes following the 

operation code are added to content of the index register 

to compute the value of EA. In this mode, the complete 
memory can be accessed. When used in the indexed address-
ing mode (16-bit offset), an instruction requires 3 bytes. 

• Bit Set/Clear 
See Fig. 36. This addressing mode is applied to the BSET 

and BCLR instructions that can set or clear any bit on page 

0. The lower 3 bits of the operation code specify the bit to 

be set or cleared. The byte that follows the operation code 

indicates an address within page 0. 

PROG LDA tt SF8 056E 
OSBF 

CAT FCB 32 0048 

PROG LDA CAT 052D 
052E 

Memory 

AB 

• Bit Test and Branch 
See Fig. 37. This addressing mode is applied to the BRSET 

and BRCLR instructions that can test any bit within page 0 
and can be branched in the relative addressing mode. The 
byte to be tested is addressed depending on the contents of 
the byte following the operation code. Individual bits within 
the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. Each of these instructions requires 3 bytes. The 
value of the test bit is written in the carry bit of the condition 
code register. 

. Implied 
See Fig. 38. This mode involves no EA. All information 

needed for execution of an instruction is contained in the 
operation code. Direct manipulation on the accumulator 
and index register is included in the implied addressing mode. 
Other instructions such as SW[ and RTI are also used in this 
mode. All instructions used in the implied addressing mode 
requires one byte. 

EA 

I 
Adger 

F8 

I 

Figure 29 Example of Immediate Addressing 

Memory 

20 

EA 

0040 

I 
Adder 

0000 

F 
Index Rag 

Stack Point 

I
Prog Count 

075D
CCR 

I 

I 

A 

BB 
4B 

20 
Inds. Reg 

$tack point 

Prog ~ount 

Figure 30 Example of Direct Addressing 

052E 
CGR 

1 
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PROG LDA CAT 0409 
040A 
0408 

CAT FCB 64 ORES 

PROG BEO PROG2 04A7 
04A8 

TABL FCC LI 0088 

PROG LDA X OSF4 

4 

A 

40 
Index Reg 

Stack Point 

( 

( 
Prog Count 
040C 

Figure 31 Example of Extended Addressing 

Memory 

27 

16 

~EA 

04C1 

Adder 

R 

I 
0000 

CCR 

A 

1 

Index Reg 

Stack Point 

(
Prog Coun 

1 
I 

04C1 
CCR 

Figure 32 Example of Relative Addressing 

Memory 

4C 

EA 

OOBB 

I 
Adder 

0000 
A 

49 

Ffi 

4C 
Index Rag 

68 
SIE ck Paint 

►
Prog Coun[ 

OSFS 
CCR 

 ( 

Figure 33 Example of Indexed (No Offset) Addressing 
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I 
Memory 

TABL FCB =8F 0089  BF 
FCB =86 008A  e6 
FCB =DB OOBB  DB 
FCB =CF OOBC CF 

EA 
OOBC 

( 
Atlder 

A 

PROG LDA TABL.X 0750 E6 
075C 89 

CF 
Index Reg 

 ( 03 
Stack Pant 

I 

I 

Prog Count 
075D 
CCR 

 1 

Figure 34 Example of Index (8-bit Offset) Addressing 

f 
Memory 

PROG LDA TABLx 0692 D6 

0693 07 

IEA 
0780 
} 

Adder 

0694 7E 

TABL FCB %BF 077E BF 
FCB X86 O77F 86 
FCR sD8 0780 DB 

A 

( 

D8 
Intlea Reg 

FCB ~CF 0781 CF 

02 
Stack Point 

t I 
Prog Count 

0695 
CCR 

Figure 35 Example of Index (16•bit Offset) Addressing 

PORT B EOU 1 0001 

PROG BCIR 8. PORT B OSBF 
0590 

0000 

I

A 

I 
Inge. Reg 

Stack Pamt 

I
Prog Count 

0597
CCR 

I 

Figure 36 Example of Bit Set/Clear Addressing 
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EA 

PORT C EOU 2.0002 

PROG BRCLR 2.PORT G PROG 2 0574 
0575 
0576 

Memory 0002 

FO 

05 
02 

I 
Adger 

Bit 

to 
0000 

I 
OR I 

0000 

A 

Index Reg 

Stack Pgmt 

Prog ~ount 

0594 
CCR 

Adtler 

Figure 37 Example of Bit Test and Branch Addressing 

PROG TAX OSBA 

Memory 

97 

A 
ES ' 

Inds. Reg 

E5 1 
Stack Point 

I
Prgg Count 

0588
CCR 

Figure 38 Example of Implied Addressing 

■INSTRUCTION SET 
There are 62 basic instructions available to the HD6305X2 

and the HD6305Y2. They can be classified into five categories: 
register/memory, read/modify/write, branch, bit manipulation, 
and control. The details of each instruction are described in 
Tables 5 through 11. 

• Register/Memory Instructions 
Most of these instructions use two operands. One operand 

is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD6305X2 and the HD6305Y2. There is no register operand in 
the unconditional jump instruction (JMP) and the subroutine 
jump instruction (JSR). See Table 5. 

• Read/Modify/Write Instructions 
These instructions read a memory or register, then modify 

or test its contents, and write the modified value into the 
memory or register. Zero test instruction (TST) does not 
write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 

• Branch Instructions 
A branch instruction branches from the program sequence 

in progress if a particular condition is established. See Table 7. 

• Bit Manipulation Instructions 
These instructions can be used with any bit located up to 

the lower 255th address of memory. Two groups are available; 
one for setting or clearing and the other for bit testing and 
branching. See Table 8. 

•Control Instructions 
The control instructions control the operation of the MPU 

which is executing a program. See Table 9. 

• List of Instructions in Alphabetical Order 
Table ]0 lists all the instructions used on the HD6305X2 

and the HD6305Y2 MPU in the alphabetical order. 

•Operation Code Map 
Table 11 shows the operation code map for the instructions 

used on the MPU. 
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Table 5 Register/Memory Instructions 

Oparationt Mnerrtonie 

Addressing Modes 

Boolean/ 

Opar~on 

Condition 

~• Immediate Direct Extended 

Indexed 

INo OMaetl 

Indeed 

IB-flit Ofisetl 

Indexed 

11&fat Oflsa) 

OP tl - OP >< - OP tt - OP tt - OP g - OP tl - H I N 2 C 

LoedA from Memory LDA AB Z 2 BB 2 3 CB 3 4 FB 1 3 EB 2 4 OB 3 5 MBA • • n n• 

Lad X from Memory LDX AE 2 2 BE 2 3 CE 3 4 FE 1 3 EE Z 4 DE 3 5 MAX • • n n • 

Store A in Memory STA - - - B7 2 3 C7 3 4 F7 1 4 E7 2 4 D7 3 5 ABM • • n n • 

Store X in Memory STX - - - BF 2 3 CF 3 4 FF 1 4 EF 2 4 DF 3 5 X~M • • n n • 

Add Memory to A ADD AB 2 2 BB 2 3 CB 3 4 FB 1 3 EB 2 4 DB 3 5 A+M-•A n • n n n 

Add Memory and Cerry 

to A ADC A9 2 2 89 2 3 C9 3 4 F9 1 3 E9 2 4 D9 3 5 A+M+C--A n • n r. n 

Subtract Memory SUB AO 2 2 BO 2 3 CO 3 4 FO 1 3 EO 2 4 DO 3 5 A-M--A • • n n r, 

Subtract Memory Irom 

A with Borrow SBC A2 2 2 82 2 3 C2 3 4 F2 1 3 E2 2 4 D2 3 5 A-M-CAA •• n n n 

AND Memory to A AND A4 2 2 84 2 3 C4 3 4 F4 1 3 E4 2 4 D4 3 5 A• MBA • • n n • 

OR Memory with A ORA M 2 2 BA 2 3 CA 3 4 FA 1 3 EA 2 4 DA 3 5 A+M-»A • • n n • 

Exclusive OR Memory 

with A FOR A8 2 2 BB 2 3 CB 3 4 FB 1 3 E8 2 4 OB 3 5 AQM-A • • n n • 

Arithmetic Compare A 

with Memory CMP A7 2 Z Bl 2 3 C7 3 4 F1 1 3 E1 2 4 D1 3 6 A-M • • n n .n 

Arithmetic Compare X 

with Memory CPX A3 2 2 83 2 3 C3 3 4 F3 1 3 E3 2 4 D3 3 5 X-M • • n ~. n 

Bit Test Memory with 

A (Logical Compare) BIT A5 2 2 fly 2 3 C5 3 4 FS 1 3 E5 2 4 D6 3 5 A• M •• n n • 

Jump Unconditional JMP - - - BC 2 2 CC 3 3 FC 1 2 EC 2 3 DC 3 4 • • • • • 

Jump to Subroutine JSR - - - BD 2 5 CD 3 8 FO i 5 ED 2 5 DD 3 8 • • • • • 

Symbols: Op =Operation 
# =Number of bytes 
- =Number of tyclet 

Table 6 Read/Modify/Write Instructions 

Oparetbns Mn•monb 

Addressing Modes 

Boolean/Arithmetic Cgeratbn 
Condnwn 

~e 
ImpliedlA) ImpliedlXl Dtract 

Indexed 

INo ORsetl 

Indexed 

18-&t OBswl 

OP # - OP A - OP 7t - OP # - OP # - H I N Z C 

Increment INC 4C 1 2 5C 1 Z 3C 2 5 7C 1 5 BC 2 8 A+1-A or X+1-.X or M+1-.M • • n n • 

Decrement DEC 4A 1 2 5A 1 2 3A 2 5 7A 1 5 BA 2 8 A-i~A or X-1-X or M-1~M • • n n • 

Clear CLR 4F 1 2 6F 1 2 3F 2 5 7F 1 5 8F 2 6 00-A or 00-~X or 00-~M • • 0 1 • 

Complement COM 43 1 2 53 1 2 33 2 5 73 1 5 83 2 6 A-A or R-.X or M-~M •• n n 1 

Negate 

12's Complement) NEG 40 1 2 60 1 2 30 2 5 70 1 5 80 2 8 

00-AAA or 00-X-~X 

or 00-M-~M • • n n n 

Rotate Lelt Thru Carry ROL 49 1 Z 59 1 2 39 2 5 79 i 5 89 2 6 c s A ar X ar Y a 
•• n n n 

Route Right Thru Cerry ROR 48 1 2 58 1 2 38 2 5 78 1 5 88 2 8 • • n n n 
0 

~ 1A s >1 s ~' I~ 

Logical Shilt Left LSL 48 1 2 58 1 2 38 2 6 78 1 5 88 Z e. 
c a a 

• n n n ■~.,■■ o• 

Logical Shih Rant LSR 44 1 2 54 1 2 34 2 5 74 1 5 84 2 8 
D. tr C 

• • O n n d ■.~~.. . 

Arithmetic Shih Right ASR 47 1 2 57 1 2 37 2 5 77 1 5 87 2 8 • • n n n ~:.~~.. . 

Arithmetic Shat Leh ASL 48 1 2 58 1 2 38 2 5 78 1 5 88 2 8 Egwl to LSL • • n n n 

Teat for Negative 

or Zero TST 4D 1 2 SD 1 2 3D 2 4 7D 1 4 BD 2 5 A-00 or X-00 a M-00 • • n n• 

Symbols ~. Op =Operation 
# =Number of bytes 
- -Number of cycles 
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Table 7 Branch Instructions 

Operations Mnemonic 

Addressing Modes 
Branch Test 

Condition Code 
Relative 

OP # — H I N Z C 

Branch Always BRA 20 2 3 None • • • • • 

Branch Never BRN 21 2 3 None • • • • • 

Branch IF Higher BHI 22 2 3 C+Z=O • • • • • 

Branch IF Lower or Same BLS 23 2 3 C+Z=1 • • • • • 
Branch IF Carry Clear BCC 24 2 3 C=0 • • • • • 

(Branch IF Higher or Same) (BHS) 24 2 3 C=0 • • • • • 

Branch IF Carry Set BCS 25 2 3 C=1 • • • • • 

(Branch IF Lower) (BLO) 25 2 3 C=1 • • • • • 

Branch IF Not Equal BNE 26 2 3 Z=0 • • • • • 

Branch IF Equal BEC! 27 2 3 Z=1 • • • • • 

Branch IF Half Carry Clear BHCC 28 2 3 H=0 • • • • • 

Branch IF Half Carry Set BHCS 29 2 3 H=1 • • • • • 

Branch IF Plus BPL 2A 2 3 N=0 • • • • • 

Branch IF Minus BMI 2B 2 3 N=1 • • • • • 

Branch IF Interrupt Mask 
Bit is Clear BMC 2C 2 3 1=0 • • • • • 

Branch IF Interrupt Mask 

Bit is Set BMS 2D 2 3 1=1 • • • • • 

Branch IF Interrupt Line 

is Low BIL 2E 2 3 INT=O • • • • • 

Branch IF Interrupt Line 

is High BIH 2F 2 3 INT=1 • • • • • 

Branch to Subroutine BSR AD 2 5 • • • • • 

Symbols: Op ~ Operation 
# =Number of bytes 
^• = Number of cycles 

Table B Bit Manipulation instructions 

Operations Mnemonic 

Addressing Modes Boolean/ 
Arithmetic 
Operation 

Branch 
Test 

Condition Code 
Bit Set/Clear Bit Test and Branch 

OP # — OP # — H 1 N Z C 

Branch IF Bit n is set BRSET n(n=0•••7) — — — 2•n 3 5 Mn=1 • • • • n 

Branch IF Bit n is clear BRCLR n(n=0•••7) 01+2•n 3 5 Mn=O • • • • n 

Set Bit n BSET n(n=0•••7) 10+2•n 2 5 1~Mn — • • • • • 
Clear Bit n BCLR n(n=0•••7) 11+2•n 2 5 0-~Mn • • • • • 

Symbols: Op =Operation 
# =Number of bytes 

=Number of cycles 
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Table 9 Control Instructions 

Operations Mnemonic 

Addressing Modes 

Boolean Operation 
Condition Code 

Implied 

OP ~ - H I N Z C 
Transfer A to X TAX 97 1 2 A~X • • • • • 

Transfer X to A TXA 9F 1 2 X~A • • • • • 

Set Carry Bit SEC 99 1 1 1 ~C • • • • 1 

Clear Carry Bit CLC 98 1 1 0-•C • • • • 0 

Set Interrupt Mask Bit SEI 9B 1 2 1 ~I • 1 • • • 

Clear Interrupt Mask Bit CLI 9A 1 2 0-~I • 0 • • • 

Software Interrupt SWI 83 1 10 • 1 • • • 

Return from Subroutine RTS 81 1 5 • • • • • 

Return from Interrupt RTI 80 1 8 ? ? ? ? ? 

Reset Stack Pointer RSP 9C 1 2 $FF-.SP • • • • • 

No-Operation NOP 9D 1 1 Advance Prog. Cntr. Only • • • • • 

Decimal Adjust A DAA SD 1 2 ac 'r~mei ary eee of BCD cnerctera into • • n n n• 

Stop STOP 8E 1 4 • • • • • 

Wait WAIT 8F 1 4 • • • • • 

336 

Symbols: Op -Operation 
# ~ Number of bytes 

Number of cycles 

• Ara BCD characters of upper byte 10 or morel (They are not cleared if sat in advance.) 

Table 10 Instruction Set (in Alphabetical Order) 

Addressing Modes Cond tan Code 

Mnemonic 

Implied Immediate Direct Extended Relative 

Indexed 

INo Offset) 

Indexed 

18-Bit) 

Indexed 

(16-Bit) 

Bit 

Set/ 

Clear 

Bit 

Test & 

Branch H I N Z C 

ADC x x x x x x n • n n n 

ADD x x x x x x n • n n n 

AND x x x x x x • • n n • 

ASL x x x x • • n n n 

ASR x x x x • • n h n 

8CC x • • • • • 

BCLR x • • • • • 

BCS x • • • • • 

BED x • • • • • 

BHCC x • • • • • 

BHCS x • • • • • 

BHI X • • • • • 

leHSl x • • • • • 

BIH x • • • • • 

BIL x • • • • • 

BIT x x x x x x • • n n • 

(BLO) X • • • • • 

BLS x • • • • • 

BMC x • • • • • 

BMI x • • • • • 

BMS x • • • • • 

BNE x • • • • • 

BPL x • • • • • 

Condition Code Symbols: 
H Half Carry (From Bit 3) C Carry/Borrow 
I Interrupt Mask n Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) • Not Affected 
Z Zaro ? Load CC Register From Stack 
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Table 10 Instruction Set (in Alphabetical Order) 

Addressing Modes Condition Code 

M nemonie 

Implied Immediate Direct Extended Relative 
Indexed 

(No Offset) 
Indexed 

(8-Bit) 
Indexed 

(16-Bit) 

Bit 
Set/ 

Clear 

Bit 
Test & 

Branch H I N Z C 
BRN x • • • • • 
BRCLR x • • • • n 
BRSET x • • • • n 

BSET x • • • • • 
BSR x • • • • • 
CLC x • • • • 0 
CLI x • 0 • • • 
CLR x x x x • • 0 t • 
CMP x x x x x x • • n n n 
COM x x x x • • n n 1 
CPX x x x x x x • • n n n 
DAA x • • n n n 
DEC x x x x • • n n • 
FOR x x x x x x • • n n • 
INC x x x x • • n n • 
JMP x x x x x • • • • • 
JSR x x X x x • • • • • 
LDA x x x x x x • • n n • 
LDX x x x x x x • • n n • 
LSL x x x x • • n n n 
LSR x x X x • • O n n 
NEG x x x x • • n n n 
NOP x • • • • • 
ORA x x x x x x • • n n • 
ROL x x x x • • n n n 
ROR x x x x • • n n n 
RSP x • • • • • 
RTI x a ~ ~ ~ ~ 
RTS x • • • • • 
SBC x x x x x x • • n n n 
SEC x • • • • t 
SEI x • t • • • 
STA x x x x x • • n n • 
STOP x • • • • • 
STX x x x x x • • n n • 
SUB x x x x x x • • n n n 
SWI x • 1 • • • 
TAX x • • • • • 

TST x x x x • • n n • 
TXA x • • • • • 
WAIT x • • • • • 

Condition Code Symbols: 
H Half Carry (From Bit 3) C Carry/Borrow 
I Interrupt Mask n Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) • Not Affected 
Z Zaro ? Load CC Register From Stack 
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Table 11 Operation Code Map 

0 
1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 
D 
E 
F 

Bit Manipulation Branch Read/Modify/Write Control Register/Memory 

Test & 

Branch 

Set/ 

Clear Rel DIR A X ,X1 ,XO IMP IMP IMM DIR EXT ,X2 ,X1 ,XO 

0 1 2 3 4 5 B 7 8 9 A B C D E F 

BRSETO BSETO BRA NEG RTI• — SUB 

BRCLRO BCLRO BRN — RTS' — CMP 

BRSETI BSET1 BHI SBC 

BRCLRI BCLR1 BLS COM SWI' — CPX 
BRSET2 BSET2 BCC LSR ANO 

BRCLR2 BCLR2 BCS BIT 

BRSET3 BSET3 BNE ROR LOA 

BRCLR3 BCLR3 BEO ASR — TAX' — I STA ISTp+1) 

BRSET4 BSET4 BHCC LSL/ASL — CLC FOR 

BRCLR4 BCLR4 BHCS ROL — SEC ADC 

BRSETS BSET5 BPL DEC — CLI' ORA 

BRCLR5 BCLR5 BMI SEI' ADD 

BRSET6 BSET6 BMC INC — RSP• -- JMP(-1) 

BRCLR6 BCLR6 BMS TSTI-1l TST TST(-1) DAA' NOP BSR• JSR(+2) JSR(+1) JSfq+21 
BRSETI BSET7 BIL — STOP' — LDX 
BRCLRI BCLR7 BIH CLR WAIT' TXA' — STX STXI+p 

3/5 2/5 2/3 2/5 I 1 /2 1 /2 12/6 1 /5 1 /' 1; 1 2/2 2/3 13/4 13/5 2/4 1 /3 

0 

1 

2 

3 
4 

5 

6 

7 

8 

9 

A 

B 

C 
D 
E 
F 

HIGH 

L 
O 
W 

(NOTES) 1. ' —' is an undefined operation code. 
2. The lowermost numbers in each column represent a byte count and the number of cycles required (byte countJnumber of eyclesl. 

The number of cycles for the mnemonics asterisked (•) is as follows: 
RTI 8 TAX 2 
RTS 5 RSP 2 
SWI 10 TXA 2 
DAA 2 BSR 5 
STOP q CLI 2 

WAIT 4 SEI 2 

3. The parenthesized numbers must be added to the cycle count of the Darticular instruction. 

• Additional lnstruetions 
The following new instructions are used on the HD6305X2 

and the HD6305Y2: 
DAA Converts the contents of the accumulator into BCD 

code. 

WAIT Causes the MPU to enter the wait mode. For this mode, 
see the topic, Wait Mode. 

STOP Causes the MPU to enter the stop mode. For this mode, 
see the topic, Stop Mode. 

■ OPERATION AT EACH INSTRUCTION CYCLE 
The HD6305X2 and the HD6305Y2 employs a mechanism 

of the pipeline control for the instruction fetch and the sub-
sequent instruction fetch is performed during the current in-
struction being executed. 

Table 12 provides the information about the relationship 
among each data on the Address Bus, Data Bus and R/1~V status 
in cycle-by-cycle basis during the execution of each instruction. 

Table 12 Cycle-by-Cycle Operation 

Address Mode &Instructions Cycles Cycle # Address Bus R/W Data Bus 

IMMEDIATE 
ADC, ADD, AND, 2 1 Op Code Address+l 1 Operand Data 
BIT, CMP, CPX, EOR, 2 Op Code Address +2 1 Next Op Code 
LDA, LDX, ORA, 
SBC, SUB 

DIRECT 

ADC, AOD, AND, 3 1 Op Code Address+l 1 Address of Operand 
BIT, CMP, CPX, 2 Address of Operand 1 Operand Data 
EOR, LDA, LDX, 3 Op Code Address+2 1 Next Op Code 
ORA, SBC, SUB 

(to be continued) 
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Address Mode &Instructions Cycles Cycle # Address Bus R /~ Data Bus 

STA, STX 3 1 

2 

3 

Op Code Address +1 

Address of Operand 

Op Code Address +1 

1 

0

1 

Address of Operand 
( Data from Acc. 

Data from Ix. 
Next Op Code 

JMP 2 1 
2 

Op Code Address +1 
Jump Address 

1 
1 

Jump Address 
Next Op Code 

JSR 5 1 
2 
3 
4 
5 

Op Code Address+l 
IEEE 
Stack Pointer 
Stack Pointer -1 
Jump Address 

1 
1 
0 
0 
1 

Jump Address (LSB) 
Irrelevant Data 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 

ASR, CLR, COM, 
DEC, INC, LSL, 
LSR, NEG, ROL, 
ROR 

5 1 
2 
3 
4 
5 

Op Code Address+l 
Address of Operand 
IEEE 
Address of Operand 
Op Code Address+2 

1 
1 
1 
0 
1 

Address of Operand 
Operand Data 
Irrelevant Data 
New Operand Data 
Next Op Code 

TST 4 1 
2 
3 
4 

Op Code Address+l 
Address of Operand 
IEEE 
Op Code Address +2 

1 
1 
1 
1 

Address of Operand 
Operand Data 
Irrelevant Data 
Next Op Code 

EXTENDED 

ADC, ADD, AND, 
BIT, CMP, CPX, 
EOR, LDA, LDX, 
ORA, SBC, SUB 

4 1 
2 
3 
4 

Op Code Address+t 
Op Code Address+2 
Address of Operand 
Op Code Address+3 

1 
1 
1 
1 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 

STA, STX 4 1 
2 

3 

4 

Op Code Address +~ 

Op Code Address+2 

Address of Operand 

Op Code Address +3 

1 
1 

0 

1 

Address of Operand (MSB) 
Address of Operand (LSB) 

Data from Acc, 
1 Data from 1 x, 
Next Op Code 

JMP 3 1 
2 
3 

Op Code Address +~ 
Op Code Address+2 
Jump Address 

1 
1 
1 

Jump Address, (MSB) 
Jump Address (LSB) 
Next Op Code 

JSR 6 1 
2 
3 
4 

5 
6 

Op Cade Address +1 
Op Code Address +2 
1 FFF 
Stack Pointer 

Stack Pointer -1 
Jump Address 

1 
1 
1 
0 

0 
1 

Jump Address (MSB) 
Jump Address (LSB) 
Irrelevant Data 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 

INDEXED (No offset) 

ADC, ADD, AND, 
BIT, CMP, CPX, 
EOR, LDA, LDX, 
ORA, SBC, SUB 

3 1 
2 
3 

Op Code Address+~ 

Ix 
Op Code Address +7 

1 
1 
1 

Next Op Code 
Operand Data 
Next Op Code 

STA, STX 4 1 
2 

3 

4 

Op Code Address +7 
IEEE 

Ix 

Op Code Address +t 

1 
t 

0 

1 

Next Op Code 
Irrelevant Data 
/ Data from Acc. 
1 Data from Ix. 
Next Op Code 

JMP 2 1 
2 

Op Code Address +1 
I x 

1 
1 

Next Op Code 
First.Op Code of Jump Routine 

(to be continued) 
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Address Mode &Instructions Cycles Cycle # Address Bus R/oP Data Bus 

JSR 5 t 
2 
3 
4 
5 

Op Code Address +1 
1 FFF 
Stack Pointer 
Stack Pointer -1 
Ix 

1 
1 
0 
0 
1 

Next Op Code 
Irrelevant Data 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 

ASR, CLR, COM, 
DEC, INC, LSL, 
LSR, NEG, ROL, 
ROR 

5 1 
2 
3 
4 
5 

Op Code Address +1 
Ix 
1FFF 
Ix 
Op Code Address+f 

1 
1 
1 
0 
1 

Next Op Code 
Operand Data 
Irrelevant Data 
New Operand Data 
Next Op Code 

TST 4 7 
2 
3 
4 

Op Code Address+t 
Ix 
1 FFF 
Op Code Address +1 

1 
1 
1 
1 

Next Op Code 
Operand Data 
Irrelevant Data 
Next Op Code 

INDEXED IB-bit offset) 

ADC, ADD, AND, 
BIT, CMP, CPX, 
EOR, LDA, LDX, 
DRA, SBC, SUB 

4 1 
2 
3 
4 

Op Code Address+l 
7FFF 
Ix +Offset 
Op Code Address +2 

1 
1 
1 
1 

Offset 
Irrelevant Data 
Operand Data 
Next Op Code 

STA, STX 4 1 
2 

3 

4 

Op Code Address +1 
1FFF 

I x +Offset 

Op Code Address +2 

1 
1 

0 

1 

Offset 
Irrelevant Data 

Data from Acc. 
Data from Ix. 

Next Op Code 

JMP 3 i 
2 
3 

Op Code Address+l 
1 FFF 
I x +Offset 

1 
1 
1 

Offset 
Irrelevant Data 
First Op Code of Jump Routine 

JSR 5 1 
2 
3 
4 
5 

Op Code Address +1 
1FFF 
Stack Pointer 
Stack Pointer -1 
Ix +Offset 

1 
1 
0 
0 
1 

Offset 
Irrelevant Data 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 

ASR, CLR, COM, 
DEC, INC, LSL, 
LSR, NEG, ROL, 
ROR 

6 1 
2 
3 
4 
5 
6 

Op Code Address+l 
1FFF 
Ix +Offset 
1FFF 
I x +Offset 
Op Code Address+t 

1 
1 
1 
1 
0 
1 

Offset 
Irrelevant Data 
Operand Data 
Irrelevant Data 
New Operand Data 
Next Op Code 

TST 5 1 
2 
3 
4 
5 

Op Code Address +1 
1 F F F 
Ix +Offset 
1FFF 
Op Code Address +2 

7 
1 
1 
1 
t 

Offset 
Irrelevant Data 
Operand Data 
Irrelevant Data 
Next Op Code 

INDEXED (16-bit offset) 

ADC, ADD, AND, 5 1 Op Code Address+l 1 Offset (MSB) 
BIT, CMP, CPX, 2 Op Code Address+2 1 Offset (LSB) 
EOR, LDA, LDX, 3 1FFF 1 Irrelevant Data 
ORA, SBC, SUB 4 Ix +Offset 1 Operand Data 

5 Op Code Address +1 1 Next Op Code 

Ito be continued) 
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Address Mode &Instructions Cycles Cycle # Address Bus R/W Data Bus 

STA, STX 5 1 
2 
3 

4 

5 

Op Code Address +1 
Op Code Address+2 
IEEE 

Ix +Offset 

Op Code Address +3 

1 
1 
1 

0 

1 

Offset (MSB) 
Offset (LSe) 
Irrelevant Data 

/ Data from Acc. 
1 Data from Ix. 
Next Op Code 

JMP 4 1 
2 
3 
4 

Op Code Address+l 
Op Code Address+2 
IEEE 
Ix +Offset 

1 
1 
1 
1 

Offset (MSB) 
Offset (LSB) 
Irrelevant Data 
First Op Code of Jump Routine 

JSR 6 1 
2 
3 
4 
5 
6 

Op Code Address+l 
Op Code Address +2 
IEEE 
Stack Pointer 
Stack Pointer -1 
I x +Offset 

t 
1 
1 
0 
0 
1 

Offset (MSB) 
Offset (LSB) 
Irrelevant Data 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 

IMPLIED 

ASR, CLR, COM, 
DEC, INC, LSL, 
LSR, NEG, ROL, 
ROR, TST 

2 1 
2 

Op Code Address+l 
Op Code Address +1 

1 
1 

Next Op Code 
Next Op Code 

CLC, NOP, SEC 1 1 Op Code Address +1 1 Next Op Code 
RSP, TAX, TXA 2 1 

2 
Op Code Address +1 
Op Code Address +t 

1 
1 

Next Op Code 
Next Op Code 

CLI, SEI 2 1 
2 

Op Code Address+l 
IEEE 

1 
1 

Next Op Code 
Irrelevant Data 

DAA 2 1 
2 

Op Code Address +1 
Op Code Address +1 

1 
1 

Next Op Code 
Next Op Code 

STOP, WAIT 4 1 
2 
3 
4 

Op Code Address +1 
1 FFF 
IEEE 
Op Code Address +t 

1 
1 
1 
1 

Next Op Code 
Irrelevant Data 
Irrelevant Data 
Next Op Code 

RTI 8 1 
2 
3 
4 
5 
6 
7 
B 

Op Code Address+t 
IEEE 
Stack Pointer 
Stack Pointer +1 
Stack Pointer +2 
Stack Pointer +3 
Stack Pointer +4 
Return Address 

1 
1 
1 
1 
1 
1 
t 
1 

Next Op Code 
Irrelevant Data 
CC 
Acc. 
Ix. 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 

kTS 5 1 
2 
3 
4 
5 

Op Code Address +1 
IEEE 
Stack Pointer 
Stack Pointer+t 
Return Address 

1 
1 
1 
1 
t 

Next Op Code 
Irrelevant Data 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 

SWI 10 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Op Code Address +t 
IEEE 
Stack Pointer 
Stack Pointer-1 
Stack Pointer-2 
Stack Pointer -3 
Stack Pointer-4 
Vector Address 1 FFC 
Vector Address 1 FFD 
Address of SWI Routine 

1 
1 
0 
0 
0 
0 
0 
1 
1 
1 

Next Op Code 
Irrelevant Data 
Return Address (LSB) 
Return Address (MSB) 
Ix. 
Acc. 
CC 
Address of SWI Routine (MSB) 
Address of SWI Routine (LS8) 
First Op Code of SWI Routine 
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Address Mode &Instructions 

RELATIVE 

Cycles Cycle # Address Bus R/W Data Bus 

BCC, BCS, BEO, 3 1 Op Code Address +~ 1 Next Op Code 
BHCC, BHCS, BHI, 2 IEEE 1 Irrelevant Data 
BIH, BIL, BLS, 
BMC, BMI, BMS, 

3 / Branch Address  Test = "1" 
1 Op Code Address +1 .... Test = "0" 

t / First Op Code of Branch Routine 
` Next Op Code 

BNE, BPL, BRA, 
BRN 

BSR 5 1 Op Code Address +1 1 Offset 
2 1 FFF 1 Irrelevant Data 
3 Stack Pointer 0 Return Address (LSB) 
4 Stack Pointer-1 0 Return Address (MSB) 
5 Branch Address 1 First Op Code of Subroutine 

BIT TEST AND BRANCH 

BRCLR, BRSET 5 1 Op Code Address +1 1 Address of Operand 
2 Address of Operand 1 Operand Data 
3 Op Code Address +2 1 Offset 
4 1 FFF 1 Irrelevant Data 

5 / Branch Address  Test ="1" 
1 Op Code Address +3  Test = "0" 

f / First Op Code of Branch Address 
1 Next Op Code 

BIT SET/CLEAR 

BCLR, BSET 5 1 Op Code Address+l 1 Address of Operand 
2 Address of Operand 1 Operand Data 
3 IEEE 1 Irrelevant Data 
4 Address of Operand 0 New Operand Data 
5 Op Code Address +1 1 Next Op Code 

■ PRECAUTIONS 
• Precaution; Board Design of Oscillation Circuit 

Impossible ~ C 
V1 

C 

N 

Figure 39 Example of Circuit Causing Trouble in Oscillation 

Wire the signal lines to the neighboring XTAL and EXTAL 

pins as far apart as possible. And locate crystal and capacity as 

close to XTAL and EXTAL as possible. 
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• Precaution; Program of Write Only Register 
Read/Modify/Write instructions are applied to Write Only 

Register (e.g. DDR; Data Direction Register of I/O port) of the 
HD6305X2 and the HD6305Y2 and its contents cannot be 
changed. 

(1) Data cannot be read from Write Only Register. 
(e.g. DDR of I/O port) 
Read/Modify/Writeinsiructions are executed in the follow-
ingsequence. 
(i) Reads the contents from appointed address. 
(ii) Changes the data which has been read. 
(iii) Turn the data back to the original address. 

Evidently, Read/Modify/Write instructions cannot be applied 
to Write Only Register such as DDR. 

(2) For the same reason, do not set DDR of I/O port using 
BSET and BCLR instructions of the HD6305X2 and the 

HD6305Y2. 
(3) In the correct writing method into Write Only Register, 

stored instruction as STA and STX, etc. are used. 

• Precaution; Sending/Receiving Program of Serial Data 
Reading from or Writing into the SCI data register (SDR: 

$0012) during sending/receiving of serial data may make send-
ing/receiving operation of SCI out of order. 

• Precaution; WAIT/STOP Instructions Program 
When I bit of condition code register is "1" and interrupt 

(INT, TIMER INT2 , SC[/TIMER2 ) is held, MCU does not enter 
WAIT mode by the execution of WAIT instruction. 

In that case, after the 4 dummy cycles MCU executes the 
next instruction. _ 

In the same way, when external interrupts (INT, INT2 ) are 
held at the bit I set, MCU does not enter STOP mode by the 
execution of STOP instruction. In that case, also, MCU executes 
the next instruction after the 4 dummy cycles. 
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HD63B09E,HD63C09E 
C M OS M P U (Micro Processing Unit) 

The HD6309E is the highest 8•bit microprocessor of 
HMCS6800 family, which is just compatible with the con-
ventional HD6809E. 

The HD6309E has hardware and software features which 
make it an ideal processor for higher level language execution or 
standard controller applications. External clock inputs are 
provided to allow synchronization with peripherals, systems or 
other MPUs. 

The HD6309E is complete CMOS device and the power 
dissipation is extremely low. Moreover, the SYNC and CWAI 
instruction makes low power application possible. 

■ FEATURES 
• Hardware — Interface with All HMCS6800 Peripherals 
• Software — Object Code Compatible with the HD6809E 
• Low Power Consumption Mode (Sleep model 

SYNC state of SYNC Instruction 
WAIT state of CWAI Instruction 

• External Clock Inputs, E and O, Allow Synchronization 
• Wide Operation Range 

f = 0.5 to 3M Hz (VCC=5V±10%) 

Type No. Bus Timing 

HD63609E 2.OMHz 

HD63C09E 3.OMHz 

■ PIN ARRANGEMENT 
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HD6309E 

■ ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 
Supply Voltage V~~" _0,3 ̂ ' +7.0 V 
Input Voltage V;p" -0.3 ̂ ~+7.0 V 
Maximum Output Current ~lo~"" 5 mA 
Maximum Total Output Current ~EID ~""" 100 mA 
Operating Temperature Tppr -20 ̂ ' +75 °C 
Storage Temperature Tng -55 ̂ ' +150 °C 

• With respect to Vgg (SYSTEM GND) 
•• Maximum output current is the maximum currents which can flow out from one output terminal and 1/O common terminal. 

(Ao ^' Ars , R/Ga, Do ^• Dt , BA, BS, LIC, AVMA, BUSY) 
'•` Maximum total output current is the total sum of output currents which can flow out simultaneously from output terminals and I/O common 

terminals. (Ao ^' Ass, R/W, Da ^' D,, BA, BS, LIC, AVMA, BUSY) 
(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. 

If these conditions are exceeded, it could affect reliability of LSI. 

■ RECOMMENDED OPERATING CONDITIONS 

Item Symbol min typ max Unit 

Supply Voltage VCC ` 4.5 5.0 5.5 V 

Input Voltage 

Logic, RES VIL ' -0.3 - 0.8 V 

E, O VILC " -0.3 - 0.4 V 

Logic 
VIH ` 

2.0 - VCC V 

E, O 3.0 - V~~ V 

RES VCC-0.5 - Vt;~ V 

Operating Temperature Tppr -20 25 75 °C 

• With respect to Vgg (SYSTEM GND) 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS IVDD=5.OV±10%, Vgg=OV, Ta=- 20 ̂ ' +75°C, unless otherwise noted.) 

Item Symbol Test Condition 
HD63B09E HD63C09E 

Unit 
min typ• max min typ• max 

Input "High" Voltage 
Logic VIH 2.0 - VCC 2.0 - VCC V 
E, O VIH 3.0 - VCC 3.0 - VCC V 

RES VIHR VCC- p•5 - VCC VCC-0.5 - VCC V 

Input"Low"Voltage 
Logic, RES VIL -0.3 - 0.8 -0.3 - 0.8 V 

E,O VILC -b.3 - 0.4 -0.3 - 0.4 V 

Input Leakage Current 
Logic, O, RES 

lin 
Vip=0 - VCC 
VCC=max 

-2.5 - 2.5 -2.5 - 2.5 µA 

E -10 - 10 -10 - 10 µA 

Output "High" Voltage 

po ' pt

VOH 

I LOAD'~OOPA 4.1 - - 4.1 - -
V 

( LOADS-10µA VCC-0.1 - - VCC-0.1 _ _ 

Ao " Ass, R/W (LOAD'-400µA 4.1' - - 4.1 « 
V 

I 10 A LOADS- µ V 0.1 CC- - - V 0.1 CC- - - 
BA, BS, LIC, 
AVMA,BUSV 

( LOAD-- 400µA 4.1 - - 4.1 - -
V 

( LOADS-10µA VCC-0.1 - - VCC-0.1 - - 

Output"Low"Voltage VOL ILOAD'2mA - - 0.5 - - 0.5 V 

Input Capacitance 

Do ̂ •D°, Logic 
Input O, RES Cin 

Vin=OV• 
Ta-25°C, 
f=1MHz 

- 10 15 - 10 15 PF 

E - 30 50 - 30 50 pF 

Output Capacitance 
Ao hs, R/W, 
BA, BS, LIC, 
AVMA, BUSY 

Cout 

Vip=OV, 
Ta-25° C, 
i=1MHz 

- 10 15 - 10 15 pF 

Frequency of Operation E, O f 0.5 - 2.0 0.5 - 3.0 MHz 

Three-State (Off Stele) 
Input Current 

Do " Dt
ITS( 

Vim 0.4-VCC, 

VCC=max 

-10 - 10 -10 - 10 µA 

Ao ̂ 'Ass R/W -10 - 10 -10 - 10 µA 

Current Dissipation ICC 
Operating - - 20 - - 30 

mA 
Sleeping - - 10 - - 15 
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• AC CHARACTERISTICS IV~D=5.OV±10°k, V~=O, Ta=-20 ̂ ' +75°C, unless otherwise noted.) 

t. CLOCK TIMING 

Item Symbol Test Condition 
HD63609E HD63 C09E 

Unit 
min typ max min typ max 

Cycle Time tcyc

Fig. 1,2 

500 - 2000 333 - 2000 ns 

E Clock "Low" tpyyEL 210 - 1000 140 - 1000 ns 

E Clock "High" (Measured at VIH) tPWEH 220 - 1000 140 - 1000 ns 

E Rise and Fall Time tEr~ tEf - - 20 - - 15 ns 

O Clock "High" tpyyOH 220 - 1000 140 - 1000 ns 

O Rise and Fell Time tOr, tpf - - 20 - - 15 ns 

E "Low" to D Rising E "Low"-~D"High" tEQ1 100 - - 65 - - ns 

D "High" to E Rising O "High"-iE "High" LEQ2 100 - - 65 - - ns 

E "High" to D Falling E "High"->O"Low" tE03 100 - - 65 - - ns 

O "Low" to E Falling O "Law"-~E "Low" tEOq 100 - - 65 - - ns 

2. BUS TIMING 

Item Symbol Test Condition 
HD63809E HD63C09E 

Unit 
min typ max min typ max 

Address Delay tqp 

Fig. 1, 2 

- - 110 - - 110 ns 

Address Hold Time 

(Address, R%W, BA, fiSl 

Ta = 0 ~ 75°C 
tAH 

20 - - 20 - -
ns 

Ta=-200°C 10 - - 10 - -

Peripheral Read Access T'mes 

(tcyc tEf- tAD- tOSR=tACC) tACC 330 - - 185 - - ns 

Data Setup Time (Read) tDSR 40 - - 20 - - ns 

Input Data Hold Time tDHR 20 - - 20 - - ns 

Data Delay Time (Write) tppyy - - 110 - - 70 ns 

Output Data Hold Time 
Ta = 0-75°C 

tDHW 
30 - - 30 - -

ns 
Ta = -20-0°C 20 - - 20 - - 

3. PROCESSOR CONTROL TIMING 

Item Symbol Test Condition 
HD63809E HD63C09E 

Unit 
min typ max min typ max 

Control Delay (BUSY, LIC, AVMA) tCp 

Fig. 1, 2, 

7 10, 
14 and 77 

- - 200 - - 130 ns 

Interrupts Set Up Time tpCS 110 - - 70 - - ns 

HALT Set Up Time IpCg 110 - - 70 - - ns 

RES Set Up Time tpCS 110 - - 70 - - ns 

TSC Setup. Time tpCg 110 - - 70 - - ns 

TSC Drive to Valid Logic Levels tTSA - - 120 - - 120 ns 

TSC Release MOS Buffers to High Impedance tTSR - - 110 - - 110 ns 

TSC Three•State Delay tTSD - - 80 - - 80 ns 

Processor Control Rise/Fall tPCr, tPCf - - 100 - - 100 ns 

TSC Input Delay tpCT 30 - - 30 - - ns 
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[cyc

VIH 

E VILC

tPWEL 

~- tEO1  

VILC 

R/W 
VCC-2.OV 

Addr, VCC-2.OV 
8A, BS 0.8V 

Data 

BUSY, 
LIC, 
AVMA 

VILC 

tEO2 —~ 

'r" VIH 

~tEO3~

VIH VIH 

tPWEH 
VIH 

  VILC

~- tEO4-~ 

VILC 

tAH 

•- tAD tACC 

tcD 

\\\\\\
Not Valid 

t DSR~ 

~~`
Data 
Valid 

~- tDHR 

 I~VIH 

o.Bv 

vrc-z.ov 

0.8 V 

(NOTE) Waveform measurements for all inputs and outputs are specified at logic "High"= VlHmin and logic "Low" = VlLmax unless otherwise specified. 

Figure 1 Read Data from Memory or Peripherals 

  tcyc  

E VILC 

R/W 

VIH 

1 VILC

0.8V 

VIH 

'-tEr 

tPWOH 

VIH 
VILC 1 VIH 

~tQr tQf --~ 

VIH 

tEf+ 

VILC 

\ VILC 

tAHy 

Addr. VCC-2.OV 
BA, BS O.BV 

Data 

BUSY, 
LIC, 
AVMA 

tAD'~ .~ tDDW—► 
VCC-2 .~0  

~\ \~\
Not Valid 

\~

O.BV 

tCD - 

Data Valid 

• - tDH W 

\\

vcC-2.oV 

0.8 V 

(NOTE) Waveform measurements for all inputs and outputs are specified at logic "High"= V IHmin and logic "Low" = V ILmax unless otherwise specified. 

Figure 2 Write Data to Memory or Peripherals 
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PC 

U 

S 

V 

0 
Do —D 

r ► 

X 

A 

DP CC 

5.0 V 

ALU 

~► 

4► 

~ ~cc 
1— Vss 

IR 

POST 

• 

f Y 

RES 
NMI 

Inte rupt FIRO 
Control ~  IRO 

i, ►LIC 
 ► AVMA 
 ► R/W 

  TSC 

Bu ~   NALT 
Cont of BA 

-1► ►BS 
► Busv 

Timing 

l 

Figure 3 HD6309E Expanded Block Diagram 

RL=1.8kS2 

C = 30 pF for BA, BS, LIC, AVMA, BUSY 
130 pF for Do —D, 
90 OF for Ao —A,s . R/V~t 

R = 1 C kS2 for Do ~ D, 
10 k$~ for Ao ^-A,,, R/1~ 
10 kSZ for BA, BS, LIC, AVMA, BUSY 

All diodes ere 1S2074 QH  or equivalent. 
C includes stray capacitance. 

Figure 4 Bus Timing Test Load 

■ PROGRAMMING MODEL 
As shown in Figure 5, the HD6309E adds three registers to 

the set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second 
Index Register. 

• Accumulators IA, B, D) 
The A and B registers are general purpose accumulators 

which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
Register, and is formed with the A Register as the most 
significant byte. 

• Direct Page Register IDPI 
The Direct Page Register of the Hp6309E serves to enhance 

the Direct Addressing Mode. The content of this register 
appears at the higher address outputs (A8 ^~ A ts) during direct 
addressing instruction execution. This allows the direct mode 
to be used at any place in memory, under program control. 
To ensure HD6800 compatibility, all bits of this register are 
cleared during Processor Reset. 
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15 0 
X —Index Register 

V —Index Register 

U —User Stack Pointer 

S -Hardware Stack Pointer 
PC 

A 8 

D 

7 

DP 

7 

0 

0 

E F H N Z V C 

Pointer Registers 

Program Counter 
Accumulators 

Direct Page Register 

CC -Condition Code Register 

Figure 5 Programming Model of The Microprocessing Unit 

• Index Registers IX, Y) 
The Index Registers are used in indexed mode of addressing. 

The 16•bit address in this register takes part in the calculation 
of effective addresses. This address may be used to point to 
data directly or may be modified by an optional constant or 
register offset. During some indexed modes, the contents of 
[he index register are incremented or decremented [o point to 
the next item of tabular type data. All four pointer registers 
(X, Y, U, S) may be used as index registers. 

• Stack Pointer IU, S) 
The Hardware Stack Pointer (S) is used automatically by 

the processor during subroutine calls and interrupts. The User 
Stack Pointer (U) is controlled exclusively by the programmer 
thus allowing arguments to be passed to and from subroutines 
with ease. The U-register is frequently used as a stack marker. 
Both Stack Pointers have the same indexed mode addressing 
capabilities as the X and Y registers, but also support Push and 
Pull instructions. Tltis allows the HD6309E to be used effi-
ciently as a stack processor, greatly enhancing its ability to 
support higher level languages and modular programming. 

(NOTE) The stack pointers of the HD6309E point to the top 
of the stack, in contrast to the HD6800 stack pointer, 
which pointed to the next free location on stack. 

• Program Counter IPCI 
The Program Counter is used by the processor to point to 

the address of the next instruction to be executed by the 
processor, Relative Addressing 

is 

provided allowing the Program 
Counter [o be used like an index register in some situations. 

• Condition Code Register (CC1 
The Condition Code Register defines the state of the 

processor at any given time. See Figure 6. 

E F H N Z V C 

L Carry 
  Overflow 
  Zero 

Negative 
IRO Mask 
Half Carry 
FIRO Mask 
Entire Flag 

Figure 6 Condition Code Register Format 

■ CONDITION CODE REGISTER DESCRIPTION 

• Bit 0 (CI 
Bit 0 is the carry flag, and is usually the carry from the 

binary ALU. C is also used to represent a `borrow' from 
subtract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 

• Bit 1 (V) 
Bit 1 is the overFlow Flag, and is set to a one by an operation 

which causes a signed two's complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
from the MSB in the ALU does not match the carry from the 
MSB-1. 

• Bit 2 IZI 
Bit 2 is the zero flag, and is set to a one if the result of the 

previous operation was identically zero. 

• Bit 3 INI 
Bit 3 is the negative flag, which contains exactly the value 

of the MSB of the result of the preceding operation. Thus, a 
negative two's•complement result will leave N set to a one. 
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• Bit 4 (1) 
Bit 4 is the IRQ mask bit. The processor will not recognize 

interrupts from the TRQ line if this bit is set to a one. NMI, 
FIRQ, IRQ, RES and SWI all set I to a one; SWI2 and SWI3 
do not affect 1. 

• Bit 51H) 
Bit 5 is the half-carry bit, and is used to indicate a carry 

from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of this 
flag is undefined in all subtract-like instructions. 

• Bit 6 (F1 
Bit 6 is the FIRQ mask bit. The processor will not recognize

interrupts from the FIRQ line if this bit is a one. NMI, FIRQ, 
SWI, and RES all set F to a one. IRQ, SWI2 and SW13 do not 
affect E. 

• Bit 7 IEI 
Bit 7 is the entire flag, and when set to a one indicates that 

the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter-
mine the extent of the unstacking. Therefore, the current E 
left in the Condition Code Register represents past action. 

■ HD6309E MPU SIGNAL DESCRIPTION 

• Power (Vss, VCC) 
Two pins are used to supply power to the part: Vss is 

ground or 0 volts, while Vcc is +5.0 V ±10%. 

• Address Bus IAe ^~ Ass 1 
Sixteen pins are used to output address information from 

the MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFF tb , R~ _ "High", and BS = "Low"; this is a "dummy 
access" or VMA cycle. All address bus drivers are made high-
impedance when output Bus Available (BA) is "High" or when 
TSC is asserted. Each pin will drive one Schottky TTL load or 
four LS TTL loads, and 90 pF. Refer to Figures 1 and 2. 

• Data Bus IDe ~ D,) 
These eight pins provide communication with the system 

bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and 130 pF. 

• Read/Write IR/wl 
This signal indicates the direction of data transfer on the 

data bus. A "Low" indicates that the MPU is writing data-onto 
the data bus. R/W is made high impedance when BA is "High" 
or when TSC is asserted. Refer to Figures 1 and 2. 

• RES 
A "Low" level on this Schmitt-trigger input for greater than 

one bus cycle will reset the MPU, as shown in Figure 7. The 
Reset vectors are fetched from locations FFFE kb and FFFF~6
(Table 1) when Interrupt Acknowledge is true, (BA • BS = 1). 
During initial poweron, the Reset line should be held "Low" 
until the clock input signals are fully operational. 

Because the HD6309E Reset pin has a Schmitt•trigger input 
with a threshold voltage higherthan that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 

This higher threshold voltage ensures that all peripherals are 
out of the reset state before the Processor. 

Table 1 Memory Map for Interrupt Vectors 

Memory Map for Vector 
Locations Interrupt Vector 

Description 
MS LS 

FFFE FFFF RES 

FFFC FFFD NMI 
FFFA FFFE SWI 

FFF8 FFF9 IRQ 
FFF6 FFF7 FIRQ 
FFF4 FFF5 SW 12 
FFF2 FFF3 SW I3 
FFFO FFF1 Reserved 

• HALT 
A "Low" level on this input pin will cause the MPU to stop 

running at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output 
is driven "High" indicating the buses are high .impedance. BS 
is also "High" which indicates the processor is in the Halt state. 
While halted, the MPU will not respond to external real-time 
requests FIRQ, IRQ) although NMI or RES will be latched 
for later response. During the Halt state Q and E should 
continue to run normally.  A halted state (BA • BS = I) can be 
achieved by pulling HALT "Low" while RES is still "Low". See 
Figure 8. 

• Bus Available, Bus Status IBA, BSI 
The Bus Available output is an indication of an internal 

control signal which makes the MOS buses of the MPU high 
impedance. When BA goes "Low", a dead cycle will elapse before 
the MPU acquires the bus. BA will not be asserted when TSC 
is active, thus allowing dead cycle consistency. 

The Bus Status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 

MPU 

BA 

0 

0 

1 

1 

State 

BS 
MPU State Definition 

0 

1 

0 

1 

Normal (Running) 

Interrupt or RESET Acknowledge 

SYNC Acknowledge 

HALT Acknowledge 

Interrupt Acknow edge is indicated during both cycles of a 
hardware-vector-fetch (RES, NMI, FIRQ, IRQ, SWI, SWI2, 
SWl3). This signal, plus decoding of the lower four address 
lines, can provide the user with an indication of which interrupt 
level is being serviced and allow vectoring by device. See Table 
1. 

Sync Acknowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line. 

Halt Acknowledge is indicated when the HD6309E is in a 
Halt condition. 
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• Non Maskable Interrupt (NMI)• 
A negative transition on this input requests that a non-

maskable interrupt sequence be generated. A non-maskable 
interrupt cannot be inhibited by the program, and also has a 
higher priority than FIRQ, Ri Q or software interrupts. During 
recognition of an NMI, the entire machine state is saved on 
the hardware stack. After reset, an FT—M[ will not be recognized 
until the first program load of the Hardware Stack Pointer (S). 
The pulse width of ~IMI low must be at least one E cycle. If 
the NMI input does not meet the minimum set up with respect 
to Q, the interrupt will not be recognized until the next cycle. 
See Figure 9. 

• Fast-Interrupt Request (FIROI' 
A "Low" level on this input pin will initiate a fast interrupt 

sequence, provided its mask bit (F) in the CC is clear. This 
sequence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Figure 10. 

• Interrupt Request (IFil21' 
A "Low" level input on this pin will initiate an Interrupt 

Request sequence provided the mask bit (1) in the CC is clear. 
Since IRQ stacks the entire machine state it provides a slower 
response to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear 
the source of the interrupt before doing an RTI. See Figure 9. 

' NMI, FIRQ, and ~ requests are xampled on the falling edge of Q. 
One cycle is required (or synchronization before these interrupts arc 
rccognizud. The pending intcrmpt(s) will not be serviced until 
completion of the current instruction unless a SYNC or CWAI 
condition is present. If IRQ and FIRQ do not remain "Low" until 
completion of the current instruction they may not be recognized. 
However, NMI is latched and need only remain "Low" for one cycle. 

• Clock Inputs E, O 
E and Q are the clock signals required by the HD6309E. 

Q must lead E; that is, a transition on Q must be followed by a 
similar transition on E after a minimum delay. Addresses will 
be valid from the MPU, ipp after the falling edge of E, and 
data will be latched from the bus by the falling edge of E. 
While the Q input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires levels above 
normal TTL levels. This approach minimizes clock skew 
inherent with an internal buffer. Timing and waveforms for E 
and Q are shown in Figures I and 2 while Figure 11 shows a 
simple clock generator for the HD6309E. 

• BUSY 
Busy will be "High" for the read and modify cycles of a read-

modify-write instruction and during the access of the first byte 

of a double-byte operation (e.g., LDX, STD, ADDD). Busy is 
also "High" during the first byte of any indirect or other vector 
fetch (e.g., jump extended, SWI indirect etc.). 

In amulti-processor system, busy indicates the need to 
defer the rearbitration of the next bus cycle to insure the 
integrity of the above operations. This difference provides the 
indivisible memory access required fora "test-and-set" primi-
tive, using any one of several read-modify-write instructions. 

Busy does not become active during PSH or PUL operations. 
A typical read-modify-write instruction (ASL) is shown in 
Figure 12. Timing information is given in Figure 13. Busy is 
valid tCp after the rising edge of Q. 

• AVMA 
AVMA is the Advanced VMA signal and indicates that the 

MPU will use the bus in the following bus cycle. The predictive 
nature of the AVMA signal allows efficient shared-bus multi-
processor systems. AVMA is "Low" when the MPU is in either a 
HALT or SYNC state. AVMA is valid tCp after the rising edge 
of Q. 

• LIC 
LIC (Last Instruction Cycle) is "High" during the last cycle 

of every instruction, and its transition from "High" to "Low" 
will indicate that the first byte of an opcode will be latched at 
the end of the present bus cycle. LIC will be "High" when the 
MPU is Halted at the end of an instruction, (i.e., not in CWAI or 
RESET) in SYNC state or while stacking during interrupts. 
LIC is valid ti p after the rising edge of Q. 

• TSC 
TSC (Three-State Control) will cause MOS address, data, 

and R/W buffers to assume a high-impedance state. The control 
signals (BA, BS, BUSY, AVMA and LIC) will not go to the 
high-impedance state. TSC is intended to allow a single bus to 
be shared with other bus masters (processors or DMA con-
trollers). 

While E is "Low", TSC controls the address buffers and R/W 
directly. The data bus buffers during a write operation are in a 
high-impedance state until Q rises at wl»ch time, if TSC is 
true, they will remain in ahigh-impedance state. If TSC is held 
beyond the rising edge of E, then it will be internally latched, 
keeping the bus drivers in ahigh-impedance state for the 
remainder of the bus cycle. See Figure 14. 

• MPU Operaton 
During normal operation, the MPU fetches an instruction 

from memory and then executes the requested function. This 
sequence begins after RES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft-
ware instructions that alter normal MPU operation are: SWI, 
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt or HALT 
input can also alter the normal execution of instructions. 
Figure 15 illustrates the flow chart for the HD6309E. 
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I 
I 

I 
IMRD 

I 
I 

4xfo 

E 

O 

MRDV 

I 
I 

I 

I 

ovt'onal 
MRDV Cireuit 

+5V 

74 LSO4 

O 
74L504 

To MPU and MPU System 

NOTE: If optional circuit is not included the CLR and PRE 
inputs of U2 end U3 must be tied high. 

STRETCH 

Figure 11 HD6309E Clock Generator 

Memory Memory 
location Contents Contents Description 

PC —~ $0200 ASL Indexed Opcode $68 

$0201 $9F Extended Indirect Postbyte 

$0202 $63 Indirect Address Hi-Byte 

$0203 $00 Indirect Address Lo-Byte 

$0204 Next Main Instruction 

$6300 Effective Address Hi-Byte $E3 

$6301 $D6 Effective Address Lo-Byte 

f 

$E3D6 $6C Target Data 

Figure 12 Read Modify Write Instruction Example (ASL Extended Indirect) 
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■ ADDRESSING MODES 
The basic instructions of any computer are greatly enhanced 

by the presence of powerful addressing modes. The HD6309E 
has the most complete set of addressing modes available on 
any microcomputer today. For example, the HD6309E has 59 
basic instructions; however, it recognizes 1464 different varia-
tions of instructions and addressing modes. The addressing 
modes support modern programming techniques. The following 
addressing modes are available on the HD6309E: 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 

(~) 

(8) 
(9) 
(10) 

Implied (Includes Accumulator) 
Immediate 
Extended 
Extended Indirect 
Direct 
Register 
Indexed 

Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/Decrement 

Indexed Indirect 
Relative 
Program Counter Relative 

• implied (Includes Accumulator) 
!n this addressing mode, the opcode of the instruction 

contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 

• Immediate Addressing 
In Immediate Addressing, t11e effective address of the data 

is the location immediately following the opcode (i.e.,the data 
to be used in the instruction immediately follows the opcode 
of the instruction). The HD6309E uses both 8 and 16-bit 
immediate values depending on the size of argument specified 
by the opcode. Examples of instructions with Immediate 
Addressing are: 

LDA #$20 
LDX #$F000 
LDY #CAT 

(NOTE) #signifies immediate addressing, $signifies hexa-
decimal value. 

• Extended Addressing 
In Extended Addressing, the contents of the two bytes im-

mediately following the opcode fully specify the 16-bit effective 
address used by the instruction. Note that the address generated 
by an extended instruction defines an absolute address and is 
not position independent. Examples of Extended Addressing 
include: 

LDA CAT 
STX MOUSE 
LDD $2000 

• Extended Indirect 
As a special case of indexed addressing (discussed below), 

one level of indirection may be added to Extended Addressing. 
In Extended Indaect, the two bytes following the postbyte of 
an Indexed instruction contain the address of the data. 

LDA [CAT] 
LDX [$EPEE] 
STU [DOG] 

• Direct Addressing 
Direct addressing is similar to extended addressing except 

that only one byte of address follows the opcode. This byte 
specifies the lower 8 bits of the address to be used. The upper 
8 bits of the address are supplied by the direct page register. 
Since only one byte of address is required,in direct addressing, 
this mode requires less memory and executes faster than 
extended addressing. Of course, only 256 locations (one page) 
can be accessed without redefining the contents of the DP 
register. Since the DP register is sei to $00 on Reset, direct 
addressing on the HD6309E is compatible with direct addressing 
on the HD6800. Indirection is not allowed in direct addressing. 
Some examples of direct addressing are: 

LDA $30 
SETDP $10 (Assembler directive) 
LDB $1030 
LDD <CAT 

(NOTE) < is an assembler directive which forces direct 
addressing. 

• Register Addressing 
Some opcodes are followed by a byte that defines a register 

or set of registers to be used by the instruction. This is called a 
postbyte. Some examples of register addressing are: 

TFR X, Y Transfer X into Y 
EXG A, B Exchanges A with B 
PSHS A, B, X, Y Push Y, X, B and A onto S 
PULU X, Y, D Pull D, X, and Y from U 

• Indexed Addressing 
In all indexed addressing, one of the pointer registers (X, Y, 

U, S, and sometimes PC) is used in a calculation of the effective 
address of the operand to be used by the instruction. Five 
basic types of indexing are available and are discussed below. 
The postbyte of an indexed instruction specifies the basic type 
and variation of the addressing mode as well as the pointer 
register to be used. Figure l6 lists the legal formats for the 
postbyte, Table 2 gives the assembler form and the number of 
cycles and bytes added to the basic 'values for indexed 
addressing for each variation. 

POIt•Byta Register Bil Irtda.ad 
Addrasing 

Mods 7 6 5 d 7 2 

R d a a d d EA • ,R a 5 Bit Oflse[ 
R R 0 0 ,R + 

R D 0 ,R ++ 
R R 0 
R R 0 

R 0 0 EA • ,R + 0 Offset 
R R 0 0 EA - ,R + ACCB Oflwt 
R R 0 EA • ,R + ACCA Oflut 
R R 0 EA •,R+B Bit OIIfM 
R R 0 EA - ,R + 18 Bit 011u[ 
R R EA • ,R + D Ofise[ 

0 EA • ,PC + 8 Bit Oifwt 
0 EA - ,PC + 16 Bit Ofisat 

R R EA • (,Addreul 

I 

- Don't Cara 
d • O/tsar Bit 

- r0 -Non Indirxt 
t 1 • IrMirxt 

Add.wirq Made Fiala 
Irgiract Fuld 
ISgh 1>,t when p7' 01 

Register FiaW : RR 
oo-x 
ot•v 
fo-u 
n -s 

Figure 16 Index Addressing Postbyte Register Bit Assignments 
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Table 2 Indexed Addressing Mode 

Type Forms 

Non Indirect Indirect 

Assembler 
Form 

Postbyte 
OP Code 

+ 
^~ 

+ 
# 

Assembler 
Form 

Postbyte 
OP Code 

+ 
^~ 

+ 
# 

Constant OffsetFromR 
(2's Complement Offsets) 

No Offset ,R 1RR00100 0 0 [,R] 1RR10100 3 0 

5 Bit Offset n, R ORRnnnnn 1 0 defaults to 8-bit 

8 Bit Offset n, R 1 RR01000 1 1 [n, R] 1 RR11000 4 1 

16 Bit Offset n, R 1RR01001 4 2 [n, R] 1RR11001 7 2 

Accumulator Offset From R 
(2's Complement Offsets) 

A Register Offset A, R 1RR00110 1 0 [A, R] 1RR10110 4 0 

g Register Offset B, R 1RR00101 1 0 [B, R] 1RR10101 4 0 

D Register Offset D, R 1RR01011 4 0 [D, R] 1RR11011 7 0 

Auto Increment/Decrement R Increment By 1 ,R + 1 RR00000 2 0 not allowed 

Increment By 2 ,R ++ 1RR00001 3 0 [,R ++] 1RR10001 6 0 

Decrement By 1 , - R 1 RR00010 2 0 not allowed 

Decrement By 2 ,-- R 1 R R00011 3 0 [, -- R] 1 R R 10011 6 0 

Constant Offset From PC 
(2's Complement Offsets) 

8 Bit Offset n, PCR 1xx01100 1 1 [n, PCR] 1xx11100 4 1 

16 Bit Offset n, PCR 1xx01101 5 2 [n, PCR] 1xx11101 8 2 

Extended Indirect 16 Bit Address — — — — [n] 10011111 5 2 

R=X,Y,UorS RR: 
x =Don't Care 00 = X 

01=Y 
10=U 
11 =S 

±and #indicate the number of additional cycles and bytes for the particular variation. 

Zero-Offset Indexed 
In this mode, the selected pointer register contains the 

effective address of the data to be used by the instruction. 
This is the fastest indexing mode. 

Examples are: 
LDD 0, X 
LDA S 

Constant Offsetlndexed 
In this made, atwo's-complement offset and the contents 

of one of the pointer registers are added to form the effective 
address of the operand. The pointer register's initial content is 
unchanged by the addition. 

Three sizes of offsets are available: 
5-bit (-16 to +1 S) 
8-bit (-128 to t127) 

16-bit (-32768 to +32767) 

The two's complement 5•bit offset is included in the post-
byte and, therefore, is most efficient in use of bytes and cycles. 
The two's complement 8-bit offset is contained in a single byte 
following the postbyte. The two's complement 16-bit offset is 
in the two bytes following the postbyte. In most cases the 
programmer need not be concerned with the size of this offset 
since the assembler will select the optimal size automatically. 

Examples of constant-offset indexing are: 
LDA 23, X 
LDX —2, S 

360 

LDY 300, X 
LDU CAT, Y 

Accumulator-Offset Indexed 
This mode is similar to constant offset indexed except that 

the two's-complement value in one of the accumulators (A, B 
or D) and the contents of one of the pointer registers are added 
to form the effective address of the operand. The contents of 
both the accumulator and the pointer register are unchanged 
by the addition. The postbyte specifies wlticlt accumulator to 
use as an offset and no additional bytes are required. The 
advantage of an accumulator offset is that the value of the 
offset can be calculated by a program at run-time. 

Some examples are: 
LDA B, Y 
LDX D, Y 
LEAX B, X 

Auto Increment/Decrement Indexed 
In the auto increment addressing mode, the pointer register 

contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two, This addressing 
mode is useful in stepping through tables, moving data, or 
for ti.e creation of software stacks. In auto decrement, the 
pointer register is decremented prior to use as the address of 
the data. The use of auto decrement is similar to that of auto 
increment; but the tables, etc., are scanned from the high to 
low addresses. The size of the increment/decrement can be 
either one or two to allow for tables of either 8- or 16-bit data 
to be accessed and is selectable by the programmer. The pre- 
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decrement, post-increment nature of these modes allow them 
to be used to create additional software stacks that behave 
identically to the U and S stacks. 

Some examples of the auto increment/decrement addressing 
modes are: 

LDA , X + 
STD ,Y++ 
LDB , — Y 
LDX ,--S 

Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 
STX 0, X ++ (X initialized to 0) 

The desired result is to store a 0 in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 

0 -. temp calculate the EA; temp is a holding register 
X + 2 -~ X perform autoincrement 
X -. (temp) do store operation 

• Indexed Indirect 
All of the indexing modes with the exception of auto 

increment/decrement by one, or a *4-bit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index Register plus any offset. In the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from the Index Register and an 
offset. 

$0100 

Before Execution 
A = XX (don't care) 
X = $F000 
LDA [$IO,X] 

$FO10 $F1 
$FOIL $50 

$FI50 $AA 
After Execution 
A = $AA (Actual Data Loaded) 
X = $F000 

EA is now $F010 

$F150 is now the 
new EA 

All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by t 
indirect). Some examples of indexed indirect are: 

LDA [, X] 
LDD [10, S] 
LDA [B, Y] 
LDD [,X++] 

• Relative Addressing 
The bytes) following the branch opcode is (are) treated as 

a signed offset which may be added to the program counter. 
If the branch condition is true then the calculated address 
(PC +signed offset) is loaded into the program counter. 
Program execution continues at the new location as indicated 
by the PC; short (1 byte offset) and long (2 bytes offset) 
relative addressing modes are available.. All of memory can be 
reached in long relative addressing as an effective address is 
interpreted modulo 2rb . Some examples of relative addressing F- Pull Order Push Order -~ 
are: PC U Y X DP B A CC 

BEQ CAT (short) FFFF  ~- increasing memory address   0000 
BGT DOG (short) PC S Y X DP B A CC 

HITACHI 

CAT LBEQ RAT (long) 
DOG LBGT RABBIT (long) 

RAT NOP 
RABBIT NOP 

• Program Counter Relative 
The PC can be used as the pointer register with 8 or 16-bit 

signed offsets. As in relative addressing, the offset is added to 
the current PC to create the effective address. The effective 
address is then used as the address of the operand or data. 
Program Counter Relative Addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: 

LDA CAT, PCR 
LEAX TABLE, PCR 

Since program counter relative is a type of indexing, an 
additional level of indirection is available. 

LDA [CAT, PCR] 
LDU [DOG, PCR] 

■ HD6309E INSTRUCTION SET 
The instruction set of the HD6309E is similar to that of the 

IiD6800 and is upward compatible at the source code level. 
The number of opcodes ltas been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different 
addressing modes) has risen from 197 to 1464. 

Some of the instructions are described in detail below: 

• PSHU/PSHS 
The push instructions have the capability of pushing onto 

either the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 

• PULU/PULS 
The pull instructions have the same capability of the push. 

instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence 
is fixed; each bit defines a unique register to push or pull, as 
shown in below. 

PUSH/PULL POST BYTE 

CC 
A 
e 
DP 
x 
v 
siu 
PC 
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• TFR/EXG 
Within the HD6309E, any register may be transferred to or 

exchanged with another of like-size; i.e., 8-bit to 8-bit or 16-bit 
to 16-bit. Bits 4^~7 of posibyte define the source register, while 
bits 0^'3 represent the destination register. These are denoted 
as follows: 

0000 - D 0101 - PC 
0001 - X 1000 - A 
0010-Y 1001 -B 
0011-U 1010 -CC 
0100-5 1011 -DP 

(NOTE) All other combinations are undefined and INVALID. 

TRANSFER/EXCHANGE POST BYTE 
I I I 
SOURCE 
i i r 

I I 1 
DESTINATION 

i t ~ 

• LEAX/LEAY/LEAU/LEAS 
The LEA (Load Effective Address) works by calculating the 

effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in apointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 3. 

The LEA instruction also allows the user to access data in 
a position independent manner. For example: 

LEAX MSGI,PCR 
LBSR PDATA (Print message routine) 

MSG1 FCC 'MESSAGE' 

This sample program prints: `MESSAGE'. By writingMSGI, 
PCR, the assembler computes the distance between the present 
address and MSG1. This result is placed as a constant into the 
LEAX instruction which will be indexed from the PC value at 
the time of execution. No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSG1 into the X pointer register. This 
code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 

LEAs, b+ (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 

1. b ~ temp (calculate the EA) 
2. b + 1 -~ b (modify b, postincrement) 
3. temp -. a (load a) 

LEAs, - b 
1. b - 1 -. temp (calculate EA with predecrement) 
2. b - 1 -. b (modify b, predecrement) 
3. temp -~ a (load a) 

Autoincrement-by-two and autodecrement-by-two instruc-
tions work similarly. Note that LEAX, X+ does not change X, 
however LEAX, -X does decrement X. LEAX 1, X should be 
used to increment X by one. 

Table 3 LEA Examples 

Instruction Operation Comment 
LEAX 10, X X + 10 -~ X Adds 5-bit constant 10 to X 
LEAX 500, X X + 500 -~ X Adds 16-bit constant 500 to X 
LEAY A, Y Y+ A -• Y Adds 8-bit A accumulator to Y 
LEAY D, Y Y + D -+ Y Adds 16-bit D accumulator to Y 
LEAU -10, U U - 10 -• U Subtracts 10 from U 
LEAS -10, S S - 10 -~ S Used to reserve area on stack 
LEAS 10, S S + 10 --~ S Used to 'clean up' stack 
LEAX 5, S S + 5 -~ X Transfers as well as adds 

• MUL 
Multiplies the unsigned binary numbers in the A and B 

accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple-
precision multiplications. 

Long and Short Relative Branches 
The HD6309E has the capability of program counter 

relative branching throughout the entire memory map. In this 
mode, if the branch is to be taken,ihe 8 or 16-bit signed offset 
is added to the value of the program counter to be used as the 
effective address. This allows the program to branch anywhere 
in the 64k memory map. Position independent code can be 
easily generated through the use of relative branching. Both 
short (8-bit) and long (16-bit) branches are available. 

• SYNC 
After encountering a Sync instruction, the MPU enters a 

Sync state, stops processing instructions and waits for an 
interrupt. If the pending interrupt is non-maskable (NMI) or 
maskable FIRQ, IRQ) with its mask bit (F or I) clear, the 
processor will clear the Sync state and perform the normal 
interrupt stacking and service routine. Since FIRQ and IRQ 
are not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the interrupt will 
be taken. If the pending interrupt is maskable (FIRQ, IRQ) 
with its mask bit (F or 1) set, the processor will clear the Sync 
state and continue processing by executing the next inline 
instruction. Figure 17 depicts Sync timing. 

Software Interrupts 
A Software Interrupt is an instruction which will cause an 

interrupt, and its associated vector fetch. These Software 
Interrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and software 
development systems. Three levels of SWI are available on this 
HD6309E, and are prioritized in the following order: SWI, 
SWI2, SWI3. 

16-Bit Operation 
The I-ID6309E has the capability of processing 16-bit data. 

These instructions include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes and pulls. 

■ CYCLE-BY-CYCLE OPERATION 
The address bus cycle-by-cycle performance chart illustrates 

the memory-access sequence corresponding to each possible 
instruction and addressing mode in the FiD6309E. Each 
instruction begins with an opcode fetch. While that opcode is 
being internally decoded, the next program byte is always 
fetched. (Most instructions will use the next byte, so this 
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technique considerably speeds throughput.) Next, the operation 
of each opcode will follow the flow chart. VMA is an indication 
of FFFF~6 on the address bus, R/W = "High" and BS = "Low". 
The following examples illustrate the use of the chart; see 
Figure 18. 

Example 1: LBSR (Branch Taken) 
Before Execution SP = F000 

■ SLEEP MODE 
During the interrupt wait period in the SYNC instruction 

(the SYNC state) and that period in the CWAI instruction 
(the WAIT state), MPU operation is halted and goes to the 
sleep mode. However, the state of I/O pins is the same as that 
of the HD6809E in this mode. 

■ HD6309E INSTRUCTION SET TABLES 
The instructions of the HD6309E have been broken down 

into five different categories. They are as follows: 
8-Bit operation (Table 4) 

$8000 •LBSR CAT 16-Bit operation (Table 5) 
Index register/stack pointer instructions (Table 6) 
Relative branches (long or short) (Table 7) 
Miscellaneous instructions (Table 8) 

$A000 CAT 
HD6309E instruction set tables and Hexadecimal Values of 

CYCL&BY-CYCLE FLOW instructions are shown in Table 9 and Table l0. 
Cycle # Address Data R/W Description 

1 8000 17 1 Opcode Fetch 
2 8001 1F I Offset High Byte 
3 8002 FD I OffserLow Byte 
4 FFFF 1 VMA Cycle 
5 FFFF * I VMA Cycle 
G FFFF * I VMA Cycle 
7 FFFF I VMA Cycle 
8 FFFF 03 0 Stack Low Order 

Byte of Return 

Address 
9 EFFE 80 0 Stack High Order 

Byte of Return 
Address 

Example 2: 

$8000 
$A000 

DEC (Extended) 

DEC $A000 
FCB $80 

CYCLE-BY-CYCLE FLOW 
Cycle # Address Data R/W Description 

I 8000 7A 1 Opcode Fetch 

2 8001 AO 1 Operand Address, 
High Byte 

3 8002 00 1 Operand Address, 
Low Byte 

4 FFFF * 1 VMA Cycle 
5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 7F 0 Store the Decre-

mented Data 
* The data bus has the data at that particular address. 
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Table 4 8-Bit Accumulator and Memory Instructions 

M ne monic(s) Operation 

ADCA, ADCB Add memory to accumulator with carry 

ADDA, ADDS Add memory to accumulator 

ANDA, ANDB And memory with accumulator 

ASL, ASLA, ASLB Arithmetic shift of accumulator or memory left 

ASR, ASRA, ASRB Arithmetic shift of accumulator or memory right 

BITA, BITB Bit test memory with accumulator 

CLR, CLRA, CLRB Clear accumulator or memory location 

CMPA, CMPB Compare memory from accumulator 

COM, COMA, COMB Complement accumultor or memory location 

DAA Decimal adjust A accumulator 

DEC, DECA, DECB Decrement accumulator or memory location 

EORA, EORB Exclusive or memory with accumulator 

EXG Rf, R2 Exchange R1 with R2IR1, R2 =A, 8, CC, DPI 

INC, INCA, INCB Increment accumulator or memory location 

LDA, LDB Load accumulator from memory 

LSL, LSLA, LSLB Logical shift left accumulator or memory location 

LSR, LSRA, LSRB Logical shift right accumulator or memory location 

MUL Unsigned multiply IA x B y  D) 

NEG, NEGA, NEGB Negate accumulator or memory 

ORA, ORB Or memory with accumulator 

ROL, BOLA, ROLB Rotate accumulator or memory left 

ROR, RORA, RORB Rotate accumulator or memory right 

SBCA, SBCB Subtract memory from accumulator with borrow 

STA, STB Store accumulator to memory 

SUBA, SUBB Subtract memory from accumulator 

TST, TSTA, TSTB Test accumulator or memory location 

TFR R1, R2 Transfer R1 to R2 (Rt, R2 = A, B, CC, DP) 

(NOTE) A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU 
(PUL$, PULU) instructions. 

Table 5 16-Bit Accumulator and Memory Instructions 

Mnemonicls) Operation 

ADDD Add memory to D accumulator 

CMPD Compare memory from D accumulator 

EXG D, R Exchange D with X, Y, S, U or PC 

LDD Load D accumulator from memory 
SEX Sign Extend B accumulator into A accumulator 

STD Store D accumulator to memory 

SUBD Subtract memory from D accumulator 

TFR D, R Transfer O to X, Y, S, U or PC 

TFR R, D Transfer X, Y, S, U or PC to D 

(NOTE) D rosy be pushed (pulled) to either stack with PSHS, PSHU IPULS, PULU) 
instructons. 
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Table 6 Index Register Stack Pointer Instructions 

Mnemonic(sl Operation 
CMPS, CMPU Compare memory from stack pointer 
CMPX, CMPY Compare memory from index register 

EXG R1, R2 Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 

LEAS, LEAU Load effective address into stack pointer 

LEAX, LEAY Load effective address into index register 

LDS, LDU Load stack pointer from memory 

LDX, LDY Load index register from memory 

PSHS Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack 

PSHU Push A, B, CC, DP, D, X, Y, S, or PC onto user stack 
PULS Pull A, B, CC, DP, D, X, Y, U or PC from hardware stack 

PULU Pull A, B, CC, DP, D, X, Y, S or PC from user stack 

STS, STU Store stack pointer to memory 

STX, STY Store index register to memory 

TFR R1, R2 Transfer D, X, Y, S, U or PC to D, X, Y, S, U ar PC 

ABX Add B accumulator to X (unsigned) 

Table 7 Branch Instructions 

Mnemonicls) Operation 
SIMPLE BRANCHES 

BEO, LBEO Branch it equal 

BNE, LBNE Branch if not equal 

BMI, LBMI Branch if minus 

BPL, LBPL Branch if plus 

BCS, LBCS Branch if carry set 

BCC, LBCC Branch if carry clear 

BVS, LBVS Branch if overflow set 

BVC, LBVC Branch if overflow clear 

SIGNED BRANCHES 

BGT, LBGT Branch if greater (signed) 

BGE, LBGE Branch if greater than or equal (signed) 
BEO, LBEO 

BLE,LBLE 

Branch if equal 

Branch if less than or equal (signed) 

BLT, LB LT Branch if less than (signed) 

UNSIGNED BRANCHES 

BHI, LBHI Branch if higher lunsigned) 

BHS, LBHS Branch if higher or same (unsigned) 

BEO, LBEO Branch if equal 

BLS, LBLS Branch if lower or same (unsigned) 

BLO, LBLO Branch if lower (unsigned) 

OTHER BRANCHES 
BSR, LBSR Branch to subroutine 

BRA,LBRA Branch always 
BRN,LBRN Branch never 
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Table 8 Miscellaneous Instructions 

Mnemonicis) Operation 

ANDCC AND condition code register 

CWAI AND condition code register, then wait for interrupt 

NOP No operation 

ORCC OR condition code register 

JMP Jump 

JSR Jump to subroutine 

RTI Return from interrupt 

RTS Return from subroutine 

SWI, SW 12, SW13 Software interrupt (absolute indirect) 

SYNC Synchronize with interrupt line 
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Table 9 HD 6309E Instruction Set Table 

INSTRUCTION/ 
FORMS 

H D6309E ADDRESSING MODES 

DESCRIPTION IMPLIED DIRECT EXTENDED IMMEDIATE INDEXED RELATIVE 5 3 2 1 0 
OP — # OP — # OP — # OP — # OP _ # OP —'~ # H N Z V C 

ADC ADCA 

3A 3 1 

99 4 2 89 5 3 89 2 2 A9 4+ 2+ 

A
 
N
 

W
 
N
 

A
 
N
 

A
 
N
 

A
 
N
 

A
 
N
 

A
 

N
 

A
 
N
 

A
N
 

A
 

N
 

A
 
N
 

A
 
N
 

A
 
N
 

A
 
N
 

A
 
N
 

A
 
N
 

gg

AUNXSMIGNEDA 
I t t t i 

ADCB D9 4 2 F9 5 3 C9 2 2 E9 4+ 2+ g+M+C—B 1 1 1 I I 
ADD ADDA 98 4 2 BB 5 3 88 2 2 AB 4+ 2+ A+M, A l t t J t 

ADDB DB 4 2 FB 5 3 CB 2 2 EB 4+ 2+ g+M~ B I t t t t 
ADDD D3 6 2 F3 7 3 C3 4 3 E3 6+ 2+ D+M:M+1—D • I l I I 

AND ANDA 94 4 2 84 5 3 84 2 2 A4 4+ 2+ A ~M—~ A • I J O• 
ANDB D4 4 2 F4 5 3 C4 2 2 E4 4+ 2+ BnM—B • I J O• 
ANDCC 1C 3 2 CC~~ IMM~CC ( .1 ) 

ASL ASLA 48 2 1 
~ 

A ~e~ I I t J 
ASLB 58 2 1 B ~° ~a t I t J 
ASL OB 6 2 78 7 3 68 6+ 2+ M .e I I I J 

ASR ASRA 47 2 1 A 9. 1 ! • J 
B~ ASRB 57 2 1 ~e ! 1 • t 

ASR 07 6 2 77 7 3 67 6+ 2+ ~e. 1 t • I M 

BCC BCC 24 3 Branch C = 0 • • • • • 
LBCC 10 516) Long Branch • • • • • 

24 C=0 
BCS BCS 25 3 Branch C = 1 • • • • • 

LBCS 10 516) Long Branch • • • • • 
25 C=1 

BEO BEQ 27 3 Branch Z=1 • • • • • 
L8E0 

2~ 
516) L~g Branch • • • • • 

BGE 8GE 2C 3 Branch N ®V=0 • • • • • 
LBGE 10 516) Long Branch • • • • • 

2C N®V=0 
BGT BGT 2E 3 Branch ZV IN93 V1=0 • • • • • 

LBGT 10 5161 Long Branch • • • • • 
2E ZVIN ®VI=O 

BHI BHI 22 3 Branch CVZ=O • • • • • 
LBHI 10 516) Long Branch • • • • • 

22 CVZ=O 

BHS BHS 24 3 Branch • w • • • 
C=0 

LBHS 10 516) Long Branch • • • • • 
24 C=0 

BIT BITA 95 4 2 85 5 3 85 2 2 A5 4+ 2+ Bit Test A IMnAI • 1 I 0 • 
BITE D5 4 2 F5 5 3 C5 2 2 E5 4+ 2+ Bit Test B (M nel • t J 0 • 

BLE BLE 2F 3 Branch ZVIN®VI=1 • • • • • 
LBLE 10 5161 Long Branch • • • • 

2F ZVIN a)VI=1 

BLO BLO 25 3 Branch C=1 • • • • •~ 
LB LO 10 516) Long Branch •. • • • • 

25 C=1 

BLS BLS 23 3 Branch • • • • • 
CVZ=1 

LB LS 10 5(6) Long Branch • • • • • 
23 CVZ=1 

BLT BLT 2D 3 Branch N ®V=1 • • • • • 
LB LT 10 516) Long Branch • • • • • 

2D N®V=1 

BMI BMI 2B 3 Branch N=1 • • • • • 
LBMI 10 5161 Long Branch • • • • • 

2B N=1 

BNE BNE 26 3 Branch Z =0 • • • • • 
LBNE 10 516) Long Branch • • • • • 

26 Z=0 
BPL BPL 2A 3 Branch N=0 • • • • • 

L6PL 10 516) Long Branch • • 

2A N=0 

BRA BRA 20 3 Branch Always • • • • • 
LBRA 16 5 Long Branch/ • • • • • 

Always 

BRN BRN 21 3 Braneh Never • • • • • 
LBRN 10 5 Long Branch Never • • • • • 

21 

(to be continued) 
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INSTRUCTION/ 
FORMS 

HD6309EADDRESSINGMODES 

DESCRIPTION 
IMPLIED DIRECT EXTENDED IMMEDIATE INDEXEDu~ RELATIVE 5 3 2 1 0 

OP ^• # OP ^• # OP ~ # OP - # OP - # OP -'~ # H N Z V C 

BSR 8SR BD 7 2 Branch to • • • • • 
• Subroutine 

LBSR 17 9 3 Long Branch to • • • • • 
Subroutine 

BVC BVC 28 3 2 Branch V = 0 • • • • • 
LBVC 10 5(6) 4 Long Branch • • • • • 

28 V = 0 

BVS BVS 29 3 2 Branch V = 1 • • • • • 
LBVS 10 516) 4 Long Branch • • • • • 

29 V=1 

CLR CLRA 4F 2 1 0- A • 0 1 0 0 
CLRB 5F 2 1 0-B • 0 / 0 0 
CLR OF 6 2 7F 7 3 6F 6+ 2+ 0--M • 0 1 0 0 

CMP CMPA 91 4 2 B1 5 3 81 2 2 A7 4+ 2+ Compare M from A B 1 ! I i 
CMPB D1 4 2 F1 5 3 C7 2 2 E1 ~4+ 2+ Compare M from B e ! 1 1 1 
CMPD 10 

93 
7 3 10 

83 
8 4 10 

83 
5 4 10 

A3 
7+ 3+ Compare M: M+ 1 

from D 
• ! I t 1 

CMPS 11 
9C 

7 3 11 
BC 

B 4 11 
8C 

5 4 11 
AC 

7+ 3+ Compare M: M+ 1 
from S 

• I ! I I 

CMPU 11 
93 

7 3 11 
83 

8 4 11 
83 

5 4 11 
A3 

7+ 3+ Compare M: M+ 1 
from U 

• I I I I 

CMPX 9C 6 Z BC 7 3 SC 4 3 AC 6+ 2+ Compare M: M+ 1 
from X 

• I I 1 I 

CMPU 10 
9C 

7 3 10 
BC 

8 4 10 
8C 

5 4 10 
AC 

7+ 3+ Compare M: M+ 1 
from V 

• I I 1 I 

COM COMA 43 2 1 A-• A • 1 1 0 1 
COMB 53 2 1 B -• B • I 1 0 1 
COM 03 6 2 73 7 3 63 6+ 2+ fa - M • I 1 0 1 

CWAI 3C 220 2 CC ~ IMM -• CC 
lexcept 1-EI 

t-- ~ —' 

Wait for Interrupt 
DAA 19 2 1 Decimal Adjust A •~ 1 1 a l 

DEC DECA 4A 2 1 A- 1- A • I l 1 • 
DECB 5A 2 1 B- 1 -• B • 1 I I • 
DEC OA 6 2 7A 7 3 6A 6+ 2+ M- 1 -~ M • I t I • 

FOR EORA 98 4 2 88 5 3 88 2 2 AS 4+ 2+ A ®M -• A • 1 1 0• 
EORB D8 4 2 F8 5 3 C8 2 2 E8 4+ 2+ B ®M -• B • t 1 0• 

EXG R1, R2. lE 7 2 R1 •• R2' ~r-- toy^ 

INC INCA 4C 2 1 A+ 1 -• A • 1 I I • 
INCB 5C 2 1 B+1-•6 • 1 1 ( • 
INC OC 6 2 7C 7 3 6C 6+ 2+ M+1-•M • I I I • 

JMP OE 3 2 7E 4 3 6E 3+ 2+ EA R -•PC • • • • • 

JSR 9D 7 2 BD B 3 AD 7+ 2+ Jump to Subroutine • • • • • 

LD LDA 96 4 2 B6 5 3 86 2 2 A6 4+ 2+ M -• A • ( 1 0 • 
LDB D6 4 2 F6 5 3 C6 2 2 E6 4+ 2+ M~-•B • I I O• 
LDD DC 5 2 FC 6 3 CC 3 3 EC 5+ 2+ M: M+ 7 -• D • 1 1 0• 
LDS 10 6 3 10 7 4 10 4 4 10 6+ 3+ M: M+ 1~ S • 1 1 0• 

DE FE CE EE 
LDU DE 5 2 FE 6 3 CE 3 3 EE 5+ 2+ M: M+ 1 -- U • I I O• 
LDX 9E 5 2 BE 6 3 8E 3 3 AE 5+ 2+ M: M+ 1~ X • 1 1 0• 
LDY 10 6 3 10 7 4 10 4 4 10 6+ 3+ M: M+ 1 -• Y • 1 1 0• 

9E BE 8E AE 

LEA LEAS 32 4+ 2+ EA R -+ S • • • • • 
LEAD 33 4+ 2+ EA''- U • • • • • 
LEAX 30 4+ 2+ EA3 -• X • • 1 • • 
LEAY 31 4+ 2+ EAJ , Y • • I • • 

LSL LSLA 48 2 1 A • i ! I I 
B tll-f 1 1 1 1 1 1 1 -o 

"""~`~a 
LS LB 58 2 1 • 1 1 I 1 
LSL 08 6 2 78 7 3 68 6+ 2+ • I I I I M 

A~ LSR LSRA 44 2 1 • 0 1 . 1 
LSRB 54 2 1 B "~~ 

M uuu.Lu u• 
• O J • 1 

LSR 04 6 2 74 7 3 64 6+ 2+ 0 1 . 1 
Ax8-D MUL 3D 11 1 • • t • s) 

(Unsigned) 

NEG NEGA 40 2 1 A+i - A Ij I 1 J 1 
NEGB 50 2 1, 13+1-•B f~ f t t i 
NEG 00 6 2 70 7 3 60 6+ 2+ FI+ 1~ M v I 2 I 2 

NOP 12 2 1 No Operation • • • • • 

Ito be continued) 
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INSTRUCTION/ 
FORMS 

H D6309E ADDRESSING MODES 

DESCRIPTION 
IMPLIED •DIRECT EXTENDED IMMEDIATE INDEXED O RELATIVE 5 3 2 1 0 

OP - # OP - # OP - # OP ^~ # OP - # OP ~~ # H N Z V C 
OR ORA 9A 

~
a
v
 

~ 
co 

so 
e

a
 

v
e

in
 <o 

in
 in

 <o 
a
a
a
c
 

~
 

2 BA 5 3 BA 2 

N
 
N
 
N
 

N
 
N
 

N
 
N
 
M
 

AA 4+ 2+ AVM - A • t t 0 • 
ORB DA 2 FA 5 3 CA 2 EA 4+ 2+ B V M~ B • I t 0• 
OR CC lA 3 CC V IMM -• CC (—'7, —) 

PSH PSHS 34 5+~ 2 Push Registers on • • • • • 

PSHU 36 5+'~ 2 
S Stack 

Push Registers on • • • • • 
U Stack 

PUL PULS 35 5+"~~ 2 Pull Registers from  ( yon — ) 

PULU 37 5+~~ 2 
S Stack 

Pull Registers from (—~,to~ — ) 
U Stack 

ROL ROLA 49 2 1 A ~• I l l t 
ROLE 59 2 1 B~~"' • 1 1 1 2 
ROL 09 2 79 7 3 69 6+ 2+ M11 ^' ^^ • I I t 1 

ROR RORA 46 2 1 Al • • 
RORB 56 2 1 

I ,-.
8 Jy 4 ~ 
M LLL

• 
t 
l 

t 
1 • 

I 
l 

ROR 06 2 76 7 3 66 6+ 2+ • I 1 • 1 

—ym

Return From RTI 3B 6/15 1 (  4,—) 
Interrupt 

RTS 39 5 1 Return From • • • • • 
Subroutine 

SBC SBCA 92 2 82 5 3 82 2 A2 4+ 2+ A- M- C- A ~a: 1 1 1 1 
SBCB D2 2 F2 5 3 C2 2 E2 4+ 2+ 8- M- C- B ~e~ t I 1 1 

SEX 1D 2 1 Sign Extend B 
into A 

• t 1 • • 

ST STA 97 2 87 5 3 A7 4+ 2+ A -• M • 1 t 0 
STB D7 2 F7 5 3 E7 4+ 2+ 0-- M • 1 1 0 
STD DD 2 FD 6 3 ED 5+ 2+ D - M: M+ 1 • 1 1 0 • 
STS 10 3 10 7 4 10 6+ 3+ S- M: M+ 1 • 1 1 0 

DF FF EF 
STU DF 2 FF 6 3 EF 5+ 2+ U -• M: M+ 1 • t 1 0 
STX 9F 2 BF 6 3 AF 5+ 2+ X- M: M+ 1 • 1 1 0 
STV 10 3 10 7 4 10 6+ 3+ Y -• M: M+ 1 • I I O 

9F BF AF 

SUB SUBA 90 2 BO 5 3 80 2 AO 4+ 2+ A- M- A e t t t t 
SUBB DO 2 FO 5 3 CO 2 EO 4+ 2+ B- M -• B e l I I I 
SUED 93 2 83 7 3 83 4 A3 6+ 2+ D- M: M+ 1 --• D• I I I 1 

SWI Surfs- 3F 19 1 Software Interruptl • • • • • 
SW12"' 10 20 2 Softwarelnterrupt2 • • • • • 

3F 
SW13 s' 11 20 2 Softwarelnterrupt3 • • • • • 

3F 

SYNC 13 24 1 Synchronize to ~• • • • • 
Interrupt 

TFR R1, R2 1F 6 2 R1 -R2 ~' (—(oi—) 
TST TSTA 4D 2 1 Test A • t f 0• 

TSTB 5D 2 1 Test B • t 1 0• 
TST OD 2 7D 7 3 6D 6+ 2+ Test M • 1 t 0 • 

(NOTES) 

lt) 
(2i 

~3~ 
N) 
C~J 
(e) 
C~ 
Cep 
n 

This Column gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table. 
R7 and R2 may be any pair of 8 bit or any pair of 16 bit registers. 
The 8 bit registers are: A, B, CC, OP 
The 16 bit registers are: X, Y, U, S, D, PC 
EA is the effective address. 
The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled. 
516) means: 5 cycles it branch not taken, 6 cycles if taken. 
SWI sets 1 and F bits. SWI2 and SWI3 do not affect I and F. 
Conditions Codes set as a direct result of the instruction. 
Value of half-carry flag is undefined. 
Special Case -Carry set if b7 is SET. 
Condition Codes tet as a direct result of the instruction it CC is specif ied, and not affected otherwise. 

LEGEND: 
OP Operation Code (Hexadecimal) Z Zero (byte) 
- Number of MPU Cycles V Overflow, 2's complement 
# Number of Program Bytes C Carry Trom bit 7 
+ Arithmetic Plus S Test and set if true, cleared otherwise 
- Arithmetic Minus • Not Affected 
x Multiply CC Condition Code Register 
Ru Complement of M Concatenation 

Transfer Into V Logical or 
H Half-carry (from bit 31 n Logical and 
N Negative (sgn bit) ~ Logital Exclusive or 
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Table 10 Hexadecimal Values of Machine Codes 

OP Mnem Mode — # OP Mnem 

00 NEG Direct 6 2 30 LEAX 
01 • ~ 31 LEAY 

02 32 LEAS 

03 COM 6 2 33 LEAU 
04 LSR 6 2 34 PSHS 

05 35 PULS 

06 ROR 6 2 36 PSHU 
07 ASR 6 2 37 PULU 

OS AS L, LSL 6 2 38 • 

09 ROL 6 2 39 RTS 
OA DEC 6 2 3A ABX 

OB 3B RTI 
OC INC 6 2 3C CWAI 
OD TST 6 2 3D MUL 
OE JMP ~ 3 2 3E • 

OF CLR Direct 6 2 3F SWI 

10 See — — — 40 NEGA 
11 1 Next Page — — — 41 • 

12 NOP Implied 2 1 42 

13 SYNC Implied 24 1 43 COMA 

14 44 LSRA 
15 45 • 

16 LBRA Relative 5 3 46 RORA 
17 LBSR Relative 9 3 47 ASRA 
18 48 ASLA, LSLA 
19 DAA Implied 2 1 49 ROLA 
lA ORCC Immed 3 2 4A DECA 
iB — 4B • 

1C ANDCC Immed 3 2 4C INCA 
1D SEX Implied 2 1 4D TSTA 
1E EXG = 8 2 4E 

iF TFR Implied 6 2 4F CLRA 

20 BRA Relative 3 2 50 NEGB 
21 BRN ~ 3 ~2 51 
22 BHI 3 2 52 

23 BLS 3 2 53 COMB 

24 BHS, BCC 3 2 54 LSRB 

25 BLO, BCS 3 2 55 
26 BNE 3 2 56 RORB 
27 BEO 3 2 57 ASRB 

28 BVC 3 2 58 ASLB, LS LB 
29 BVS 3 2 59 ROLB 
2A BPL 3 2 5A DECB 

28 BMI 3 2 SB 
2C BGE 3 2 5C INCB 
2D BLT 3 2 5D TSTB 
2E BGT • 3 2 5E 

2F BLE Relative 3 2 5F CLRB 

Mode 

Indexed 

2 
Indexed 
Imp ied 

I mpl ied 
Immed 
Implied 

Implied 

I mpl ied 

Implied 

Implied 

• 

~ 
Implied 

LEG EN D: 
— Number of MPU cycles (less possible push pull or indexed-mode cyelesl 
# Number of program bytes 
• Denotes unused opcode 

374 ~ HITACHI 

— # OP Mnem Mode # 

4+ 2+ 60 NEG Indexed 6+ 2+ 
q+ 2+ 61 • 
q+ 2+ 62 
4+ 2+ 63 COM 6+ 2+ 

5+ 2~ 64 LSR 6+ 2+ 

5+ 2 65 • 
5+ 2 66 ROR 6+ 2+ 

5+ 2 67 ASR 6+ 2+ 

68 ASL, LSL 6+ 2+ 

5 1 69 ROL 6+ 2+ 

3 1 6A DEC 6+ 2+ 

6, 15 1 6B 
220 2 6C INC 6+ 2+ 

11 1 6D TST 6+ 2+ 

6E JMP 3+ 2+ 

19 1 6F CLR Indexed 6+ 2+ 

2 1 70 NEG E ztended 7 3 
71 

72 • 

2 1 73 COM 7 3 

2 1 74 LSR 7 3 

75 • 
2 7 76 ROR 7 3 

2 1 77 ASR 7 3 

2 1 78 ASL, LSL 7 3 

2 1 79 ROL 7 3 

2 1 7A DEC 7 3 

78 • 

2 1 7C INC 7 3 
2 1 7D TST 7 3 

7E JMP 4 3 

2 1 7F CLR Extended 7 3 

2 1 80 SUBA Immed 2 2 
81 CMPA ~ 2 2 
82 SBCA 2 2 

2 1 83 SUED 4 3 

2 1 84 ANDA 2 2 

85 BITA 2 2 
2 1 86 LDA 2 2 
2 1 67 
2 1 88 EORA 2 2 
2 1 69 ADCA 2 2 
2 1 BA ORA 2 2 

86 ADDA ~ 2 2 
2 1 BC CMPX Immed 4 3 
2 1 8D BSR Relative 7 2 

8E LDX Immed 3 3 

2 1 8F 

(to be continued) 



OP Mnem Mode _ # OP Mnem 

90 SUBA Direct 4 2 C6 LD8 
97 CMPA 4 2 C7 
92 SBCA 4 2 C8 EORB 
93 SUBD 6 2 C9 ADCO 
94 ANDA 4 2 CA ORB 
95 81TA 4 2 CB ADDB 
96 LDA 4 2 CC LDD 
97 STA 4 2 CD 
98 EORA 4 2 CE LDU 
99 ADCA 4 2 CF 
9A ORA 4 2 
98 ADDA 4 2 DO SUBB 
9C CMPX 6 2 D1 CMPB 
9D JSR 7 2 D2 SBCB 
9E LDX 5 2 D3 ADDD 
9F STX Direct 5 2 D4 

p5 
ANDB 
BITB 

AO SUBA Indexed 4+ 2+ D6 LDB 
At CMPA q+ 2+ D7 STB 
A2 SBCA 4+ 2+ D8 EORB 
A3 SUBD 6+ 2+ D9 ADCB 
A4 ANDA q+ 2+ DA ORB 

A5 BITA 4+ 2+ DB ADDB 

A6 LDA 4+ 2+ DC LDD 
A7 STA 4+ 2+ DD STD 
AB EORA 4+ 2+ DE LDU 
A9 ADCA q+ 2+ DF STU 
AA ORA q+ 2+ 
A8 ADDA 4+ 2+ EO SUBB 
AC CMPX 6+ 2+ E7 CMPB 
AD JSR 7+ 2+ E2 SBCB 
AE LOX 5+ 2+ E3 ADDD 
AF STX Indexed 5+ 2+ E4 ANDB 

E5 BITB 
BO SUBA Extended 5 3 E6 LDB 
B1 CMPA 5 3 E7 STB 
82 SBCA 5 3 E8 EORB 
63 SUBD 7 3 E9 ADCB 
84 ANDA 5 3 EA ORB 
B5 BITA 5 3 EB ADDB 
86 LDA 5 3 EC LDD 
87 STA 5 3 ED STD 
88 EORA 5 3 EE LDU 
89 ADCA 5 3 EF STU 
BA ORA 5 3 
BB ADDA 5' 3 FO SUBS 
BC CMPX 7 3 F1 CMPB 
BD JSR 6 3 F2 SBCB 
BE LDX 6 3 F3 ADDD 
BF STX Extended 6 3 F4 ANDB 

F5 8178 
CO SU88 Immed 2 2 F6 LDB 
C1 CMPB 2 2 F7 STB 
C2 SBCB 2 2 FB EORB 
C3 ADDD 4 3 F9 ADCB 
C4 ANDB 2 2 FA ORB 
C5 BITB Immed 2 2 FB ADDB 

(NOTE1: All unused opcodes are both undefined and illegal 

Mode 

Immed 

I mmed 

Direct 

Direct 

Indexed 

Indexed 

Extended 

1 
Extended 

# — # 

H D6309E 

OP Mnem Mode 

2 2 FC LDO Extended 6 3 
FD STD 6 3 

2 2 FE LDU 6 3 
2 2 FF STU Extended 6 3 
2 2 
2 2 
3 3 2 Bvtes Opcode 

3 3 1021 LBRN Relative 5 4 
1022 LBHI 516) 4 
7023 LB LS 516) 4 

4 2 1024 LBHS, LBCC 516) 4 
4 2 1025 LBCS, LBLO 516) 4 
4 2 1026 LBNE 5(6) 4 
6 2 1027 LBEO 516) 4 
4 2 1028 LBVC 516) 4 
4 2 1029 LBVS 516) 4 
4 2 102A LBPL 516) 4 
4 2 1026 LBMI 516) 4 
4 2 102C LBGE 516) 4 
4 2 102D LBLT 516) 4 
4 2 102E LBGT r 516) 4 
4 2 702E LBLE Relative 516) 4 
5 2 103E SWI2 Imp ied 20 2 
5 2 1083 CMPD Immed 5 4 
5 2 108C CMPY = 5 4 
5 2 708E LDY Immed 4 4 

1093 CMPD Direct 7 3 
q+ 2+ 109C CMPY 7 3 
q+ 2+ 109E LDY 

~ 
6 3 

q+ 2+ 109E STV Direct 6 3 
6+ 2+ 10A3 CMPD Indexed 7+ 3+ 
4+ 2+ 10AC CMPY 7+ 3+ 
4+ 2+ 10AE LOV 

~ 
6+ 3+ 

4+ 2+ 10AF STV Indexed 6+ 3+ 
4+ 2+ 1063 CMPD Extended B 4 
4+ 2+ tOBC CMPY 8 4 
4+ 2+ 106E LDY 

~ 

7 4 
4+ 2+ 108E STY Extended 7 4 
4+ 2+ tOCE LDS Immed 4 4 
5+ 2+ IODE LDS Direct 6 3 
5+ 2+ 10DF STS Direct 6 3 
5+ 2+ lOEE LDS Indexed 6+ 3+ 
5+ 2+ 10EF STS Indexed 6+ 3+ 

10FE LDS Extended 7 4 
5 3 tOFF STS Extended 7 4 
5 3 113E SW13 Implied 20 2 
5 3 1183 CMPU Immed 5 4 
7 3 118C CMPS Immed 5 4 
5 3 1193 CMPU Direct 7 3 
5 3 119C CMPS Direct 7 3 
5 3 11A3 CMPU Indexed 7+ 3+ 
5 3 11AC CMPS Indexed 7+ 3+ \ 
5 3 1183 CMPU Extended 8 4 
5 3 11 BC CMPS Extended 8 4 
5 3 

5 3 
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■ NOTE FOR USE 
• Execution Sequence of CLR Instruction 

Example: CLR (Extended) 

$8000 CLR 
$A000 FCB 

Cycle # Address 
1 8000 
2 8001 

3 8002 

4 FFFF 
5 A000 
6 FFFF 
7 A000 

* The data bus has the data at that particular address. 

E 

a 
Do'Dr 

qi s "Au 
R/W 

1 

$A000 
$80 

Cycle-bycycle flow of CLR instruction (Direct, Extended, 
Indexed Addressing Mode) is shown below. In this sequence 
the content of the memory location specified by the operand 
is read before writing "00" into it. Note that status Flags, such 
as IRQ Flag, will be cleared by this extra data read operation 
when accessing the control/status register (sharing the same 
address between read and write) of peripheral devices. 

Data 
7F 
AO 

R/W 
1 
1 

Description 
Opcode Fetch 
Operand Address, 
High Byte 

• The Noise of HD6309E at Bus Outputs Changing 
We shall notify you of the noise of the HD6309E. 
The noise over O.8V may appear on the output signals when 

00 1 Operand Address, 
Low Byte 

data bus or address bus outputs change from "High" to "Low". 
Problems and countermeasure are shown as follows. 

+~ I VMA Cycle 
80 1 Read the Data (1) The Noise at Data Bus Outputs Changing ("Higher"Low") 
~ 1 VMA Cycle Problem: The noise over 0.8V may appear on Ats"'A23, R/W 

00 0 Store Fixed "00" 
into Specified 

outputs change (worst case; $FF-+$00) as shown in 
Figure 19. 

Location 

toow 

noise 

tqp = 110 ns 

Noise Deak (worst casel; about 1.5V 
Test condition 

Ta = —20°C 
V~~ = 5.5V 
Number of data bus lines switching from "High" to "Law" = 6 
($FF-+$00) data bus load capacitance = 130pF 

Period of the noise occurrence (reference data) 

t= 6-34ns (Ta=-20°CI 
t = 8^43ns ITa = 25°CI 
t=12-54ns (Ta=75°CI 

Figure 19 Noise at data bus output changing 

Countermeasure: If the noise level can not be reduced by con-
trolling data bus load capacitance or reducing 
V~~ in your application system, connect 
damping resistors (about 100^~150SZ) to data 
bus to reduce the noise level as shown in 

376 ~ HITACHI 

Figure 20. Table 1 I shows the relationship be-
tween damping resistors and electrical charac-
teristics. Connecting damping resistors to data 
bus is effective to reduce the noise level as 
shown in Figure 21. 



HD6309E 

H D6309E 

D, 
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^/ damping resistors (about t00R) 
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Figure 20 Connecting damping resistors to data bus 

Table 11 The relationship between damping resistors and electrical characteristics 

R = 052 R = 100 ~ 15052 

HD63B09E 

(2MHz) 
tDHW 

Ta = —20^0°C 20 ns 10 ns 

Ta = 0^'75°C 30 ns 15 ns 

H D 63C09E 
(3MHz) 

toow 70 ns 80 ns 

tDHW 
Ta = —20^'0°C 20 ns 10 ns 

Ta = 0^'75°C 30 ns 15 ns 
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Test condition 

V~~ = 5.5V 

Ta ~ —20° C 
date busload capacitance 

= 130pF 

m 

i 

0 
Z 

1.0 

0.5 

V peak 
loos 

The wave orm of the noise 

V peak 

O.SV 

recommendable 

0 50 100 150 200 Rliel 

Figure 21 An example of the dependency of the noise voltage on damping resistors 
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2. The Noise at Address Bus Outputs Changing 
("High" —~ „ Low") 

Problem: The noise over 0.8V may appear on BUSY, LIC, 

E 

Q 

Ao ̂ Ais 

BUSY 
LIC 
AVMA 

AVMA outputs when address bus outputs change 
(worst case; $EPEE—x$0000) as shown in Figure 22. 

r i Cp = 130ns 

~— 
t 

~ f  noise / 

Noise peak (worst casel; about 1.5V 
Test condition 

Ta = —20°C 
V~ = 5.5V 
Number of address bus lines switching from "High" to "Low" _ 
16 ($EPEE—X0000) address bus load capacitance = 90pF 

Period of the noise occurrence (reference data) 

t = 25^65ns ITa = —20° C) 
t = 30^74ns ITa = 25°CI 
t = 34-83ns ITa = 75°CI 

Figure 22 Noise at address bus output changing 
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Countermeasure: To prevent the noise on BUSY, LIC, AVMA 
outputs from appearing, this signals must be 
latched at the negative edge of E or Q clock as 

E 

Q 

Ao'A~s 

BUSY 
LIC 
AVMA 

380 

shown in Figure 23. An example of counter-
measure circuit is shown in Figure 24. 

s- iCp = 130ns-~ 
~— r ~~ noise 

usable period —► 

Figure 23 An example of countermeasure of the noise 

74L S74 
BUSY 
LIC 
AVMA 

E 
or 

Figure 24 An example of countermeasure circuit 
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H D64A180 R0, H D64 B 180 RO 
C M OS M P U t Micro Processing Unit 

Based on a microcoded execution unit and advanced CMOS 
manufacturing technology, the HD64180 is an 8-bit MPU which 
provides the benefits of high performance, reduced system cost and 
low power operation while maintaining compatibility with the large 
base of industry standard S-bit software. 

Performance is improved by virtue of high operating frequency, 
pipelining, enhanced instruction set and an integrated Memory 
Management Unit (MMU) with 512k bytes memory physical ad-
dress space. 

System cost is reduced by incorporating key system functions 
on-chip including the MMU, two channel Direct Memory Access 
Controller (DMAC), wait state generator, dynamic RAM refresh, 
two channel Asynchronous Serial Communication Interface 
(ASCI), Clocked Serial 1/O Port (CSI/O), two channel 16-bit Pro-
grammable Reload Timer (PRT), Versatile 12 source interrupt con-
troller and a `dual' (68x x , 80x x) bus interface. 

Low power consumption during normal CPU operation is sup-
plemented by two specific software controlled low power operation 
modes. 

The HD64180, when combined with CMOS VLSI memories 
and peripherals, is useful in system applications requiring high per-
formance, battery power operation and standard software com-
patibility. 

■ FEATURES 
High Performance, High Integration CPU. 
• Operating Frequency to 6 MHz. 
• On-Chip MMU Supports 512k Bytes Memory and 64k Bytes I/ 

O Address Space. 
• Two Channel DMAC With Memory < > Memory, Memory 

H I/O and Memory H Memory Mapped 1/0 Transfer 
Capability. 

• ~ Input and Wait State Generator for Slow Memory and I/O 
Device Interface. 

• Programmable Dynamic RAM Refresh Addressing and Timing. 
• Two Channel, Full Duplex Asynchronous Serial Communication 

Interface (ASCD with Programmable Baud Rate Generator and 
Modem Control Handshake Signals. 

• Clocked Serial I/O Port (CSl/01 with High Speed Operation 
(200k Bits/Second at 4 MHz). 

• Two Channel 16-bit Programmable Reload Timer (PRT) for 
Counting, Timing and Output Waveform Generation. 

• Versatile Interrupt Controller Manages Four External and Eight 
Internal Interrupt Sources. 

• 'Dual Bus' Interface Compatible With All Standard Memory and 
Peripheral LSI. 

• On-chip Clock Generator. 
Enhanced Standard 8-bit Software Architecture. 
• fully Compatible with CP/M-80, CP/M Plus" and Existing Sys-

tem and Application Software. 
•• Seven new Instructions including Multiply. 
• On-chip I/O Address Relocation Register for Board Level Com-

patibility with Existing Systems and Software. 
• SLEEP mode and SYSTEM STOP mode for Low Power Opera-

tion. 
VLSI CMOS Process Technology. 
• Low Power Operation —75 mW at 6 MHz Operation. 

19 mW SYSTEM STOP mode at 6 
MHz operation 

• Vcc = 5V ± 10% —Fully TTL Compatible. 

" CP/M-80 and CP/M plus are registered trademarks of Digital Research, 
Inc. 

HD64A180ROP 

HD64B180ROP 

(DP-64S) 

HD64A180ROF 

HD64B180ROF 

(FP-80) 

HD64A180ROCP 

HD648180ROCP 

(CP-68) 
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■ PIN ARRANGEMENT (Top View) 
• HD64A180ROP,HD64B180ROP 

INTO 
INTO 

INTx 
ST 
Ao 
Ai 

Ai 

A~ 
NC 
A~ 

As 
Ae 
A~ 

Ae 

As 

Ago 
A~ i 

vss 
XTAL 

EXTAL 

WAR 

BUSACK 

BUSRED 

RESET 

NMI 

NTo 

NT 

NTs 

sr 
Aa 

Aa 

A 

A 

A 

Ae 

Ar 

A 

Aa 

Aio 

A. 

Aiz 

Ago 

A. 

A, s 

Am 

An 

A~JTOUT 

ACC 

(DP-64S) 

• HD64A180ROCP,HD64B180ROCP 
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m 3 w x > > ~ ~~ ~3 ~~ w ~~ ~~ ~~ 

ocoo©o©©o~~~~~~ee 

O 

Under Development 

aaaaaa o> 
z>"~oS0000 

t 
a 

NC: Not Connected 
(CP-68) 

0 

RD 

WR 

l~ 

E 

ME 

I~ 
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TEND 

~6 

CKS 

RXS/CTS. 
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TXAi 
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NC 
TXAi 
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TXAo 
DC Do 

~~ 
RTSo 
D~ 

• HD64A180ROF,HD64Bi80ROF 

RNI 
NC 
NC 

fRTo
IT
rNY 
ST 
Ao 
Ai 
A~ 
A~ 
NC 
A~ 
NC 

Ae 
A 
Ae 
Ac 
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0 
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Under Development 
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a aaa i ia'addoo 

t 
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IFP-84) 

0 
D 
m 
m 

v 

m 

m 
D1 

m 
tD 
m 

m 
tL 
m 
m 
m 

flEF 
NC 
NC 
HALT 
TEND
OflED~ 
CKS 
RXSR`TS 
TXS 
CKA~/TENDo 
flXA~ 
NC 
TXA~ 
NC 
CKAo/DREOo 
RXAp 
TXAO 
DC Do 
CTSo 
RTC 
Dr 
NC 
NC 
De 

Type Name Operating Frequency Package 

HD64A180ROP 4 
DP-64S 

HD648180ROP 6 

HD64A180ROF 4 
FP-80' 

HD64B180ROF 6 

HD64A180ROCP 4 
CP-68' 

HD648180ROCP 6 

' Under Development 
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■ BLOCK DIAGRAM 

J 

~ X x W 
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■ ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 
Supply Voltage Vcc — 0.3—+ 7.0 V 

Input Voltage Vi„ — 0.3—Vcc+0.3 V 

Operating Temperature Topr 0—+70 °C 

Storage Temperature Tstg — 55 —+ 150 °C 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. If 
these conditions are exceeded, it could affect reliability of LSI. 

■ ELECTRICAL CHARACTERISTICS 
• DC CHARACTERISTICS (Vcc = 5Vt 10%, Vsg = OV, Ta = 0—+70°C unless otherwise specified) 

Item Symbol Condition min typ max Unit 

Input "H"Voltage 
ViHt Vcc -0 .6 — Vcc+0.3 V 

RESET, EXTAL, NMI 

Input "H"Voltage 
V1Hz 2.0 — Vcc+0.3 V 

Except RESET, EXTAL, NMI 

Input "L"Voltage 
Vltt — 0.3 — 0.6 V 

RESET, EXTAL, NMI 

Input "L" Voltage 
V1Lz — 0.3 — 0.8 V 

Except RESET, EXTAL, NMI 

Output "H" Voltage 
All Outputs VOH 

IoH = — 200µA 2.4 — —
V 

IoH = — 20µA Vcc - 1.2 — — 

Output "L" Voltage 
All Outputs 

Vot log = 1.6 mA — — 0.45 V 

Input Leakage 
Current All Inputs 
Except XTAL, EXTAL 

Ilt Vin=0.5 —Vcc - 0.5 — — 1.0 µA 

Three State Leakage 
Current ITL Vin=0.5—Vcc - 0.5 — — 1.0 µA 

Power Dissipation 
INormat Operation) 

Icc 

f=4 MHz — 10 20 
mA 

f=6 MHz — 15 30 

Power Dissipation 
(SYSTEM STOP model 

f=4 MHz — 2.5 5.0 
mA 

f=6 MHz — 3.8 7.5 

Pin Capacitance Cp 
Vin=OV, f=1 MHz 

Ta=25°C 
_ _ 12 pF 
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• AC CHARACTERISTICS (Vcc = 8V±10%, Vss = OV, Ta = 0 —+70°C unless otherwise specified) 

Item Symbol Condition 
HD64A180R0 HD648180R0 

Unit 
min typ max min typ max 

Clock Cycle Time t~y~ 

Fig.1 (11 

250 — 2000 162 — 2000 ns 
Clock "H" Pulse Width tcHw 1 10 — — 57 — — ns 
Clock "L" Pulse Width tcL,~, 100 — — 57 — — ns 
Clock Fall Time tcf — — 25 — — 25 ns 
Clock Rise Time ter — — 20 — — 20 ns 

Address Delay Time tnD — — 
110 

— — 
105 

ns 
130' 125' 

Address Set-up Time 
(ME or IOE jl tAs 

45 10 

— — ns 30" — 1 5" 
ME Delay Time 1 tMeot — — 85 — — 75 ns 
RD Delay Time 1 tRoot — — 85 — — 75 ns 

LIR Delay Time 1 iLOt — — 
105 

— — 
100 

ns 
120"' 115"' 

Address Hold Time 
or IOE JI tAH 80 — — 35 — — ns 

ME Delay Time 2 tnnEoz — — 85 — — 75 ns 
RD Delay Time 2 tRDDz — — 85 — — 75 ns 
LIR Delay Time 2 tLD2 — — 105 — — 100 ns 
Data Read Set-up Time tons Fig.111),121, 

Fig 3111 
50 — — 45 — — ns 

Data Read Hold Time tDRH p _ — 0 — — ns 

ST Delay Time 1 tSTDt Fig.111), 
Fig2 

— — 110 — — 100 ns 
ST Delay Time 2 tsTo2 — — 110 — — 100 ns 
WAIT Set-up Time t,Ns

Fig.111) 

80 — — 70 — — ns 
WAIT Hold Time ty,~H 70 — — 60 — — ns 
Write Data Floating 
Delay Time twoz — — 100 — — 95 ns 

WR Delay Time 1 2WRD1 — — 90 — — 80 ns 
Write Data Delay Time t~,~,00 — — 1 10 — — 90 ns 
Write Data Set-up Time 

j) twos 60 — — 40 — — ns 

WR Delay Time 2 iWRD2 — — 90 — — 80 ns 
WR Pulse Width i wRp 220 — — 135 — — ns 
Write Data Hold Time 
IWR jI twDH 60 — — 40 — — ns 

IOE Delay Time 1 tlOp t — — 85 — — 75 ns 
IOE Delay Time 2 tloD2 — — 85 — — 75 ns 
IOE Delay Time 3 
LIR j) t10D3 Fig.112) 540 — — 340 — — ns 

INT Set-up Time 
1¢ jl 

t 
INTs 

Fig.1121, 
Fig.5 

80 — — 70 — — ns 

)NT Hold Time 
Im jl tINTH 70 — — 60 — — ns 

Ito be continued) 
NOTE) Each symbols shows the value at the fo lowing conditions. 

' 1. Just after RESET (Restart address = OOOOOH) 
2. AL the beginning of SLEEP mode or SYSTEM STOP mode 

(Starting address = 7FFFFH) 
3. After 8US RELEASE mode 

"1 . Just after RESET (Restart address = OOOOOH) 
2. After BUS RELEASE mode 

"'1. Just after RESET (Restart address = OOOOOHI 
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Item Symbol Condition 
HD64A180R0 HD64B180R0 

Unit 
min typ max min typ max 

NMI Pulse Width tNMiW F~g: 1 (51' 
9 

120 — — 120 — — ns 

BUSREO Set-up Time 
1~ jl tens 

Fig.112) 

80 — — 70 — — ns 

BUSREO Hold Time 
(~ 1> tBRH 70 — — 60 — — ns 

BUSACK Delay Time 1 teAD1 — — 100 — — 95 ns 

BUSACK Delay Time 2 tBADz — — 100 — — 95 ns 

Bus Floating Delay Time tBZD — — 130 — — 1 25 ns 

ME Pulse Width 
(HIGH) tMEwH 200 — — 110 — — ns 

ME Pulse Width 
(LOW) 

t MEWL 210 — — 125 — — ns 

REF Delay Time 1 tRFD1 — — 1 10 — — 1 OO ns 

REF Delay Time 2 tRFoz — — 110 — — 100 ns 

HALT Delay Time 1 tHADt Fig.l (21, 
Fig.5 

— — 110 — — 100 ns 

HALT Delay Time 2 tHADz _ _ 110 — — 100 ns 

DREQi Set-up Time togas 
Fig.2 

80 — — 70 — — ns 

DREQi Hold Time tDRQH 70 — — 60 — — ns 

TENDi Delay Time 1 tTEp t — — 85 — — 70 ns 

TENDi Delay Time 2 tTED2 — — 85 — — 70 ns 

Enable Delay Time 1 tEp t
Fig.311), (2) 

— — 100 — — 95 ns 

Enable Delay Time 2 tEDz — — 100 — — 95 ns 

Timer Output Delay Time iTOD Fig.4 — — 300 — — 300 ns 

CSI/0 Transmit Data 
Delay Time 
(Internal Clock Operation) 

tsroi 

Fig.6 

— — 200 — — 200 ns 

CSI/0 Transmit Data 
Delay Time 
(External Clock Operation) 

tSTDE — — 
7.5 

t +300 cyc 

_ _ 
~ 

7.5 
t +300 cyc 

ns 

CSI/O Receive Data 
Set-up time 
(Internal Clock Operation) 

tsgsi 1 — — 1 — — tcyc

CSI/O Receive Data 
Hold Time 
(Internal Clock Operation) 

t$RHI 1 — — 1 — — tcyc 

CSI/O Receive Data 
Set-up Time 
(External Clock Operation) 

tSRSE 1 — — 1 — — tcyc

CSI/0 Receive Data 
Hold Time 
(External Clock Operation) 

tSRHE 1 — — 1 — — tcY~ 

RESET Set-up Time tREs
Fig.1I1) 

1 20 — — 1 20 — — ns 

RESET Hold Time tREH 80 — — 80 — — ns 

Oscillator Stabilization 
Time tOSc — — 20 — — 20 ms 
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IOE 

RD 

WR 

LIR 

ST 

Data 
IN 

Data 
OUT 

Figure 1 CPU Timing 11) 

HITACHI 

1 Output buffer is off at this point. 
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tINTS 

INTi 

NMI 

LIR ' 1 

ICE ' 1 

Data 
IN '1 

ME '2 

REF '2 

tINTH 

t 

tNMMJ 

tIOD3 

tMEWH 

tRFD1 

tBRS 

BUSREO ~ 

tBRH 

tMEWL 

tDRS 

tRFD2 

tBRS 
tBRH 

t8A a 1 BA42 

BUSACK 

ADDRESS 
DATA 
ME, RD 
WR, I E 

HALF 

~t

tDRH 

tBZD 

'3 
CHAD 1 ~t D2 

Figure 1 CPU Timing 121 
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CPU or DMA Read/Wdte Cycle (Only DMA Write Cycle for TENDi) 
Tz Tw T 

iDRDS 

bRE01 
lat Iavel sense) 

tDRUH't

DREQi 
lat edge sense) 

TENDi 

ST 

\

iDRDS 

iTED1 

iDRDH'z

iSTDt 

T, 

tTED2 

i iDRDS and tpeDH are specified for the rising edge of clock followed by Ta. 
'2 iDRDS and iDRDH are specified for the rising edge of cock. 
'3 DMA cycle starts. 
'4 CPU cycle starts. 

Figure 2 DMA Control Signals 

Tz Tyy 

~ J ~~ l / 
tED1 

E 
(Memory Read/Write) 

E 
lV0 Read) 

E 
(I/O Write) 

Do —Dr 

a 

tED2 

tED1 

iE01 

tED2 

E 
BUS RELEASE mode 
SLEEP mode 

 !1 

Figure 3 E Clock Timing It 1 

iDRS 

tED2 

rDRH r._., 

ED2 

Figure 3 E Clock Timing 121 
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Timer Data 
Reg =0000H 

A,e/TOUT 

INTj 

Ao—A,e 

SLP Instruction fetch 

To 

tTOD 

Figure 4 Timer Output Timing 

Ts 
////~y 

Tg 

tINTe 

tNMM/ 

tWTN 

Next op-code fetch 

Ti T 

 11 

ME, LIR / / 
RD 

tHADI 

 f1 

tHA02 

~H

 f 

Figure 5 SLP Execution Cycle 
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CSI/0 Clock 

tSTDI 

Transmit data 
(Intemal Clock) 

tSTDE

Transmit data 
(External Clock) 

11 cyc

tSRHI tSRSI 

Receive data 
(Internal Clockl 

16.5tcy11.5 cyc 

Receive data 
(Extemal Clockl 

tSRSE tSRHE 

Test Point 

VCC 

RL= 2.2kSZ 

1S2074 ~H 
CT~R ~ or Equiv. 

T 
tSTDI 

STDE 

11 tcyc

tSRSI SRHI 

1 1.5tcyc 1 6.5tcyc 

Figure 6 CSI/0 Receive/Transmit Timing 

C= 90pF R=12k1Z 

y ~tEXr 

EXTAL VIL1 ~VIH1 VIH1 

f—tEXf 

VIL1 

tlf 

tSRSE tSRHE 

Reference Level (Input) 

2.4V 2.4V 

•0.8V 0.8V 

Reference Level (Output) 

—. r tlr 

EXTAL Rise time and Fall time Inputs, other than EXTAL, Rise time and Fall time 

Figure 7 Bus Timing Test Load (TTL Load) 
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1 PIN DESCRIPTION 
XTAL (IN) 

Crystal oscillator connection. Should be left open if an external 
TTL clock is used. It is noted this input is not a TTL level input. See 
Table D.C. characteristics. 

EXTAL IIN) 
Crystal oscillator connection. An external TTL clock can 

input on this line. This input is schmitt triggered. 
be 

¢ (DUT) 
System Clock. The frequency is equal to one-half of crystal oscil-

lator. 

RESET —CPU Reset IIN) 
When LOW, initializes the HD64180 CPU. All output signals 

are held inactive during RESET. 

Ao-Ate —Address Bus (OUT, 3-STATE) 
A7e/TOUT 

19-bit address bus provides physical memory addresses of up to 
S Ilk bytes. The address bus enters the high impedance state during 
RESET and when another device acquires [he bus as indicated by 
BUSREQ and BUSACK LOW. A NN is multiplexed with the TOUT 
output from PRT channel 1. During RESET, the address bus func-
tion is selected. TOUT function can be selected under software con-
trol. 

Do-D~ —Data Bus IIN/OUT, 3-STATE) 
Bidirectional 8-bit data bus. The data bus enters the high impe-

dance state during RESET and when another device acquires the 
bus ag indicated by BUSREQ and BUSACK LOW. 

RD —Read TOUT, 3-STATE) 
Used during a CPU read cycle to enable transfer from the exter-

nal memory or 1/O device to the CPU data bus. 

WR —Write (OUT, 3-STATE) 
Used during a CPU write cycle [o enable transfer from the CPU 

data bus to [he external memory or 1/O device. 

ME —Memory Enable TOUT, 3-STATE) 
_Indicates memory read or write operation. The HD64180 asserts 
ME LOW in the following cases. 
(a) When fetching instructions and operands. 
(b) When reading or writing memory data. 
(c) During memory access cycles of DMA. 
(d) During dynamic RAM refresh cycles. 

IOE — I/O Enable (OUT, 3-STATE) _ 
Indicates 1/O read or write operation. The HD64180 asserts fOE 

LOW in the following cases. 
(a) When reading or writing I/O data. 
(b) During 1/O access cycles of DMA. 
(c) During INTO acknowledge cycle 

WAIT —Bus Cycle Wait IINI 
Introduces wait states to extend memory and I/O cycles. If LOW 

at the falling edge of TZ, a wait state (Tw) is inserted. Wait states will 
continue [o be inserted until the WAIT input is sampled HIGH at 
the falling edge of Tw, at which time the bus cycle will proceed to 
completion. 

E —Enable (OUT) 
Synchronous clock for connection to HD63 x x series and other 

6800/6500 series compatible peripheral LSIs. 

BUSREQ —Bus Request IINI 
Another device may request use of the bus by asserting 

BUSREQ LOW. The CPU will stop executing instructions and 

HITACHI 

places the address bus, data bus, RD, WR, ME and IOE in the high 

impedance state. 

BUSACK —Bus Acknowledge (OUT) 
When the CPU completes bus release (in response to BUSREQ 

LOW), it will assert BUSACK LOW. This acknowledges that the 
bus is free for use by the requesting device. 

HALT —Halt/Sleep Status (OUT) 
Asserted LOW after execution of the HALT or SLP instruc-

tions. Used with LIR and ST output pins to encode CPU status. 

LIR —Load Instruction Register TOUT) 
Asserted LOW when the current cycle is an op-code fetch cycle. 

Used with HALT and ST output pins to encode CPU status. 

ST —Status (OUT) _ 
Used with the HALT and LIR output pins to encode CPU 

status. 

Table 1 Status Summary 

ST HALT LIR Operation 

0 i 0 CPU operation 
Itstop-code fetch) 

1 1 0 CPU operation 
(2nd op-code and 
3rd op-code fetch) 

1 1 1 CPU operation 
(MC except for op-codefetchl 

0 X 1 DMA operation 

0 0 0 HALT mode 

1 0 1 SLEEP mode (including 
SYSTEM STOP model 

NOTE) X: Don't care 
MC: Machine cycle 

REF —Refresh (OUT) 
When LOW, indicates the CPU is in the dynamic RAM refresh 

cycle and the low-order 8 bits (Ap A,) of the address bus contain 
the refresh address. 

NMI —Non-Maskable Interrupt IINI 
When edge transition from HIGH to LOW is detected, forces 

the CPU to save certain state information and vector to an interrupt 
service routine at address 0066H. The saved state information is re-
stored by executing the RETN (Return from Non-Maskable Inter-
rupt) instruction. 

INTO —Maskable Interrupt Level 0 IIN) 
When LOW, requests a CPU interrupt (unless masked) and 

saves certain state information unless masked by software. INTO re-
quests service using one of three software programmable interrupt 
modes. 

Mode Operation 

0 Instruction fetched and executed from data bus. 

1 Instruction fetched and executed from address 
0036H. 

2 Vector System —Low-order 8 bits vector table 
address fetched from data bus. 

In all modes, the saved state information is restored by execut-
ing RETI (Return from Interrupt) instruction. 
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INTt, INTz — Maskable Interrupt Level 1, 2 IINI 
When LOW, requests a CPU interrupt (unless masked) and 

saves certain state information unless masked by software. INT, 
and INTO (and internally generated interrupts) request interrupt 
service using a vector system similar to Mode 2 of INTO. 

DREQo —DMA Request —Channel 0 IINI 
When LOW (programmable edge or level sensitive), requests 

DMA  transfer service from channel 0 of the HD64180 DMAC. 
DREQo is used for Channel 0 memory < >  I/O and memory 
< > memory mapped I/O transfers. DREQ~ is no[ used for 
memory H memory transfers. This pin is multiplexed with 
CKAo. 

TENDo —Transfer End —Channel 0 (OUT) 
Asserted LOW synchronous with the last write cycle of channel 

0 DMA transfer to indicate DMA completion to an external device. 
This pin is multiplexed with CKA,. 

DREOt —DMA Request —Channel 1 IINI 
When LOW (programmable edge or level sense), requests 

DMA transfer service from channel 1 of the HD64180 DMAC. 
Channel 1 supports Memory < > [/O transfers. 

TENDt —Transfer End —Channel 1 IOUTI 
Asserted LOW synchronous with the last write cycle of channel 

1 DMA transfer to indicate DMA completion to an external device. 

TXAe —Asynchronous Transmit Data —Channel 0 (OUT) 
Asynchronous transmit data from channel 0 of the Asynchro-

nous Serial Communication Interface (ASCI). 

RXAo —Asynchronous Receive Data —Channel 0 IINI 
Asynchronous receive data to channel 0 of the ASCI. 

CKAo —Asynchronous Clock —Channel 0 IIN/OUT) 
Clock input/output for channel 0  of the ASCL This pin is 

multiplexed (software selectable) with DREQo. 

RTSo —Request to Send —Channel 0 (OUTI 
Programmable modem control output signal for channel 0 of the 

ASCL. 

CTSo —Clear to Send —Channel 0 IINI 
Modem control input signal for channel 0 of the ASCI. 

DCDo —Data Carrier Detect —Channel 0 IIN) 
Modem control input signal for channel 0 of the ASCI. 

TXAt —Asynchronous Transmit Data —Channel 1 (OUT) 
Asynchronous transmit data from channel 1 of the ASCI. 

RXAt —Asynchronous Receive Data —Channel 1 IIN) 
Asynchronous receive data to channel 1 of the ASCI. 

CKAt —Asynchronous Clock —Channel 1 IIN/OUT) 
Clock input/output far channel 1  of the ASCI. This pin is 

multiplexed (software selectable) with TENDo. 

CTSt — Clear to Send —Channel 1 IINI 
Modem control input signal for channel 1 of the ASCI. This pin 

is multiplexed (software selectable) with RXS. 

TXS —Clocked Serial Transmit Data (OUT) 
Clocked serial transmit data from the Clocked Serial 1/O Port 

(CSI/O). 

RXS —Clocked Serial Receive Data IINI 
Clocked serial receive data to the CSI/O. This pin is multiplexed 

(software selectable) with ASCI channel 1 CTS modem control 
input. 

CKS —Serial Clock (IN/OUT) 
Input or output clock for the CSI/O. 

TOUT —Timer Output TOUT) 
Pulse output from Programmable Reload Timer channel 1. This 

pin is multiplexed (software selectable) with A,N (Address 18). 

Vcc —Power Supply 

Vss —Ground 

Multiplexed pin descriptions 
Ate/TOUT 

During RESET, this pin is initialized as A,,, pin. If either TOC1 
or TOCO bit in Timer Control Register (TCR) is set to 1, TOUT 
function is selected. 

If TOC 1 and TOCO bits are cleared to 0, A,,, function is selected. 

CKAo/DREOo
During RESET, this pin is initialized as CKAo pin. If either DM 1 

or SM1 in DMA Mode Register (DMODE) is set to 1, DREQo
function is always selected. 

CKAt /TENDo
During RESET, this pin is initialized as CKA, pin. If CKA1D bit 

in ASCI control register ch 1 (CNTLAI) is set to 1, TENDo func-
tion is selected. If CKA 1 D bit is set to 0, CKA, function is selected. 

RXS/CTSt
During RESET, this pin is initialized as RXS pin. IfCTS]E bit in 

ASCI status register chl (STATI) is set to 1, CTS, function is 
selected. 

If CTS1E bit is set to 0, RXS function is selected. 
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2 CPU REGISTERS 
The HD64180 CPU registers consist of Register Se[ GR, Regis-

ter Se[ GR' and Special Registers. 
The Register Set GR consists of 8-bit Accumulator (A), 8-bit 

Flag Register (F), and three General Purpose Registers (BC, DE, 
and HL) which may be treated as 16-bit registers (BC, DE, and 
HL) or as individual 8-bit registers (B, C, D, E, H, and L) depend-
ing on the instruction to be executed. The Register Set GR' is alter-
nate register set of Register Set GR and also contains Accumulator 

Register Set GR 

Accumulator 
A 

Flag Register 
F 

B Register C Register 

D Register E Register 

H Register L Register 

Register Set GR' 

Accumulator 
A' 

Flag Register 
F' 

B' Register C' Register 

D' Register E' Register 

H' Register L' Register 

2.1 Register Description 

General 
Purpose 
Registers 

General 
Purpose 
Registers 

(A'), Flag Register (F') and three General Purpose Registers (BC', 
DE', and HL'). While the alternate Register Set GR' contents are 
not directly accessible, the contents can be programmably ex-
changed at high speed with those of Register Set GR. 

The Special Registers consist of 8-bit Interrupt Vector Register 
(I), 8-bit R Counter (R), two 16-bit Index Registers (IX and IY), 
16-bit Slack Pointer (SP), and 16-bit Program Counter (PC). 

Fig. 8 shows CPU registers configuration. 

Figure 8 CPU Register Configuration 

Itl Accumulator IA, A'1 
The Accumulator (A) serves as the primary register used for 

many arithmetic, logical and I/O instructions. 

121 Flag Registers IF, F'1 
The flag register stores various status bits (described in the next 

section) which reflect the results of instruction execution. 

131 General Purpose Registers IBC, BC', DE, DE', HL, HL') 
The General Purpose Registers are used for both address and 

data operation. Depending on instruction, each half (8 bits) of these 
registers (B, C, D, E, H, and L) may also be used. 

141 Interrupt Vector Register 111 
For interrupts which require a vector table address to be calcu-

lated (INTO Mode 2, INT„ INTZ and internal interrupts), the Inter-
rupt Vector Register (I) provides the most significant byte of the 
vector table address. 

Special Registers 

Interrupt 
Vector Register 

1 

R Counter 

R 

Index Register IX 

Index Register IY 

Stack Pointer SP 

Program Counter PC 

incremented for each CPU op-code fetch cycles (each LIR cycles). 

161 Index Registers (IX, and IY) 
The Index Registers are used for both address and data opera-

tions. For addressing, the contents of a displacement specified in 
[he instruction are added to or subtracted from the Index Register 
to determine an effective operand address. 

171 Stack Pointer ISPI 
The Stack Pointer (SP) contains the memory address based 

LIFO stack. 

181 Program Counter IPCI 
The Program Counter (PC) contains the address of the instruc-

tion to be executed and is automatically updated after each instruc-
tion fetch. 

(g) Flag Register IFI 
The Flag Register stores [he logical state reflecting the results of 

instruction execution. The contents of the Flag Register are used to 
control program Ilow and instruction operation. 

151 R Counter lRl 
The least significant seven bits of the R Counter (R) serve to 

count the number of instructions executed by the HD64180. R is 
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instruction was an addition operation (ADD, INC, etc.). 
bit 7 6 5 4 3 2 0 

S 2 H PN N C Flag flegister IFl 

S: Sign Ibit 71 
S stores the state of the most significant bit (bit 7) o(the result. 

This is useful for operations with signed numbers in which values 
with bit 7 = 1 are interpreted as negative. 

Z: Zero (bit 6) 
Z is set to 1 when instruction execution results containing 0. 

Otherwise, Z is reset to 0. 

H: Hali Carry (bit 4) 
H is used by the DAA (Decimal Adjust Accumulator) instruc-

tion to reflect borrow or carry from the least significant 4 bits and 
thereby adjust the results of BCD addition and subtraction. 

P/V: Parity/Overflow (bit 2) 
P/V serves a dual purpose. For logical operations P/V is set to 1 

if the number of 1 bit in the result is even and P/V is reset to 0 if the 
number of 1 bit in the result is odd. For two complement 
arithmetic, P/V is set to I if the operation produces a result which is 
outside the allowable range (+ 127 to — 128 for 8-bit operations, 
+32767 to —32768 for 16-bit operations). 

N: Negative (bit 11 
N is set to 1 if the last arithmetic instruction was a subtract oper-

ation (SUB, DEC, CP, etcJ and N is reset to 0 if the last arithmetic 

8-bit Register 

g or g' field Register 

0 0 0 B 

0 0 1 C 

0 1 0 D 

0 1 1 E 

1 0 0 H 

1 0 1 L 

1 1 0 —

1 1 1 A 

16-bit Register 

zz field Register 

0 0 BC 

0 1 DE 

1 0 H L 

1 1 AF 

C: Carry (bit 01 
C is set to 1 when a carry (addition) or borrow (subtraction) 

from the most significant bit of the result occurs. C is also affected 
by Accumulator logic operations such as shifts and rotates. 

3 ADDRESSING MODES 
The HD64180 instruction set includes eight addressing modes. 

Implied Register 
Register Direct 
Register Indirect 
Indexed 
Extended 
Immediate 
Relative 
10 

111 Implied Register (IMP) 
Certain op-codes automatically imply register usage, such as the 

arithmetic operations which inherently reference the Accumulator, 
Index Registers, Stack Pointer and General Purpose Registers. 

121 Register Direct (REG) 
Many op-codes contain bit fields specifying registers to be used 

for the operation. The exact bit field definition vary depending on 
instruction as follows. 

ww field Register 

0 0 BC 

0 1 DE 

1 0 H L 

1 1 SP 

xx field Register 

0 0 BC 

0 1 DE 

1 0 IX 

1 1 S P 

yy field Register 

0 0 BC 

0 1 DE 

1 0 IY 

1 1 SP 

Suffixed H and L to ww,xx,yy,zz (ex. wwH,IXL) indicate upper and lower 8-bit of the 16-bit 

register respectively. 
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131 Register Indirect (REGI 
The memory operand address is contained in one of the 16-bit 

General Purpose Registers (BC, DE and HL). 

BC 

DE 

HL Operand 

Memory 

141 Indexed IINDXI 
The memory operand address is calculated using the contents of 

an Index Register (IX or IY) and an 8-bit signed displacement spec-
ified in the instruction. 

op-code 1 

op-code 2 

displacement Idl 
Sign extended -.-

IX or IY 
Operand 

Memory 

l51 Extended (EXT) 
The memory operand address is specified by two bytes contained 

in the instruction. 

op-code 

n 

m 

m n Operand 

Memory 

161 Immediate IIMMED) 
The memory operands are contained within one or two bytes of 

the instruction. 

op-code 

m } 8-bit operand 

op-code 

n 

m 
t 16 bit operand 

171 Relative (REL) 
Relative addressing mode is only used by the conditional and 

unconditional branch instructions. The branch displacement (rela-
tive to the contents of the program counter) is contained in the in-
struction. 

op-code 

displacement Ill 
Sign extended 

Program Counter IPCI 

181 10 1101 
10 addressing mode is used only by 1/O instructions. This mode 

specifies 1/O address (IOE = 0) and outputs them as follows. 
(1) An operand is output to Ao A~. The Contents of Accumulator 

is output to A,;  A15. 
(2) The Contents of Register B is output to Ao At. The Contents 

of Register C is output to Ad A15. 
(3) An operand is output [o Ao A,. OOH is output to Ad A15. 

(useful for internal I/O register access) 
(4) The Contents of Register C is output to Ao-A~. OOH is output 

to AN A,~. 
(useful for internal 1/O register access) 
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4 CPU BUS TIMING 
This section explains the HD64180 CPU timing for the following 

operations. 

(1) Instruction (op-code) fetch timing. 
(2) Operand and data read/write timing. 
(3) I/O read/write timing. 
(4) Basic instruction (fetch and execute) timing. 
(5) RESET timing. 
(6) BUSREQ/BUSACK bus exchange timing. 

The basic CPU operation consists of one or more "machine cy-
cles" (MC). A machine cycle consists of three system clocks, T„ Ti
and T, while accessing memory or I10, or it consists of one system 
clock, Ti while the CPU internal operation. The system clock (~) is 
half frequency of crystal oscillation (Ex. 8 MHz crystal—~ ¢ of 4 

Ao—Ata 

Do—D~ 

WAIT 

LIR 

ME 

MHz, 250 nsec). For interfacing to slow memory or peripherals, 
optional wait states (Tw) may be inserted between TZ and T,. 

4.1 Instruction lop-code) Fetch Timing 
Fig. 9 shows the instruction (op-code) fetch timing with no wait 

states. 
An op-code fetch cycle is externally indicated when the LIR 

(Load Instruction Register) output pin is LOW. 
In the first half of T„ the address bus (Ao A,e) is driven with the 

contents oC the Program Counter (PC). Note that this is the trans-
lated address output of the HD64180 on-chip MMU. _ 

In the second half of T„ the ME (Memory Enable) and RD 
(Read) signals are asserted LOW, enabling the memory. 

The op-code on the data bus is latched at the rising edge of T3
and the bus cycle terminates at the end of T,. 

r 
Op-code Fetch Timing ~ 

Tl Tz Ts Tt Tz 

PC 

I 

Op-code 

\ ~ / 

RD \ / ~ 

Figure 9 Op-Code Fetch Timing 

Fig. 10 illustrates the insertion of wait slates (Tw) into the op-
code fetch cycle. Wait states (Tw) are controlled by the external 
WAIT input combined with an on -chip programmable wait state 
generator. 

At the falling edge of Tz the combined WAIT input is sampled. ]f 

Ao—Aia 

Do—D~ 

WAIT 

LIR 

ME 

RD 

WAIT input is asserted LOW, a wait state (Tw) is inserted. The ad-
dress bus, ME,_RD and LIR are held stable during wait states. 
When the WAIT is sampled inactive HIGH at the falling edge of 
Tw, the bus cycle enters T~ and completes at the end of T3. 

Op-code fetch cycle 

r 
T, Tz Tw 

I 

 '~ 

Tw Ts T, Tz 

i 
Op-code  

I ~ 
-- , i -- ; -'--r-r

Figure ] 0 Op-Code Fetch Timing (with wait state) 
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4.2 Operand and Data Read/Write Timing 
The instruction operand and data read/write timing differs from 

op-code fetch timing in two ways. First, the LIR output is held inac-
tive. Second, the read cycle timing is relaxed by one-half clock cycle 
since data is latched a[ the falling edge of T9. 

Instruction operands include immediate data, displacement and 
extended addresses and have the same timing as memory data 
reads. 

During memory write cycles the ME signal goes active in the 

Ao—A, a 

Do—D~ 

WAIT 

ME 

RD 

WR 

Ao—Ate 

Read cycle 

second half of T,. At the end of T„ the data bus is driven with the 
write data. _ 

At the start of T~,  the WR signal is asserted LOW enabling the 
memory. ME and WR go inactive in the second half of T3 followed 
by deactivation of the write data on the data bus. 

Wait states (Tw) are inserted as previously described for op-code 
fetch cycles. 

Fig. 11 illustrates the read/write timing without wait states (Tw), 
while Fig. 12 illustrates read/write timing with wait states (Tw). 

Write cycle 
r 
T Tz Ta t 

 <Read data 

I ' 
T r 

1 

Tz Ts T, 

i 
i 

-----+-~ Write data } 

J L 

r 
Ti 

Figure 1 1 Memory Read/Write Timing (without wait state) 

Write cycle Read cycle 

Tz Tw 
r 

Ta Tt Tz Tw Ts 

Do—D~ l~readdata I

WAIT 

ME 

RD 

WR 

 1

Write data 

r r 

Figure 12 Memory Read/Write Timing (with wait state) 
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4.3 I/O Read/Write Timing 
1/O instructions cause data read/write transfer which differs 

from memory data transfer in the following three ways. The IOE (I/ 
O Enable) signal is asserted LOW instead of the ME signal. The 16-
bit I/O address is not translated by the MMU and As -A, x are held 

Ao—A,s 

Do—D~ 

WAIT 

IOE 

RD 

WR 

I/O read cycle 

LOW. At least one wait state (Tw) is always inserted for I/O read 
and write cycles (except internal I/O cycles). 

Fig. 13 shows I/O read/write timing with the automatically in-
serted wait state (Tw). 

I/O write cycle 

T, Tz Tw Ts ~ T, Tz Tw Ts 

 <Readdat~ i ~ Write data } 
i i 

i i 
~ r }  ..J ~ 

NOTE: A,s—A,a = 0 for I/O cycles 

Figure 7 3 I/O Read/Write Timing 

4.4 Basic Instruction Timing 
An instruction may consist of a number of machine cycles in-

cluding op-code fetch, operand fetch and data read/write cycles. An 
instruction may also include cycles for internal processing in which 
case the bus is idle. 

The example in Fig. 14 illustrates the bus timing for the data 
transfer instruction LD (IX+d),g. This instruction moves the con-
tents of a CPU register (g) to the memory location with address 

400 

computed by adding an signed 8-bit displacement (d) to the con-
tents of an index register (IX). 

The instruction cycle starts with the two machine cycles to read 
the two bytes instruction op-code as indicated by L1R LOW. Next, 
the instruction operand (d) is fetched. 

The external bus is idle while the CPU computes the effective 
address. Finally, the computed memory location is written with the 
contents of the CPU register (g). 
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Ao—A,e 

Da —D, 

LIR 

ME 

RD 

WR 

Machine Cycle 

CPU internal 
1 st op-code 2nd op-code Displacement operation 

LLfetch cycle fetch cycle ll read cycle 

I_ I~ I' 

~~ Memory Nezt instruction 
write cycle fetch cycle 

I~ I -

T, Tx Ta Ti Ta Ti T, Ta Ts Ti Ti Ti T, Ta To T, Tz 

~~ 

IDDH) (70H— 77H) 

IXtd PCt 3 

d 9 

MCt I MC2 

NOTE: d =displacement 
g =register contents 

MC3 ~MC4I MC5 MC6 MC7 

Figure 14 LD (IX+d), g Instruction Timing 

4.5 RESET Timing 
Fig. 15 shows the li D64180 hardware RESET timing. If the RE-

SET pin is LOW for at least six clock cycles, processing is termi-

RESET 

Ao—Ate 

r 

6 or more than 6 cocks 
 I 

~ lj ~' 

I 

i> 

r 

noted and the HD64180 restarts execution from (logical and physi-
cal) address OOOOOH. 

RESET 

RESET Start 

OP-code fetch cycle

T, Ts 

High impedance 
I ;<Restart address100000H) 

Figure 15 RESET Timing 

4.6 BUSREQ/BUSACK Bus Exchange Timing 
The HD64180 can coordinate the exchange of control, address 

and data bus ownership with another bus master. The alternate bus 
master can request the bus release by asserting the BUSREQ (Bus 
Request) input LOW. ARer [he HD64180 releases the bus, i[ relin-
quishes control to the alternate bus master by asserting the 
BUSACK (Bus Acknowledge) output LOW. 

The bus may be released by the HD64180 at the end of each ma-
chine cycle. In this context a machine cycle consists of a minimum 
of 3 clock cycles (more if wait states are inserted) for op-code fetch, 
memory read/write and I/O read/write cycles. Except for these 
cases, a machine cycle corresponds to one clock cycle. 

When the bus is released, the address (Ao A,a), data (Do D~) 

and control (ME, IOE, RD, and WR) signals are placed in the high 
impedance state. 

Note that dynamic RAM refresh is not performed when [he 
HD64180 has released the bus. The alternate bus master must pro-
vide dynamic memory refreshing if the bus is released for long peri-
ods of time. 

Fig. 16 illustrates BUSREQ/BUSACK bus exchange during a 
memory read cycle. Fig. 17 illustrates bus exchange when the bus 
release is requested during an HD64180 CPU internal operation. 
BUSREQ is sampled at the falling edge of [he system clock prior to 
Ta, Ti and Tx (BUS RELEASE state). If BUSREQ is asserted LOW 
at the falling edge of the clock state prior to Tx, another Tx is ex-
ecuted. 
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Ao—A~a 

Do—D~ 

ME, IOE 

RD, WR 

BUSREO. 

BUSACK 

Ao—A~e 

Do—D~ 

ME, IOE 

RD, WR 

BUSREQ 

CPU memory read cycle Bus release cycle CPU cycle 
'~- `I-

Ti Tz Tw T3 Tx Tx Tx Ti 

BUSACK 

~\ 

Figure 16 Bus Exchange Timing 111 

CPU internal operation Bus release cycle CPU cycle 

r 

Ti Ti Ti Ti Tx Tx Tx T i 

Figure 17 Bus Exchange Timing 121 
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6 HALT AND LOW POWER OPERATION MODES 
The HD64180 can operate in 4 different modes. HALT mode, 

IOSTOP mode and two low power operation modes —SLEEP and 
SYSTEM STOP. Note that in all operating modes, the basic CPU 
clock (XTAL, EXTAL) must remain active, 

5.1 HALT Mode 
HALT mode is entered by execution of the HALT instruction 

(op-code = 76H) and has the following characteristics. 
(1) The internal CPU clock remains active. 
(2) All internal and external interrupts can  be received. 
(3) Bus exchange (BUSREQ and BUSACK) can occur. 
(4) Dynamic RAM refresh cycle (REF) insertion continues at the 

programmed interval. 
(5) I/O operations (ASCI, CSI/O and PRT) continue. 
(ti) The DMAC can operate. 
(7) The HALT output pin is asserted LOW. 
(8) The external bus activity consists of repeated `dummy' fetches 

of the op-code following the HALT instruction. 

HALT op-code fetch cycle 

INTi, NMI 

Ao—A,e 

AH  T 

LIR 

ME 

RD 

Essentially, the HD64180 operates normally in HALT mode, 
except that instruction execution is stopped. 

HALT mode can be exited in the following two ways. 

RESET Exit from HALT Mode 
If the RESET input is asserted LOW for at least six clock cycles, 

HALT mode is exited and the normal RESET sequence (restart at 
address OOOOOH) is initiated. 

Interrupt Exit from HALT Mode 
When an internal or external interrupt is generated, HALT 

mode is exited and the normal interrupt response sequence is initi-
ated. 

If the interrupt source is masked (individually by enable bit, or 
globally by IEF, state), the HD64180 remains in HALT mode. 
However, NMI interrupt will initiate the normal NMI interrupt re-
sponse sequence independent of the state of IEF,. 

HALT timing is shown in Fig. 18. 

HALT mode 
Interrupt 

I acknowledge cycle 

T2 Ta Ti Ts Ts T~ T~ 

HALT op-code address ~ HALT op-code address t 1 

i 

I\ 
i 

j~

I 

i 

Figure 18 HALT Timing 

6.2 SLEEP Mode 
SLEEP mode is entered by execution of the 2 byte SLP instruc-

tion. SLEEP mode has the following characteristics. 
(1) The internal CPU clock stops, reducing power consumption. 
(2) The internal crystal oscillator does not stop. 
(3) Internal and external interrupt inputs can be received. 
(4) DRAM refresh cycles stop. 
(5) 1/O operations using on-chip peripherals continue. 
(6) The internal DMAC stop. 
(7) BUSREQ can be received and acknowledged. 
(8) Address outputs go HIGH and all other control signal output 

become inactive HIGH. 
(9) Data Bus, 3-state. 

SLEEP mode is exited in one of two ways as shown below. 

RESET Exit from SLEEP Mode 
If the RESET input is held LOW Cor at least six clock cycles, the 

HD64180 will exit SLEEP mode and begin the normal RESET se-
quence with execution starting at address (logical and physical) 
OOOOOH. 

Interrupt Exlt from SLEEP Mode 
The SLEEP mode is exited by detection of an external (NMI, 

INTO, INT„ INTr) or internal (ASCI, CSI/O, PRT) interrupt. 
In the case of NMI, SLEEP Mode is exited and the CPU begins 

the normal NM[ interrupt response sequence. 
In the case of all other interrupts, the interrupt response de-

pends on the state of the global interrupt enable flag (IEF,) and the 
individual interrupt source enable bit. 

If the individual interrupt condition is disabled by the corres-
ponding enable bit, occurrence of that interrupt is ignored and the 
CPU remains in the SLEEP state. 

Assuming the individual interrupt condition is enabled, the re-
sponse to that interrupt depends on [he global interrupt enable flag 
(IEF,). If interrupts are globally enabled (IEF,=1) and an in-
dividually enabled interrupt occurs, SLEEP mode is exited and the 
appropriate normal interrupt response sequence is executed. 

If interrupts are globally disabled (IEF,=O) and an individually 
enabled interrupt occurs, SLEEP mode is exited and instruction ex-
ecution begins with the instruction following the SLP instruction. 
Note that this provides a technique for synchronization with high 
speed external events without incurring the latency imposed by an 
interrupt response sequence. 
Fig. 19 shows SLEEP timing. 
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5.3 IOSTOP Mode 
IOSTOP mode is entered by setting the IOSTP bit of the I/O 

Control Register (ICR) to 1. In this case, on-chip 1/0 (ASCI, CSI/ 

O, PRT) stops operating. However, the CPU continues to operate. 
Recovery from IOSTOP mode is by clearing the IOSTP bit in ICR 
to 0. 

INTi, NMI 

SLP 2nd op-code 
fetch cycle 

Tz T3 T, 

i 

Ao—A,a SLP 2nd op-code address 

5.4 SYSTEM STOP Mode 
SYSTEM STOP mode is the combination of SLEEP and 

IOSTOP modes. SYSTEM STOP mode is entered by setting the 
IOSTP bit in ICR to 1 followed by execution of the SLP instruction. 
In this mode, on-chip 1/O and CPU stop operating, reducing power 
consumption. Recovery from SYSTEM STOP mode is the same as 
recovery from SLEEP mode, noting that internal I/O sources (dis-
abled by IOSTOP) cannot generate a recovery interrupt. 

SLEEP mode 
Op-code fetch or interrupt 
acknowledge cycle 

Tz Ts II Ts II T, 

~J  I~ 

i i i
i 

Tz T3 

HALT 

LIR 

Figure 19 SLEEP Timing 
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6 INTERRUPTS 
The HD64180 CPU has twelve interrupt sources, four external 

and eight internal, with fixed priority. 
This section explains the CPU registers associated with interrupt 

processing, the TRAP interrupt, interrupt response modes and the 
external interrupts. The detailed discussion of internal interrupt 
generation (except TRAP) is presented in the appropriate hardware 
section (i.e. PRT, DMAC, ASCI and CSI/O). 

PflOflty Interrupt 

Higher 1 TRAP (Undefined Op-code Trap) Internal Interrupt 
Priority 2 NMI (Non Maskable Interrupt) 

3 INTO (Maskable Interrupt Level 0) External Interrupt 
4 1(~ (Maskable Interrupt Level 1) 
5 INTz (Maskable Interrupt Level 2) 
6 Timer 0 
7 Timer 1 
8 DMA channel 0 
9 DMA channel 1 Internal Interrupt 
10 Clocked Serial I/O Port 

Lower 11 Asynchronous SCI channel 0 
Priority 12 Asynchronous SCI channel 1 

Figure 20 

6.1 Interrupt Control Registers and Flags 
The HD64180 contains three registers and two flags which are 

associated with interrupt processing. 

Register and 
Flag Name 

Function Access Method 

I Contains upper 6-bit 
of interrupt vector 

LD A, I and 
LD I, A instructions 

IL Contains lower 8-bit 
of interrupt vector 

I/O instruction 
(addr = 33H) 

ITC Interrupt/Trap control I/O instruction 
(addr = 34H) 

IEF„IEFz Enable/disable 
interrupt 

EI, DI, 
LDA, I,and 
LD A, R instructions 

(1) Interrupt Vector Register III 
Mode 2 for INTe external interrupt, INT, and INTz external in-

terrupts and all internal interrupts (except TRAP) use a program-
mable vectored technique to determine the address at which inter-
rupt processing starts. In response to the interrupt a 16-bit address 
is generated. This address accesses a vector table in memory to ob-
tain the address at which execution restarts. 

While the method for generation of the least significant byte of 
the table address differs, all vectored interrupts use the contents of I 
as the most significant byte of the table address. By programming 
the contents of I, vector tables can be relocated on 256 bytes bound-
aries throughout the 64k bytes logical address space. 

Note that I is read/written with the LD A, I and LD 1, A instruc-
tions rather than I/O (IN, OUT) instructions. 

I is initialized to OOH during RESET. 

l2) Interrupt Vector Low Register (IL) 
Interrupt Vector Low Register (IL : VO Address = 33H) 

bit 7 a 5 4 3 2 1 0 

IL7 tLs IL5 
RM7 RAN R/W 

Programmebb Mtenupt Source Dependent Code 

Interrupt Sources 

This register determines the most significant three bits of the 
low-order byte of the interrupt vector table address for external in-
terrupts INT, and INTO and all internal interrupts (except TRAP). 
The five least significant bits are fixed for each specific interrupt 
source. By programming IL the vector table can be relocated on 32 
bytes boundaries. 

IL is initialized to OOH during RESET. 

131 INT/TRAP Control Register (ITC) 
INT/TRAP Control Register (ITC : VO Address = 34H) 

bit 7 8 5 4 3 2 1 

TRAP UFO ITE2 nEt ITEO 
R/W R RAN R/W RNJ 

ITC is used to handle TRAP interrupts and to enable or disable 
the external maskable interrupt inputs TI Y3a, INT„ and 1NTz. 

TRAP (bit 71 
This bit is set to 1 when an undefined op-code is fetched. TRAP 

can be reset under program control by writing it with 0, however it 
cannot be written with 1 under program control. TRAP is cleared to 
0 during RESET. 

UFO: Undefined Fetch Object (bit 61 
When a TRAP interrupt occurs (TRAP bit is set to 1), the con-

tents of UFO allow determination of the starting address of the 
undefined instruction. This is necessary since the TRAP may occur 
on either the second or third byte of the op-code. UFO allows the 
stacked PC value (stacked in response to TRAP) to be correctly ad-
justed. If UFO = 0, the first op-code should be interpreted as the 
stacked PC-1. If UFO = 1, the first op-code address is stacked 
PC-2. UFO is read-only. 

ITE2,I,O: Interrupt Enable 2,1,0 (bits 2-01 
ITE2, ITEI and ITEO enable and disable [he external interrupt 

inputs INTz, INT„ and INTs respectively. If cleared [0 0, [he inter-
rupt is masked. During RESET, ITEO is initialized to 1 while ITEI 
and ITE2 are initialized to 0. 

• Interrupt Enable Flag 1,2 (IEFz , IEFy) 
IEF, controls the overall enabling and disabling of all internal 

and external maskable interrupts (i.e. all interrupts except NMI and 
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TRAP). 
If IEF, = 0, all maskable interrupts are disabled. IEF, can be re-

set to 0 by the DI (Disable Interrupts) instruction and set to 1 by 
the EI (Enable Interrupts) instruction. 

The purpose of IEFZ is to correctly manage the occurrence of 
NMI. During NMI, the prior interrupt reception state is saved and 
all maskable interrupts are automatically disabled (IEF, copied to 

IEFZ and then IEF, cleared to 0). At the end of the NMI interrupt 
service routine, execution o(the RETN (Return from Non-maska-
ble Interrupt) will automatically restore the interrupt receiving state 
(by copying IEFZ to IEF,) prior to the occurrence of NMI. 

IEFZ state can be reflected in the P/V bit of the CPU Status regis-
ter by executing LD A, I or LD A, R instructions. 

Table 2 shows [he state of IEF, and IEFZ. 

Table 2 State of IEF, and IEF Z

CPU Operation IEF, IEF Z REMARKS 

RESET 0 0 Inhibits the interrupt except NMI and TRAP. 

NMI 0 IEF, Copies the contents of IEF, to IEF Z. 

RETN IEF Z not affected Returns from the NMI service routine. 

Interrupt except 
NMTand TRAP 

0 0 Inhibits the interrupt except NMI and TRAP. 

RETI not affected not affected 

TRAP not affected not affected 

EI 1 1 

DI 0 0 

LD A, I not affected not affected Transfersthe contents of IEF Z to P/V flag. 

LD A, R not affected not affected Transfers the contents of IEF Z to P/V flag. 

6.2 TRAP Interrupt 
The HD64180 generates anon-maskable (not atTected by the 

state of IEF,) TRAP interrupt when an undefined op-code fetch oc-
curs. This feature can be used to increase software reliability, imple-
ment an `extended' instruction set, or both. TRAP may occur dur-
ing op-code fetch cycles and also if an undefined op-code is fetched 
during the interrupt acknowledge cycle for INTO when Mode 0 is 
used. 

When a TRAP interrupt occurs the HD64180 operates as fol-
lows. 
(I) The TRAP bit in the Interrupt TRAP/Control (ITC) register is 

set to 1. 
(2) The current PC (Program Counter) value, reflecting the loca-

tion of the undefined op-code, is saved on the stack. 
(3) The HD64180 vectors to logical address 0. Note that if logical 

406 

address OOOOH is mapped to physical address OOOOOH, the vec-
tor is the same as for RESET. In this case, testing the TRAP bit 
in [TC will reveal whether the restart at physical address 
OOOOOH was caused by RESET or TRAP. 

The state of the UFO (Undefined Fetch Object) bit in ITC 
allows TRAP manipulation software to correctly `adjust' the stacked 
PC depending on whether the second or third byte of the op-code 
generated [he TRAP. If UFO = 0, the starting address of the in-
valid instruction is equal to the stacked PC— 1. If UFO = 1, the 
starting address of the invalid instruction is equal to [he stacked 
PC-2. Fig. 21 shows TRAP Timing. 

Note that Bus Release cycle, Refresh cycle, DMA cycle and 
WAIT cycle can't be inserted just after TTp state which is inserted 
for TRAP interrupt sequence. 
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Restart from OOOOH 

Ao—A,a 

Do—D~ 

2nd op-code 
fetch cycle 

Tz Ta TTP Ti Ti Ti Ti Ti 

PC stacking 
Op-code 
fetch cycle 

T, Tz Ta T, Tz Ta T, Tz Ta 

PC SP-1 SP-2 OOOOH 

Undefined 
op-code 

LIR —~ 

nn~ —~ i 

— 1 I 
WR 

Ao—A,e 

PCH PCt

3rd op-code 
fetch cycle 

Figure 21 (al TRAP Timing — 2nd Op-code Undefined 

Memory read cycle 

T, Tz Ta T, Tz Trp Ts ITi Ti Ti Ti 

PC stacking 

Restart from OOOOH 
Op-code 
fetch cycle 

T, Tz Ta T, Tz Ts T, Tx Ts 

PC IXt d, IYt d SP-1 SP-2 OOOOH 

Do—D~ 
Undefined 
op-code 

LIR —, 

ME 

RD 

Wii 

 1 I

Figure 21 lbl TRAP Timing — 2nd Op-code Undefined 
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6.3 External lnterrupts 
The HD64180 has four external hardware interrupt inputs. 

(1) NMI —Non-maskable Interrupt 
(2) INT„ — Maskable Interrupt Level 0 
(3) INT, — Maskable Interrupt Level 1 
(4)  INTz_Maskable Interrupt Level 2 

NMI, INT, and INTO have fixed interrupt response modes. INTO
has three different software programmable interrupt response mod-
es —Mode 0, Mode 1 and Mode 2. 

6.4 NMI —Non-Maskable Interrupt 
The NMI interrupt input is edge sensitive and cannot be masked 

by software. When NMI is detected, the HD64180 operates as fol-
lows. 
(1) DMAC operation is suspended by clearing the DME (DMA 

Main Enable) bit in DCNTL. 
(2) The PC is pushed onto the stack. 
(3) The contents of IEF, are copied to IEFz. This saves the inter-

rupt reception state that existed prior to NMI. 
(4) IEF, is cleared to 0. This disables all external and internal 

maskable interrupts (i.e. all interrupts except NMI and 
TRAP). 

NMI 

Ao—A~e 

Do—D~ 

LIR 

ME 

RD 

WR 

408 

main 
program 

NMI —~ 

Last MC 

IEF, IEFz 
0 --IEF, 
PCH --ISP-11 
PCL —ISP-21 

IEF, IEFz 
PCL ~(SP) 
PCH —ISP+ 11 

(5) Execution commences at logical address 0066H. 
The last instruction of an NMI service routine should be RETN 

(Return from Non-maskable Interrupt). This restores the stacked 
PC, allowing the interrupted program to continue. Furthermore, 
RETN causes IEFz to be copied to IEF„ restoring the interrupt re-
ception state that existed prior to the NMI. 

Note that NMI, since it can be accepted during HD64180 on-
chip DMAC operation, can be used to externally interrupt DMA 
transfer. The NMI service routine can reactivate or abort the 
DMAC operation as required by the application. 

For NMI, special care must be taken to insure that interrupt
inputs do not 'overrun' the NMI service routine. Unlimited NMI 
inputs without a corresponding number of RETN instructions will 
eventually cause stack overflow. 

Fig. 22 shows the use of I~Ffi and RETN while Fig. 23 details 
NMI response timing. NMI is edge sensitive and the internally 
latched NMI falling edge is held until it is sampled. If the falling 
edge of NMI is latched before the falling edge of clock state prior to 
T, or Ti in the last machine cycle, the internally latched NMI is 
sampled at the falling edge of the clock state prior to T3 or Ti in the 
last machine cycle and NMI acknowledge cycle begins a[ the end of 
the current machine cycle. 

Figure 22 NMI Sequence 

NMI acknowledge cycle 

0066H 

PC is pushed onto stack 

r 
Tt Tz Ts Ti Ti Tt Tz T3 T, Tz Ta 

NMI 
Interrupt service 
program 

RETN 

Restart from OO66H 

Op-code fetch

Ti Tz Ts i 

Figure 23 NMI Timing 
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6.5 INTO — Maskable Interrupt Level 0 
The next highest priority external interrupt after NMI is INTa. 

INTO is sampled at the fallingedge of the clock state prior [o T3 or Ti 
in the last machine cycle. If INTO is asserted LOW a[ the falling edge
of the clock state prior to T, or Ti in the last machine cycle, INTO is 
accepted. The interrupt is masked if either the IEF, flan or the ITEO 
(Interrupt Enable 0) bit in ITC are cleared to 0. Note that after RE-
SET [he state is as follows. 
(1) IEF, is 0, so INTa is masked. 
(2) ITEO is 1, so INTa is enabled by execution of [he EI (Enable 

Interrupts) instruction. 
The INTO interrupt is unique in that three programmable inter-

rupt response modes are available —Mode 0, Mode 1, and Mode 2. 
The specific mode is selected with the IM 0, IM 1 and IM 2 (Set In-
terrupt Mode) instructions. During RESET, the HD64180 is 
initialized to use Mode 0 for INTO. 

INTO 

Ao—A,e 

LIR 

ME 

RD 

WR 

I~ 

Last MC IINTo acknowledge cycle 

'r 

The three interrupt response modes for INTO are... 
(1) Mode 0 —Instruction fetch from data bus. 
(2) Mode 1 —Restart at logical address 0038H. 
(3) Mode 2 —Low byte vector table address fetch from data bus. 

INTO Mode 0 
During [he interrupt acknowledge cycle, an instruction is fetched 

from the data bus (Do D~) a[ the rising edge of T3. O(ten, [his in-
struction is one of the eight single byte RST (RESTART) instruc-
tions which stack the PC and restart execution at a fixed logical ad-
dress. However, mul[ibyte instructions can be processed if the in-
terrupt acknowledging device can provide a multibyte response. 
Unlike all other interrupts, [he PC is not automatically stacked. 

Note that TRAP interrupt will occur if an invalid instruction is 
fetched during INTO Mode 0 interrupt acknowledge. 

Fig. 24 shows TNTo Mode 0 Timing. 

RST instruction execution 

PC is pushed onto stack 

T, Tz Tw Tw Ta Ti Ti T, Tz Ts T, Tz Ta 

~~ SP-2 

~_ 

~_ 

RST instruction 

Do —Dr 
MC: Machine Cycle 

PCL 

' Two wait states are automatically inserted. 
Figure 24 INT O Mode 0 Timing IRST Instruction on the Data Bus) 
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INTO Mode 1 
When INTO is received, the PC is stacked and instruction execu-

tion restarts at logical address 0038H. Both IEF~ and IEFz flags are 
reset to 0, disabling all maskable interrupts. The interrupt service 
routine should normally terminate with the EI (Enable Interrupts) 

main 
program 

NI 1-o 
(Mode 11 —~ 

Last MC 

0 —FIEF,, IEFz 
PCH —LISP-1) 
PCL -•ISP-2) 

PCL —1$PI 
PCH ^ISPt 11 

instruction followed by the RETI (Return from Interrupt) instruc-
tion, so that the interrupts are reenabled. Fig. 25 shows the use of 
INTO (Mode 1) and RETI. 

Fig. 26 shows INTO Mode 1 timing. 

0038H 

INTO (Mode t) 
Interrupt service 
program 

EI 11 ~ IEF,, IEFz) 
RETI 

Figure 25 IN f o Mode 1 Interrupt Sequence 

1 N o acknowledge cycle Op-code fetch cycle 

PC is pushed onto stack 

Tt Tz Tw' Tw' Ts Tt Tz Ts Ti Tz T3 Tt Tz T3 

~uu 
INTO 

Ao—Ate 

LIR 

ME 

IOE 

RD 

WR 

Do—D~ 

ST 

~~~ 0038H 

~J 

• Two wait states are automatically inserted. 

Figure 26 INTo Mode 1 Timing 
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INTO Mode 2 
This method determines the restart address by reading the con-

tents of a table residing in memory. The vector table consists of up 
to 128 two-byte restart addresses stored in low byte, high byte 
order. 

The vector table address is located on 256 bytes boundaries in 
the 64k bytes logical address space as programmed in the 8-bit In-
terrupt Vector Register (I). Fig. 27 shows the INTO Mode 2 Vector 
acquisition. 

During INTa Mode 2 acknowledge cycle, first, the low-order 8 
bits oC vector is fetched from the data bus a[ [he rising edge of T3

16-bit Vector 

Interrupt Vector 
Register I 

8-bit on 
Data Bus 

and CPU acquires the 16-bit vector. 
Next, the PC is stacked. Finally, the 16-bit restart address is 

fetched from the vector table and execution commences at that ad-
dress. 

Note that external vector acquisition is indicated by LIR and 
IOE both LOW. Two wait states (Tw) are automatically inserted for 
external vector fetch cycles. 

During RESET the Interrupt Vector Register (1) is initialized to 
OOH and, if necessary, should be set [o a different value prior to [he 
occurrence of a INTO Mode 2 interrupt. Fig. 28 shows INTO Mode 2 
interrupt Timing. 

Memory 

Vector + 1 High-order 8 bits 
of starting address 

Vector 

Offset 

Low-order 8 bits 
of starting address 

1 
Figure 27 INTO Mode 2 Vector Acquisition 

256 Bytes 
Vector 
Table 
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Last MC INTO acknowledge cycle 

Vector lower 
address read 

T, 

~ 1uu 
INTO ~— 

Ao—A,s 

LIR 

ME 

IOE 

RD 

WR 

Interrupt manipulatio 
is pushed onto stack) cycle 

Tz Tw Tw' Ts Ti T, Tz Ts T, Tz Ts T, Tz Ta T, Tz Ts T, Tz T3 

OP-code 
fetch cycle 

n 

Starting address 

Lower vector 
Do—D~ ~~ 

ST 

PCH 

Starting address Starting address 
(lower address) (upper address) 

PCL 

Two wait states are automatically inserted. 
Figure 28 INTO Mode 2 Timing 

6.6 INTt, INTy 
The operation of external interrupts INT, and INTy  is a vector 

mode similar to INTO Mode 2. The difference is that INT, and INTO
generate the low-order byte of vector table address using the IL (In-
terrupt Vector Low) register rather than fetching it from the data 
bus. This is also the interrupt response sequence used for all inter-
nal interrupts (except TRAP). 

As shown in Fig. 29 [he low-order byte of vector [able address is 
comprised of the most significant three bits of the soRware pro-
grammable IL register and the least significant five bits which are a 
unique fixed value for each interrupt (INT„ INTO and internal) 
source. 

INT, and INTO are globally masked by IEF, = 0. Each is also in-
dividually maskable by respectively clearing the ITEI and ITE2 
(bits 1, 2) of the INT/TRAP control register [0 0. 

During RESET, IEF„ ITEI and ITE2 bits are initialized [0 0. 

6.7 Internal lnterrupts 
Internal interrupts  (except TRAP) use the same vectored re-

sponse mode as INT, and INTt (Fig. 29). Internal interrupts are 
globally masked by IEF, = 0. Individual internal interrupts are 
enabled/disabled by programming each individual I/O (PRT, 
DMAC, CSI/O, ASCI) control register. The lower vector of INT„ 
INTt, and internal interrupt are summarized in Table 3. 

at 2 ~ HITACHI 



HD64180R0 

Memory 

16-bit Vector 

I IL Fixed Code 
15 bits) 

Vector t 1 

Vector 

I

1 1 
High-order 8 bits 
of starting address 

Low-order 8 bits 
of starting address 

32 Bytes 
Vector 
table 

Figure 29 INT„ INTz and Internal Interrupts Vector Acquisition 

Table 3 Interrupt Source and Lower Vector 

Interrupt Source Priority 
IL Fixed Code 

br bs bs b, b3 bz b, be

INT, Highest 

lowest 

~ 

0 0 0 0 0 

INT 2 0 0 0 1 0 

PRT channel0 0 0 1 0 0 

PRT channel 1 0 0 1 1 0 

DMA channel 0 0 1 0 0 0 

DMA channel i 0 1 0 1 0 

CSI/0 0 1 1 0 0 

ASCI channel 0 0 1 1 1 0 

ASClchannel l - 1 0 0 0 0 

Programmable 
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Interrupt Acknowledge Cycle Timing 
Fig. 30 shows interrupt acknowledge cycle timing for internal in-

terrupts, INT„ and INTz. INT, and INTz are sampled at the falling 

Last MC 

edge of clock state prior to T, or Ti in the last machine cycle. If INT, 
or INTz is asserted LOW at the falling edge of clock state prior to T;{
or Ti in the last machine cycle, the interrupt request is accepted. 

INT,, INTz, internal interrupt acknowledge cycle 
Op-code 
fetch cycle 

~ Dui 
INT., INTz _ _V __ 

Ao—A,e 

LIR 

ME 

IOE 

RD 

WR 

Do—Dr 

ST 

T~ Tz Tw' Tw' Ts 

PC Stacking Vector Table Read 

Ti Ti Tz Ts Ti Tz Ts 

PC SP-1 

T, Tz Ts Tr Tz Ta 

SP-2 1( Vector Vector+ 1 

T~ Tx Ts 

Starting 
address 

MC: Machine Cycle. 

6.8 Interrupt Sources and Reset 

Starting address IL) Starting address IHI 

1 

' Two wait states are automatically inserted 

Figure 30 INT„ INTz and Internal Interrupts Timing 

111 Interrupt Vector Register 111 
All bits are reset to 0. 
Since I = 0 locates the vector tables starting at logical address 

OOOOH, vectored interrupts (INTO Mode 2, INT„ INTz and internal 
interrupts) will overlap with fixed restart interrupts like RESET (0), 
NMI (0066H), INTO Mode 1 (0038H) and RST (OOOOH - 0038H). 
The vector table (s) can be built elsewhere in memory and located 
on 256 bytes boundaries by reprogramming I with the LD I, A in-
struction. 

l21 IL Register 
Bits 7 — 5 are reset to 0. 
The IL Register can be programmed to locate the vector table for 

INT„ INTZ and internal interrupts on 32 bytes sub-boundaries 
within the 256 bytes area specified by I. 

131 IEFt , IEFy Flags 
Reset to 0. 
Interrupts other than NMI and TRAP are disabled. 

141 ITC Register 
ITEO are set to 1. ITE1 and ITE2 are reset to 0. 
INTO can be enabled by the EI instruction, which sets IEF, = 1. 

To enable INT, and INTz also requires that the ITE1 and ITE2 bits 
be respectively set = 1 by writing to ITC. 

151 I/O Control Registers 
Interrupt enable bits reset to 0. 
All HD64180 on-chip I/O (PRT, DMAC, CSI/O, ASCI) inter-

rup[sare disabled and can be individually enabled by writing to each 
I/O control register interrupt enable bit. 

6.8 Difference between INTO interrupt and the other inter-
rupts INTz , INTZ and internal interrupts) in the interrupt 
acknowledge cycles 

As shown in Fig. 24, Fig. 26, Fig. 28 and Fig. 30, the interrupt 
acknowledge cycle of INTO is different from those of the other inter-
rupts, that is, INT„ INTz and internal interrupts concerning the 
state of control signals. The state of the control signals in each inter-
rupt acknowledge cycle are shown below. 

INTO interrupt acknowledge cycle: LIR = 0, IOE = 0~ ST = 0 
INT„ INTz, and internal interrupt acknowledge cycle: LIR = I, 
IOE=1,ST=0 
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7 MEMORY MANAGEMENT UNIT (MMuI 
The HD64180 contains an on-chip MMU which performs the 

translation of the CPU 64k bytes (16-bit addresses- OOOOH to 
FFFFH) logical memory address space into a 512k bytes (19-bit ad-
dresses- OOOOOH to 7FFFFH) physical memory address space. Ad-
dress translation occurs internally in parallel with other CPU opera-
tion. 

7.1 Logical Address Spaces 
The 64k bytes CPU logical address space is interpreted by the 

MMU as consisting of up to three separate logical address areas, 
Common Area 0, Bank Area and Common Area 1. 

As shown in Fig. 31 a variety of logical memory configurations 
are possible. The boundaries between the Common and Bank 
Areas can be programmed with 4k bytes resolution. 

Common Area 1 Common Area 1 Common Area 1 

Common Area 1 

Bank Area 

Bank Area Common Area 0 

Common Area 0 

figure 31 Logical Address Mapping Examples 

7.2 Logical to Physical Address Translation 
Fig. 32 shows an example in which the three logical address 

space portions are mapped into a 512k bytes physical address space. 
The important points [o note are that Common and Bank Areas can 

FFFFH 

overlap and that Common Area 1 and Bank Area can be freely relo-
cated (on 4k bytes physical address boundaries). Common Area 0 
(if i[ exists) is always based at physical address OOOOOH. 

Common Area 1 ~,~. Common easel 

Bank Area t Bank Base 

0—Common Area 0 
OOOOH 

xyz 

Logical Address Space 

7FFFFH 

OOOOOH 

Physical Address Space 

Figure 32 Logical --~ Physical Memory Mapping Example 
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7.3 MMU Block Diagram 
The MMU block diagram is shown in Fig. 33. The MMU trans-

lates internal 16-bit logical addresses to external 19-bit physical ad-
dresses. 

Internal Address/Data Bus 

4 

LA,2—LA,S 

MMU Common/Bank Area 
Register; CBAR (81 Memory 

Management Unit 

r 7 
PA,2—PA,e 

Figure 33 MMU Block Diagram 

Whether address translation takes place depends on the type of 
CPU cycle as follows. 
(I) Memory Cycles 

Address Translation occurs for all memory access cycles includ-
ing instruction and operand fetches, memory data reads and writes, 
hardware interrupt vector fetch and software interrupt restarts. 

"000" 

PA, e 

LA, 5 

MMU Common Base 
Register; CBR (7) 

MMU Bank Base 
Register; BBR 171 

LA: Logical Address 
PA: Physical Address 

(2) 1/O Cycles 
The MMU is logically bypassed for 1/O cycles. The ]6-bi[ logical 

1/O address space corresponds directly with the 16-bit physical I/O 
address space. The upper three bits (A„-A,,,) of the physical ad-
dress are always 0 during 1/O cycles. 

LAa 

Logical Address 

PA,s PAts PAo 

Figure 34 I/O Address Translation 

(3) DMA Cycles 
When the HD64180 on-chip DMAC is using the external bus, 

the MMU is physically bypassed. The 19-bi[ source and destination 

Physical Address 

registers in the DMAC are directly output on the physical address 
bus (Ao A, d). 
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7.4 MMU Registers 
Three MMU registers are used to program a specific configura-

tion of logical and physical memory. 
(]) MMU Common/Bank Area Register (CBAR) 
(2) MMU Common Base Register (CBR) 
(3) MMU Bank Base Register (BBR) 

CBAR is used to define the logical memory organization, while 
CBR and BBR are used to relocate logical areas within the 512k 
bytes physical address space. The resolution for both setting bound-
aries within the logical space and relocation within the physical 

space is 4k bytes. 
The CAR field of CBAR determines the start address of Com-

mon Area 1 (Upper Common) and by default, the end address of 
the Bank Area. The BAR field determines the start address of the 
Bank Area and by default, the end address of Common Area 0 
(Lower Common). 

The CA and BA fields of CBAR may be freely programmed sub-
ject only [o the restriction that CA may never be less than BA. Fig. 
35 and Fig. 36 shows example of logical memory organizations as-
sociated with different values of CA and BA. 

2 3 4 

Common Area 1 Common Area 1 Common Area 1 

Common Area 1 

Bank Area 
Bank Area Common Area 0 

Common Area 0 

Common Area 1 Common Area 1 Common Area 1 Common Area 1 
Lower limit address Lower limit address Lower limit address Lower limit address 

Bank Area Bank Area Bank Area Bank Area 
Lower limit address Lower limit address Lower limit address Lower limit address 

OOOOH OOOOH OOOOH 

(RESET condition) 

Figure 35 Logical Memory Organization 

FFFFH 

MMU Common/Bank Area Register 

1 1 0 1 

D~ Ds Ds Da 

D 

MMU Common/Bank Area Register 

0 1 0 0 

D3 D2 Dt Do 
4 

DOOOH 
CFFFH 

4000H 
3 F'F'FH 

OOOOH 

OOOOH 

Common Area 1 

Bank Area 

Common Area 0 

Figure 36 Logical Space Configuration (Example) 
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7.5 MMU Register Description 

111 MMU Common/Bank Area Register (CBAR) 
CBAR specifies boundaries within the HD641g0 64k bytes logi-

cal address space for up to three areas, Common Area 0, Bank 
Area, and Common Area 1. 

bit 

MMU Common/sank Area Register (CBAR : I/O Address = 3AH) 

7 8 5 4 3 2 i 0 

CA3 CA2 CA1 CAO BA3 BA2 BA1 BAO 

R/W R/W R/W RNJ R/VJ R/VJ R/W RNV 

CA3-CAO: CA (bits 7-4) 
CA specifies the start (low) address (on 4k bytes boundaries) for 

the Common Area 1. This also determines the last address of the 
Bank Area. All bits of CA are initialized to 1 during RESET. 

BA3-BAO: BA (bits 3-01 
BA specifies the start (low) address (on 4k bytes boundaries) for 

the Bank Area. This also determines the last address of the Com-

mon Area 0. All bits of BA are initialized to 0 during RESET. 

121 MMU Common Base Register (CBR) 
CBR specifies the base address (on 4k bytes boundaries) used to 

generate a 19-bit physical address for Common Area 1 accesses. All 
bits of CBR are initialized to 0 during RESET. 

MMU Common/ 
Bank Area 
Register 

D~—D. 

MMU Common/ 
Bank Area 
Register 

Ds —Do 

4 

Comparator 

15 

MMU Common Base Register (CBR : I/O Address = 38H) 
bit 7 6 5 4 3 2 1 0 

Cab CB5 C84 C83 C82 CB1 ceo 

R/W R/W R/W R/W RN✓ R/W R/W 

131 MMU Bank Base Register IBBRI 
BBR specifies the base address (on 4k bytes boundaries) used to 

generate a 19-bit physical address for Bank Area accesses. All bits of 
BBR are initialized to 0 during RESET. 

MMU Bank Base Register (BBR : I/O Address = 39H) 
bit 7 8 5 4 3 2 1 0 

BB6 BB5 BB4 B03 B02 B81 BBO 

R/W R/W RAN R/V✓ R/W R/1N R/W 

7.6 Physical Address Translation 
Fig. 37 shows the way in which physical addresses are generated 

based on the contents of CBAR, CBR and BBR. MMU compara-
tors classify an access by logical area as defined by CBAR. Depend-
ing on which of the three potential logical areas (Common Area 1, 
Bank Area or Common Area 0) is being accessed, the appropriate 
7-bit base address is added to the upper 4 bits of the logical address, 
yielding a 19-bit physical address. CBR is associated with Common 
Area 1 accesses. Common Area 0 accesses use a (non-accessible, 
internal) base register which contains 0. Thus, Common Area 0, if 
defined, is always based at physical address OOOOOH. 

12 11 0 
  Logical 

Address 
(64k) 

MMU Common Base Reg. 

MMU Bank Base Reg 

0 0 0 0 0 0 0 

18 

Adder 

12 11 0
Physical 
Address 
(512k) 

Figure 37 Physical Address Generation 
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7.7 MMU and RESET 
During RESET, all bits of the CA field of CBAR are set to I 

while all bits of the BA field of CBAR, CBR, and BBR are cleared to 
0. The logical 64k bytes address space corresponds directly with the 
firs[ 64k bytes (OOOOH to FFFFH) of the 512k bytes (OOOOOH to 
7FFFFH) physical address space. Thus, after RESET, the 
HD64180 will begin execution at logical and physical address 0. 

7.8 MMU Register Access Timing 
When data is written into CBAR, CBR, or BBR, the value will 

be effective from the cycle immediately following the I/O write cycle 
which updates these registers. 

Care must be taken during MMU programming to insure that 
CPU program execution is not disrupted. Observe [hat [he next cy-
cle following MMU register programming will normally be an op-
code fetch from the newly translated address. One simple technique 
is to localize all MMU programming routines in a Common Area 
that is always enabled. 

Refresh signal 
(Internal signal) 

Refresh address 

ME 

REF 

MCi 

8 DYNAMIC RAM REFRESH CONTROL 
The HD64180 incorporates a dynamic RAM refresh control cir-

cuit including 8-bit refresh address generation and programmable 
refresh timing. This circuit generates asynchronous refresh cycles 
inserted at the programmable interval independent of CPU pro-
gram execution. For systems which don't use dynamic RAM, the 
refresh function can be disabled. 

When the internal refresh controller determines that a refresh 
cycle should occur, the current instruction is interrupted at the first 
breakpoint between machine cycles. The refresh cycle is inserted by 
placing the refresh address on Ao A, and the REF output is driven 
LOW. 

Refresh cycles may be programmed to be either two or three 
clock cycles induration by programming the REFW (Refresh Wait) 
bit in  Refresh Control Register (RCR). Note that the external 
WAIT input and the internal wait state generator are not effective 
during refresh. 

Fig. 38 shows the timing of a refresh cycle with a refresh wait 
(TRw,) cycle. 

Refresh cycle 

TR1 TRW TR2 

MCi-f- 1 

NOTE: ' If three refresh cycles are specified, TRyy, is inserted. 
Otherwise, TRW is not inserted. 
MC: Machine Cycle 

Figure 38 Refresh Timing 

8.1 Refresh Control Register (RCR) 
RCR speci5es the interval and length of refresh cycles, as well as 

enabling or disabling the refresh function. 

Refresh Control Register (RCR: I/O Address = 36H1 
bit 7 6 5 4 3 2 1 0 

flEFE REFW cvct cvco 

RNJ R/W R/VJ R/VJ 

REFE: Refresh Enable (bit 7) 
REFE = 0 disables the refresh controller while REFS = 1 ena-

bles refresh cycle insertion. REFS is set to I during RESET. 

REFW: Refresh Wait (bit 61 
REFW = 0 causes [he refresh cycle to be two clocks in duration. 

REFW = 1 causes the refresh cycle to be three clocks in duration 
by adding a refresh wait cycle (TR~v). REFW is set to 1 during RE-
SET. 

CYC1, 0: Cycle Interval (bits 1-01 
CYC1 and CYCO specify the interval (in clock cycles) between 

refresh cycles. 
In [he case of dynamic RAMS requiring 128 refresh cycles every 

2 ms (or 256 cycles every 4 ms), [he required refresh interval is less 
than or equal to 15.625 µs. Thus, the underlined values indicate [he 
best refresh interval depending on CPU clock frequency. CYCO and 
CYC1 are cleared to 0 during RESET. 
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Table 4 Refresh Interval 

CYC1 CYCO 
Insertion 
interval 

Time interval 

~: 10 MHz 8 MHz 6 MHz 4 MHz 2.5 MHz 

0 0 10 states (1.0 µs)' (1.25 µs1' 1.66 µs 2.5 µs 4.0µs 

0 1 20 states (2.0 µs1' (2.5 µs1' 3.3 µs 5.0 µs 8.0µs 
1 0 40 states (4.0 µs1' (5.0 µsl' 6.6 µs 10.0 µs 16.0 µs 
1 1 80 states 18.0 µs1' (10.0 µs1' 13.3 µs 20.0µs 32.0 µs 

calculated interval 

8.2 Refresh control and reset 
After RESET, based on the initialized value of RCR, refresh cy-

cles will occur with an interval of 10 clock cycles and be 3 clock cy-
cles in duration. 

8.3 Dynamic RAM refresh operation notes 
(1) Refresh cycle insertion is stopped when the CPU is in the fol-

lowing states. 
(a) During RESET 
(b) When the bus is released in response to BUSREQ 
(c) During SLEEP mode 
(d) During WAIT states 

(2) Refresh cycles are suppressed when the bus is released in re-
sponse to BUSREQ. However, the refresh timer continues to 
operate. Thus, the time at which the first refresh cycle occurs 
after the HD64180 re-acquires the bus depends on the refresh 
timer, and has no timing relationship with the bus exchange. 

(3) Refresh cycles are suppressed during SLEEP mode. If a refresh 
cycle is requested during SLEEP mode, the refresh cycle re-
quest is internally 'latched' (until replaced with the next re-
fresh request). The 'latched' refresh cycle is inserted at the end 
of the first machine cycle after SLEEP mode is exited. After 
this initial cycle, the time at which the next refresh cycle will 
occur depending on the refresh time, and has no timing rela-
tionship with the exit from SLEEP mode. 

(4) Regarding (2) and (3), the refresh address is incremented by 1 
for each successful refresh cycle, not for each refresh request. 
Thus, independent of the number ofmissed' refresh requests, 
each refresh bus cycle will use a refresh address incremented 
by I from that of the previous refresh bus cycles. 

9 WAIT STATE GENERATOR 
9.1 Wait State Timing 

To ease interfacing with slow memory and I/O devices, the 
HD64180 uses wait states (Tw) to extend bus cycle timing. A wait 
states) is inserted based on the combined (logical OR) state of the 
external WAIT input and an internal programmable wait state (Tw) 
generator. Wait states (Tw) can be inserted in both CPU execution 
and DMA transfer cycles. 

9.2 WAIT Input 
When the external WAIT input is asserted LOW, wait state 

(Tw) are inserted between Tt and T, to extend the bus cycle dura-
tion. The WAIT input is sampled at the falling edge of the system 
clock in Tz or Tw. if the W AIT input is asserted LON' at the falling 
edge of the system clock in Tw, another Tw is inserted into the bus 
cycle. Note that WAIT input transitions must meet specified set-up 
and hold times. This can easily be accomplished by externally syn-
chronizing WAIT input transitions with the rising edge of the sys-
tem clock. 

Dynamic RAM refresh is not performed during wait states (Tw) 
and thus systems designs which uses the automatic refresh function 
must consider the affects of the occurrence and duration of wait 
states (Tw). 

Fig. 39 shows WAIT timing. 

T, Tz Tw Tw Ts I

~~~~ I~ 

WAIT 

T, 

~ ~~ 

Figure 39 WAIT Timing 
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9.3 Programmable  Wait  State Insertion 
In addition to the WAIT input, wait states (Tw) can also be pro-

grammably inserted using the HD64180 on-chip wait state gener-
ator. Wait state (Tw) timing applies for both CPU execution and 
on-chip DMAC cycles. 

By programming the 4 significant bits of the DMA/WAIT Con-
trol Register (DCNTL), the number of wait states (Tw) automat-
ically inserted in memory and I/O cycles can be separately specified. 
Bits 4-5 specify the number of wait states (Tw) inserted far I/O ac-
cess and bits 6-7 specify the number of wait states (Tw) inserted for 
memory access. 

DMA/WAIT Control Register 
(DCNTL: I/O Address = 32H) 

bit 7 6 5 4 

MWn MWIO Iwn iwa 
R/W RNJ R/W fl/W 

The number of wait states (Tw) inserted in a specific cycle is the 
maximum of the number requested by the WAIT input, and the 

number automatically generated by [he on-chip wait state gener-
ator. 

MW11, MWIO: Memory Wait Insertion (bits 7-61 
For CPU and DMAC cycles which access memory (including 

memory mapped I/O), 0 to 3 wait states may be automatically in-
serted depending on the programmed value in MWI1 and MWIO. 

MWI1 MWIO The number of wait states 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

IW11, IW10: I/O Wait Insertion (bits 5-41 
For CPU and DMA cycles which access external I/O (and inter-

rupt acknowledge cycles), 1 to 6 wait states (Tw) may be automat-
ically inserted depending on the programmed value in IWI1 and 
I W I0. 

IWI1 IWIO 

The number of wait states 

For external I/O 
registers accesses 

For internal I/O 
registers accesses 

For INT O interrupt 
acknowledge cy- 
cles when LIR is 
LOW 

For INT„ INT z and 
internal interrupts 
acknowledge cy- 
cles 
(Note (2)1 

For NMI interrupt 
acknowledge cy-
cles when LIR is 
LOW 
(Note 1211 

0 0 1 

p 

(Note (111 

2 

2 0 
0 1 2 4 

i 0 3 5 

1 1 4 6 

NOTE: 111 For HD64180 internal I/O register access 11/0 addresses OOOOH-003FH1, IWI1 and IWIO do not determine wait state lTwl timing. For ASCI, CSI 
0 and PRT Data Register accesses, 0 to 4 wait states ITwI will be generated. Wait states inserted during access to these registers is a function 
of internal synchronization requirements and CPU state. 
All other on-chip I/O register accesses (i.e. MMU, DMAC, ASCI Control Registers, etc.) have 0 wait states inserted and thus require only three 
clock cycles. 

121 For interrupt acknowledge cycles in which LIR is HIGH, such as interrupt vector table read and PC stacking cycle, memory access timing applies. 

9.4 WAIT Input and RESET 
During RESET, MWI1, MWIO, IWI1 and IWIO are all set to 1, 

selecting the maximum number of wait states (Tw) (3 for memory 
accesses, 4 for external  I/O accesses). 

Also, note that the WAIT input is ignored during RESET. For 

example, if RESET is detected while the HD64180 is in a wait state 
(Tw), the wait stated cycle in progress will be aborted, and the RE-
SET sequence initiated. Thus, RESET has higher priority than 
WAIT. 
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10 DMA CONTROLLER (DMAC) 
The HD64180 contains a two channel DMA (Direct Memory 

Access) controller which supports high speed data transfer. Both 
channels (channel 0 and channel 1) have the following capabilities. 

Memory Address Space 
Memory source and destination addresses can be directly speci-

fied anywhere within the 512k bytes physical address space using 
l9-bit source and destination memory addresses. In addition, 
memory transfers can arbitrarily cross 64k bytes physical address 
boundaries without CPU intervention. 

I/O Address Space 
I/O source and destination addresses can be directly specified 

anywhere within the 64k bytes I/O address space (16-bit source and 
destination I/O addresses). 

Transfer Length 
Up to 64k bytes can be transferred based on a 16-bit byte count 

register. 

DREQ Input 
Level and edge sense DREQ input detection are selectable. 

TEND Output 
Used [o indicate DMA completion to external devices. 

Transfer Rate 
Each byte transfer can occur every six clock cycles. Wait states 

can be inserted in DMA cycles for slow memory or I/O devices. A[ 
the system clock (¢) = 6 MHz, the DMA transfer rate is as high as 
1.0 megabytes/second (no wait states). 

Additional feature disk for DMA interrupt request by DMA 
END. . 

Each channel has the following additional specific capabilities. 

Channel 0 
• Memory H memory, memory < > I/0, memory H 

memory mapped I/O transfers 
• Memory address increment, decrement, no-change 
• Burst or cycle steal memory H memory transfers 
• DMA to and from both ASCI channels 
• Higher priority than DMAC channel ] 

Channel 1 
• Memory < > I/O transfer 
• Memory address increment, decrement 

DMAC Registers 
Each channel of the DMAC (channel 0, 1) has three registers 

specifically associated with that channel. 

Channel 0 
SARO 
DARO 
BCRO 

Channel 1 
MAR1 
IAR1 
BCR1 

— Source Address Register 
— Destination Address Register 
— Byte Count Register 

— Memory Address Register 
— I/O Address Register 
— Byte Count Register 

The two channels share the following three additional registers 
in common. 

DSTAT —DMA Status Register 
DMODE —DMA Mode Register 
DCNTL —DMA Control Register 

10.1 DMAC Block Diagram 
Fig. 40 shows the HD64180 DMAC Block Diagram. 

Internal Address/Data Bus 

DMA Source Address 
Register ch0 : SARO 1191 
DMA Destination Address 
Register ch0 : DARO 1191 
DMA Byte Count 
Register ch0 : BCRO 1161 

DMA Memory Address 
Register ch1 : MAR1 (19) 

DMA I/O Address 
Register ch1 : IAR1 (16) 

DMA Byte Count 
Register ch1 : BCR1 1161 

DMA Status 
Register :DSTAT 181 

DMA Mode 
Register : DMODE 181 

DMA/WAIT Control 
Register :DCNTL 181 

~3 
Priority & 
Request 
Control 

DMA Control 

Incrementer/Decrementer (19) 

Bus &CPU 
Control 

L TENDo 
'—' TEND, 

- --Interrupt Request 

Figure 40 DMAC Block Diagram 
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10.2 DMAC Register Description 

Ill DMA Source Address Register Channel 0 (SARO: 1/O Ad-
dress = 20H to 22H) 

Specifies the physical source address for channel 0 transfers. The 
register contains 19 bits and may specify up to 512k bytes memory 
addresses or up to 64k bytes I/O addresses. Channel 0 source can 
be memory, I/O or memory mapped I/O. 

121 DMA Destination Address Register Channel 0 (DARO: 1/0 
Address = 23H to 25H) 

Specifies the physical destination address For channel 0 transfers. 
The register contains 19 bits and may specify up to 512k bytes 
memory addresses or up to 64k bytes I/O addresses. Channel 0 de-
stination can be memory, 1/O or memory mapped I/O. 

131 DMA Byte Count Register Channel 0 (BCRO: I/O Address 
= 26H to 27H1 

Specifies the number of bytes to be transferred. This register 
contains 16 bits and may specify up to 64k bytes transfers. When 
one byte is transferred, the register is decremented by one. If "n" 
bytes should be transferred, "n" must be stored before the DMA 
operation. 

141 DMA Memory Address Register Channel t (MAR1: I/O 
Address = 28H to 2AHI 

Specifies the physical memory address for channel 1 transfers. 
This may be destination or source memory address. 
This register contains 19 bits and may specify up to 512k bytes 
memory addresses. 

l51 DMA I/O Address Register Channel t (IAR1: I/O Address 
= 26H to 2CH) 

Specifies the I/O address for channel 1 transfers. This may be 
destination or source 1/O address. This register contains 16 bits and 
may specify up to 64k bytes I/O addresses. 

161 DMA Byte Count Register Channel 1 (BCRi: I/O Address 
= 2EH to 2FH) 

Specifies the number of bytes to be transferred. This register 
contains 16 bits and may specify up to 64k bytes transfers. When 
one byte is transferred, the register is decremented by one. 

171 DMA Status Register (DSTAT) 
DSTAT is used to enable and disable DMA transfer and DMA 

termination interrupts. DSTAT also allows determining the status 
of a DMA transfer i.e. completed or in progress. 

DMA Status Register (DSTAT : I/O Address = 30H) 

bit 7 6 5 4 3 2 1 0 

DE1 DEO DWE1 DWEO DIE1 DIEO DME 

R/W R/VJ W W R/W R/W R 

DE1: DMA Enable Channel 1 (bit 71 
When DE1 = 1 and DME = 1, channel 1 DMA is enabled. 

When a DMA transfer terminates (BCR1 = 0), DEl is reset to 0 
by the DMAC. When DEl = 0 and the DMA interrupt is enabled 
(DIEI = 1), a DMA interrupt request is made [o the CPU. 

To perform a software write to DE1, DWEI should be written 
with 0 during [he same register write access. Writing DEl to 0 disa-
bles channel 1 DMA, but DMA is restartable. Writing DEl to 1 
enables channel 1 DMA and automatically sets DME (DMA Main 
Enable) to 1. DEl is cleared to 0 during RESET. 

(DIED = 1), a DMA interrupt request is made to the CPU. 
To perform a software write [o DEQ, DWEO should be written 

with 0 during the same register write access. Writing DEO to 0 disa-
bles channel 0 DMA. Writing DEO to 1 enables channel 0 DMA 
and automatically sets DME (DMA Main Enable) to 1. DEO is 
cleared to 0 during RESET. 

DWE1: DE1 Bit Write Enable (bit 51 
When performing any software write to DEI, DWEI should be 

written with 0 during the same access. DWEI write value of 0 is no[ 
held and DWEI is always read as 1. 

DWEO: DEO Bit Write Enable (bit 4) 
When performing any software write to DEO, DWEO should be 

written with 0 during the same access. DWEO write value of 0 is not 
held and DWEO is always read as i. 

DIE1: DMA Interrupt Enable Channel 1 (bit 31 
When DIET is se[ to 1, [he termination of channel 1 DMA trans-

fer (indicated when DEl = 0) causes a CPU interrupt request to be 
generated. When DIET = 0, the channel 1 DMA termination inter-
rupt is disabled. DIET is cleared to 0 during RESET. 

DIED: DMA Interrupt Enable Channel 0 (bit 21 
When DIED is set to 1, the termination channel 0 of DMA trans-

fer (indicated when DEO = 0) causes a CPU interrupt request to be 
generated. When DIED = 0, [he channel 0 DMA termination inter-
rupt is disabled. DIEO is cleared to 0 during RESET. 

DME: DMA Main Enable (bit O) 
A DMA operation is only enabled when its DE bit (DEO far 

channel 0 DEl for channel 1) and the DME bit are set to 1. 
When NM[ occurs, DME is reset to 0, thus disabling DMA ac-

tivity during [he NMI interrupt service routine. To restart DMA, 
DEO and/or DEl should be written with 1 (even if the contents are 
already 1). This automatically sets DME to 1, allowing DMA opera-
tions to continue. Note that DME cannot be directly written. It is 
cleared to 0 by NMI or indirectly set to I by setting DEO and/or 
DEl to 1. DME is cleared to 0 during RESET. 

181 DMA Mode Register (DMODE) 
DMODE is used to set the addressing and transfer mode for 

channel 0. 

DMA Mode Register (DMODE : I/O Address = 31 H) 
bit 7 8 5 4 3 2 1 0 

DM1 DMO SM1 SMO MMOD 

R/W RN'7 R/W R/VJ RM7 

DM1, DMO: Destination Mode Channel 0 (bits 5, 41 
Specifies whether the destination for channel 0 transfers is 

memory, I/O or memory mapped I/O and [he corresponding ad-
dress modifier. DM1 and DMO are cleared to 0 during RESET. 

Table 5 Destination 

DM1 DMO Memory/I/O Address 
Increment/Decrement 

0 0 Memory t 1 
0 1 Memory —1 
1 0 Memory fixed 
1 1 I/O fixed 

DEO: DMA Enable Channel 0 Ibit 6) 
When DEO = 1 and DME = 1, channel 0 DMA is enabled. 

When a DMA transfer terminates (BCRO = 0), DEO is cleared to 0 
by [he DMAC. When DEO = 0 and the DMA interrupt is enabled 
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SM1, SMO: Source Mode Channel 0 (bits 3, 21 
Specifies whether the source for channel 0 transfers is memory, 

1/O or memory mapped I/O and the corresponding address 
modifier. SM 1 and SMO are cleared to 0 during RESET. 

Table 7 shows all DMA transfer mode combinations of DMO, 
DM1, SMO, SM1. Since 1/O H 1/O transfers are not imple-
mented, twelve combinations are available. 

Table 6 Source 

SM1 SMO Memory/I/0 
Address 

Increment/Decrement 

0 0 Memory + 1 
0 1 Memory — i 
1 0 Memory fixed 
1 1 I/O fixed 

Table 7 Combination of Transfer Mode 

DM1 DMO SM1 SMO Transfer Mode 
Address 

Increment/Decrement 

0 0 0 0 Memory--Memory SARO+ 1, DARO+ 1 

0 0 0 1 Memory—Memory SARO— 1, DARO+ 1 

0 0 1 0 Memory'—Memory SARO fixed, DARO+ 1 
0 0 1 1 I/O~Memory SARO fixed, DARO+ 1 
0 1 0 0 Memory~Memory SARO+ 1, DARO— 1 
0 1 0 1 Memory--Memory SARO— 1, DARO— 1 
0 1 1 0 Memory'--Memory SARO fixed, DARO— i 
0 1 1 1 I/O-~Memory SARO fixed, DARO— 1 
1 0 0 0 Memory—Memory' SARO+ 1, DARO fixed 
1 0 0 1 Memory--Memory' SARD— 1, DARO fixed 
1 0 1 0 reserved 

1 0 1 1 reserved 

1 1 0 0 Memory-»I/O SARO+ 1, DARO fixed 

1 1 0 1 Memory--I/0 SARO- 1, DARO fixed 

i 1 1 0 reserved 
1 1 1 1 reserved 

includes memory mapped I/O 

MMOD: Memory Mode Channel 0 (bit 11 
When channel 0 is configured for memory H memory 

transfers, the external DREQo input is not used to control the trans-
fer timing. Instead, two automatic transfer timing modes are selec-
table —burst (MMOD = I) and cycle steal (MMOD = 0). For 
burst memory H memory transfers, the DMAC will sieze con-
trol of the bus continuously until the DMA transfer completes (as 
shown by the byte count register = 0). In cycle steal mode, the 
CPU is given a cycle for each DMA byte transfer cycle until the 
transfer is completed. 

For channel 0 DMA with I/O source or destination, the DREQo
input times the transfer and thus MMOD is ignored. MMOD is 
cleared to 0 during RESET. 

DMA/WAIT Control Register (DCNTL) 
DCNTL controls the insertion of wait states into DMAC (and 

CPU) accesses of memory or I/O. Also, the DMA request mode far 
each DREQ (DREQo and DREQ,) input is defined as level or edge 
sense. DCNTL also sets the DMA transfer mode for channel 1, 
which is limited to memory H I/O transfers. 

DMA/WAR Control Register (DCNTL : I/O Address = 32H) 
bit 7 6 5 4 3 2 1 0 

MWn Mwa NUn IWIO OMS1 DMSO DfMt DIMO 

aiw Rnv R/W R/W RM/ RNJ R/tN R/VU 

MWI1, MWIO: Memory Wait Insertion (bits 7-61 
Specifies [he number of wait states introduced into CPU or 

DMAC memory access cycles. MWII and M WIO are set to 1 during 
RESET. See section of Wait State Control for details. 

IWI1, IWIO: 1/O Wait Insertion (bits 5-41 
Specifies the number of wait states introduced into CPU or 

DMAC I/O access cycles. IWI1 and IWIO are set to 1 during RE-
SET. See section of Wait State Control for details. 

DMS1, DMSO: DMA Request Sense (bits 3-21 
DMS1 and DMSO specify the DMA request sense for channel 0 

(DREQo) and channel 1 (DREQ,) respectively. When reset [0 0, 
the input is level sense. When set to 1, the input is edge sense. 
DMS1 and DMSO are cleared to 0 during RESET. 

DIM1, DIMO: DMA Channel 1 I/O and Memory Mode (bits 1-01 
Specifies the source/destination and address modifier for chan-

nel imemory H I/O transfer modes. IM1 and IMO are cleared 
to 0 during RESET. 

Table 8 Channel 1 Transfer Mode 

DIM1 DIMO Transfer Mode 
Address 

Increment/Decrement 

0 0 Memory--~1/0 MAR1+I, IARtfixed 
0 1 Memory~l/0 MAR1-1,IAR1 fixed 
1 0 I/O--'Memory IAR1 fixed,MAR1+1 
1 1 I/O~Memory IAR1 fixed, MAR1— i 

10.3 DMA Operation 
This section discusses the three DMA operation modes for 

channel 0, memory H memory, memory H I/O and 
memory H memory mapped I/O. In addition, the operation of 
channel 0 DMA with the on-chip ASCI (Asynchronous Serial 
Communication Interface) as well as Channel 1 DMA are de-
scribed. 
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Itl Mamory < > Memory —Channel 0 
For memory H memory transfers, the external DREQo

input is not used for DMA transfer timing. Rather, the DMA oper-
ation is timed in one o(two programmable modes —burs[ or cycle 
steal. In both modes, the DMA operation will automatically pro-
ceed until termination as shown by byte count (BCRO) = 0. 

In burst mode, [he DMA operation will proceed until termina-
tion. In this case, the CPU cannot perform any program execution 

until the DMA operation is completed. 
In cycle steal mode, the DMA and CPU operation are alternated 

after each DMA byte transfer until the DMA is completed. The se-
quence ... 

C 1 CPU Machine Cycle{ 
`DMA Byte Transfer J 

... is repeated until DMA is completed. Fig. 4] shows cycle steal 
mode DMA timing. 

Previous CPU cycle DMA cycle (transfer 1 byte) CPU cycle DMA cycle DMA cycle 

Address 

ME 

RD 

WR 

DATA 

Ti Tx T~ T, Ts Ta T, T: Te T, Ts Te T, T: 

LD g,m Source Destination LD g,m 
op-code address memory address memory address operand address 

LD g,m :Read data Write data 

Figure 41 Cycle Steal Mode DMA Timing 

To initiate memory H memory DMA transfer far channel 
0, perform the following operations. 
~ Load the memory source and destination addresses into SARO 

and DARO. 
Q2  Specify memory H memory mode and address incre-

ment/decrement in the SMO, SM1, DMO and DMI bits of 
DMODE. 

~ Load the number of bytes to transfer in BCRO. 
® Specify burst or cycle steal mode in the MMOD bit oC DCNTL. 
Qs Program DEO = 1 (with DWEO = 0 in the same access) in 

DSTAT and the DMA operation will start 1 machine cycle 
later. If interrupt occurs at the same time, the DIED bit should 
be set to 1. 

DREQo 

m 

121 Memory < > I/O IMemory Mapped I/0) —Channel 0 
For memory H 1/O (and memory H memory mapped 

I/O) the DREQp input is used to time the DMA transfers. In addi-
tion, the TENDa (Transfer End) output is used to indicate the last 
(byte count register BCRO =OOH) transfer. 

The DREQp input can be programmed as level or edge sensitive. 
When level sense is programmed, the DMA operation begins 

when DREQo is sampled LOW. If DREQo is sampled HIGH, after 
the next DMA byte transfer, control is relinquished to the 
HD64180 CPU. As shown in Fig. 42. DREQo is sampled at the ris-
ing edge of the clock cycle prior [o T, i.e. either TP or Tw. 

DMA Write Cycle ICPU Machine CycIe~DMA Read Cycle ~ DMA Write Cycle~ll/O) 

Tw Tw Ta T, Tz 

.. I .. 
j 

`

j 

Ts T, Tz Ta T, Tz Tw Tw Ts T, Tz 

" uD o is sampled at j. 

Figure 42 CPU Operation and DMA Operation 
IDREQo is programmed for level sense) 
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When edge  sense is programmed, DMA operation begins at the 
falling edge of DREQo. If another falling edge is detected before the 
rising edge of the clock prior to T3 during DMA write cycle (i.e. Tz
or Tw), the DMAC continues operating. If an edge is not detected, 
the CPU is given control after the current byte DMA transfer com-

pletes. The CPU will continue operating until a ~D Qu falling edge 
is detected before the rising edge of the clock prior to T3 at which 
time the DMA operation will (re)start. Fig. 43 shows the edge sen-
se DMA timing. 

DMA write cycle I CPU machine I DMA read ~ DMA write cycle ~ CPU machine 
cycle cycle cycle 

Tw Ts T, Tz Ts T, Tz Ts T, Tz Tw T3 T, Tz Ta 

DREQo 
i i" 

Figure 43 CPU Operation and DMA Operation 
(DREQo is programmed for edge sense) 

During the transfers for channel 0, the TENDo output will go 
LOW synchronous with the write cycle of the last (BCRO =OOH) 

TENDo 

" DREQo is sampled at j. 

DMA transfer as shown in Fig. 44. 

Last DMA cycle (BCRO =OOH) 

DMA read cycle DMA write cycle 

T, Tz Ta T, Tz Tw Ts 

Figure 44 TENDo Output Timing 

The DREQo and TENDp pins are programmably multiplexed 
with the CKAO and CKA1 ASCI clock input/outputs. However, 
when DMA channel 0 is programmed for memory H I/O (and 
memory H memory mapped I/O) transfers, the CKAO/DRE-

Qo pin automatically functions as input pin even if i[ has been pro-
grammed as output pin for CKAO. And the CKAI/TENDo pin 
functions as output pin for TENDo by setting CKA1D to 1 in 
CNTLAI. 

To initiate memory ~~ 1/O (and memory H memory 
mapped I/O) DMA transfer for channel 0, perform the following 
operations. 
~ Load the memory and I/O or memory mapped I/O source and 

destination addresses into SARO and DARO. Note [hat I/O ad-
dresses (not memory mapped I/O) are limited to 16 bits (A„-
A,,,). Make sure that bits A,n and A, r are 0 (A,y is a don't 
care) to correctly enable the external DREQo input. 

~ Specify memory H 1/O or memory E > memory map-
ped I/O mode and address increment/decrement in the SMO, 
SM1, DMO, and DM1 bits of DMODE. 

~ Load the number of bytes to transfer in BCRO. 
Q4 Specify whether DREQo is edge or level sense by programming 

the DMSO bit of DCNTL. 
~ Enable or disable DMA termination interrupt with the DIEO 

bit in DSTAT. 
© Program DEO = 1 (with DWEO = 0 in the same access) in 

DSTAT and the DMA operation will begin under the control 
of the DREQo input. 

131 Memory < > ASCI —Channel 0 
Channel 0 has extra capability to support DMA transfer to and 

from the on-chip two channel ASCI. In this case the external DRE-
Qo input is not used for DMA timing. Rather, the ASCI status bits 
are used to generate an internal DREQo. The TDRE (Transmit 
Data Register Empty) bit and the RDRF  (Receive Data Register 
Full) bit are used to generate an internal DREQo for ASCI trans-
mission and reception respectively. 

To initiate memory ~> ASCI DMA transfer, perform the 
following operations. 
Qt Load the source and destination addresses into SARO and 

DARO. Specify the I/O (ASCI) address as follows. 
Bits Ap A~ should be contain the address of the ASCI channel 
transmitter or receiver (I/O addresses O6H-09H). 
Bits Aa A15 should equal 0. 
Bits A„-A16 should be set according to the following table to 
enable use of the appropriate ASCI status bit as an internal 
DMA request. 
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Table 9 DMA Request 

SAR18 SAR17 SAR16 DMA Transfer Request 
X 0 0 DREQo

X 0 1 RDRF (ASCI channel Ol 
X 1 0 RDRF (ASCI channel 11 
X 1 1 reserved 

X: Don't care 

DAR18 DAR17 DAR16 DMA Transfer Request 

X 0 0 DREQo

X 0 1 TDRE (ASCI channel 0) 
X 1 0 TDRE (ASCI channel 1) 
X 1 1 reserved 

X: Don't care 

® Specify memory H [/O transfer mode and address incre-
ment/decrement in the SMO, SM1, DMO and DM1 bits of 
DMODE. 

~ Load the number of bytes to transfer in BCRO. 
Q The DMA request sense mode (DMSO bit in DCNTL) MUST 

be specified as 'edge sense'. 
Q Enable or disable DMA termination interrupt with the DIEO 

bit in DSTAT. 
© Program DEO = 1 (with DWEO = 0 in the same access) in 

DSTAT and the DMA operation with the ASCI will begin 
under control of the ASCI generated internal DMA request. 

The ASCI receiver or transmitter being used for DMA must be 
initialized to allow the first DMA transfer [o begin. 

The ASCI receiver must be 'empty' as shown by RDRF = 0. 
The ASCI transmitter must be `full' as shown by TDRE = 0. 

Thus, the first byte should be written to the ASCI Transmit Data 
Register under program control. The remaining bytes will be trans-
ferred using DMA. 

141 Channel 1 DMA 
DMAC Channel 1 can perform memory H I/O transfers. 

Except for different registers and status/control bits, operation is 
exactly the same as described for channel 0 memory H I/O 
DMA. 

To initiate DMA channel 1 memory H 1/0 transfer per-
form the following operations. 
Qt Load the memory address (19 bits) into MARL. 
Qz Load the I/O address (16 bits) into IAR1. 
Q3 Program the source/destination and address increment/decre-

ment mode using the DIM1 and DIMO bits in DCNTL. 
(~ Specify whether DREQ, is level or edge sense in the DMSI bit 

DE1 
DIE1 

DEO 
DIED 

in DCNTL. 
~ Enable or disable DMA termination interrupt with the DIET 

bit in DSTAT. 
© Program DEl = 1 (with DWEI = 0 in the same access) in 

DSTAT and the DMA operation with the external I/O device 
will begin using the external DREQ, input and TEND, output. 

10.4 DMA Bus Timing 
When memory (and memory mapped I/O) is specified as a 

source or destination, ME goes LOW during [he memory access. 
When I/O is specified as a source or destination, IOE goes LOW 
during the I/O access. 

When I/O (and memory mapped I/0) is specified as a source or 
destination, the DMA timing is wntrolled by the external DREQ 
input and the TEND output indicates DMA termination. Note that 
external I/O devices may not overlap addresses with internal I/O 
and control registers, even using DMA. 

For I/O accesses, 1 wait state is automatically inserted. Addi-
tional wait states can be inserted by programming the on-chip wait 
state generator or using the external WAIT input. Note that for 
memory mapped I/O accesses, this automatic I/O wait state is not 
inserted. 

For memory to memory transfers (channel 0 only), the external 
DREQo input is ignored. Automatic DMA liming is programmed as 
either burst or cycle steal. 

When a DMA memory address carry/borrow between bits A16
and A,e of the address bus occurs (when crossing 64k bytes bound-
aries), the minimum bus cycle is extended to four clocks by auto-
matic insertion of one internal Ti state. 

10.6 DMAC Channel Priority
For simultaneous DREQo and DREQ, requests, channel 0 has 

priority over channel 1. When channel 0 is performing a memory 
H memory transfer, channel 1 cannot operate until the chan-
nel 0 operation has terminated. If channel 1 is operating, channel 0 
cannot operate until channel 1 releases control of the bus. 

10.6 DMAC and BUSREQ, BUSACK 
The BUSREQ and BUSACK inputs allow another bus master to 

take control of the HD64180 bus. BUSREQ and BUSACK have 
priority over the on-chip DMAC and will suspend DMAC opera-
tion. The DMAC releases the bus to the external bus master at the 
breakpoint of the DMAC memory or I/O access. Since a single byte 
DMAC transfer requires a read and a write cycle, it is possible for 
the DMAC to be suspended after the DMAC read, but before the 
DMAC write. Even in this case, when the external master releases 
the HD64180 bus (BUSREQ HIGH), the on-chip DMAC will cor-
rectly continue the suspended DMA operation. 

70.7 DMAC Internallnterrupts 
Fig. 45 illustrates the internal DMA interrupt request generation 

circuit. 

IEF, 

DMA ch 1 Interrupt 
Request 

DMA ch0 Interrupt 
Request 

Figure 45 DMAC Interrupt Request Circuit Diagram 
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DEO and DE1 are automatically cleared to 0 by the HD64180 a[ 
the completion (byte count = 0) of a DMA operation for channel 0 
and channel 1 respectively. They remain 0 until a 1 is written. Since 
DEO and DE1 use level sense, an interrupt will occur if [he CPU 
IEF~ flag is set to 1. Therefore, the DMA termination interrupt 
service routine should disable further DMA interrupts (by pro-
gramming the channel DIE bit = 0) before enabling CPU inter-
rupts (i.e. IEF, is set to 1). After reloading the DMAC address and 
count registers, the DIE bit can be set to 1 to reenable the channel 
interrupt, and at the same time DMA can resume by programming 
the channel DE bit = ]. 

NM I 

DMA read cycle 

10.8 DMAC and NMi 
NMI, unlike all other interrupts, automatically disables DMAC 

operation by clearing the DME bit of DSTAT. Thus, the NMI inter-
rupt service routine may respond to time critical events without 
delay due to DMAC bus usage. Also, NMI can be effectively used 
as an external DMA abort input, recognizing that both channels are 
suspended by the clearing of DME. 

If the falling edge of NMI occurs before the falling clock of the 
state prior [o T~ (TZ or Tw) of the DMA write cycle, the DMAC will 
be suspended and the CPU will start the NMI response at the end of 
the current cycle. 

By setting a channels DE bit to 1, that channels operation can be 
restarted, and DMA will correctly resume from the point at which it 
was suspended by NMI. See Fig. 46 for details. 

DMA write cycle CPU machine cycle 

T, T2 Ts T, T2 

figure 46 NMI and DMA Operation 

10.9 DMAC and RESET 
During RESET the bits in DSTAT, DMODE, and DCNTL are 

initialized as stated in their individual register descriptions. Any 
DMA operation in progress is stopped allowing the CPU to use the 

Ts T, 

:-I L 

DME= "0" (DMA Stop) 

bus to perform the RESET sequence. However, the address register 
(SARO, DARO, MAR1, IAR1) and byte count register (BCRO, 
BCR1) contents are not changed during RESET. 
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11 ASYNCHRONOUS SERIAL COMMUNICATION INTER-
FACE (ASCU 

The HD64180 on-chip ASCI has two independent full duplex 
channels. Based on full programmability of the following functions, 
the ASCI can directly communicate with a wide variety of standard 
UARTs (Universal Asynchronous Receiver/Transmitter) includ-
ing the HD6350 CMOS ACIA and the Serial Communication In-
terface (SCI) contained on the HD6301 series CMOS single chip 
controllers. 

The key functions for ASCI are shown below. Each channel is 
independently programmable. 
• Full duplex communication 
• 7- or 8-bit data length 
• Program controlled 9th data bit for multiprocessor communica-

lion 
• I or 2 stop bits 
• Odd, even, no parity 
• Parity, overrun, framing error detection 
• Programmable baud rate generator, /16 and /64 modes 

Speed to 38.4k bits per second (CPU fC = 6.144 MHz) 
• Modem control signals —Channel 0 has DCDo, CTSo and RTSo

Channel 1 has CTS, 
• Programmable interrupt condition enable and disable 
• Operation with on-chip DMAC 

11.t ASCI Block Diagram 
Fig. 47 shows the ASCI Block Diagram. 

C Internal Address/Data Bus 

TXAo 

RXAo 

RTSo 

CTSo 

DCDo 

ASCI Transmit Data Register 
ch 0 : TDRO let 

ASCI Transmit Shift Register' 
ch 0 : TSRO 181 

ASCI Receive Data Register 
ch 0 : RDRO 181 

ASCI,Receive Shift Register' 
ch 0 : RSRO 181 

ASCI Control Register A 
ch 0 : CNTLAO (81 

ASCI Control Register B 
ch 0 : CNTLBO 181 

ASCI Status Register 
ch 0 : STATO 181 

11.2 ASCI Register Description 

Interupt Request 

ASCI 
Control 

ASCI Transmit Data Register 
ch 1 : TDR1 181 

ASCI Transmit Shift Register' 
ch t : TSR1 181 

ASCI Receive Data Register 
ch 1 : RDR1 181 

ASCI Receive Shift Register' 
ch 1 : RSR1 181 

ASCI Control Register A 
ch 1 : CNTLAt 181 

ASCI Control Register B 
ch t : CNTLBI (8) 

ASCI Status Register 
ch 1 : STAT1 181 

CKAo.—~ 

CKA, 

Baud Rate 
Generator 0 

Baud Rate 
Generator 1 

~¢ 

Figure 47 ASCI Block Diagram 

(11 ASCI Transmit Shift Register 0, 1 (TSRO, 11 
When the ASCI Transmit Shift Register receives data from the 

ASCI Transmit Data Register (TDR), the data is shifted out to the 
TXA pin. When transmission is completed, the next byte (if availa-
ble) is automatically loaded from TDR into TSR and the next trans-
mission starts. If no data is available for transmission, TSR idles by 
outputting a continuous HIGH level. This register is not program 
accessible. 

121 ASCI Transmit Data Register O, t (TDRO, 1 : I/O Address = 
O6H, 07H) 

Data written to the ASCI Transmit Da[a Register is transferred 
to the TSR as soon as TSR is empty. Data can be written to while 
TSR is shifting out the previous byte of data. Thus, the ASCI trans-
mitter is double buf7erred. 

Data can be written into and read from the ASCI Transmit Data 
Register. 

If data is read from the ASCI Transmit Data Register, the ASCI 

TXA, 

RXA, 

CTS, 

'Not program Accessible 

data transmit operation won'[ be affected by this read operation. 

131 ASCI Receive Shift Register 0, 1 (RSRO, 11 
This register receives data shifted in on the RXA pin. When full, 

data is automatically transferred to the ASCI Receive Data Register 
(RDR) if it is empty. If RSR is not empty when the next incoming 
data byte is shifted in, an overrun error occurs. This register is not 
program accessible. 

141 ASCI Receive Data Register 0, 1 (RDRO, 1: I/O Address = 
08H, 09H) 

When a complete incoming data byte is assembled in RSR, it is 
automatically transferred to the RDR if RDR is empty. The next in-
coming data byte can be shifted into RSR while RDR contains the 
previous received data byte. Thus, the ASCI receiver is double 
buffered. 

The ASCI Receive Da[a Register is read-only-register. 
However, if RDRF = 0, data can be written into the ASCI Re-

ceive Data Register, and the data can be read. 
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151 ASCI Status Register 0, 1 (STATO, 11 
Each channel status register allows interrogation of ASCI com-

munication, error and modem control signal status as well as enab-
ling and disabling of ASCI interrupts. 

ASCI Status Register 0 (STATO : I/O Address = 04H) 

bit  7 6 5 4 3 2 1 

RDRF OVRN PE FE RIE DCDo TDRE TIE 

R R R R R/W R R R/W 

ASCI Status Register i (STAT7 : I/O Address = 05H) 

bit 7 6 5 4 3 2 1 0 

RDRF OVRN PE FE RIE CTS1E TDRE TIE 

fl R R RAN R/W R R/W 

RDRF: Receive Data Register Full (bit 71 
RDRF is set to 1 when an incoming data byte is loaded into 

RDR. Note that if a framing or parity error occurs, RDRF is still set 
and the receive data (which generated the error) is still  loaded into 
RDR. RDRF is cleared to 0 by reading RDR, when the DCD4 input 
is HIGIi, in IOSTOP mode and during RESET. 

DVRN: Overrun Error Ibit 61 
OVRN is set to 1 when RDR is full and RSR becomes full. 

OVRN is cleared to 0 when [he EFR bit (Error Flag Reset) of 
CNTLA is written to 0, when DCDo is HIGH, in IOSTOP mode 
and during RESET. 

PE: Parity Error Ibit 61 
PE is set to 1 when a parity error is detected on an incoming data 

byte and ASCI parity detection is enabled (the MOD1 bit of 
CNTLA is set to 1). PE is cleared to 0 when the EFR bit (Error Flag 
Reset) of CNTLA is written to 0, when DCDe is HIGH, in IOSTOP 
mode and during RESET. 

FE: Framing Error (bit 41 
If a receive data byte frame is delimited by an invalid stop bit (i.e. 

0, should be 1), FE is set to 1. FE is cleared to 0 when the EFR bit 
(Error Flag Reset) of CNTLA is written to 0, when DCDo is HIGH, 
in IOSTOP mode and during RESET. 

RIE: Receive Interrupt Enable (bit 31 
RIE should be set to 1 to enable ASCI receive interrupt requests. 

When RIE to 1, if any of the flags RDRF, OVRN, PE, FE become 
set to 1 an interrupt request is generated. For channel 0, an  inter-
rupt will also be generated by the transition of the external DCDo
input from LOW to HIGH. RIE is cleared to 0 during RESET. 

DCDD: Data Carrier Detect (bit 2 STAT0) 
Channel 0 has an external DCDo input pin. The DCDo bit is set 

to 1 when the DCDo input is HIGH. It is cleared to 0 on the first 
read of STATO following the HIGH to LOW transition of ~ a
input and during RESET. When DCDe = 1, receiver unit is reset 
and receiver operation is inhibited. 

CTS1E: Channel 1 CTS Enable Ibit 2 STAT1) 
Channel 1 has an external CTSI input which is multiplexed with 

the receive data pin (RXS) for the CSI/O (Clocked Serial I/O Port). 
Setting CTS1E to 1 selects the CTSI function and clearing CTS1E to 
0 selects the RXS function. 

TDRE: Transmit Data Register Empty (bit 11 
TDRE = 1 indicates that the TDR is empty and the next trans-

mit data byte can be written [o TDR. After the byte is written to 
TDR, TDRE is cleared to 0 until the ASCI transfers the byte from 
the TDR to the TSR, at which time TDRE is again set to 1. TDRE 

is set [0 1 in IOSTOP mode and during RESET. When [he external 
CTS input is HIGH, TDRE is reset to 0. 

TIE: Transmitlnterrupt Enable (bit 01 
TIE should be set to 1 to enable ASCI transmit interrupt re-

quests. If TIE = 1, an interrupt will be requested when TDRE = 1. 
TIE is cleared to 0 during RESET. 

• ASCI Control Register A0, 1 (CNTLAO, 11 
Each ASCI channel Control Register A configures the major op-

erating modes such as receiver/transmitter enable and disable, data 
format, and multiprocessor communication mode. 

ASCI Control Register A O (CNTLAO : I/O Address =OOH) 

bit 7 8 5 4 3 2 t 0 

MPE RE TE iR o 

MPBR/ 
EFR MOD2 MOD1 MODO 

R/W R/W R/VJ R/W RNJ RNJ R/W R/W 

ASCI ConVol Register A t (CNTLA? : I/O Address =.01 H) 

bit 7 6 5 4 3 2 1 0 

MPE RE TE CKAID 

MPBR/ 
EFR MOD2 MOD1 MODO 

R/W R/W R/W RNJ R/W RNJ R/W R/W 

MPE: Multi Processor Mode Enable Ibit 7) 
The ASCI has a multiprocessor communication mode which 

utilizes an extra data bit for selective communication when a num-
ber of processors share a common serial bus. Multiprocessor data 
format is selected when the MP bit in CNTLB is set to 1. If multi-
processormode is not selected (MP bit in CNTLB = 0), MPE has 
no effect. If multiprocessor mode is selected, MPE enables or disa-
bles the 'wake-up' feature as follows. If MPE is set to 1, only re-
ceived bytes in which the MPB (multiprocessor bit) = 1 can affect 
the RDRF and error flags. Effectively, other bytes (with MPB = 0) 
are 'ignored' by the ASCI. If MPE is reset to 0, all bytes, regardless 
of the state of the MPB data bit, affect the RDRF and error flags. 
MPE is cleared to 0 during RESET. 

RE: Receiver Enable (bit 6) 
When RE is set to 1, the ASCI receiver is enabled. When RE is 

cleared to 0, the receiver is disabled and any receive operation in 
progress is interrupted. However, the RDRF and error flags are not 
reset and the previous contents of RDRF and error flags are held. 
RE is cleared to 0 in IOSTOP mode and during RESET. 

TE: Transmitter Enable (bit 6) 
When TE is set to I, the ASCI transmitter is enabled. When TE 

is cleared to 0, the transmitter is disabled and any transmit opera-
tion in progress is interrupted. However, the TDRE Bag is not reset 
and the previous contents of TDRE are held. TE is cleared to 0 in 
IOSTOP mode and during RESET. 

RTSo —Request to Send Channel 0 Ibit 4 in CNTLA0) 
When RTSo is cleared to 0, the RTSo output pin will go LOW. 

When RTSo is set to 1, the RTSo output immediately goes HIGH. 
RTSo is set to 1 during RESET. 

CKAID: CKAI Clock Disable (bit 4 in CNTLAI)  
When CKAID is set to 1, the multiplexed CKAI/TENDe pin is 

used for the TENDa function. When CKAID = 0, the pin is used 
as CKAI, an external data clock input/output for channel 1. 
CKAID is cleared to 0 during RESET. 

MPBR/EFR: Multiprocessor Bit Receive/Error Flag Reset (bit 
31 

When multiprocessor mode is enabled (MP in CNTLB = 1), 
MPBR, when read, contains the value of the MPB bit for the last re-
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ceive operation. When written to 0, the EFR function is selected to 
reset all error Flags (OVRN, FE and PE) to 0. MPBR/EFR is 
undefined during RESET. 

MOD2, 1, 0: ASCI Data Format Mode 2, t, 0 (bits 2.0) 
These bits program the ASCI data format as follows. 
MOD2 

= 0 ~ 7 bit data 
= 1 ~ 8 bit data 

MODI 
= 0 ~ No parity 
= 1 -~ Parity enabled 

MODO 
= 0 ~ 1 stop bit 
= 1 -~ 2 stop bits 

The data formats available based on all combinations of MOD2, 
MOD1 and MODO are shown in Table 10. 

Table 10 Combination of Data Format 

MOD2 MOD1 MODO Data Format 

0 0 0 Start+ 7 bit data+ 1 stop 
0 0 1 Start+ 7 bit data+ 2 stop 
0 1 0 Start+7bitdata+parity+tstop 
0 1 1 Start+7bitdata+parity+2stop 
1 0 0 Start+8 bit data+ 1 stop 
1 0 1 Start+8 bit data+2 stop 
1 1 0 Start+8 bit data+parity+ 1 stop 
1 1 1 Start+8bitdata+parity+2stop 

CTS/PS: Clear to Send/prescale (bit 51 
When read, CTS/PS reflects the state of the external CTS input. 

If the CTS input pin is HIGH, CTS/PS will be read as 1. Note that 
when the CTS input pin is HIGH, the TDRE bit is inhibited (i.e. 
held at 0). Far channel I, the CTS, input is multiplexed with RXS 
pin (Clocked Serial Receive Data). Thus, CTS/PS is only valid 
when read if the channel 1 CTS1E bit = 1 and the CTS, input pin 
function is selected. The read data of CTS/PS is not affected by RE-
SET. 

When written, CTS/PS specifies the baud rate generator prescale 
factor. If CTS/PS is se[ [o 1, the system clock (~) is prescaled by 30 
while if CTS/PS is cleared to 0, the system clock is prescaled by 10. 
CTS/PS is cleared to 0 during RESET. 

PEO: Parity Even Odd (bit 4) 
PEO selects even or odd parity. PEO does not affect [he enab-

ling/disabling of parity (MOD 1 bit of CNTLA). If PEO is cleared to 
0, even parity is selected. If PEO is set to 1, odd parity is selected. 
PEO is cleared to 0 during RESET. 

DR: Divide Ratio (bit 3) 
DR specifies the divider used to obtain baud rate from the data 

sampling clock. If DR is cleared to 0, divide by 16 is used while if 
DR is set to 1, divide by 64 is used. DR is cleared to 0 during RE-
SET. 

SS2, 1, 0: Source/Speed Select 2, 1, 0 (bits 2-01 
Specify the data clock source (internal or external) and baud rate 

prescale factor. SS2, SS1, and SSO are all set to 1 during RESET. 
Table I 1 shows the divide ratio corresponding [o SS2, SS 1, and SSO. 

161 ASCI Control Register B0, 1 (CNTLBO, 11 
Each ASCI channel control register B configures multiprocessor 

mode, parity and baud rate selection. 

Table 1 1 Divide Ratio 

SS2 SS1 SSO Divide Ratio 

0 0 0 =1 

0 0 1 =2 

ASCI Control Register B 0 (CNTLBO : I/O Address = 02H) 0 1 0 =4 
ASCI Control Register B 1 (CNTLBI : I/O Address = 03H) 0 1 1 =8 

bit 7 6 5 4 3 2 1 0 1 0 0 =16 
CTS/ 

MPBT MP PS PEO DR SS2 S51 SSO 
1 0 1 32 

RNJ R/VJ R/W RNJ R/W R/N/ R/VJ R/W i 1 () = 64 

i 1 1 external clock 
MPBT: Multiprocessor Bit Transmit (bit 71 

When multiprocessor communication format is selected (MP bit 
= I), MPBT is used to specify the MPB data bit for transmission. If 
MPBT = 1, then MPB = 1 is transmitted. If MPBT = 0, then 
MPB = 0 is transmitted. MPBT state is undefined during and after 
RESET. 

MP: Multiprocessor Mode (bit 61 
When MP is set to 1, the data format is configured for multi-

processor mode based on the MOD2 (number of data bits) and 
MODO (number of stop bits) bits in CNTLA. The Format is as fol-
lows. 

Star[ bit + 7 or 8 data bits +MPB bit + 1 or 2 stop bits 

Note that multiprocessor (MP = 1) format has no provision for 
parity. If MP = 0, the data format is based on MODO, MOD1 and 
MOD2 and may include parity. The MP bit is cleared to 0 during 
RESET. 

The external ASCI channel 0 data  clock pins are multiplexed 
with DMA control lines (CKAo/DREQo and CKA,/TENDo). Dur-
ing RESET, these pins are initialized as ASCI data clock inputs. If 
SS2, SS1, and SSO are reprogrammed (any other value than SS2, 
SS1, SSO = 1) these pins become ASCI data clock outputs. How-
ever, if DMAC channel 0 is confgured to perform memory < > 
I/O (and memory mapped I/O) transfers the CKAo/DREQ~ pin re-
vert to DMA control signals regardless of SS2, SS 1, and SSO pro-
gramming. Also, if the CKA1D bit in the CNTLA register is set [o 
1, then the CKA,/TEND„ reverts to [he DMA Control output 
function regardless of SS2, SS1, and SSO programming. 

Final data clock rates are based on CTS/PS (prescale), DR, SS2, 
SS 1, SSO, and the HD64180 system clock (~) frequency as shown 
in Table 12. 
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Table 12 Baud Rate List 

Prescaler Sampling 
Rate gaud Rate General 

Divide 

Baud Rate (Example) 
IBP$I 

CKA 

PS Divide 
Ratio DR Rate SS2 SS1 SSO Divide 

Ratio 
Ratio ~=6.144 

MHz 
~=4.608 

MHz 
~=3.072 

MHz ISO Clock 
Frequency 

0 0 0 = i ~= 160 38400 19200 ~= 10 
0 0 1 2 320 19200 9600 20 
0 1 0 4 640 9600 4800 40 

0 16 0 1 1 8 1280 4800 2400 0 80 
1 0 0 16 2560 2400 1200 160 
1 0 1 32 5120 1200 600 320 
1 1 0 64 10240 600 300 640 

0 ¢= 10 1 1 1 — fc=16 — — — I fc 

0 0 0 _ 1 ~= 640 9600 4800 ¢= 10 
0 0 1 2 1280 4800 2400 20 
0 1 0 4 2560 2400 1200 40 

1 64 0 1 1 8 5120 1200 600 O 80 
1 0 0 16 10240 600 300 160 
1 0 1 32 20480 300 150 320 
1 i 0 64 40960 150 75 640 

1 1 1 — fc=64 — — — I fc 

0 0 0 =1 ~=460 9600 ¢=30 
0 0 1 2 960 4600 60 
0 1 0 4 1920 2400 120 

0 16 0 1 1 8 3840 1200 O 240 
1 0 0 16 7680 600 480 
1 0 1 32 15360 300 960 
1 1 0 64 30720 150 1920 

1 ¢=30 1 1 1 — fc'-16 — — — I fc 

0 0 0 =1 ~=1920 2400 ~=30 
0 0 1 2 3840 1200 60 
0 1 0 4 7680 600 120 

1 64 0 1 1 8 15360 300 0 240 
1 0 0 16 30720 150 480 
1 0 1 32 61440 75 960 
1 1 0 64 122880 37.5 1920 

1 1 1 — fc=64 — — — I fc 

11.3 MODEM Control Signals 
ASCI channel 0 has CTSo, DCDo,  and  RTSp external modem 

control signals. ASCI channel 1 has a CTS, modem control signal 
which is multiplexed with RXS pin (Clocked Serial Receive Data). 

(11 CTSo: Clear to Send 0 (input) 
The CTSo input allows external control (start/stop) of ASCI 

channel 0 transmit operations. When CTSo is HIGH, channel 0 
TDRE bit is held at 0 regardless of whether the TDRO (Transmit 
Data Register) is full or empty. When CTSp is LOW, TDRE will re-
flect the state of TDRO. Note that the actual transmit operation is 
not disabled by CTSo HIGH, only TDRE is inhibited. 

121 DCDg: Data Carrier Detect 0 (input) 
The DCDo input allows external control (start/stop) of ASCI 

channel 0 receive operations. When DCDo is HIGH, channel 0 
RDRF bit is held at 0 regardless of whether the RDRO (Receive 
Data Register) is full or empty. The error Flags (PE, FE and OVRN 
bits) are also held at 0. Even after the DCDo input goes LOW, these 

bits will not resume normal operation until the status register 
(STATO) is read. Note that [his first read of STATO, while enabling 
normal operation, will still indicate the DCDo input is HIGH 
(DCDO bit = 1) even though it has gone LOW.  Thus, the STATO 

register should be read twice to insure the DCDO bit is cleared to 0. 

131 RTSo: Request to Send 0 (output) 
RTSo allows the ASCI to control (start/stop) another communi-

cation devices transmission (for example, by connection to that de-
vices CTS input). RTSo is essentially a 1 bit output port, having no 
side effects on other ASCI registers or flags. 

141 CTSt :Clear to Send 1 (input) 
Channel I CTS, input is multiplexed with the RXS pin (Clocked 

Serial Receive Data). The CTS, function is selected when the 
CTSIE bit in STATl is set to ]. When enabled, the CTS, operation 
is equivalent to CTSo. 

Modem control signal timing is shown in Fig. 48 (a) and Fig. 48(b). 
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DCDo Pin 

DCDO Flag 

Status Register 
Read 

WR 

RTSO Flag 

RTSo Pin 

1 

Figure 48 lal DCDo Timing 

l/0 instruction 
I I/O write cycle 

1 2 3 1 1 

Figure 48 lb) R~SoTiming 

11.4 ASCI Interrupts 
Fig. 49 shows the ASCI interrupt request generation circuit. 

DCDO 
RDRFO 

OVRNO 

PEO 

FEO 

RDRF1 

OVRN1 
PE1 

FE1 

RIEO 

TDREO 
TIEO 

RIE 1 

TDRE1 

TIE 1 

IEF, 

Figure 49 ASCI Interrupt Request Circuit Diagram 

ASCIO Interrupt 
Request 

ASCII Interrupt 
Request 
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11.5 ASCI < > DMAC operation 
Operation of [he ASCI with the on-chip DMAC channel 0 re-

quires the DMAC be correctly configured to utilize the ASCI flags 
as DMA request signals. 

11.6 ASCI and RESET 
During RESET, the ASCI status and control registers are 

initialized as defined in the individual register descriptions. 

Internal Clock 

External Clock 

fc<~ 40 

Receive and Transmit operations are stopped during RESET. 
However, the contents of the transmit and receive data registers 
(TDR and RDR) are not changed by RESET. 

11.7 ASCI Clock 
In external clock input mode, the external clock is directly input 

to the sampling rate (=16/= 64) as shown in Fig. 50. 

Prescaler Sampling Rate 

Figure 50 ASCI Clock Block Diagram 

12 CLOCKED SERIAL I/O PORT (CSI/O) 
The HD64180 includes a simple, high speed clock synchronous 

seri~I/O port. The CSI/O includes transmit/receive (half duplex), 
fixed 8-bit data and internal or external data clock selection. High 
speed operation (baud rate as high as 200k bits/second at fC = 4 
MHz) is provided. The CSI/O is ideal for implementing a multi-
processor communication link between the HD64180 and the 
HMCS400 series (4-bit) and the HD6301 series (8-bit) single chip 

controllers as well as additional HD64180s. These secondary de-
vices may typically perform a portion of the system 1/O processing 
such as keyboard scan/decode, LDC interface etc. 

12.1 CSI/0 Block Diagram 
The CSI/O block diagram is shown in Fig. 51. The CSI/O con-

sists of two registers — the Transmit/Receive Data Register 
(TRDR) and Control Register (CNTR). 

G  Internal Address/Data Bus 

n 

r 

TXS CSI/0 Transmit/Receive Baud Rate CKS 

RXS 
Data Register: 
TRDR 181 

Generator 

CSI/0 Control Register: 
CNTR 181 

Interrupt Request 

Figure 51 CSI/0 Block Diagram 

12.2 CSI/O Register Description 

11) CSI/O Transmit/Receive Data Register (TRDR: 1/O Ad-
dress = OBH) 

TRDR is used for both CSI/O transmission and reception. Thus, 

the system design must insure that the constraints of half-duplex 

operation are me[ (Transmit and receive operation can't occur sim-
ultaneously). For example, if a CSI/O transmission is attempted a[ 
the same time that the CSI/O is receiving data, a CS1/O will not 
work. Also note that TRDR is not buffered. Therefore, attempting 
to perform a CSl/O transmit while the previous transmit data is still 
being shifted out causes the shift data to be immediately updated, 
thereby corrupting the transmit operation in progress. Similarly, 
reading TRDR while a transmit or receive is in progress should be 
avoided. 

121 CSI/O Control/Status Register (CNTR: I/O Address = 
OAH) 

CNTR is used to monitor CSI/O status, enable and disable the 
CSI/O, enable and disable interrupt generation and select the data 
clock speed and source. 

CSUO Control Register (CNTR : UO Address = OAH) 
bit 7 6 5 4 3 2 7 0 

EF Eff RE TE ssz sst sso 

R RNJ RAN R/W R/W R/W R/M/ 

EF: End Flag (bit 7) 
EF is set to I by the CSI/O to indicate completion of an 8-bit 

data transmit or receive operation. If EIE (End Interrupt Enable) 
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bit = 1 during the time EF = 1, a CPU interrupt request will be 
generated. Program access of TRDR should only occur if EF = 1. 
The CSI/O clears EF to 0 when TRDR is read or written. EF is 
cleared to 0 during RESET and IOSTOP mode. 

EIE: End Interrupt Enable (bit 51 
EIE should be set to 1 to enable EF = 1 [o generate a CPU inter-

rupt request. The interrupt request is inhibited if EIE is cleared to 0. 
EIE is cleared to 0 during RESET. 

RE: Receive Enable (bit 51 
A CS]/O receive operation is started by setting RE to 1. When 

RE is set to 1, the data clock is enabled. In internal clock mode, the 
data clock is output from the CKS pin. In external clock mode, the 
clock is input on the CKS pin. In either case, data is shifted in on the 
RXS pin in synchronization with the (internal or external) data 
clock. After receiving 8 bits of data, the CSI/O automatically clears 
RE to 0, EF is set to 1 and an interrupt (if enabled by EIE = 1) will 
be generated. Note that RE and TE should never both be set to 1 at 
[he same time. RE is cleared to 0 during RESET and IOSTOP 
mode. 

Note that the RXS pin (pin 52) is multiplexed with CTS, mod-
em control input of ASCI channel 1. In order to enable the RXS 
function, the CTS1E bit in CNTAI should be reset to 0. 

TE: Transmit Enable (bit 41 
A CSI/O transmit operation is started by setting TE to 1. When 

TE is set to 1, the data clock is enabled. ►n internal clock mode, the 
data clock is output from the CKS pin. In external clock mode, the 
clock is input on the CKS pin. In either case, data is shifted out on 
the TXS pin synchronous with the (internal or external) data clock. 
After transmitting 8 bits of data, the CSI/O automatically clears TE 

EF 

EIE 

IEF, 

to 0, EF is set to 1 and an interrupt (if enabled by E[E _ ]) will be 
generated. Note that TE and RE should never both be set to 1 at the 
same time. TE is cleared to 0 during RESET and IOSTOP mode. 

SS2, 1, 0: Speed Select 2, 1, 0 (bits 2-01 
SS2, SS 1 and SSO select the CSI/O transmit/receive clock source 

and speed. SS2, SS1 and SSO are all se[ to 1 during RESET. Table 13 
shows CSI/O Baud Rate Selection. 

Table 1 3 CSI/0 Baud Rate Selection 

SS2 SS1 SSO Divide 
Ratio 

Baud 
Rate 

0 0 0 = 20 (200000) 
0 0 1 =40 (100000) 
0 1 0 =80 (50000) 
0 1 1 - 160 (25000) 
1 0 0 =320 (12500) 
1 0 1 =640 (6250) 
1 1 0 _ 1280 (3125) 

1 1 1 external C ock input 
(less than - 20) 

shows the baud rate (BPS) at ¢ = 4 MHz. 
After RESET, the CKS pin is configured as an external clock 

input (SS2, SS1, SSO = t). Changing these values causes CKS to 
become an output pin and the selected clock will be output when 
transmit or receive operations are enabled. 

12.3 CSI/O Interrupts 
The CSI/O interrupt request circuit is shown in Fig. 52. 

CSI/0 
Interrupt Request 

Figure 52 CSI/Olnterrupt Circuit Diagram 

12.4 CSI/O Operation 
The CSI/O can be operated using status polling or interrupt 

driven algorithms. 

111 Transmit —Polling 
~ Poll the TE bit in CNTR until TE = 0. 
® Write the transmit data into TRDR. 
Q3 Set the TE bit in CNTR [0 1. 
Q4 Repeat 1 to 3 for each transmit data byte. 

12) Transmit —Interrupts 
Q1 Poll the TE bit in CNTR until TE = 0. 
Q2 Write the first transmit data byte into TRDR. 
03 Set [he TE and EIE bits in CNTR to 1. 
Q4 When [he transmit interrupt occurs, write the next transmit data 

byte into TRDR. 
QS Set the TE bit in CNTR to 1. 
© Repeat 4 to 5 for each transmit data byte. 

131 Receive —Polling 
Qi Poll the RE bit in CNTR until RE = 0. 
® Set [he RE bit in CNTR to 1. 
Q3 Poll the RE bit in CNTR until RE = 0. 

~ Read the receive data from TRDR. 
~ Repeat 2 to 4 for each receive data byte. 

141 Receive —Interrupts 
~ Poll the RE bit in CNTR until RE = 0. 
® Set the RE and EIE bits in CNTR to 1. 
® When the receive interrupt occurs read the receive data from 

TRDR. 
~ Se[ the RE bit in CNTR [0 1. 
Q5 Repeat 3 to 4 for each receive data byte. 

12.5 CSI/O Operation Timing Notes 
(I) Note that transmitter clocking and receiver sampling timings 

are different from internal and external clocking modes. Fig. 53 
to Fig. 54 shows CSI/O Transmit/Receive Timing. 

(2) The transmitter and receiver should be disabled (TE and RE 
= 0) when initializing or changing the baud rate. 

12.6 CSI/O Operation Notes 
(1) Disable the transmitter and receiver (TE and RE = 0) before 

initializing or changing the baud rate. When changing the baud 
rate after completion of transmission or reception, a delay of at 
least one bit time is required before baud rate modification. 
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(2) When RE or TE is cleared to 0 by software, a corresponding re-
ceive or transmit operation is immediately terminated. Nor-
mally, TE or RE should only be cleared [0 0 when EF = 1. 

CKS 

TXS 

TE 

EF 

CKS 

TXS 

TE 

EF 

(3) Simultaneous transmission and reception is not possible. Thus, 
TE and RE should not both be 1 at the same time. 

Figure 53 Transmit Timing —Internal Clock 

Read or write of CSI/0 
Transmit/Receive 
Data Register 

f 
Read or write of CSI/O 
Transmit/Receive 
Data Register 

Figure 54 Transmit Timing —External Clock 
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CKS 

RXS 

RE 

EF 

Sampling 

MSB 

1745 

CKS 

RXS 

RE 

EF 

Figure 55 Receive Timing —Internal Clock 

1.5; 1.5~~ 

16.5 16.5 

Sampling 

Read or write of CSI/0 
Transmit/Receive 
Data Register 

—I MSB 

1.5 ~~ 1.5 ~~ 

16.5 16.545 

Figure 56 Receive Timing —External Clock 

12.7 CSI/O and RESET 
During RESET each bit in the CNTR is initialized as defined in 

the CNTR register description. 

Read or write of CSI/0 
Transmit/Receive 
Data Register 

CSI/O transmit and receive operations in progress are aborted 
during RESET. However, the contents of TRDR are not changed. 
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13 PROGRAMMABLE RELOAD TIMER (PRT) 
The HD64180 contains a two channel 16-bit Programmable Re-

load Timer. Each PRT channel contains a 16-bit down counter and 
a 16-bit reload register. The down counter can be directly read and 
written and a down counter overflow interrupt can be programmab-
lyenabled or disabled. In addition, PRT channel 1 has a TOUT out-
put pin (multiplexed with A,,,) which can be set HIGH, LOW, or 
toggled. Thus PRTI can perform programmable output waveform 

generation 

13.1 PRT Block Diagram 
The PRT block diagram is shown in Fig. 57. The two channels 

have separate timer data and reload registers and a common status/ 
control register. The PRT input clock for both channels is equal to 
the system clock (¢) divided by 20. 

C Internal Address/Data Bus 
n n n 

~=20 

Timer Data Timer Data 
Register OL Register OH 

TMDROL (8) : TMDROH 181 

Timer Reload Timer Reload 
Register OL Register OH 

RLDROL (8) : RLDROH 181 

13.2 PRT Register Description 

Timer Control 
Register 

TCR 181 

~=20 

Timer Data 
Register 1 L 

Timer Data 
Register 1 H 

TMDRIL 181 : TMDR1H 181 

Timer Reload Timer Reload 
Register 1 L Register 1 H 

TLDR 1 L (8) : TLDR 1 H 181 

Interrupt Request 

Figure 57 PRT Block Diagram 

111 Timer Data Register (TMDR: I/O Address = CHO: ODH, 
OCH CHI: 15H, 14H) 

PRTO and PRT] each have 16-bit Timer Data Registers 
(TMDR). TMDRO and TMDR1 are each accessed as low and high 
byte registers (TMDROH, TMDRIL and TMDRIH, TMDRIL). 
During RESET, TMDRO and TMDR1 are set to FFFFH. 

TMDR is decremented once every twenty ~ clocks. When 
TMDR counts down to 0, it is automatically reloaded with [he value 
contained in the Reload Register (RLDR). 

TMDR can be read and written by software using the following 
procedures. The read procedure uses a PRT internal temporary 

storage register to return accurate data without requiring the timer 
to be stopped. The write procedure requires the PRT to be stopped. 

For reading (without stopping the timer), TMDR must be read 
in the order of lower byte —higher byte (TMDRnL, TMDRnH). 
The lower byte read (TMDRDL) will store the higher byte value in 

an internal register. The following higher byte read (TMDRnH) will 
access this internal register. This procedure insures timer data 
validity by eliminating the problem of potential 16-bit timer updat-
ing between each 8-bit read. Specifically, reading TMDR in higher 
byte —lower byte order may result in invalid data. Note [he im-
plications of TMDR higher byte internal storage for applications 
which may read only [he lower and/or higher bytes. In normal oper-
ation all TMDR read routines should access both the lower and 
higher bytes, in that order. 

For writing, the TMDR down counting must be inhibited using 
the TDE (Timer Down Count Enable) bits in the TCR (Timer 
Control Register), following which any or both higher and lower 
bytes of TMDR can be freely written (and read) in any order. 

TOUT 

121 Timer Reload Register (RLDR: I/O Address = CHO: OEH, 
OFH CHI: 16H, 17H) 

PRTO and PRTI each have 16-bit Timer Reload Registers 
(RLDR). RLDRO and RLDR1 are each accessed as low and high 

byte registers (RLDROH, RLDROL and RLDRIH, RLDRIL). 
During RESET RLDRO and RLDR1 are set to FFFFH. 

When the TMDR counts down to 0, it is automatically reloaded 
with the contents of RLDR. 

131 Timer Control Register (TCR) 
TCR monitors both channels (PRTO, PRTI) TMDR status and 

controls enabling and disabling of down counting and interrupts as 
well as controlling the output pin (A1B/TOUT) for PRT 1. 

Timer Control Register (TCR : VO Address = 10H) 

Eir 7 8 5 4 3 2 1 

TIF7 Tff0 TIE 1 TIED TOC1 TOCO TDE7 TDEO 

R R RAN RAN R/VJ R/W R/W RNJ 

TIF1: Timer Interrupt Flag t Ibit 71 
When TMDR1 decrements to 0, TIF1 is set [0 1. This can gener-

ate an interrupt request if enabled by TIE] = 1. TIF1 is reset to 0 
when TCR is read and the higher or lower byte of TMDR1 are read. 
During RESET, TIF1 is cleared to 0. 

TIFO: Timer Interrupt Flag 0 Ibit fi) 
When TMDRO decrements to 0, TIFO is set to 1. This can gener-

ate an interrupt request if enabled by TIED = 1. TIFO is reset to 0 
when TCR is read and the higher or lower byte of TMDRO are read. 
During RESET, T[FO is cleared to 0. 
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TIE1: Timer Interrupt Enable 1 Ibit 5► 
When TIE1 is set to 1, TIF1 = 1 will generate a CPU interrupt 

request. When TIEI is reset to 0, the interrupt request is inhibited. 
During RESET, TIE] is cleared to 0. 

TIED: Timer Interrupt Enable 0 (bit 41 
When TIED is se[ to 1, TIFO = 1 will generate a CPU interrupt 

request. When TIED is reset to 0, the interrupt request is inhibited. 
During RESET, TIEO is cleared to 0. 

TOC1, 0: Timer Output Control (bits 3, 21 
TOC1 and TOCO control the output of PRTI using the multip-

lexed A, M/TOUT pin as shown below. During RESET, TOC1 and 
TOCO are cleared to 0. This selects the address function for A,x/ 
TOUT. By programming TOC1 and TOCO, the A,x/TOUT pin can 
be forced HIGH, LOW or toggled when TMDRI decrements to 0. 

Reset 

Timer Data 
Register 

TOC1 TOCO OUTPUT 

0 0 Inhibited (A, (TOUT pin is selected as 
an address output function.) 

0 1 toggled' 

1 0 0 ~ (A, (TOUT pin is selected 
as a PRTi output function.) 

1 1 1 

When TMDRI decrements to 0, TOUT level is reversed. This can provide 
square wave with 50% duty to external devices without any software 
support. 

TDE1, 0: Timer Down Count Enable (bits 1, 0) 
TDEl and TDEO enable and disable down counting for TMDRI 

and TMDRO respectively. When TDEn (n = 0, 1) is set to I, down 
counting is executed for TMDRn. When TDEn is reset to 0, down 
counting is stopped and TMDRn can be freely read or written. 
TDE1 and TDEO are cleared to 0 during RESET and TMDRn will 
not decrement until TDEn is se[ [0 1. 

Fig. 58 shows timer initialization, count down and reload timing. 
Fig. 59 shows timer output (A,„/TOUT) timing. 

Timer Data Register ~ O < t < 20¢ 
write (0004H) 

J LUG LU¢ LU¢ LUG "ZU~ "ZU~ LUG 20~ ZOO 

FFFFH 0004H i 0003H 0002H 0001H OOOOH 0003H 0002H 0001H OOOOH 0003H 

Timer Reload Register Write (0003H) 

1 

Reload Reload 

Timer Reload Register 

TDE Flag 

TIF Flag 

FFFFH 0003H 

Write "1" to TDE 

TOUT 

Figure 58 PRT Operation Timing 

Timer Data 
Reg.= 0001 H 

Timer Data 
Reg.= OOOOH 

Timer data Register read 

Timer Control 
Register read 

 X 

Figure 59 PRT Output Timing 
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IEF, 

TIF 1 
TIE1 

TIFO 
TIEO 

PRT 1 Interrupt 
Request 

PRTO Interrupt 
Request 

Figure 60 PRT Interrupt Request Circuit Diagram 

13.3 PRT Interrupts 
The PRT interrupt request circuit is shown in Fig. ti0. 

13.4 PRT and RESET 
During RESET the bits in TCR are initialized as defined in the 

TCR register description. Down counting is stopped and the TMDR 
and RLDR registers are initialized to FFFFH. The A,,,/TOUT pin 
reverts to the address output function. 

13.6 PRT Operation Notes 
(1) TMDR data can be accurately read without stopping down 

counting by reading the lower (TMDRnL') and higher 
(TMDRnH•) bytes in that order. Or, TMDR can be freely read 
or written by stopping the down counting. 

(2) Care should be taken to insure that a timer reload does not oc-
cur during or between lower (RLDRnL•) and higher 
(RLDRnH') byte writes. This may be guaranteed by system 
design/timing or by stopping down counting (with TMDR con-
taining anon-zero value) during the RLDR updating. 
Similarly, in applications in which TMDR is written at each 
TMDR overflow, the system/software design should guaran-
tee that RLDR can be updated before the next overflow occu-
rs. Otherwise, time base inaccuracy will occur. 
NOTE: • n = 0, 1 

(3) During RESET, the multiplexed A, d/TOUT pin reverts to the 
address output. 
By reprogramming the TOC1 and TOGO bits, the timer output 

function for PRT channel 1 can be selected. The following 
shows the initial state of the TOUT pin after TOCI and TOGO 
are programmed to select the PRT channel 1 timer output 
function. 
(i) PRT (channel 1) has not counted down to 0. 

If the PRT has not counted down to 0 (timed out), the 
initial state of TOUT depends on the programmed value in 
TOC1 and TOGO. 

TOC1 TOGO 

TOUT State After 
Programming 
TOC1/TOGO 

TOUT State After 
Next Timeout 

0 1 
1 0 
1 1 

HIGH (11 
HIGH (1) 
HIGH 111 

LOW l01 
LOW 101 
HIGH 111 

(ii)PRT (channel 1) has counted down to 0 at least once. 
If the PRT has counted down to 0 (timed out) at least once, 

the initial state of TOUT depends on the number of time outs 
(even or odd) that have occurred. 

Numbers of Timeouts 
(even or odd) 

TOUT State After 
Programming TOC 1 /TOGO 

Even 12, 4, 6...) 
Odd (1, 3, 5 ...1 

HIGH 111 
LOW 101 
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14 INTERNAL I/O REGISTERS 
The HD64180 internal I/O Registers occupy 64 I/O addresses 

(including reserved addresses). These registers access the internal 
1/O modules (ASCI, CSI/O, PRT) and control functions (DMAC, 
DRAM refresh, interrupts, wait state generator, MMU and I/O re-
location). 

To avoid address conflicts with external I/O, the HD64180 inter-
nal I/O addresses can be relocated on 64 bytes boundaries within 
the bottom 256 bytes of the 64k bytes [/O address space. 

14.1 I/O Control Register (ICR) 
ICR allows relocating of the internal I/O addresses. ICR also 

controls enabling/disabling of the IOSTOP mode. 

tit ~ 
VO Control Register (ICR : I/O Address = 3FH) 

8 6 4 3 2 1 0 

qA7 IOAB gSTP 

R/W R/W R/W 

IOA7,li: I/O Address Relocation (bits 7-S) 
IOA7 and IOA6 relocate internal I/O as shown in Fig. 61. Note 

that the high-order 8 bits of 16-bit internal I/O addresses are always 
0. IOA7 and IOA6 are cleared to 0 during RESET. 

IOA7 • IOA6=1 1 

IOA7 • IOA6=1 0 

IOA7 • IOA6=0 1 

IOA7 • IOA6=0 0— ~ 

Figure 67 Internal I/O Address Relocation 

IOSTP: IOSTOP Mode (bit 6) 
IOSTOP mode is enabled when IOSTP is set to 1. Normal 1/O 

operation resumes when IOSTP is reset to 0. IOSTP is cleared to 0 
during RESET. 

OOFFH 

OOCOH 
OOBFH 

0080H 
007FH 

0040H 
003FH 

OOOOH 

14.2 Internal I/O Registers Address Map 
The internal I/O register addresses are shown in Tabie 14. These 

addresses are relative to the 64 bytes boundary base address speci-
fied in [CR. 
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Table 14 Internal I/O Register Address Map 11 I 

Register Mnemonic 
Address 

Binary Hexadecimal 

ASCI 

ASCI Control Register A Ch 0 

ASCI Control Register A Ch 1 

ASCI Control Register B Ch 0 

ASCI Control Register B Ch 1 

ASCI Status Register Ch 0 

ASCI Status Register Ch 1 

ASCI Transmit Data Register Ch 0 

ASCI Transmit Data Register Ch 1 

ASCI Receive Data Register Ch 0 

ASCI Receive Data Register Ch 1 

CNTLAO 

CNTLAI 

CNTLBO 

CNTL81 

STATO 

STAT1 

TDRO 

TDR1 

RDRO 

RDR1 

XX000000 

XX000001 

XX000010 

XX00001 1 

XX000100 
XX000101 

XX0001 10 

XX000111 

XX001000 

XX001001 

OOH 

01 H 

02H 

03H 

04H 
05H 

06H 

07H 

08H 

09H 

CSI/0 
CSI/0 Control Register 

CSI/0 Transmit/Receive Data Register 

CNTR 

TRDR 

XX001010 

XX00101 1 

OAH 

OBH 

Timer 

Timer Data Register Ch OL 

Timer Data Register Ch OH 

Reload Register Ch OL 

Reload Register Ch OH 

Timer Control Register 

Reserved 

Timer Data Register Ch 1 L 

Timer Data Register Ch 1 H 

Reload Register Ch 1 L 

Reload Register Ch i H 

TMDROL 

TMDROH 

RLDROL 

RLDROH 

TCR 

TMDR 1 L 

TMDR1 H 

RLDR 1 L 

RLDR 1 H 

XX001 100 

XX001 101 

XX001110 

XX001111 

XX010000 
XX010001 

~ 

XX010011 

XX010100 

XX010101 

XX0101 10 

XX0101 1 1 

OCH 

ODH 

OEH 

OFH 
10H 

1 1 H 
r 

13H 

14H 

15H 

16H 

17H 

°`hers 
Free Running Counter 

Reserved 

FRC XX01 1000 

XXO 1 1001 

S 
XX011111 

18H 

19H 

S 
iFH 
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Table 14 Internal I/O Register Address Map 121 

Register Mnemonic 
Address 

Binary Hexadecimal 

DMA 

DMA Source Address Register Ch OL 

DMA Source Address Register Ch OH 

DMA Source Address Register Ch OB 

DMA Destination Address Register Ch OL 

DMA Destination Address Register Ch OH 

DMA Destination Address Register Ch OB 

DMA Byte Count Register Ch OL 

DMA Byte Count Register Ch OH 

DMA Memory Address Register Ch 1 L 

DMA Memory Address Register Ch 1 H 

DMA Memory Address Register Ch 18 

DMA I/O Address Register Ch 1 L 

DMA 1/0 Address Register Ch 1 H 

Reserved 

DMA Byte Count Register Ch 1 L 

DMA Byte Count Register Ch 1 H 

DMA Status Register 

DMA Mode Register 

DMA/WAIT Control Register 

SAROL 

SAROH 

SAROB 

DAROL 

DAROH 

DAROB 

BCROL 

BCROH 

MAR1 L 

MAR1 H 

MAR1 B 

lAR1 L 

IAR1 H 

BCR 1 L 

BCR 1 H 

DSTAT 

DMODE 

DCNTL 

XX100000 

XX100001 

XX100010 

XX100011 

XX100100 

XX 100101 

XX100110 

XX1001 1 1 

XX101000 

XX101001 

XX101010 

XX10101 1 

XX101100 

XX 101 101 

XX 1011 10 

XX 101 1 1 1 

XX110000 

XX110001 

XX110010 

20H 

21 H 

22H 

23H 

24H 

25H 

26H 

27H 

28H 

29H 

2AH 

26H 

2CH 

2DH 

2EH 

2FH 

30H 

31H 

32H 

INT 

IL Register (Interrupt Vector Low Register) 

INT/TRAP Control Register 

Reserved 

IL 

ITC 

XX1 1001 1 

XX110100 

XX110101 

33H 

34H 

35H 

Refresh 
Refresh Control Register 

Reserved 

RCR XX110110 

XX1 101 1 1 

36H 

37H 

MMU 

MMU Common Base Register 

MMU Bank Base Register 

MMU Common/Bank Area Register 

CBR 

BBR 

CBAR 

XX1 11000 

XX1 11001 

XX111010 

38H 

39H 

3AH 

I/O 

Reserved 

I/O Control Register ICR 

XX111011 

S 
XX111110 

XX1111 11 

38H 

S 
3EH 

3FH 

74.3 I/O Addressing Notes 
The internal I/O register addresses are located in the I/O address 

space from OOOOH to OOFFH (16-bit I/O addresses). Thus, to access 
[he internal I/O registers (using I/O instructions), the high-order 8 
bits of the I6-bit I/O address must be 0. 

The wnventional I/O instructions (OUT (m),A/ IN A,(m) / 
OUTI / INI/ etc.) place the contents of a CPU register on the high-
order 8 bits of the address bus, and thus may be difficult to use for 
accessing internal I/O registers. 

For efficient internal I/O register access, a number of new in-
structions have been added, which force the high-order 8 bits of the 
16-bit I/O address to 0. These instructions are INO, OUTO, OTIM, 

OTIMR, OTDM, OTDMR and TSTIO (See section 19 Instruction 
Set). 

Note [hat when writing to an internal I/O register, the same I/O 
write occurs on the external bus. However, the duplicate external I/ 
O write cycle will exhibit internal I/O write cycle timing. For exam-
ple, the WAIT input and programmable wait state generator are ig-
nored. Similarly, internal I/O read cycles also cause a duplicate ex-
ternal I/O read cycle —however, the external read data is ignored 
by the HD64180. 

Normally, external I/O addresses should be chosen to avoid 
overlap with internal I/O addresses [o avoid duplicate I/O accesses. 
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15 E CLOCK OUTPUT TIMING — 6800 TYPE BUS INTER-
FACE 

A large selection of 6800 type peripheral devices can be con-

nected to the HD64180, including the Hitachi 6300 CMOS series 
(6321 PIA, 6350 ACIA, etc.) as well as 6500 family devices. 

E 

LIR 

ME 

IOE 

These devices require connection with the HD64180 syn-
chronous Eclock output. The speed (access time) required for the 
peripheral device are determined by the HD64180 clock rate. Table 
15, Fig. 62 and Fig. 63 define E clock output timing. 

Table 15 E Clock Timing in Each Condition 

Condition Duration of E Clock Output "High" 

Op-code fetch Cycle 
Memory Read/Write Cycle 

Tzt — Tsj (1.5~ i- nw • ~) 

I/O read Cycle 1st Tw j — Ts j (0.5m t nw • ~) 

I/O Write Cycle 1st Twt — Ts~ In,,, • ¢) 

AMIAcknowledge istMC Tzt — T3j (1.5~) 

TRTo Acknowledge 1st MC 1st Tw J — Ta j (0.5~ + nw • ~) 

BUS RELEASE mode 
SLEEP mode 
SYSTEM STOP mode 

¢ j — $ j 12~ or 1 ~) 

NOTE) rt,,, the number of wait states 
MC Machine Cycle 

OP-code Memory read/ 
fetch cycle write cycle 

Ti Tz Ta i Tz Ts 

UO read cycle VO write cycle 

T~ Tz Tw Ta ITS Tz Tw Ts 

NMI 
acknowledge 
1stMC 

Ti Tz Ts 

NOTE) MC: Machine Cycle 

1N7 o acknowledge 
1st MC 

Ti Tz Tw' Tw' Ta 

 1 

Two wait states are automatically inserted. 

Figure 62 E Clock Timing (During Read/Write Cycle and 
Interrupt Acknowledge Cycle) 
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BUSREQ 

BUSACK 

E 

Do—Dr 

INT, NMI 

E 

Last 
state 

BUS RELEASE mode 

Tx Tx

1 

fl 

E f' 

 >~J

E S 

Tx Tx

1 

E f' U 
(a) E Clock Timing in BUS RELEASE Mode 

SLP 
instruction 
2nd op-code 
fetch cycle SLEEP mode or SYSTEM STOP mode 

Op-code 
fetch cycle 

Ti Tz Ta T~ Tz 

76H 

Ts Ts

E 11 

E 11 

E If 

 P, 

Ts Ts T 

Ib) E Clock Timing in SLEEP Mode and SYSTEM STOP Mode 

Figure 63 E Clock Timing 
(in BUS RELEASE mode, SLEEP mode, SYSTEM STOP model 

Wait states inserted in op-code fetch, memory read/write and I/ 
O read/write cycles extend the duration of E clock output HIGH. 
Note that during [/O read/write cycles with no wait states (only oc-
curs during on-chip I/O register accesses), E will not go HIGH. 

The correspondence between the duration of E clock output 
HIGH and standard periphera device speed selections is as follows. 

Device Speed Selection 
Required duration of 
E clock output HIGH 

1.0 MHz (ex: HD6321 PI 
1.5 MHz (ex: HD63A21 P) 
2.0 MHz (ex: HD63B21 PI 

500 ns min. 
333 ns min. 
230 ns min. 

i Tz 

76.1 6800 Type Bus Interfacing Note 
When the HD64180 is connected to 6800 type peripheral LSIs 

with E clock, the 6800 type peripheral LSIs should be located in I/O 
address space. 

If the 6800 type peripheral LS[s are located in memory address 
space, WR set-up time and WR hold time for E clock won't be 
guaranteed during memory read/write cycles and 6800 type periph-
eral LSts can't be connected correctly. 
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16 ON-CHIP CLOCK GENERATOR 
The HD64180 contains a crystal oscillator and system clock (~) 

generator. A crystal can be directly connected or an external clock 
input can be provided. In either case, the system clock (¢) is equal 
to one-half the input clock. For example, a crystal or external clock 

input of 8 MHz corresponds with a system clock rate of ¢ = 4 
MHz. 

The following table shows the AT cut crystal characteristics (Co, 
Rs) and the load capacitance (CL1, CL2) required for various fre-
quencies of HD64180 operation. 

Table 16 Crystal Characteristics 

Clack Frequency 

Item 
4MHz 4MHz < f S 12MHz 12MHz < f S 16MHz 

Co < 7 pF < 7 pF G 7 pF 

Rs <60f2 <60f] <6051 

CL„CL2 10 to 22pFt10% 10 to 22pFt10% 10 to 22pFt10% 

If an external clock input is used instead of a crystal, the 
waveform (twice the ~ clock rate) should exhibit a 50% t 5%duty 
cycle. Note that the minimum clock input HIGH voltage level is 
V~~-0.6V. The external clock input is connected to the EXTAL 
pin, while the XTAL pin is left open. Fig. 64 shows external clock 
interface. 

EXTAL 

XTAL 

• J tJ L1 L 

Open 

External Clock Input 

Figure 64 External Clock Interface 

Fig. 65 shows the HD64180 clock generator circuit while Fig. 66 
and Fig. 67 specify circuit board design rules. 

EXTAL 

XTAL T ~~2 ~ 

Figure 65 Crystal Interface 

must be avoided 

A B 

I 
A, B: Signal 

XTAL 

EXTAL 

HD64180 

Figure 66 Note for Board Design of the Oscillation Circuit 
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20 mm max 

~~~~~~~~~/G 

• / •/ 
C~ Crystal CL

j / / 
/ / 

HD64180 
(DP-64S) 

(Top View) 

Signal line layout should 
avoid areas marked with /////. 
./ 

E 
E 
E 
0 
N 

Figure 67 Example of Board Design 

Circuit $oard design should observe the followings. 
(1) To prevent induced noise, the crystal and load capacitors 

should be physically located as close to [he LSI as possible. 
(2) Signal lines should not run parallel to the clock oscillator 

inputs. In particular, the clock input circuitry and the system 
clock ~ output should be separated as much as possible. 

(3) Similar to (2), V~~ power lines should be separated from the 
clock oscillator input circuitry. 

(4) Resistivity between XTAL or EXTAL and the other pins 
should be greater than lOM ohms. 
Signal line layout should avoid areas marked with /////. 
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17 MISCELLANEOUS 
Free Running Counter (I/O Address = 18H) 
Read only 8-bit free running counter without control registers 

and status registers. The contents of the 8-bit free running counter 
is counted down by 1 with an interval of ]0 ~ clock cycles. The (ree 
running counter continues counting down without being affected by 
the read operation. 

If data is written into the (ree running counter, we can't guaran-
tee the interval of DRAM refresh cycle and baud rates of ASCI and 
CSI/O. 

In IOSTOP mode, the free running counter continues counting 
down. It is initialized to FFH during RESET. 

18 OPERATION NOTES 
18.1 Spike Noise on TOUT 

When A,tl/TOUT pin functions as TOUT and outputs LOW, 
spike noise up to 2V may appear on the TOUT output a[ address 
outputs (Ao A„) changing from HIGH to LOW. This spike noise 
will become the largest, when all of the Ao A„ address outputs 
change from HIGH to LOW simultaneously. (Refer to Fig. 68) 

To avoid the spike noise on TOUT, a resistor and a capacitor 
should be connected to TOUT as shown in Fig. 69. 

.~ v 
Ao-A t ~ 

TOUT  ~ =max. 2V 

Figure 68 Spike Noise on TOUT 

18.2 CKAo/DREOo Function in SLEEP Mode 
When the CPU enters into SLEEP mode, the CKA~/DREQ~ pin 

always functions as the CKA~ pin. Therefore, if the CPU enters into 
SLEEP mode during the time the pin is functioning as the DREQ~ 
input pin and the ASCI selects an internal clock source, the pin im-
mediately reverts to being the CKA„ output pin. At this time, a con-

ic[ between DREQ„ input and CKA„ output may occur and a large 
surge of current may Ilow through the pin as a result. To prevent 
this, acurrent-limiting resistor should be connected to the pin as 
shown in Fig. 70. 

HD64180 

CKAo/DREQo ~n

R
n~-

V Y v 
I/O 

Figure 70 A Current Limit Resistor Connection 

18.3 Precaution on Interfacing the Z80• Family Peripheral 
LSIs to the HD84180 

(1) Problem 
In daisy chain, the Z80• family peripheral LSI (PIO, DMA, 

CTC, SIO, or DART) resets interrupt circuit (i.e. IEO changes 
from LOW to HIGH) by fetching the RETI op-code on [he 
data bus concurrently during the CPU fetches the RETI. 
Therefore, the followings should be noted for the RETI op-
code (EDH, 4DH) fetch timing in the Z80• peripheral LSI. 

When the peripheral LSl fetches the first op-code of RETI 
(EDH), LIR should be negated HIGH at the rising edge of 
system clock ¢ as shown in Fig. 71, A. (This isn't referred in 

280" So, LIR hold time 
shown in Fig. 71. 

HD64180 

the manuals for the peripheral 
(LIR =HIGH) should be required 

T, Ts Ts 

LSI.) 
as 

T, Ts 

LIR 

Hold Time 
TOUT 

Data Bus 
~A~

R
~~~ 

~ ~ V 

C
Figure 71 ~ Hold Time 

Example: R=4.7 kS2 
C=15 pF 

Figure 69 Resistor and Capacitor Connection 
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Because LIR changes synchronously with the rising edge of 
system clock ~, LIR delay time is equal to LIR hold time o(the 
Z80' peripheral LSI. However, this LIR hold time may not be 
sufTicient for [he Z80` peripheral LSI in some case and IEO 
line may not be reset. 

(2) An example of countermeasure 
Fig. 72 shpws an example of circuit, while Fig. 73 shows the 

LIR and LIR' timing in the circuit. 

LlR' to Peripheral LSI 

Figure 72 Circuit Example 

` Z80 is a registered trademark of Zilog, Inc. 

Figure 73 LIR and LIR' Timing in the Circuit 

LIR', which is synchronized with the falling edge of system 
clock ¢, is provided to the peripheral LS[. In this case, one-half 
clock cycle duration is confirmed as the hold time. 

Please carefully examine the circuit before you use it on 
your application. 

18.4 Precautions on tAo and tns 
111 Specification of tAo and tpe

The specification of [Ap (Address delay time) and tAs (Address 
set-up time) is shown in Table 17. 

Fig. 74 shows tA p and tAs timings just after RESET and just 
after recovery from BUS RELEASE mode. 

Table 17 Spec. of tqp and tAg 

Symbol Item 
Spec. 

Remarks 
HD64Ai80R0 HD64B180R0 

tAD 

Address Delay 
Time 

Just after RESET, 
or after recovery 
from BUS 
RELEASE mode, or 
at the beginning of 
SLEEP mode and 
SYSTEM STOP mode 

130 (ns) 
max 

125 (ns) 
max 

Refer to 
2.11) 

Normal operation 110 (nsl 
max 

105 (ns) 
max 

tAs 

Address 
Set-up Time 

Just after RESET, 
or after recovery 
from BUS 
RELEASE mode 

30 (ns) 
min 

—151ns) 
min 

Refer to 
2.12) lal 

Normal operation 45 (nsl 
min 

10 Ins) 
min 

Refer to 
2.12) lbl 
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RESET 

T, Tz Tw Tw Tw T3 T, Tz 

RESET 

Address 

ME 

BUSREQ 

BUSACK 

Address 

ME 

High impedance 

tqp is large after RESET 
—„~ 
  tAD 

~- 
tAS' 

I 
la) tqp and tAS timing just after RESET 

BUS RELEASE mode 

_ Tx Tx Tx Tx T, Tz Tw Ts T, Tz 

J

tqp is large after recovery from 
y At D BUS RELEASE mode 

`J1 
--•  ~ tAS' 

Ibl tqp and tqg timing just after recovery from BUS RELEASE mode 

NOTE: Dotted lines show address delay in normal operation. 

' tqS is — 15 ns (min) in case of 6 MHz operation. 

Figure 74 tAo and tAs Timings 

121 Problems and countermeasures on tAo and tAs 
Due to [he above specification of tAp and [As, [he following 

problems may occur. 
tAD 

Just after recovery from BUS RELEASE mode, tAp is 
larger than usual by 20 ns. Therefore, if Memory or I/O LSI ac-
cess timing is designed based on the old tAD, an access time 
may not be enough just alter recovery from BUS RELEASE 
mode. 

So, one of the following two ways should be taken [o design 
memory or I/O LSI access timing. 
(a) All memory or I/O LSI access timing should be designed 

based on tpp just after recovery from BUS RELEASE 
mode. 

(b) Wait state (Tw) should be inserted just after recovery 
from BUS RELEASE mode. (Refer to Example 3.) 

® tAs 
(a) In case of 6 MHz operation, tAs is — 15 ns (min) just after 

RESET or just after recovery from BUS RELEASE mode. 
Therefore, if it is necessary to assure address set-u~time 
of 0 ns or more than 0 ns (min) (or a falling edge of ME or 
IOE, ME or ]OE can't be directry used. Generally speak-
ing, the problem may occur in the following cases. 
(i) DRAM access using ME as RAS sip~nal 
(ii) Pseudo SRAM access using ME as CE signal 
DRAM or Pseudo SRAM requires 0 ns (min) of address 
set-up Cor a falling edge of RAS or CE. (Refer to Fig. 75 
and Fig. 76.) 
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RAS 

(ME) 

Address 

0 ns or more than 0 ns is required 

Figure 75 tqg Timing for DRAM 

Therefore, if DRAM or Pseudo SRAM is accessed just 
after RESET or after recovery from BUS RELEASE 
mode, ME should be delayed by half cycle of system clock 
¢. (Refer to Example 2.) 
In the case of PROM, fully static RAM or a peripheral LSI 
which doesn't require set-up time, CS signal may be 
unstable at the beginning of access when CS is syn-
chronized with ME or IOE. However, there is no problem 
by the following reason; 
Read — If access time is assured enough, data is read 

correctly. 
Write — As an address set-up time for a falling edge of 

WR is assured, unintentional writing into a 
memory or a peripheral LSI can not occur. 

CE 

(ME) 

Address ~~ 

0 ns or more than 0 ns is required 

Figure 76 iqg Timing for Pseudo SRAM 

Please carefully examine the spec. of a memory or a pe-
ripheral LSI for your application. 

(b) In case of 6 MHz operation, address set-up time of normal 
operation is 10 ns (min). If this address se[-up time is not 
enough, ME should be delayed to assure address set-up 
time. (Refer to Example 2.) 

Please check whether the problems mentioned above occur 
or not, refering to the flowchart in Fig. 77. 

If you have some problem, please take some counter-
measure as shown in Examples 1 to 3. 

HITACHI a5I 



H D 64180R0 

START 

s 
address set-u 
time in normal 
operation OK7 

Do you 
use BUS 

RELEASE model 

NO 

Do 
you read DRAM 

immediately 
after RESET? 

NO 

No need of 
countermeasure 

NO 

YES 

Problem 
•Address set-up 
time just after 
RESET is not 
enough. 

Countermeasure 
•Pull down the 
address bus 
(Refer to ex. 1.). 
or 
•Delay ME by 
half cycle 
(Refer to ex. 2.). 

Do you 
use DRAM? 

Is 
Accesstim 

just after BUS 
RELEASE mode 

enough? 

No need of 
countermeasure 

Figure 77 Check Flow 
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Problem 
•Access time 
just after 
BUS RELEASE 
mode is not 
enough. 

Countermeasure 
•Insert WAIT 
state 
(Refer to ex. 3.). 

Problem 
•Address set-up 
time is not 
enough. 

Countermeasure 
•Delay ME by half 
cycle 
(Refer to ex. 2.1. 
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The followings show countermeasures to assure tAs just 
after RESET or after recovery from BUS RELEASE mode. 

Example 1: Countermeasure for tpg just after RESET 

As Restart address is OOOOOH, iAs can be assured by pulling 
down all address lines to "0" during RESET. Fig. 78 shows the 
circuit for countermeasure. 

Address lines become high impedance during RESET. 
However, if pull-down resistor R are connected as shown in 
Fig. 78, address lihes go "0". [n this case, length of RESET cy-
cle Tshould be much longer than C•R. (T ~ C•R) 

HD64180 

Ao 

Ata 

1• 
R 

Ex. R = 100 kS2 

Figure 76 Countermeasure for tqg Just After RESET 

Example 2: Countermeasure for tAs

To assure tAs, M E should be delayed by half cycle of system 
clock ~ b~onnecting external circuit as shown in Fig. 79 (a). 
ME and ME' timing in the circuit is shown in Fig. 79 (b). 

BUSREQ 

BUSACK 

Qc (WAIT) 

ME 

Address 

BUSACK 

ME 

ME 

LS75 

la) Circuit Example 

Ti Tz Tw T
r

s 

_~ ~~~J 

Ti 

Address 

Ibl ~ and ~i1E' Timing in the Circuit 

Figure 79 Countermeasure for tpg by Delaying ME 

Example 3: Countermeasure for tAe just after recovering 
from BUS RELEASE mode 

tpp just after recovery from BUS RELEASE mode can be as-
sured by inserting wait state (Tw). To insert wait state (Tw), an 
external circuit should be connected as shown in Fig. 80 (a). 
Timing in the circuit is shown in Fig. 80 (b). 

to WAIT pin of HD64180 

Qq Qg QC 

CLK 

LS164 

(a) Circuit Example 

BUS RELEASE mode 1 Machine cycle 

n'31 
1 WAIT State 

Ti x Tx Tx Tx i Tz Tw Ta Ti 

~~~~ 

WAIT Sampling 

1 

lb) Timing in the Circuit 

Figure 80 Countermeasure for tqp Just After Recovery from BUS 
RELEASE Mode 
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18.5 Precaution on Interfacing HD64180 with Z80' CTC 
111 Problem 

The following problem may happen when interfacing FID64180 
with Z80` CTC (Z8430). Therefore, countermeasure shown in sec-
tion 2 should be taken. Fig. 81 illustrates Z80' CTC write timing 
specified in Z80* CTC Data Sheet. Fig. 82 and Fig. 83 show Z80" 1/ 
O write timing and HD64180 1/O write timing respectively. 

As shown above, IOE in HD64180 goes LOW by a half ¢clock 
cycle faster than IORQ in Z80. When interfacing Z80 with Z80' 
CTC, data is written into Z80* CTC at the rising edge of Tw. By 
contrast, when interfacing HD64180 with Z80* CTC, data is written 
into Z80* CTC at the rising edge of T.,. In the latter case, data may 
not be written into Z80* CTC if IOE set-up time for the rising edge 
of T~ is less than the set-up time specified in Z80* CTC. 

CE 

IORO 

Data 

Set-up time 

Set-up time 

Set-up time Hold time 

IORO 

Data 

IOE 

Data 

Figure 81 Z80' CTC Write Timing" 

T, Tz Tw Ts 

Write data 

Figure 62 Z80' I/O Write Timing 

T, Tz Tw Ts 

Write data 

Figure 63 HD64180 I/O Write Timing 

Z80 is a registered trademark of Zilog, Inc. 
•* Copied from Z80` CTC Data Sheet (April, ]985) 

121 Countermeasure 
To Avoid the problem, IOE in HD64180 should be asserted 

LOW at the rising edge of Tz [o assure the set-up time specified in 
Z80* CTC. Fig. 84 (a) shows a circuit for delaying IOE by a half ~ 
clock cycle. 

If this circuit is externally connected between HD64180 and 
Z80* CTC, IOE' will be pulled LOW at the rising edge of Tz only in 
I/O read/write cycle as shown in Fig. 84 (b). While in INTO
acknowledge cycle, IOE and IOE' are asserted LOW at the timing 
shown in Fig. 84 (c). In INTO acknowledge cycle, IOE' delays be-
cause of propagation time of TTL gates of the countermeasure cir-
cuit and the vector access time is shortened. If vector access time 
for HD64180 is not assured during INTO acknowledge cycle, wait 
states should be inserted by programming IWfO and IWI1 bits of 
DMA/WAIT Control Register. However, note that wait states in-
sertion by software should be inhibited during Z80' CTC read/write 
cycles, because more than one wait state can not be allowed in the 
case of Z80" CTC. (Please see Z80" CTC Data Sheet. One wait state 
is automatically inserted during the cycles.) Refer to "Fig. 85 Z80' 
CTC Access Flow" for details. 

Llf~ 

IOE 

IOE' 

LIR 

IOE 

IOE' 

f0E 
LIR 

T, 

~ LS75 

lal Countermeasure Circuit 

Tz Tw Ta T, 

IOE' 

Ibl I/O Read/Write Timing 

T, Tz Tw Tw T3 

Fixed to HIGH 

T, 

 1 
Vector access time 

Propagation tf a of TTL gates 

Icl INTO Acknowledge Cycle Timing 

Figure 84 Countermeasure Circuit and Timings in the Circuit 
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Program DMA/WAIT Control 
Register to insert wait states 

Disable INTO 

r 
Disable programmable wait states 

insertion for I/O access (One wait state 
is automatically inserted during Z80" 

CTC read/write cycles.) 

r 

Access Z80" CTC 

Enable programmable wait states 
insertion for I/O access 

Enable INTO 

' 1 More than one wait state can not be 
allowed during Z80" CTC read/write 
cycles. 

Figure 85 Z80' CTC Access Flow 

.~ 
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18.6 Notes on HD641601NTo Mode 0 
171 Problem 

In ~ Mode 0, the CPU executes an instruction which is 
placed on the data bus during the interrupt acknowledge cycle. 
Usually, RST (1-byte instruction) or CALL (3-byte instruction) is 
placed on the data bus. Then, [he CPU pushes the Program Coun-
ter (PC) onto the stack and jumps to the interrupt service routine. 
In the case of RST instruction, the correct return address is pushed 
onto the stack. However, in the case of CALL instruction, the 
pushed return address is equal to the correct return address + 2. 

121 Explanation of operation 
During the 1st op-code fetch cycle in the interrupt acknowledge 

Last 
Machine 
Cycle 

INTe Mode 0 
acknowledge 
cycle 

cycle, the CPU stops incrementing the PC. At this time, the PC 
contains the return address. After the 1st op-code is fetched, the 
CPU restarts incrementing the PC. Therefore, is RST (1-byte in-
struction) is executed in the interrupt acknowledge cycle, the cor-
rect return address is pushed onto the stack and the CPU can return 
from the interrupt service routine correctly. While, if CALL (3-byte 
instruction) is executed in the interrupt acknowledge cycle, the PC 
is incremented twice during the operand read cycle of the 2 bytes 
after the 1st op-code is fetched. Therefore, the return address + 2 
in the PC is pushed onto the stack. So, when RETI is executed at 
the end of the interrupt service routine, the CPU can not return 
from the interrupt correctly. 

Fig. 86 shows the CALL execution timing in INTO Mode 0. 

CALL instruction execution 

Interrupt 
service 
routine 

INTO 

_ T
n

L ~T,
r
Tz T

a
w T

n
w Ta 

_ J L U_ U L 

J 

_ T,TzT
n
s 

n
T,T_zTa Ti T,Tz TaT, T

n
zT

r
s _T,Tz(T~s 

—~JIJL JLJ~ _JL 

Ao—A,a ~ PC 

LIR 

ME 

IOE 

RD 

WR 

Dc 1~ 

Starting 
Address 

i n 
CALL 
instruction 

Starting Starting 
Address Address 
(Low (High 

r — 

The return address+ 2 in the PC is pushed onto the stack 
l_ 

it (High) i~ (Low) 
r, i ~ 

~' i i 
~~ ~ i t i ~ 

i ' ~ ~ i 
 J .L--- ~ ~ 

Figure 86 The CALL Execution Timing in INT O Mode 0 
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131 Countermeasure 
The following explains the countermeasure of the problem in 

1A"lo Mode 0. 
Ql RST 

When RST is executed, the correct return address in the PC 
is pushed onto the stack. 

Q2 CALL 
When CALL is executed, the stack contents must be decre-

mented by two in the interrupt service routine to return from 
the interrupt correctly. 

Tabla 18 Stack Contents Adjustment 

Instruction Stack Contents Adjustment 

RST No 

CALL Decrement the stack contents by two 
Other 

instructions 
No 

(The PC is not stacked.) 

Table 18 summarizes how to adjust the stack contents depend- The INTO Mode 0 sequences when executing RST and CALL 
ing on the instruction to be executed. are shown in Fig. 87. 

Main Routine 

Address 
PC- 1 _ 

INTO —~ 
PC 

Interrupt service routine 

RST / PC (High) —~ (SP— 1) \ 

SP-2 ~ SP 

EI 
RETI ~ PC (Low) ~ (SP) 1 

PC (High) ~ (SP+ 1) J 
SP ~- SP+2 

(a IN~Mode 0 Sequence when executing RST 
Main Routine... 

Address 
PC— 1 

INTO —_ 
PC 

Interrupt service routine 

RST PC-1-2 (High) —• ISP- 1) 
PC-f-2 (Low) ~ (SP- 2►JSP-2 ~ SP 

POP BC 
DEC BC Decrements the stack 
DEC BC contents by two 
PUSH BC 

EI 
RETI / PC (Low) ~— (SP) 

I\  PC (High) ~ (SP-~- 1) 
SP ~ SP-#- 2 

(b) INTO Mode 0 Sequence when executing CALL 

NOTE) PC: PC indicates the return address 

Figure 87 INT oMode 0 Sequence 
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18.7 Note on reset operation when the CPU is in a WAIT state (~ Incorrect operation  
(11 Problem In the case that RESET signal goes  to low level and then 

When the WAIT signal is asserted low and the CPU is in a goes back to high level while the WAIT signal is asserted low, 
WAIT state, the CPU can't be reset and can't restart even if the the CPU can't restart. (Please see Fig. 88) 
RESET signal is asserted low. 

Ti T2 Tw Tw Tw Tw Tw Tw Tw Tw Tw Tw Tw Tw Tw 

WAIT 

RESET  SS 

Figure 88 Incorrect Operation 

The CPU can 
not restart. 

~2  Correct operation (a) In the case that the RESET signal goes to low level by 5 

In the Following cases, the CPU can restart correctly. clocks earlier than the WAIT goes to low level. 

~ sU-J-LI~~_ 
WAIT I ff 

more than ti
RESET 

5 clocks 
 fl t 

Figure 89 Correct Operation 

(b) In the case that the WAIT signal goes to high level by 3 
clocks earlier than the RESET signal goes to high. 

WAIT 

RESET 

~ The CPU restarts 
~ correctly. 

amore than 
3 clocks  

 fS 

Figure 90 Correct Operation 
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(c) In the case that the RESET goes to low while the CPU is WA[T state generator and while the WAIT signal is kept 
in a WAIT state caused by the internal programmable in high level. 

f- WAIT states caused by the internal programmable WAIT generator. 

T , T z rT—w—T̂ +w~Tw 

WAIT 

RESET 

Figure 91 Correct Operation 

121 Countermeasure 
Please force the WAIT signal to change to high level by 3 clocks 

WAIT 

RESET 

T, Tz Tw Tw Tw 

The CPU restarts 
correctly. 

before the RESET signal goes to high level. Please see Fig. 92 and 
Fig. 93. 

QI  An example of countermeasure circuits 

Sf• 
 (S 

'more than 3 clocks; 

WAIT' 

RESET 

WAIT 

RESET 

Figure 92 Timing 

 Sf 

WAIT 

HD64180 

RESET 

 4S 

 SS 

Figure 93 An Example of Circuits and the Timing 
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16.8 Note on conflict of NMI and TRAP interrupts 
111 Problem 

If the CPU reads an undefined op-code normally, [he TRAP in-
terrupt occurs. 

If the CPU receives a NMI request during fetching an undefined 
op-code, the CPU jumps to 0066H, that is NMI's jump address, not 
to the normal TRAP address (OOOOH). Therefore, in this case, 
TRAP interrupt routine is not executed. 

121 Explanation 
Fig. 94 shows an operation timing when the CPU receives a 

NMI interrupt during fetching an undefined op-code. In this exam-
ple, [he second op-code is assumed to be undefined one. When a 
falling transition of MN I signal happens during the period of Ta 
which is described in Fig. 94, the TRAP interrupt occurs internally 
and the CPU starts TRAP interrupt acknowledge cycles. In the 

Ao—A,a 

Do—D~ 

RD 

WR 

NMI 

acknowledge cycles, [he CPU stacks [he address of an undefined 
op-code, and then [he CPU jumps to logical address 0066H, not to 
logical address OOOOH. As the request of NMI interrupt is still sus-
pended at the time, the CPU starts the NMI acknowledge cycles 
after executing an op-code at logical address 0066H. 

In the NMI acknowledge cycles, the CPU jumps to logical ad-
dress 0066H again after stacking the address of an op-code next to 
the op-code at logical address 0066H. Then, the CPU executes nor-
mally. 

Fig. 95 shows an operation timing in the case that the third op-
code is undefined. The CPU also acts similarly. 

As mentioned above, if NMI interrupt is requested while the 
CPU reads an undefined op-code, the CPU can not start from logi-
cal address OOOOH because the start address changes to logical ad-
dress 0066H. 

TtT,TzTaT,TsTaTrrTiTi 

' 

Read cycles of 
an undefined 
op-code TRAP acknowledge cycles 

Execution of an 
op-code at 
OO66H NMI acknowledge cycles 

The CPU 
starts fro 
0066H 

Ti Ti Ti 

PC Stack • 

Tt 

PC Stack ~ 

IT,TzT3T,TzTsT,TzTa T,TzTsTi Ti ~,TzTsT,TzTsT,TzT3 

The address of an op-code 
next to an op-code at 0066H. 

i PC PC+1 SP-1 SP-2 0066H SP-3 SP-4 0066H 

y /1 J- 1 n ~ /"t ~ ~ ~~ !'1 

undefined op-code L) PC+ 11H) PC+ 1 

~ ~'~ ~ ~ r 
f( 

~J I 
!f 

Ta 

If the CPU receives a NMI request 
during Ta, the CPU jumps to 0066H. 

Figure 94 Operation Timing in the Case that the Second op-code is undefined 
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Ao—A,s 

Do—D~ 

fl0 

WR 

NMI 

Ti 

Read cycles of an 
undefined op-code TRAP acknowledge cycles 

Execution of an 
op-code at 
OO66H 

NMI acknowledge cycles 
The CPU 
starts from 
OO66H 

T,TzTaT,TzTaT,TzTsT,TzT T,TzTTrTsTi Ti Ti Ti ~1T2T3T,T2T3 

PC Stack 

T,TzTs 

~~~ PC+3 IX-i- d, IY~-d SP-2 

DDH, FDH CfiH d undefined op-code PCt21H) PCt21L 

r 

u u 

T~ T,Tz Ts Ti Ti ~,T2T3Tt Tz Ta 

PC Stack 

The address of an op-code 
next to an op-code at 0066H. 

~~ 

T,TzT3 

OO66H 

Ta 

If the CPU receives a NMI request 
during Ta, the CPU jumps to 0066H. 

Figure 95 Operation Timing in the Case that the Third Op-code is Undefined 

131 Countermeasure 
Please take countermeasure by software. 

~t Change an op-code at logical address 0066H to NOP. 

The content 
of the current 

stack= 0067H? 

~2 Execute the following at the beginning of NMI interrupt 
routine. 

111 

No problem because TRAP interrupt does not 
happen. 

12) 

No problem because the NMI interrupt is 
accepted during TRAP interrupt routine. 

131 

Problem happened. 
Change the content of the current stack top 
from 0067H to OOOOH. Then the CPU can start 
from logical address OOOOH after returning 
from NMI routine. 

NOTE: In case that the next NMI requests can occur during the 
NMI interrupt routine, it is necessary to forbid the request 
until the CPU execute an op-code at logical address 0067H. 
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After completion of the Flow (3), the content of the current stack 
lop changes as follows: 

r 

SP 

SP+ 1 

SP+ 2 

SP+3 

67H 

OOH 

PC (L) 
undefined 
op-code) 

PCIH) 
undefined l 
op-code) 

NOTE: The PC (undefined op-code) means an address which is 
stacked during TRAP acknowledge cycles. 

19 INSTRUCTION SET 
19.1 Instruction set overview 

The HD64180 is object code compatible with standard 8-bit op-
erating system and application software. The instruction set also 
contains a number of new instructions to improve system and soft-
ware performance, reliability and efficiency. 

New Instructions Operation 
SLP 
MLT 
INO g, (m) 

OOTO (m), g 

OTIM 
OTIMR 
OTDM 
OTDMR 
TST10 m 

TST g 

TST m 

TST (HL) 

Enter SLEEP mode 
8-bit multiply with 16-bit result 
Input contents of immediate 1/O address into 
register 
Output register contents to immediate I/O ad-
dress 
Block output —increment 
Block output —increment and repeat 
Block output —decrement 
Block output — decrement and repeat 
Non-destructive AND, I/O port and accumula-
tor 
Non-destructive AND, register and accumula-
tor 
Non-destructive AND, immediate data and ac-
cumulator 
Non-destructive AND, memory data and ac-
cumulator 

11► SLP —Sleep 
The SLP instruction causes the HD64180 to enter SLEEP low 

power consumption mode. See section 5 for a complete description 
of the SLEEP state. 

121 MLT —Multiply 
The MLT performs unsigned multiplication on two 8 bit num-

bers yielding a 16 bit result. MLT may specify BC, DE, HL or SP 
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OOH 

OOH 

PC IL) 

(undefined 11
op-code / 

PCIH) 
undefined 
op-code) / 

registers. In all cases, the 8-bit operands are loaded into each half of 
the 16-bit register and the I6-bit result is returned in that register. 

131 INO g, Iml —Input, Immediate 1/O address 
The contents of immediately specified 8-bit I/O address are 

input into the specified register. When I/O is accessed, OOH is out-
put in high-order bits of address automatically. 

141 OUTO Iml, g —Output, immediate I/O address 
The contents of the specified register are output to the immedia-

tely specified 8-bit 1/O address. When 1/O is accessed, OOH is output 
in high-order bits of address automatically. 

151 OTIM, OTIMR, OTDM, OTDMR —Block I/O 
The contents of memory pointed to by HL is output to the 1/O 

address in (C). The memory address (HL) and 1/O address (C) are 
incremented in OTIM and OTIMR and decremented in OTDM and 
OTDMR respectively. B register is decremented. The OTIMR and 
OTDMR variants repeat the above sequence until register B is de-
cremented to 0. Since the I/O address (C) is automatically incre-
mented or decremented, these instructions are useful for block I/O 
(such as HD64180 on-chip 1/O) initialization. When t/O is ac-
cessed, OOH is output in high-order bits of address automatically. 

161 TSTIO m —Test I/O Port 
The contents of the I/O port addressed by C are ANDed with 8-

bit immediate data and the status Bags are updated. The I/O port 
contents are not written (non-destructive AND). When 1/O is ac-
cessed, OOH is output in higher bits of address automatically. 

17) TST g —Test Register 
The contents of the specified register are ANDed with the ac-

cumulator (A) and the status Bags are updated. The accumulator 
and specified register are not changed (non-destructive AND). 
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l81 TST m — Test Immediate 
The 8-bit immediate data is ANDed with the accumulator (A) 

and the status Oags are updated. The accumulator is not changed 
(non-destructive AND). 

(91 TST IHLI — Test Memory 
The contents of memory pointed to by HL are ANDed with the 

accumulator (A) and the status Oags are updated. The memory 
contents and accumulator are not changed (non-destructive AND). 

19.2 Instruction set summary 
The followings explain the symbols in instruction set, and the 

following tables summarize the operation of each instruction. 

171 Register 
g, g', ww, xx, yy, and zz specify a register to be used. g and g' 

specify an 8-bit register. ww, xx, yy, and zz specify a pair of 16-bit 
registers. The following tables show the correspondence between 
symbols and registers. 

8,8~ Reg. ww Reg. xx Reg. YY Reg. zz Reg. 

000 B 00 BC 00 BC 00 BC 00 BC 

,001 C Ol DE O1 DE O1 DE O1 DE 

010 D 10 HL 10 IX 10 IY 10 HL 

OII E 11 SP 11 SP 11 SP 11 AF 

100 H 

101 L 

111 A 

NOTE: Sul]-xed H and L to ww,xx,yy,zz (ex.wwH,IXL) indicate 
upper and lower 8-bit of the 16-bit register respectively. 

121 Bit 
b specifies a bit to be manipulated in the bit manipulation in-

struction. The following table shows the correspondence between b 
and bits. 

b Bit 

000 0 
001 1 

010 2 

011 3 

100 4 

101 5 

110 6 

111 7 

131 Condition 
f specifies the condition in program control instructions. The fol-

lowing shows the correspondence between f and conditions. 

f Condition 
000 NZ non zero 

001 Z zero 

010 NC non carry 

011 C carry 

100 PO parity odd 

101 PE parity even 

110 P sign plus 

111 M sign minus 

141 Restart Address 
v specifies a restart address. The following table shows the cor-

respondence between v and restart addresses. 

v Address 

000 OOH 

001 08H 

010 lOH 

011 18H 

100 20H 

101 28H 

110 30H 

111 38H 

51 Flag 
The following symbols show the Oag conditions. 

• not affected 
j affected 
x undefined 
S set to 1 
R reset to 0 
P parity 
V overflow 

161 Miscellaneous 
( )M 
( )t . 
morn 
mn 
r 
R 
b•( )M 
b•gr 
d orj 
S 
D 

data in the memory address 
data in the 1/O address 
8-bit data 
16-bit data 
8-bit register 
16-bit register 
a content of bit bin the memory address 
a content of bit b in the register gr 
8-bit signed displacement 
source addressing mode 
destination addressing mode 
AND operation 
OR operation 
EXCLUSIVE OR operation 

HITACHI 4h3 
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Data Manipulation Instructions 

Arithmetic and Logical Instructions (8-bit) 

orera.mo 
narne 

MNEMDNICs oP-cnde 
Aedresairq 

sn« sl~l« oar„m~ 

Flp 

~ e 4 s 1 0 

MMED EXT ND REG REGI IMP REL S Z R PN N C 

ADO ADD qB 10 000 g S D 1 4 N+gr-Ar I I ~ V R t 

ADO q WU 10 000 110 S D 1 6 b+p1UM-Ar J I I V R I 

ADD qm 11 000 110 5 D Z 6 Ar+m-Ar I 1 I V R J 
< m > 

ADD q A%+dl 11 011 101 5 D 3 14 a+EX+aM-A. I I I V R I 
10 000 110 

< tl > 

ADD A OV+dI 11 111 101 S D 3 14 N+pY+dlu-Ar I I I V R ~ 

10 000 110 

< tl > 

ADC AOC qg 10001 g S 
O

 
G

 
O

 
O

 
O

 
1 4 Ar+gr+c-Ar J I I V R I 

ADC A 41U 10 001 110 S 1 6 !+ g1U.1+t-Ar J I I v R I 
ADC qm 11 001 110 5 2 8 N+m+rAr I I I V R I 

< m > 

ADC A 6X+tll 11 011 101 5 3 14 Ar+4X+tllu+rAr I J J V fl I 

10 001 110 

< a > 
ADC q IY+dI 11 111 101 S 3 14 Ar+pY+tllrl+c- •N I I J V R I 

10 001 110 

< d > 

AND AND g 10 100 g S D 1 4 N~ gr-N J I S P R R 

AND 11L1 10 100 110 S D 1 6 Ar ~ QILIN-P+ I I S P R R 

AND m 11 100 110 S D 2 8 Ar ~ m-!v I I S P R R 

< m > 

AND OX+dI 11 011 101 5 D 3 14 Ar ~ GX+dNy-Ar J t S P R R 

10 100 110 

< tl > 

AND (1V+dl 11 111 101 S D 3 14 Ar ~ h+dlrr-Ar I I S P R R 

10 100 110 

< d > 

Campxe CPp 10111 g 5 D 1 4 Ar-gr I I J V s I 
CP MU 10 111 110 S D 1 6 Ar- ptUN I i ~ V S I 

CPm 11 111 110 S D 2 6 N -m I I I V S I 
< m > 

CP 6X+dl 11011 101 5 D 3 14 M- OX+dlrr I J I V S I 

10 111 110 

< d > 

CP UV+dI 11 111 101 S D 3 14 N-gY+tlIN I f I V 5 I 

10 111 110 

< d > 

COMPLEMENT CPL 00101 111 s/D 1 3 Ar-Ar ~ ~ S ~ 5 

DEC DEC 9 00 p 101 SR) 1 4 gr- 1, a I J t V S 

cec enl oo no lol sm 1 l0 4Nr,.-1-au. I I t v s . 

DEC 6X+W 11 011 101 S/D 3 /B 6%+tllr.-1- I I I V S 

00 110 101 IIX+tller

< a > 

DEC OY+d 11 111 101 SrD 3 16 6Y+aM- 1- I I I V S ' 

00 110 lot Irv+dM 

< a > 

NC NC g W g 100 Sin 1 4 gr+ 1-p t I I V R 

NC 6A1 00 110 100 SN 1 10 UWu+ 1-gY1r I I I V R 

fiC 6X+dl 11011 101 S/D 3 1R 6X+dly+1- I I I V R 

00 l to loo aX+dl„ 

Ito be continued) 
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Opewlion 

riurr 
MNEMONICS OP-code 

Atleressnp 
Bytse Sletm Opereton 

Flap 

7 8 4 2 1 0 

ErhED FXT W AEfi REGI IAAP REL s 2 H PN N C 

NC < d > 

NC lv+el 11 111 101 5/D 3 to aY+dlN+l— I I ( V R 

00 110 100 IP/+dIN 

< tl > 

MULT MLT ww 11 101 101 SrD 2 17 wwHrx ~—wwp  

Ol wwl 100 

NEGATE NEG 11 101 101 S/D Z 8 0— ArA1 ( I I V 5 I 
Ol 000 100 

OR OR p 10 110 p S D 1 4 N+prN I I R P R R 

OR a1! 10 110 110 S D 1 8 N+WLIw^Ar j I R P R R 

OR m 11 110 110 S D 2 8 Ar+m—N I I R P R R 

< m > 

OR OX+dI 11011 101 5 D 3 10 N+pX.ew—N I ( R P R R 

10 110 110 

< e > 

OR av+el 11 111 101 S D 3 ld N+av+dM—N I I R P R R 

10 110 110 

< a > 

sue sue p to oto e 5 D 1 a N—pr—N I I I v s i 

$UB ail 10 010 Ito s O 1 6 Ar— ai1N—N I I I V s I 

seem 11010 no s D x e N—m—N I I I v s i 

sue ax+m non 101 s o a 1+ Ar—ax+m.,—N I I I v s I 
10010 110 
< d > 

sue Ev+a n m 1D1 5 0 D 1a N—Ev+a1N—N I I I v s I 
to olo no 
< a > 

SUSC seC A,p 10011 p 5 D 1 4 N —pr—c—N l l I V 5 1 
$BC q aaJ 10 011 110 5 D 1 B Ar— aIUN—c--N I I I V S I 

$BC qm 11 011 110 S D 3 8 Ar—m—c—N I I I V 5 I 
< m > 

SBCq a%+dl 11011 101 $ D 3 14 N~a%+elcl — c—Ar I I I V 5 1 
10 011 110 

< a > 
secgar+m tt 111 tot s o a 1a Ar—n+mM c—Ar ( I I v s I 

loon no 
< e > 

TEST TST p 11 101 101 S Z 7 Ar • P I I 5 P R R 

W 9 100 

TST plLl /1 101 101 s 2 10 Ar ~ a1UN I I 5 P R R 

00 110 100 

TST m 11 101 101 S 3 9 Ar• m ( ( S P R R 

O1 100 100 

< m > 

%OR XOR p 10 101 p 5 D 1 6 N~ prN I ( R P R R 

%011 all 10 101 110 S D 1 6 NCs an.1N—N ( I  R P R R 

%OR m 11 101 110 s D Z 8 N l~ m—N I I R P R R 

< m > 

%OR al(+tll 11 011 101 S 0 3 10 Ar ~ Y%+dr A, I I R P R fl

/0 101 110 

< e > 
XO11 aY+tl1 11 111 101 S D 3 10 N®W+eA,—N I I R P R R 

10 101 110 

< e > 

(to be continued) 
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Rotate and Shift Instructions 

Oparotion 

none 
MNEMOMCS 

8
^
=
=
 
8
^
=
=
 
8
=
 8
=
 8
 8
 n

 
~
 
~
 
g
^
 ~
 
8
~
 g
 
~
 8
~
 
=
 
8
 n
 
~
 
~
 
g 
n
~
 

g 
~
 
g
~
 8
 8
 n

 
~
~
 g
 
n
=
=
 
g 

~
 
8
=
 8
 

8
 0
 
8
 

8
 v
 
8
~
 8
 8
 8
 8
 8
 0
 0
 
8 

J 
o 
8 
0
 0
 8
 
0
 8
 
o
 j
 
o
$
 
a 
8 
j
$
 
0 
8 
0
$ 
8
$
 
8
$
 
o 

a 
8 

o
~
 
g 
o
 0
 8
 
0
 8
 
0
 

0
 

o
 
v
~
~

 
o
 
v
-
~
 
o
~
 

~
_
 
o
 
v
~
_

 
o
 
v
~
_
 

o
 
~
 

~
 
~
 
~
 

~
 
o
 
v
~
-
 

o
 
v
~
_
 

o
_
 

-
-
 
o
 
v
~
-
 

'o
 
v
~
'
 

o
 

Addroerp 
9'/to Solo ORenaon 

Fbp 

7 8 4 Z 1 0 

IMMED FJ(T M1O REG REGI IMP 11EL S Z N PN N C 

Roble RL.A SiD 1 3 ~1_I'1_L1~I I I Y ~ ~ R ~ R I 

erW 

snm 
RLp S/D 2 ] c ~r~-R I I R P R I 

Deu RL 1W S/D 2 13 t 1 R P R 1 

RL U%+d) 5/D 4 19 1 I R P R I 

RL n'+tll S/D 4 19 1 t R P R 1 

RLCA SID 1 3 
I Iii 1 I I I I I 1 F~ ~ R P I

RlL p S/D 2 7 c "~ - O0 I 1 R P R 1 

RLC 6W S/D Z 1J 1 I  R P R 1 

RLC 0%+dl S/D 9 19 1 1 R P R 1 

RLC OY+dI SN 4 19 j 1 R P fl 1 

I l llll 

t rl IIL 

~I A~ 
RLD S/D 2 1B I I R P R pl NLlrr 

RRA S/D 1 3 ~ ~ R ~ P 1 I~ ~ r 

M p S/D 3 7 ~'0 c 1 1 R P R 1 

RR 6111 S/D 2 13 1 1 R P R 1 

RR me+dl SID < 19 1 1 R P R 1 

RR OY+d) SID 4 19 1 I R P R I 

RRCA SID 1 3 R R I err-r-r-r-r-rr~~ r, 

RRC 9 S/D 2 7 -► ~ c I 1 R P P 1 

RRC OIL7 S/D Z 13 I 1 R P R 1 

RRC 1X+dl S/D 6 19 t 1 q p q 1 

RRL W+tl1 SID 4 19 1 1 R P R 1 

Ito be continued) 
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op..nP~ 

rums 
MNEMONICS OP-cotla 

Addrmfnp 

8yb6 Sleba DpenUon 7 8 4 Z 1 0 

9M1E0 E%T MIO REG REGI NIP REL S Z M PN N C 

ROOIa flRD 11 101 101 S/D Z 16 I~ f1I1 11 Ar 1 1 R P R 

and O1 100 111 
I I III ICI WLIN 

Ship SU 9 11 001 011 SID Z 7 I I p p R I 
Dsu 00100 d'~' °

SU dCl 11 001 

p 

011 SID Z 13 I I R P R I 
00 100 110 

SU d%+tll I1 011 101 S/D ! 19 1 1 q p R I 
11 001 011 

< tl > 

00 100 110 

SU dY+tll 11 111 101 SID 4 19 I I R P R I 
11 001 011 

< d > 

00 100 110 

SRA p 11 001 011 S/D Z 7 (~ I I R P R I 

00101 p .r 
-L~ c

SRA dCl 11 001 011 SID Z 13 I I R P R I 

00 101 110 

SRA d%+y 11 011 101 SID d 19 I I R P p I 

11 001 011 

< e > 

00 101 llo 

SRA BY+tlI 11 111 101 S/D 6 19 I I R P R I 

11 001 011 

< tl > 

00 101 110 

SRl 11 001 011 SID °'~'~ R P R I p 

00 111 

2 7 I I 

SRL IHII 11 001 

p 

011 SID Z 13 °~ I I R P R I 
00 111 110 

SRL d%+tll 11 011 101 $ID d 19 1 1 R P R 1 
11 001 011 

< e > 

00 nl no 

SIC dV+tll 11 111 101 S/D 6 19 I I R P R I 
11 001 011 

< a > 

oonl no 
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Bit Manipulation Instructions 

DP>aoon 

~e 
nwEtilorxs OP<ode 

°~dd1°e"eB Bvue st.tee oR.r.tioe 

ReB 

l s a x l o 

WNIED FXT ND REG RECD f.1P REL 5 2 N PN N C 

Bit Set SET b.B 

sET D. au 

SET b, OX+dI 

SET b. OY+df 

11 001 011 

7t b e 
1 t oot of 1 
Ito no 
it Oli tot 

t 7001 Ol t 

< d > 
1 i b 110 

11 111 101 

it 001 011 

< d > 

11 6 110 

S/D 

S/D 

S/D 

sin 

2 

z 

a 

4 

] 

19 

is 

19 

1—D ~ Br 

t —b • 6+LAr 

1—D~ Gx+dIM

1—b ~ IY+dIN

eit Reset RES D,B 

REs b, au 

flEs e, aX+m 

flEsb,By+al 

11 001 011 

loD e 
n oot olt 
lob no 
n of 1 lol 
n oot on 
< e > 
lob no 
nnl lol 
11 wt oll 
< a > 
10 b 110 

s~o 

s~o 

Sig 

sio 

2 

z 

• 

a 

7 

t3 

is 

is 

o-b ~ m 

0--b ~ au„ 

o—b ax+es, 

o—b oY+d~, 

Bit Test &T b.B 

BIT D. MU 

elr D. ax+m 

&T b. OY+dI 

i t 001 011 

01 D B 

11 001 011 

of o no 
non lol 
It oot on 
< a > 
01 b 110 

11 111 101 

11 001 Of t 

G tl > 

of b no 

s 

s 

S 

5 

2 

2 

a 

4 

fi

9 

is 

15 

~b  Br—x X ~ S % 

x t S X 

x t s x 

% t 5 X 

R 

fl

R 

P 

D~ Hu M—x 

b~ ox+m„—: 

b ~ Ol•+diw—x 
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Arithmetic Instructions (16-bit) 

~,~, 

nsns 
MNEMONIC$ OP-cote 

Aeaase.y 
8ypp Soles DpenEm 

Nw 

7 8 4 Z 1 0 

MIMED E%T MID REG flEGI IMP REL S Z N PN N C 

ADD ADD HL,vne 00 ww1 001 5 D 1 7 Hle+wwe^HLe % R I 
ADD DCu 11011 101 S D 2 10 0(e+~q^IXe ~ ~ % ~ R I 

00 sal 001 

A00 IY.yy I1 111 101 S D 2 10 IYe+Yyn^r/e ~ ~ X ~ R I 

00 yyl 001 

ADC ADC HL,ww 11 101 101 S 0 2 10 Hle+wwe+c^Hla I I X V R I 
Ol vnvl 010 

DEC DEL ww 00rµ1 011 SN 1 4 wwe-1^wwe 

DELI% 11 011 101 5/D Z 7 U(e-1^I%p 

00 101 011 

DEC N 11 111 101 $m 2 7 IYe— 1 ̂ IYe 

00 101 011 

NC NC vµ 00 wrq 011 5/D 1 4 rµe+ 1—wwe 

INC U( 11011 101 S/D Z 7 IXe+i^IXe 

00 100 011 

INCh 11 111 101 $iO 2 7 IVe+1-~IVe 

00 100 011 

SBL SSC HI,vµ 1f 101 101 S D ] 10 HIA —wwe— c^HLe I I X V 5 t 

O1 ww0 010 

Ito be continued) 
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Data Transfer Instructions 

8-Bit Load 

DpareSon 

nenw 
MNEMONICS OP-code 

~~~ 
9Y1e6 SbNs DpareEon 

Flp 

7 8 6 2 1 0 

IMMFO EXT IND REG REGI MP REL 8 2 H PN N C 

Lob LD AI 11 101 101 S/D 2 8 IrAI 1 1 R Efx R 

9.pi1 O1 010 111 

Deu LD AR it 101 101 S/D 1 8 RrN I t R EFx R 

Ot 011 111 

LD A SCI 00 001 010 S D 1 8 ®CIw—Ar 

LD A IDEI 00 011 010 5 D 1 8 WElxx^N 

LD a ImN oo n l olo s o a u u,,,,l„—a 

< > 
< m > 

Low 11 lol lol 
of o0o nl 

s~o z s a —t 

LD RA 11 101 101 

of ool nl 
S/0 2 8 Ar—Rr 

LD lBC1A 00 000 010 D S 1 7 Ar-6[IM

LO mEIA 00010 010 D s 1 7 iy--p)pM

LD 4vdA 00 110 010 D 5 3 10 Ar—Mnlxx 

< n > 

< m > 

LD &G' Ol p p' S/D 1 4 pr'—pr 

LD e. ►lu of p 1l0 o s I e 91L1y—a 

Ln a.m aD 9 11 o s o z e m—a 
< m > 

LD g, U%+tll 11011 101 S D 3 id OX+dIN—p 

01 9 110 

< a > 
LD p, OY+dI 11 111 101 s D 3 16 M+ale,—p 

01 9 110 

< a > 
lD OdJm 00 t t0 110 S D 2 9 m—pMlM

< m > 

lD tlX+tll.m I1 011 101 S D d 15 m-0%+dly 

00 110 110 

< d > 

< m > 

LD OY+dl.m 11 111 101 

aono Ito 
S D 4 15 m-M+tllY

< e > 
< m > 

LD pKl.p 01 110 p s D 1 7 pr991r 

LO SX+tll.9 11 011 101 D 5 3 15 IP—p(+~ 

Ol 110 p 

< a > 
Lo 9r+m.p n nl lol 

of no p 

D s p 15 pr-n+aM 

< a > 

a7o ~ H ITACH I 
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16-Bit Load 

Operation 

nerrie 
MNEMONICS OPcoM 

~` °s~ 
9VIaa Stetev DparsUon 

Fb9 

7 8 4 2 1 0 

M9AED E%T IND REG HEd MP IIEL S Z H PN N C 

LoeH lD ww. mn 00 wv.O 001 S D 3 9 mn^wwn 

18-611 < n > 

oat, < m > 
LD I%. mn i t 011 101 S D 4 12 mn—Ute 

00 100 001 

< n > 

< m > 

LD N, mn 11 111 101 5 D 4 12 mn—hn 

00 100 001 

< n > 

< m > 

LD SP, HL 11 111 001 SN 1 4 MLa—SPq 

LD SP, U( 11 011 101 SN 2 7 I%e^SPp 

11 111 001 

lO SP, IV i l 111 101 S/D 2 ] IYa—SPn 

11 111 001 

LD wa. MN 11 101 101 S D 4 18 Imo+ tlu^wwHr 

01 vuwt 011 ImNu^wwLi 

< n > 

< m > 

LD H4 Mnl 00 101 010 S D 3 15 Mn+ 11u^Hr 

< n > MNu—l+ 

G m > 

LD UC MN 11 071 101 S D 4 18 Imo+ Ilu^LXMr 

00 101 010 Imnlu^IXLr 

< n > 

< m > 

lD n. 4rvJ 11 111 101 S D s 18 Mn+ IIN—IYHr 

00 101 010 4nNu^IVLr 

< n > 

< m > 

ID MN.vw 11 101 101 D 9 a 19 ww11r—Mn+llu

of wrr0 011 ~{r—MNu 

< n > 

< m > 

lO MN,HL 00 100 010 D 9 3 16 Hr—Mni 1~ 

< n > Lr—Nola 

< m > 

lO MN, U( 11 011 101 D 5 4 19 IX14—Mn+ Ilu 

00100 010 U(lr—Nola 

< n > 

< m > 

LD MN. h 11 111 101 D S 4 19 IYMr-~Mn+ llu 

001()0 010 IYLr Mnlu 
< n > 

< m > 

Ito be continued) 
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Blcek Transfer 

07°r°~q 

game 
wNeMowcs oP-Does 

IMIrffD 

~~~ BPba Slaty OpereEon 

Flp 

7 B 4 2 1 0 

E%T ND REG REGI PAP REL 5 Z H PN N C 

BbCk 
Q 

O 

Tmlular CPD i t 101 101 S 5 2 12 Ar— IMUM I I I I S ' 

Search 10 101 001 BCq — 1—BCq 

Dab 
HLq-1—Hlq O2 Oi

CPDR 11 101 101 5 S 2 16 BCgtO Art NUw I I I I S ' 

10111 001 12 BCq=DwAl=Belo 

a- aluN 
D BCq- 1^BCq 

Hlq— 1—Hlq 

Repeat D unb 

Ar=NLlrr w BCq=O Q2 Ol

CPI 11 101 101 S 5 2 12 Ar—pe)u I I I I S ' 

10100 001 
BCq- 1~BLq 

MLq+ 1—Hlq 2 Q 

CPP 11 101 101 S S 2 14 BCgt0 Art 41Uu I - I 1 5

to no aol Iz Bcq=oorAr=auN 
A.— av„ 

D Bc, 1—BCp 

L Hlq+ 1—Mlq L
Repeal D agla 

Ar=B7LIu a BCq=O OI

U)D 11 101 101 SN 2 12 MUu—IDEIu ~ R I R 

10 101 000 BCq— 1—BCq 

DFq— 1—DEq 

Hlq— 1—Hlq 

LppR 11 101 101 S/O 2 14®Cnt01 R R R 

10111 000 1218Cq=01 

~NLIu^bOu 

O BCq-1^BCq 

DEq-1—DEq 

Hlq— 1^Hlq 

Repeal n1.m 

BCq=o 01
LDI 11 101 101 S/D 2 12 d1Llu^OEIM R I R ' 

10 100 000 BCq— 1—BCq 

DFq+ 1 ̂OFq 

Hlq+ 1^HLq 

LDP it 101 101 SN 2 141BCgt0) rWUu~mElu R R R 

` 10110 000 121BCq=01 D BCq-1—~BCq 

DF + 1—DEq 

Hlq+1—Hle 

Repeal D uqi 

BCq=O 

O1  PN=O :BCq— 1=0 
PN=1 : BCq— 1 t0 

Q z=l :a=NL~, 
z=o ArtmuN
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S[ackand Exchange 

oPxeaar 

earns 
MNEMONICS OP-cods 

A~+ypw 
Kyles Staley Operemn 

Elep 

7 8 4 2 1 0 

IMMED EXT WD REG REGI MP REL S Z M PN N C 

PUSH PUSH n 11 Iz0 101 S D 1 11 zzlz^ISP- 21rz 

zzHr—ISP — l lrn 

SPp— 2—SPq 

PUSH U( 11011 101 S/0 2 10 IXLr ISP-21ra 

11 100 101 I%Hr ISP — l lrz 

SPp- 2^SPq 

PUSH IY 11 111 101 S/D 2 14 IYIr^ISP- 21.z 

I 1 100 101 IYNrISP— llrp 

SPp— 2—SPp 

POP POP zz 11 zz0 001 D S 1 9 ISP+11N—:zHr 

ISPAz—zzLr 

SPq+2—SPp 

POP U( 11011 107 S/D 2 12 ISP+tlrz—U(Mr 

t t 100 001 ISPIw—IXLr 

SPp+2—SPp 

POP P/ 11 111 701 S/D 2 12 ISP+ Ilrz—IVHr 

11 100 001 ISPIpr^IYLr 

$Pp+2—SPp 

Epchrge E%AF,AF' 00001 000 S/D 1 6 AFq^Afp 

E%OE,HL 11 101 011 5/0 1 3 DEp—Hle 

E%% 11 011 001 S/D 1 3 BCp—BCq 

DEp—DEq' 

Hlq—Hte' 

EX ISPI,HL 11 100 011 SN 1 18 Mr—ISP+llrz

Lr—ISPIra 

E%ISPI,I% 11011 101 SID 2 19 U(Nr^ISP+11N

11 100 011 ucl,-15PM 

E% (SPI,IV 11 111 101 S/D 2 19 IYHr^ISP+11N

11 100 011 

I 

IVIr^ISPIM
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Program Controllnstructions 

oP.wnun 

nrro 
NINEh10NC5 OP-cotla 

AWtassMq 

aYba Sbtaa Opaaoon 

rba 

l 8 6 2 1 0 

M.IEO F%T MD REG RECD IAP REL S 2 H PN N C 

CY CALL rm 11 001 101 D 3 I B PCHr—ISP— 11~,~ 

< n > PGtr—ISP- 31st 

< m > mn—PCp 

SPp Z^SPq 

CALL f, rm 11 1 100 D 3 elf : tabN conlnr:f a teba 

< n > tea : busl cAu mn:f b eus 

< m > 

Jump ariz 1 00 0l0 000 0 2 a Ib~a 

< 1.z > z T m.=a 
&-1—& 

cam:ar:&=0 

Pca+j—PCa:&so 

JP 1, rm I l t 010 D 3 B If :fatal 

< n > 3 9 If : vusl 
mn—PCpt's W 

< m > 
cmtrwa:l b tabs 

JP mn 11 000 011 0 3 9 mn—PCa 

< n > 

G m > 

JP aRl I1 101 001 D 1 3 HLp—PCa 

F rXl 11 011 101 D Z fi I%a—PGt 

11 101 001 

.Y 4Y1 11 111 101 D 3 8 Na—PCa

11 101 001 

JR j 00011 000 D 2 B PC~t+j—PCa 

< F3 > 

JR C.I 00 111 000 D 3 6 canbw: C=0 

JR NCj 00 110 000 D 2 6 con6niw: C= 1 

JR Zj 00 101 000 0 2 8 contixw: Z=0 

JR NZj 00100 000 D 2 8 conl~ua:2=1 

Rsban RET 11 001 001 D 1 9 ISPIy^PDLf 

15p+ 1M—PC11r 

SPa+I—SPp 

RET f 11 f 000 D 1 511 :falW conbwa.i b tabs 

t 1 OR vwl IRT. r s a.a 

RETI 11 101 101 D Z 13 ($p1M—pClf 

of aol lol ISP+tM—pcHt 

SPp+2—SPq 

RETN 1 t 101 101 D 2 13 ISPItt—PCI+ 

01 000 101 ISp+ 11.,.—PCHr 

SPa+2—SPa 

EFrIEF~ 

Ito be continued) 
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oP.sem 
rover 

MNEMONICS OP-cede 
Addrseenp 

Byre Snne Opan4on 7 B 4 2 1 0 

MMED EXT piD REG RECD NIP REL 5 Z H PN N C 

fleeW RSTv 11v 111 D 1 11 PCMrRP- 11M

PCI~--ISP- 21y 

O~PCHr 

v~PCU 

$Pn T-$Pp 

I/O Instructions 

oParena, 

~~ 

MNEMONICS OP-caM 
Addresenp p ~ 

By1M $lela OPenlbn 

Flp 

7 8 4 2 7 0 

IrMFD E%T ND flEG flEtl MP X) 5 2 H PN N C 

INPUT N A.MI 

N p.ICI 

INO p.lml 

IND 

NDR 

N 

NW 

11 011 

< m 

11 101 

01 p 

11 101 

00 g 

< m 

it 101 

10 101 

11 101 

10111 

11 101 

10100 

11 101 

10110 

011 

> 

101 

000 

101 

000 

> 

101 

010 

101 

010 

101 

010 

101 

010 

D 

D 

D 

D 

D 

D 

D S 

S 

S 

5 

5 

S 

S 

2 

2 

3 

2 

2 

Z 

2 

9 

9 

1T 

1T 

14pkt0) 

121&=01 

12 

141Brs01 

121&=01 

t4mlrAr 

m-Ao-Ar 

ArAr^A~s 

6CIi-W 

g=110: 

Baps 

cBrspe. 

Cr-Ao-As 

BrAe^Ais 

IOOml~~pr 

p= 

Bepe 

cnerge. 
m-Aa-Ar 

00-As-Ais 

~Ch-UB1N 

Hle- 

&-1-& 

CrAa-Ar 

&-Ae-A~e 

O 

Repeat 

&=0 

CrAo-Ar 

&-M-A~s 

®CIS 

Mle+1-Hle 

&- 

Cr 

&-Ae-A~s 

O 

Rapal 

Br=O 

cr-Ao-A, 

&-Ae^A~e 

OMy 1M 

vAl 

110'. OMy tlsa 

vM 

1-Hlq 

r IBCIf-'WUm 

Hle- l-Hle 

&-1-& 

D and 

-HUes 

1-Br 

-Ao-Ar 

rplC~-41UN 

Nle+1-MLe 

Br- 1-& 

D wol 

I 1 

1 I 

Q3 

% 1 

X 5 

X 1 

% S 

R P 

fl P 

X % 

% % 

% X 

X % 

fl ' 

fl

1 X 

1 X 

1 X 

1 X 

Ito be continued) 
90 z=l :ar-1=o 

z=o:ar-lso 
Q4 N=1 : MSB pl Den=1 

N=0 : MSB pl Den=O 
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Operetbn 

name 
MNEMONICS OP-coda 

Address'eg 
Bnee Stores Operelbn 

Fbp 

] 8 4 Z 1 0 

BN4ED EXT fJ0 REG REGI M4P q S Z H PN N C 

OUTPUT 

• 

OUT 4n1A 

out ICI.p 

OUT04nl.p 

DTDM 

DTDAN 

DTDR 

olm 

01111 

TSTgm 

11 010 011 

< m > 

11 tot tot 

O7 p 001 

11 101 101 

00 p 001 

11 101 101 

10 001 Oi 1 

11 101 101 

10011 011 

tt tot tot 

10 111 011 

ii tol tot 
10100 011 

11 107 101 

10110 011 

it 101 101 

01 110 100 

< m > 

S 

5 

S 

5 

5 

s 

s 

S 

S D 

D 

D 

D 

D 

D 

D 

D 

5 

2 

z 

3 

2 

2 

2 

z 

2 

3 

10 

10 

13 

14 

781&x01 

141&=01 

16®rx0) 

121Br=01 

u 

141Brx01 

121&=01 

72 

ArWnF 

m^Ao—Ar 

Ar—Ae—A~s 

p.—IecF 

Cr—Ao—Ar 

Br—Ae—A~s 

prl0dnli 

m-Ao—Ar 

IHUN^IOOCN 

Hle— 1 ̂MLo 

Cr— 1—Cr 

&-1—& 

Cr^AO—Ar 

00^Ae—A~a 

aUr,~'IOOCA 

D Hle—l—Mln 

Cr— 1 ̂ Cr 

Br— 1—& 

Repeat O unN 

Br=O 

CIAO—Ar 

00^Ae—A~s 

r I ptUy-18011 

D Hla_ 1—IAe 

&— 1^Br 

Repast O imi 

&=0 

CrAs—Ar 

BrAe—A~s 

~^1BC1, 
Htet1^Hle 

Br— 1^Br 

Cr Aa—Ar 

BrAe'~Aia 

~p1UN^pIC1~ 

O Hletl^Mq 

&-1^& 

Rpeat c W,N 
Br=o 
CI'-'AO—Ar 

Br--•Ae'~A~s 

IOOC~ •m 

Dr^Ao—Ar 

00—Ae—Aia 

1 ( ( 

fl s R 

x 5 x 

O3
x ( x 

x s x 

( ( s 

P 1 1 

s ( R 

x ( x 

x ( x 

% ( X 

P R R 

Ito be continued) 
QQ z=1 : Br-1=o 

z=o : ar-1 xo 
Q4 N= 1 : MSB o/ Dete=1 

N=0 : MSB of Date=O 
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Op~aon 

~~ 

MNEMOMCS OP-cove ~~ Bybe Sbtr Openlion 

Frp 

7 8 6 p 1 0 

MMED EXT !O REG 1Eq MP q S Z N PN N C 

WTPUT OTM 11 101 I01 S D 2 16 p1Um-IOOC~ 1 1 J P 1 1 

10000 011 IBa+1^Nla 

Cr+1^Cr 

&-1-& 

CrAo-Ar 

00^Ae-Aie 

OTMR 11 101 101 S D 2 181&x01 Ol1N-~IOOCp fl S R S I R 

10010 011 161&=01 O Hla+1^Nla 

Cr+ 1-Cr 

Br- 1-Br 

liepeet D uMi 

&=0 

CrAo-Ar 

00^Ae-A~e 

OIRD 11 101 101 5 D 2 17 pILM-MC^ O 
10101 011 Hla-1^Mla % 1 % % 1 X 

&-1-& 

CrAo-Ar 

gr-Ae-A~y 

© Z=1 Br-1=0 
z=o.gr-lxo 

© N=1 MSB aI Dab=1 
N=0 MSB o1 Deb=O 

Special Controllnstructions 

op.r.mn 
near 

MNEMONICS OP-code 
Aeer.yymp 

gray Sbbe Operatlon 

Flap 

7 6 4 2 1 0 

MMED FXT M PEG REGI MP REL S Z H PN N C 

$peciel DM 00100 111 S/D 1 4 DacMY I I I P I 

FUKCon Adjusl 

AccumWebr 

Carey CCF 00 111 711 1 3 -_ ~ R ~ R I 

Conwl SCF 81110 111 1 3 1-c ~ ~ R ~ R S 

CPU q 11 110 011 1 J O--EFL, O^EFv 05 

Comrd D 11 111 011 1 3 1-~EFi. 1-EFr 

HALT O1 110 110 1 3 CPU haXetl 

M 0 1/ 101 101 2 B Ylbmgl 

Ol 000 110 nrM 0 

Mampl M 1 11 101 101 2 8 

mode 1 01 010 110 

M 2 1/ 101 101 2 B Memgl 

01 011 110 mode 2 

NOP 00 000 000 1 3 No opreEon 

SU' 11 101 101 Z g Soap 

O7 110 110 

Q5 Interrupts are not sampled at the end of DI or EI. 
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20 INSTRUCTION SUMMARY IN ALPHABETICAL ORDER 

MNEMONICS Bytes Machine Cycles States 

ADC A,m 2 2 6 

ADC A,g 1 2 4 

ADC A, (HL) 1 2 6 

ADC A, (IX+d) 3 6 14 

ADC A, (IY+ d) 3 6 14 

ADD A,m 2 2 6 

ADD A,g 1 2 4 

ADD A, (HL) 1 2 6 

ADD A, (IX-~ d) 3 6 14 

ADD A, (IY-F d) 3 6 14 

ADC HL,ww 2 6 10 

ADD HL,ww 1 5 7 

ADD IX,xx 2 6 10 

ADD nr,yy 2 6 10 

AND m 2 2 6 

AND g 1 2 4 

AND (Hta 1 2 6 

AND QX-~- d) 3 6 14 

AND (IY+dI 3 6 14 

BR b, ML) 2 3 9 

BIT b, NC-+- d) 4 5 15 

BR b, QY-I- d) 4 5 15 

BR b,g 2 2 6 

CALL f,mn 3 2 6 

Ilf condition is false) 

3 6 16 

llf condition is true) 

(to be continued) 
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MNEMONICS Bytes Machine Cycles States 

CALL mn 3 6 16 

CCF 1 1 3 

CPD 2 6 12 

CPDR 2 8 14 

(If BCR~0 and Ar~IHLIM) 

2 6 12 

(If BCR=O or Ar= (HL1M) 

CP (HL) 1 2 6 

CPI 2 6 12 

CPIR 2 8 14 

(lf BCR~0 and Ar~(HL1M) 

2 6 12 

(If BCR= 0 or Ar= (HLIM) 

CP (IX+d) 3 6 14 

CP IIY+dI 3 6 14 

CPL 1 1 3 

CP m 2 2 6 

CP g 1 2 4 

DAA 1 2 4 

DEC (HL) 1 4 10 

DEC IX 2 3 7 

DEC IY 2 3 7 

DEC (IX+ d) 3 8 18 

DEC (IY+d) 3 8 18 

DEC g 1 2 4 

DEC ww 1 2 4 

DI 1 1 3 

(to be continued) 
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MNEMONICS Bytes Machine Cycles States 

DJNZ j 2 5 9 (lf Br~0) 

2 3 7 (lf Br= O) 

EI 1 1 3 

EX AF,AF' 1 2 4 

EX DE,HL 1 1 3 

EX (SP),HL 1 6 16 

EX (SPI,IX 2 7 19 

EX (SPI,IY 2 7 19 

EXX 1 1 3 

HALT 1 1 3 

IM 0 2 2 6 

IM 1 2 2 6 

IM 2 2 2 6 

INC g 1 2 4 

INC (HU 1 4 10 

INC (IX+dI 3 8 18 

INC (IY-}- d) 3 8 18 

INC ww 1 2 4 

INC IX 2 3 7 

INC IY 2 3 7 

IN A,(m) 2 3 9 

IN g,(C) 2 3 9 

INI 2 4 12 

INIR 2 6 14 (If Br~0) 

2 4 12 (lf Br= 0) 

IND 2 4 12 

INDR 2 6 14 (If Br~0) 

Ito be continued) 
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MNEMONICS Bytes Machine Cycles States 

INDR 2 4 12 (lf Br=0) 

INO g,(m) 3 4 12 

JP f,mn 3 2 6 

(If f is false) 

3 3 9 

(If f is true) 

JP IHL) 1 1 3 

JP 11X) 2 2 6 

JP (IY) 2 2 6 

JP mn 3 3 9 

JR j 2 4 8 

JR C,j 2 2 6 

Ilf condition is false) 

2 4 8 

(lf condition is true) 

JR NC,j 2 2 6 

(lf condition is false) 

2 4 8 

(If condition is true) 

JR Z,j 2 2 6 

(If condition is false) 

2 4 8 

(If condition is true) 

JR NZ,j 2 2 6 

Ilf condition is false) 

2 4 8 

llf condition is true) 

Ito be continued) 
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MNEMONICS Bytes Machine Cycles States 

LD A, IBCI 1 2 6 

LD A, (DE) 1 2 6 

LD A,I 2 2 6 

LD A, (mn) 3 4 12 

LD A,R 2 2 6 

LD IBCI,A 1 3 7 

LDD 2 4 12 

LD (DEI,A 1 3 7 

LD ww,mn 3 3 9 

LD ww,lmn) 4 6 18 

LDDR 2 6 14 (lf BCR~0) 

2 4 12 (If BCR=01 

LD (HL1,m 2 3 9 

LD HL,Imn) 3 5 15 

LD IHL►,g 1 3 7 

LDI 2 4 12 

LD I,A 2 2 6 

LDIR 2 6 14 (lf BCR~O) 

2 4 12 (lf BCR=01 

LD IX,mn 4 4 12 

LD IX,Imn) 4 6 18 

LD (IX+dl,m 4 5 15 

LD (IX+ d1,g 3 7 15 

LD IY,mn 4 4 12 

LD IY,(mn) 4 6 18 

LD (IY+d1,m 4 5 15 

LD (IY+ dl,g 3 7 15 

Ito be continued) 
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MNEMONICS Bytes Machine Cycles States 

LD (mn1,A 3 5 13 

LD (mnl,ww 4 7 19 

LD (mn),HL 3 6 16 

LD (mn1,IX 4 7 19 

LD (mn►,IY 4 7 19 

LD R,A 2 2 g 

LD g,IHL) 1 2 6 

LD g,11X-1-d) 3 6 14 

LD g,11Y-~ d) 3 6 14 

LD g,m 2 2 6 

LD g,g' 1 2 4 

LD SP,HL 1 2 4 

LD SP,IX 2 3 7 

LD SP,IY 2 3 7 

MLT ww 2 13 17 

NEG 2 2 6 

NOP 1 1 3 

OR (HL) 1 2 6 

OR ilX-f- d) 3 6 14 

OR (IY-I- d) 3 6 14 

OR m 2 2 6 

OR g 1 2 4 

OTDM 2 6 14 

OTDMR 2 8 16 (If Br~0) 

2 6 14 (If Br= 0) 

OTDR 2 6 14 (If Br~0) 

2 4 12 Uf Br= 01 

Ito be continued) 
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MNEMONICS Bytes Machine Cycles States 

OTIM 2 6 14 

OTIMR 2 8 16 (If Br~0) 

2 6 14 (lf Br= O) 

OTIR 2 6 14 (If Br~0) 

2 4 12 (If Br= O) 

OUTD 2 4 12 

OUTI 2 4 12 

OUT (m1,A 2 4 10 

OUT (C1,g 2 4 10 

OUTO Im1,g 3 5 13 

POP IX 2 4 12 

POP IY 2 4 12 

POP zz 1 3 9 

PUSH IX 2 6 14 

PUSH IY 2 6 14 

PUSH zz 1 5 11 

RES b,(HL) 2 5 13 

RES b,(IX+d) 4 7 19 

RES b,(IY+dI 4 7 19 

RES b,g 2 3 7 

RET 1 3 9 

RET f 1 3 5 

(If condition is false► 

1 4 10 

(If condition is true) 

RETI 2 4 12 

RETN 2 4 12 

(to be continued) 
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MNEMONICS Bytes Machine Cycles States 

RLA 1 1 3 

RLCA 1 1 3 

RLC (HL) 2 5 13 

RLC (IX+d) 4 7 19 

RLC (IY+dI 4 7 19 

RLC g 2 3 7 

RLD 2 8 16 

RL (HL► 2 5 13 

RL (IX+dI 4 7 19 

RL (IY~- d) 4 7 19 

RL g 2 3 7 

RRA 1 1 3 

RRCA 1 1 3 

RRC (HL) 2 5 13 

RRC (IX-~ d) 4 7 19 

RRC (IY+dI 4 7 19 

RRC g 2 3 7 

RRD 2 8 16 

RR (HL) 2 5 13 

RR (IX+d) 4 7 19 

RR (IY-i-d) 4 7 19 

RR g 2 3 7 

RST v 1 5 1 1 

SBC A,(HL) 1 2 6 

SBC A,(IX+d) 3 6 14 

SBC A,(IY+d) 3 6 14 

SBC A,m 2 2 6 

Ito be continued) 
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MNEMONICS Bytes Machine Cycles States 

SBC A,g 1 2 4 

SBC HL,ww 2 6 10 

SCF 1 1 3 

SET b,(HL) 2 5 13 

SET b,11X~- d) 4 7 19 

SET b,(IY~- d) 4 7 19 

SET b,g 2 3 7 

SLA (HL) 2 5 13 

SLA (IX -♦-d) 4 7 19 

SLA (IY+dI 4 7 19 

SLA g 2 3 7 

SLP 2 2 8 

SRA (HL1 2 5 13 

SRA IIX+d) 4 7 19 

SRA (IY+d) 4 7 19 

SRA g 2 3 7 

SRL (HL) 2 5 13 

SRL IIX+d) 4 7 19 

SRL (IY-F d) 4 7 19 

SRL g 2 3 7 

SUB (HL) 1 2 6 

SUB IIX+d) 3 6 14 

SUB (IY+dI 3 6 14 

SUB m 2 2 6 

SUB g 1 2 4 

TSTIO m 3 4 12 

TST g 2 3 7 

(to be continued) 
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MNEMONICS Bytes Machine Cycles States 

TST m 3 3 9 

TST (HL) 2 4 10 

XOR (HL) 1 2 6 

XOR (IX~-d) 3 6 14 

XOR (IY~- d) 3 6 14 

XOR m 2 2 6 

XOR g 1 2 4 
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22~ BUS AND CONTROL SIGNAL CONDITION IN EACH MACHINE CYCLE 

' (ADDRESS) invalid 
Z (DATA) high impedance. 

Instruction 
Machine 

Cycle 
States ADDRESS DATA RD WR ME IOE LIR ST HALT 

ADD HL,ww 
MC, T,TxTs 

1st op-code 
Address 

1st 
opcode 0 1 0 1 0 1 0 

MCs 
—MCs TiTiTiTi Z 1 1 1 1 1 1 t 

ADD UC,xz 

ADD IV,yy 

MG TiTsTs 

i st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TzTs 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCs 

—MCe TiTiTiTi Z 1 1 1 1 1 1 1 

ADC HL,ww 

SBC HL,ww 

MG T,TsTs 

1st op-code 

Address 

. 1st 

op-code 0 1 0 1 0 1 0 

MCz T,TzTs 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCs 
—MCa TiTiTiTi Z 1 1 1 1 1 1 1 

ADD A,g 

ADC A,g 

SUB g 

SBC A,g 

AND g 

OR g 

XOR g 

CP g 

MC, TiTzTs 

1st op-code 

Address 

1st 

op-code 0 1 0 t 0 1 0 

MCz Ti Z 1 1 1 1 1 1 1 

ADD A,m 
ADC A,m 
SUB m 

SBC A,m 

AND m 

OR m 

XOR m 

CP m 

MC, T,TzTs 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TzTs 

1st operand 

Address m 0 1 0 1 1 1 1 

ADD A, (HL) 
ADC A, IHLI 
SUB IHU 
SBC A, (HU 
AND IHLI 
OR IHLI 
XOR IHLI 
CP IHLI 

MC, T,TzTs 
1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TzTs Hl DATA 0 1 0 1 1 1 1 

ADD A, IIXt d) 
ADD A, (IY+dI 
ADC A, Igct d) 
ADC A, (IYt d) 
SUB (IX+d) 
SUB (IY+d) 
SBC A, (IXt d) 

MC, T,TzTa 
1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TaTs 
2nd op-code 
Address 

2nd 
op-code 0 1 0 1 0 1 1 

Ito tre continued) 

HITACHI 491 



H D 64180RO 

Instruction 
Machine 

Cycle 
States ADDRESS DATA RD WR ME IOE LIR ST HALT 

SBC A, INtdl 
AND (IXt d) 
AND IlYtdl 
OR (IXtd) 
OR (IYtd) 
XOR (IXt d) 
XOR (IYtd) 
CP (IXtd) 

CP (IY+d) 

MCe T,TzT~~ 
1st operand 
Address d 0 1 0 1 1 1 1 

MC. 
—MCs TiTi Z 1 1 1 1 1 1 t 

MCe TiTaTa 

U(td 
IYtd DATA 0 1 0 t 1 1 1 

BIT b,g 
MC. T,TzTs 

istop-code 

Address 

1st 
op-code 0 1 0 1 0 t 0 

MCz T,TzTa 

2nd op-code 

Address 

2nd 

op-code 0 t 0 1 0 1 1 

BIT b, lHU 

MCA TiTzTa 

i st op-code 
Address 

1st 
op-code 0 1 0 t 0 t 0 

MCz T,TsTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCs T,TzT~ HL DATA 0 1 0 1 1 1 1 

BIT b, (IXt dl 
BIT b, (IYtd) 

MC, TiTsTe 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TxTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TzTa 

1st operand 
Address d 0 1 0 1 1 1 1 

MC. T,TzTa 

3rd op-code 

Address 

3rd 

op-code 0 1 0 1 0 t 1 

MCs T,TzTa 

UCt d 
IYtd DATA 0 1 0 1 1 1 1 

CALL mn 

MC, T,TxTa 

l st op-code 
Address 

1st 
op-code 0 i 0 1 0 1 0 

MCz T,TxTa 

1st operand 

Address n 0 1 0 1 1 1 t 

MC3 T,TzTa 

2nd operand 

Address m 0 1 0 1 1 1 1 

MG Ti Z ~ 1 ~ ~ 1 ~ ~ 

MCs TiTsTs SP- 1 PCH 1 0 0 1 1 t 1 

MCa TiTsTe SP-2 PCL 1 0 O 1 t 1 1 

CALL f,mn 

Ilt condition 

is false) 

MG T,TzT3 
1st op-code 
Address 

1st 
op-code 0 t 0 1 0 1 0 

MCz T,TsTs 

1st operand 
Address n 0 1 0 1 1 1 1 

Ito be continued) 
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Instruction 
Machine ` 

Cycle 
States ADDRESS DATA RD WR ME IOE LIR ST HALT 

CALL f,mn 

(lf condition 
is true) 

MC, T,TzTs 
1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCx T,TxTs 

1st operand 
Address n 0 1 0 1 1 1 1 

MCs T,TzTs 

2nd operand 

Address m 0 1 0 1 1 1 1 

MC. Ti Z 1 1 1 1 1 1 1 

MCs T,TzTs SP— 1 PCH 1 0 0 1 1 1 1 

MCs T,TsTs SP-2 PCL 1 0 0 1 1 i 1 

CCF MC, T,T:Ts 
1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

CPI 

CPD 

MC, T,TzTs 

l st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TeTs 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCs T,TzTs HL DATA 0 1 0 1 1 1 1 

MCa 
—MCs TiTiTi Z 1 1 i t 1 t 1 

CPIR 
CPDR 
(lf BCs#0 and 
Ar#IHLIs,I 

MC, T,TsTs 
1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TzTs 
2nd op-code 
Address 

2nd 
op-code 0 1 0 1 0 1 1 

MCs T,TxTs HL DATA 0 1 0 1 1 1 1 

MC. 

—MC:, TiTiTiTiTi Z 1 1 1 1 1 1 1 

CPIR 
CPDR 
(lf BCa=O or 
Ar=IHIIMI 

MC, T,TzTs 

l st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TxTs 

2nd op-code 
Address 

2nd 
op-code 0 1 0 1 0 i 1 

MCs T,TzTs HL DATA 0 1 0 1 1 1 1 

MC. 
—MCs TiTiTi Z 1 1 7 1 t 1 1 

CPL 
MC. T,TsTs 

lst op-code 

Address 

1st 
op-code 0 1 0 1 0 1 0 

DAA 
MC, T,TaTs 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz Ti Z 1 1 1 1 1 1 1 

DI 
MC, T,TzTs 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

Ito ba contir,uedl 
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Instruction 
Machine 

CYc~ 
States ADDRESS DATA RD WR ME IOE LIR HALT ST 

DJNZ j 
IH Br*0) 

MC, TiTsTa 

i st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz Ti't Z 1 1 1 1 1 1 1 

MCs T,TzTs 
1st operand 
Address j-2 0 1 0 1 1 t 1 

MC. 
'MCs TiTi Z 1 1 1 1 i 1 1 

DJNZ] 

IH Br=01 

MC, TiTxTa 

1st op-coda 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz Ti'f Z 1 1 1 1 1 1 1 

MC3 T,TsTs 
1st operand 
Address I-2 0 1 0 1 1 1 1 

EI 
MCi T,TsTe 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

EX DE, HL 
EXX MC. TiTxTa 

1st op-code 
Address 

tst 
op-code 0 1 0 1 0 1 0 

EX AF, AF' 
MCi T,ToTa 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz Ti Z 1 t 1 1 1 1 1 

EX ISP1, HL 

MC. T,TzTa 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TsT3 SP DATA 0 1 0 1 7 1 1 

MCa TiTzTs SPt 1 DATA 0 1 0 1 1 1 1 

MC. Ti Z 1 1 1 1 1 1 1 

MCs T,T:Ta SPt 1 H 1 0 0 1 1 1 1 

MCs TiTaTa SP L 1 0 0 1 1 1 1 

EX ISPI,U( 
EX (SPI,IY 

MC. T,TxTa 

l st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz TiTaTs 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TzT3 SP DATA 0 1 0 1 1 1 i 

MC. T,TsTa SPt 1 DATA 0 1 0 1 1 1 1 

MCs Ti Z 1 1 1 1 1 1 1 

't DMA, REFRESH, or BUS RELEASE canno be executed after his state. (Request is ignored) 
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Instruction 
Machine 

Cycle 
States ADDRESS DATA RD WR ME IOE LIR ST HALT 

EX ISPI, IX 

EX (SPI, IY 

MCs T,T:Ta SPt 1 

IXH 

IYH 1 0 0 1 1 1 1 

MCz T,TzTa SP 

g(L 

IYL 1 0 0 1 1 1 1 

HALT 
MC, T,TzTa 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

_ Next op-code 
Address 

Next 
op-code 0 1 0 1 0 0 0 

IMO 
IM 1 
IM 2 

MC, T,TaTa 
1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TzTa 

2nd op-code 
Address 

2nd 
op-code 0 1 0 1 0 1 1 

INC g 

DEC g 

MC, T,TzTa 

l st op-code 
Address 

1st 
op-code 0 1 0 1 0 7 0 

MCz Ti Z 1 1 1 1 t 1 i 

INC IHU 
DEC IHLI 

MC, T,TzTa 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TzTa HL DATA 0 i 0 1 1 1 1 

MCa Ti Z 1 1 1 1 1 1 1 

MCe T,TzTa HL DATA 1 0 0 1 1 1 1 

INC Igctdl 
INC (IYt d) 

DEC (IXt d) 
DEC (IYtdl 

MC, T,TzTa 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TzTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TzTa 
1st operand 
Address d 0 1 0 1 1 1 1 

MCs 
—MCs TiTi Z 1 1 1 1 1 1 1 

MCe T,TzTa 

IXtd 
IYtd DATA 0 1 0 1 1 1 1 

MCz Ti Z 1 1 1 7 1 1 1 

MCa T,TxTa 

IXt d 

IY -Ed DATA 1 0 0 1 1 1 1 

INC ww 
DEC ww 

MC, T,TsTa 

1st op-code 
Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz Ti Z 1 1 1 1 1 1 1 

INC IX 
INC IY 
DEC IX 
DEC IY 

MC, T,TsTa 
t st op-code 
Address 

1st 
op-dodo 0 i 0 7 0 1 0 

MCz T,TsTa 
2nd op-code 
Address 

2nd 
op-code 0 1 0 1 0 1 1 

MCa Ti Z 1 1 1 1 1 1 1 

Ito ba continued) 
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Instruction 
Machine 

Cycle 
States ADDRESS DATA RD WR ME IOE LIR ST HALT 

IN A,ImI 

MC, T,TsTa 

t st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TsTa 
1st operand 
Address m 0 1 0 1 1 1 1 

MCa T,TsTa 
m to Ao—Ar 
A to Ae—A,s DATA 0 1 1 0 1 1 1 

fN g,ICI 

MC, T,TzTa 

tst op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TzTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MC3 T,TzTa BC DATA 0 1 1 0 1 1 t 

INO g,lm) 

MG T,TsTa 

1st op-code 
Address 

1st 
op-code 0 1 0 t 0 1 0 

MCz T,TxTa 
2nd op-code 

Address 
2nd 

op-code 0 1 0 1 0 1 1 

MCe T,TaTs 
1st operand 
Address m 0 t 0 1 1 1 1 

MC. T,TzTo 
m to Ao'Az 
OOH to Ae—A,s DATA 0 1 t 0 1 1 1 

INI 
IND 

MC, T,TzT~ 

t st op-code 
Address 

1st 
op-code 0 t 0 1 0 1 0 

MCz T,TzTs 

2nd op-code 

Address 
2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TxTa BC DATA 0 1 1 0 7 1 1 

MCe T,TzTa HL DATA 1 0 0 1 1 1 1 

INIR 

INDR 
Ilf Br~0) 

MC, T,TzTs 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TsT3 

2nd op-coda 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCs T,TaTs BC DATA 0 1 1 0 1 1 i 

MC. T,TzTa HL DATA 1 0 0 1 i t t 

MCs 

—MCe TiTi Z 1 1 t 1 1 1 1 

INIR 
INDR 

IM Br=01 

MC, T,TzTa 

1st op-code 
Address 

t st 
op-coda 0 1 0 1 0 1 0 

MCz T,TxT3 
2nd op-code 

Address 
2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TzTo BC DATA 0 1 t 0 1 1 1 

MC. TJsTa HL DATA 1 0 0 1 i 1 1 

Ito be continued 
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Instruction 
Machine 

Cycle 
States ADDRESS DATA RD WR ME IOE LIR ST HALT 

JP mn 

MC, T,TaTa 

l st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TzTs 

1st operand 
Address n 0 1 0 1 1 1 1 

MCa TITsTa 

2nd operand 

Address m 0 1 0 1 1 1 1 

JP f,mn 
(lf f is false) 

MC, T,TzTs 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz TITzTa 
1st operand 
Address n 0 1 0 1 1 1 1 

JP f,mn 
(lf f is true) 

MC, TITxTs 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz TITzTa 

1st operand 
Address n 0 1 0 1 1 1 1 

MCs TITzTa 

2nd operand 
Address m 0 1 0 1 1 1 1 

JPIHL) 
MC, T,TzTs 

tstop-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

Jp jgtj 

JP IIYI 

MCI TITaTs 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 7 0 

MCz TITzT~ 

2nd op-code 
Address 

2nd 
op-code 0 1 0 i 0 1 1 

JR I 

MC, T,TsT3 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TzTs 
1 st operand 
Address j-2 0 1 0 1 1 1 1 

MCa 
—MC. TiTi Z 1 1 1 i 1 1 1 

JR C,j JR NC,j 

JR Z,j JR NZ,j 

Ilf condition 

is false) 

MCI TITzTa 

tst op-code 

Address 

ist 

op-code 0 1 0 1 0 1 0 

MCz TITzTa 

1st operand 
Address j-2 0 1 0 1 1 1 1 

JR C,j JR NC,j 

JR Z,j JR NZ,j 

(lf condition 

IS tnle) 

MC, T,TaTa 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz 

~`st 
T,TzTs 

opeand 
Address j-2 0 1 0 1 1 1 1 

MC3 

—MC. TiTi Z 1 1 1 1 1 1 1 

LD g,g' 
MC, TITzTa 

1st op-code 
Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz Ti Z 1 1 1 1 1 1 1 

LD g,m 
MG T,TzTa 

t st op-code 
Address 

1st 
op-code O 1 O 1 0 1 O 

MCz T,T:Ts 
1st operand 
Address m 0 1 0 1 1 1 1 

Ito 6e wntinued) 
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Instruction 
Machine 

Cycle 
States ADDRESS DATA RD WR ME IOE LIR ST HALT 

LD g, IHL1 
MC, T,TzTa 

l st op-code 
Address 

1st 
op-code 0 1 0 t 0 t 0 

MCz T,TsTs HL DATA 0 1 0 1 1 1 t 

LD g, (IX+dI 
LD g, (IYt d) 

MC, T,TzTa 

1st op-code 

Address 

ist 

op-code 0 1 0 1 0 1 0 

MCz T,TxTs 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TzTa 
1st operand 
Address d 0 1 0 1 1 1 1 

MCa 

—MCs TiTi Z 1 1 1 1 1 1 1 

MCs T,TzTs 

IX-f d 
IYtd DATA 0 1 0 1 1 1 1 

LD (HLI,g 

MC, T,TsTa 

1st op-code 
Address 

1st 
op-code 0 i 0 1 0 1 0 

MCz Ti Z 1 7 1 1 1 7 1 

MCs T,TzTs HL g 1 0 0 1 1 1 t 

LD (IX+d),g 
LD (IY+d),g 

MC, T,TaTa 
1 st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TsTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 i 0 1 1 

MCs T,TzTa 
1st operand 
Address d 0 1 0 1 1 1 1 

MCa 
—MCs TiTiTi Z t ~ i i i t ~ 

MCr T,TzTa 
IX+d 
IY+d g t 0 0 7 1 1 1 

I 

LD IHU,m 

MG T,TxTa 

1st op-code 
Address 

1st 
op-code 0 1 0 7 0 1 0 

MCz T,TzTs 
ist operand 
Address m 0 1 0 1 1 1 1 

MCa T,TsTa HL DATA 1 0 0 1 1 1 1 

LD (IX+dl.m 
LD (IY+dl,m 

MC, T,TsTa 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TxTa 
2nd op-code 
Address 

2nd 
op-code O 1 O 1 O 1 1 

MCa T,TzTa 
1st operand 
Address d 0 1 0 1 1 1 1 

MC. T,TzTa 
2nd operand 

Address m 0 1 0 1 1 1 1 

MCs T,TxTs 

IXt d 
IYtd DATA 1 0 0 1 1 i 1 

LD A, IBC) 
LD A, IDEI MG T,TxTa 

1st op-code 
Address 

1st 
op-code 0 ~, 1 0 1 0 1 0 

Ito be continuetl) 
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LD A, IBCI 
LD A, IDEI MCz T,TzTs 

BC 
DE DATA 0 1 0 1 1 1 1 

LD A,Imn) 

MC, T,TzTs 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TzTs 

1st operand 

Address n 0 1 0 1 1 t 1 

MCs T,TzTs 
2nd operand 

Address m 0 1 0 1 t 1 1 

MC. T,TxTs mn DATA 0 1 0 t 1 1 1 

LD IBCI,A 
LD (DEI,A 

MC, T,TzTs 

1 st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz Ti Z ~ t > > > t ~ 

MCz T,TzTs 

BC 

DE A 1 0 0 1 i i 1 

LD (mn1,A 

MC, T,TsTs 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TzTs 
1st operand 

Address n 0 1 0 1 1 1 1 

MCs T,TzTs 
2nd operand 
Address m 0 1 0 1 1 1 1 

MC. Ti Z 1 1 1 1 1 1 1 

MCs T,TaTs mn A 1 0 0 1 1 1 1 

LD A,I 

LD A,R 

LD I,A 

LD R,A 

MC, T,TzTs 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TzTs 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

LD ww, mn 

MC, T,TzTs 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TsTs 
1st operand 
Address n 0 1 0 1 1 1 1 

MCs T,TsTs 

2nd operand 

Address m 0 1 0 1 1 1 1 

LD IX,mn 

LD IY,mn 

MC, T,TxTs 

1st op-code 

Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TzTs 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCs T,TzTs 

t st operand 

Address n 0 1 0 1 1 1 1 

MC. T,TaTa 
2nd operand 

Address m O 1 O 1 1 1 t 

LD HL, Imn) 
MC, T,TsTs 

1st op-code 
Address 

t st 
op-code 0 1 0 1 0 1 0 

MCz T,TaTs 

1st operand 

Address n 0 1 0 1 1 1 1 

Ito be wnanued) 

HITACHI 499 



H D64180R0 

Instruction 
Machine 

Cycle 
States ADDRESS DATA RD WR ME IOE LIR ST AH

LD HL, (mn) 

MCa T,TaTa 
2nd operand 

Address m 0 1 0 1 1 1 1 

MCa T,TeTa mn DATA 0 1 0 1 1 1 1 

MCs T,TsTa mn+1 DATA 0 1 0 1 1 i 1 

LD ww,lmn) 

MC, T,TsTa 

l st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TeTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TzTa 
ist operand 
Address n 0 1 0 1 1 1 i 

MCa T,TaTa 

2nd operand 

Address m 0 1 0 1 1 1 1 

MCs T,TzTa mn DATA 0 1 0 1 i 1 1 

MCs T,TzTa mn+1 DATA 0 1 0 1 1 1 1 

LD IX,Imn) 
LD IY,Imn) 

MC, T,TzTa 

t st op-code 
Address 

1st 
op-code 0 1 0 t 0 1 0 

MCz T,TzTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MC3 T,TaTa 
1st operand 

Address n 0 i 0 i 1 1 1 

MC. T,TzTa 
2nd operand 
Address m 0 1 0 7 1 1 1 

MCS T,TzTa mn DATA 0 1 0 7 1 i 1 

MCs T,TzTa mn+1 DATA 0 1 0 1 1 t 1 

LD (mn1.HL 

MC, T,TzTa 

1st op-code 

Address 

tst 

op-code 0 1 0 1 0 1 0 

MCz T,TzTa 
1st operand 

Address n 0 1 0 1 1 t 1 

MCa T,TaTa 

2nd operand 
Address m 0 1 0 1 1 1 1 

MCd Ti Z i 7 1 1 1 1 1 

MCs T,TzT3 mn L 1 0 0 1 1 1 1 

MCs T,TzTa mnt t H 1 0 0 1 1 1 1 

Ito be corrtinuedl 
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LD (mnl.ww 

MC, T,TsTa 

1st op-code 
Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TxTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCA T,TzTs 
1st operand 
Address n 0 1 0 1 1 1 1 

MCa T,TzTa 
2nd Operand 
Address m 0 1 0 1 1 1 1 

MCs Ti Z 1 t 1 1 1 1 1 

MCs T,TzTs mn wwL 1 0 0 1 t 1 1 

MCz T,TeTa mnt 1 wwH 1 0 0 1 1 1 1 

LD (mn1,IX 
LD (mn1,IY 

MC. T,TsTa 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TxTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MC3 T,TzT~ 
1st operand 
Address n 0 1 0 1 1 1 1 

MCa T,TzTs 
2nd operand 
Address m 0 1 0 1 1 1 1 

MCs Ti Z 1 7 1 1 1 1 1 

MCs T,TxTa mn 

IXL 

IYL 1 0 0 1 1 1 1 

MCz T,TzTa mnt 1 

IXH 

IYH 1 0 0 1 1 1 1 

LD SP, HL 
MC, T,TzTa 

1 st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz Ti Z 1 1 1 1 1 1 1 

LD SP,IX 
LD SP,IY 

MC, T,TzT3 

l st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TaT~ 

2nd op-code 
Address 

2nd 
op-code 0 1 0 1 0 1 1 

MCa Ti Z 1 1 1 1 1 1 1 

LDI 

LDD 

MC. T,TzTa 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TzTs 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TaTa HL DATA O 1 O 1 1 1 1 

MC. T,TzT~ DE DATA 1 0 0 1 1 1 1 

Ito be continued) 
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LDIR 
LDDR 

(lf RCR#O) 

MC, T,T xTa 

1 st op-code 
Address 

1 st 
op-code 0 t 0 1 0 1 0 

MCz T,TzTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 t 

MCa T,T zTa HL DATA 0 1 0 1 1 1 t 

MCa T,T zTa DE DATA 1 0 0 1 1 1 1 

MCs 

—MCe TiTi Z 1 1 7 1 1 1 1 

LDIR 

LDDR 

Ilf BCe=0) 

MC, T,TsTa 

ist op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TsTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 t 

MCa T,TaTa HL DATA 0 t 0 1 i 1 1 

MCa T,TzTa DE DATA 1 0 0 1 1 1 1 

MLT ww 

MC, T,TzTa 

i st op-code 
Address 

1 st 
op-code 0 1 0 1 0 1 0 

MCz T,TxTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa 

—MC,a 

TiTiTiTi 

TiTiTiTi 

TiTiTi 

Z 1 1 1 1 1 1 1 

NEG 
MC, T,TzTa 

1st op-code 
Address 

1st 
op-code 0 1 0 7 0 1 0 

MCz T,TzTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

NOP 
MC, T,T zTa 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

OUT Im1,A 

MC, T,TaT3 

1st op-code 

Address 

tst 

op-code 0 1 0 i 0 1 0 

MCz T,TzTa 

1 st operand 

Address m 0 i 0 1 1 1 1 

MCa Ti Z 1 1 1 1 1 1 1 

MCa T,TzTa 

m to Aa—A~ 
A to As—A,s A 1 0 1 0 t 1 1 

Ho ee conzinuad 
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OUT ICI.g 

MC, T,TzTa 

l st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TzTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa Ti Z 7 1 1 1 1 1 1 

MCa T,TaTa BC g 1 0 1 0 1 1 1 

OUTO Iml.g 

MC, T,TzTa 

l st op-code 
Address 

ist 
op-code 0 1 0 1 0 7 0 

MCz T,TaTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TzTa 

1st operand 
Address m 0 1 0 1 1 1 1 

MCa Ti Z 1 i 1 1 7 7 1 

MCs T,TzTa 
m to Ao—A> 
OOH to A.,—A,s g 1 0 1 0 1 1 1 

OTIM 
OTDM 

MC, T,TzTa 

1st op-code 
Address 

7 st 
op-code 0 1 0 1 0 1 0 

MCz T,TaTa 

2nd op-code 

Address 

2nd 

op-code 0 7 0 1 0 1 1 

MCa Ti Z 1 1 1 1 1 1 1 

MCe T,TzTa HL DATA 0 7 0 1 1 1 1 

MCs T,TzT~ 
C to Ao—Ar 
OOH to An—A,s DATA 1 0 1 0 1 1 1 

MCe Ti Z 1 1 1 1 1 1 1 

OTIMR 
OTDMR 

(lf Br#01 

MC, T,T:Ta 

1st op-code 
Address 

ist 
op-code 0 1 0 1 0 1 0 

MCz T,TzTa 
2nd op-code 

Address 
2nd 

op-coda._ 0 1 0 1 0 1 1 

MCa Ti Z 1 1 1 7 1 1 1 

MC. T,TzTa HL DATA 0 1 0 1 1 1 1 

MCs T,TzTa 
C to Ao—Ar 
OOH to A.,—A,s DATA 1 0 1 0 1 7 1 

MCe 
—MC.. TiTiTi Z 1 1 1 7 1 1 1 

Ito be wntinuedl 
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OTIMR 
OTDMR 

(lf Br=01 

MG T,TaTa 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TxTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 i 1 

MCa Ti Z 1 1 1 1 1 1 1 

MCa T,TxTa HL DATA 0 1 0 1 1 1 1 

MCs T,TzTa 

C to Ao—Az 

OOH to An—A,s DATA 1 0 1 0 1 1 1 

MCe Ti Z 1 1 1 1 1 1 1 

OUTI 

OUTD 

MC, T,TsTa 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 i 0 

MCz T,TzTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MC3 T,TaT~ HL DATA 0 1 0 1 1 1 1 

MCa T,TsTa BC DATA 1 0 1 0 1 1 1 

OTIR 
OTDR 

(lf Br*O) 

MG T,TzTa 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TxTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TxTa HL DATA 0 1 0 1 1 1 1 

MCa T,TzTa 8C DATA 1 0 1 0 1 1 1 

MCs 

—MCe TiTi Z 1 1 1 1 1 1 1 

OTIR 
OTDR 

IH Br=O) 

MC, T,TzTa 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TxTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TzTa HL DATA 0 1 0 1 1 1 1 

MCa T,TzTa BC DATA 1 0 1 0 1 1 1 

POP zz 
MC, T,TaT~ 

1 st op-code 
Address 

1st 
op-code O 1 0 1 O 1 O 

MCz T,TzTa SP DATA 0 1 0 1 1 1 1 

MCa T,TzTa SP+1 DATA 0 1 0 1 1 1 1 

POP IX 

POP IV MC, T,TaTe 

1st op-code 
Address 

1st 

op-code 0 1 0 1 0 1 0 

Ito he continued) 
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POP IX 
POP IY 

MCz T,TzTa 
2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1• 7 

MCa T,TzTa SP DATA O 1 0 1 1 1 1 

MCa T,TzTa SPt 7 DATA 0 1 0 1 i 7 1 

PUSH zz 

MG T,TzTa 

i st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz 

—MCa TiTi Z 1 i i 1 1 1 1 

MCa T,TzTa SP — 1 zzH 1 0 0 1 7 1 1 

MCs T,TzTa SP- 2 zzL 1 0 0 1 1 7 i 

PUSH IX 
PUSH IY 

MC, T,TxTa 
l st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TsTa 
2nd op-code 
Address 

2nd 
op-code 0 7 0 1 0 1 1 

MCa 
—MCa TiTi 2 1 7 1 1 1 1 1 

MCs T,TsTa SP— t 

IXH 

IYH 1 0 0 1 1 1 7 

MCs T,TzTa SP- 2 

IXL 

IYL 1 0 0 1 1 1 1 

RET 
MC, T,TzTa 

1st op-code 

Address 
1st 
op-code 0 1 0 1 0 1 0 

MCz T,TzTa SP DATA 0 1 0 1 1 1 t 

MCa T,TzTa SPt 1 DATA 0 1 0 t 1 i 1 

RETf 
(lf condition 
is false) 

MC, T,TzTa 
t st op-code 
Address 

ist 
op-code 0 1 0 7 0 7 0 

MCz 
—MCa TiTi Z 1 1 1 1 1 1 1 

RETf 

IH condition 
is true) 

MC, T,TzTa 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 7 0 

MCz Ti Z 1 1 1 1 1 7 1 

MCa T,TzTa SP DATA 0 1 0 1 1 1 7 

MCa T,TsTa SPf 1 DATA 0 1 0 1 1 1 1 

RETI 
RETN 

MG T,TzTa 
1st op-code 
Address 

1st 
op-code 0 1 O 1 0 1 0 

MCz T,TxTa 
2nd op-code 
Address 

2nd 
op-code 0 1 0 7 0 1 1 

Ito be continued) 
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RETI 
RETN 

MCe T,TzTs SP DATA 0 1 0 1 1 1 1 

MC. T,TzT3 SPt 1 DATA 0 1 0 t 1 1 1 

RLCA 

RLA 

RRCA 

RRA 

MC, T,TxTs 

lst op-code 

Address 

1st 

op-code 0 1 0 i 0 1 0 

RLC g 
RL g 

RRC g 

RR g 
SLA g 

SRA g 

SRL g 

MC, T,TzTa 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TzT~ 
2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCs Ti Z > > > > > > > 

RLC (HL) 

RL IHLI 

RRC (HL) 
RR IHLI 
SLA IHLI 
SRA IHLI 
SRL IHLI 

MC. T,TaTs 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TaTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TsTa HL DATA 0 1 0 1 1 1 1 

MC. Ti 2 ~ ~ ~ ~ > > > 

MCs T,TzTa HL DATA 1 0 0 1 1 1 1 

RLC QXt d) 
RLC (IY+d) 
RL IIXt d) 
RL (IYt d) 
RRC lUc+d) 

RRC (IYt d) 

RR (IX~- d) 

RR Ilytdl 
SLA Igct d) 
SLA (IY+d) 
SRA (IXtd) 
SRA (IYt d) 
SRL (IXt d) 
SRL Ilyt d) 

MC, T,TzTz 
1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TsT3 
2nd op-code 

Address 

2nd 
op-code 0 t 0 1 0 1 1 

MCa T,TxTa 

1st operand 
Address d 0 1 0 1 1 1 1 

MC. T,TsTa 

3rd op-code 

Address 

3rd 

op-code 0 1 0 7 0 1 1 

MCs T,TzT3 

IXtd 

IYtd DATA 0 1 0 1 t 1 1 

MCa Ti 2 i ~ ~ ~ ~ ~ ~ 

MCz T,TzTa 

IXtd 
IY+d DATA 1 0 0 1 1 1 1 

RLD 

RRD 

MC, T,TzTz 
1st op-code 
Address 

t st 
op-code 0 1 0 1 0 1 0 

MCx T,TzT3 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MC3 T,TzTs HL DATA 0 1 0 1 1 1 t 

Ito De continued) 
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RLD 
RRD 

MC. 
—MCz TiTiTiTi Z 1 1 t 1 1 1 1 

MCe T,ToTa Hl DATA 1 0 0 1 1 1 1 

RST v 

MC, T,TzTa 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 t 0 

MCx 

—MCa TiTi Z 1 t 1 t 1 t 1 

MCa T,TzTa SP— 1 PCH 1 0 0 1 1 1 1 

MCs T,TzTa SP— 2 PCL 1 0 0 1 1 1 i 

SCF 
MC, TiTzTa 

lstop-code 
Address 

tst 
op-code 0 1 0 1 0 1 0 

SET b,g 
RES b,g 

MC, T~TaTa 

1st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T,TsTs 
2nd op-code 
Address 

2nd 
op-code 0 1 0 1 0 1 1 

MCa Ti Z t 1 1 1 1 1 1 

SET b, (HL) 
RES b, (HL) 

MC, TiTzTa 

l st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCz T~TzTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TzTa HL DATA 0 1 0 t 1 1 1 

MCa Ti Z 1 1 1 1 1 t 1 

MCs T,TzTa HL DATA 1 0 0 1 1 1 1 

SET b, (IX+dI 
SET b, (IY+dI 
RES b, IUC+dI 
RES b, (IY+dI 

MG T~TaTa 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TzTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TzTa 
1st operand 
Address d 0 1 0 1 1 1 1 

MCa T,TzTa 
3rd op-code 
Address 

3rd 
op-code 0 1 0 1 0 1 1 

MCs T,TaTa 
IX+d 
IY+d DATA 0 1 0 7 1 1 1 

MCs Ti Z 1 1 1 1 1 1 1 

MCz T,TzTa 
IX+ d 
IV+d DATA 1 0 O 1 1 1 1 

(to he continued 
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SLP 
MC, T,TzTa 

7 st op-code 
Address 

1st 
op-code 0 1 0 1 0 1 0 

MCx T,TzTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 7 1 

— 7FFFFH Z 1 1 1 7 1 0 1 

TSTIO m 

MG T,TzTa 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 1 0 

MCz T,TeTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa T,TzTa 
1st operand 
Address m 0 1 0 1 1 1 1 

MC, T,TzTs 
C to Ao—Ar 
OOH to A„—A,s DATA 0 1 1 0 1 7 1 

TST g 

MC, T,TxTa 
1st op-code 

Address 
1st 

op-code 0 1 0 1 0 1 0 

MCz T,TzTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 1 0 1 1 

MCa Ti Z 1 1 1 1 i 1 1 

TST m 

MC, T,TsTa 

1st op-code 
Address 

1st 

op-code 0 7 0 1 0 1 0 

MCz T,TzTa 
2nd op-code 

Address 
2nd 

op-code 0 1 0 1 0 1 1 

MC3 T,TzT~ 
1st operand 
Address m 0 1 0 1 1 1 1 

TST IHLI 

MC, T,TaTa 

1st op-code 

Address 

1st 

op-code 0 1 0 1 0 7 0 

MCz T,TzTa 

2nd op-code 

Address 

2nd 

op-code 0 1 0 7 0 1 1 

MCa Ti Z 1 1 1 1 1 1 1 

MC< T,TsTa HL DATA 0 1 0 1 1 1 1 

PT 
Next op-code 

MG T,TzTa Address IPCI 0 1 0 1 0 i 0 

MCz 
—MCa TiTi Z 1 1 1 1 i 1 1 

NMI 

MCa T,TsTa SP — 1 PCH 1 0 0 1 1 1 1 

MCs T,TzTa SP- 2 PCL 1 0 0 1 1 1 7 

T,TsTw Next op-code 1st 

INTO MODE 0 
(RST INSERTED) 

MC, Tti,Ta Address IPCI op-code 1 1 7 0 0 i 0 

MCz 
—MCa TiTi Z t t t t ~ t ~ 

Ito be continued) 
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INTO MODE 0 
IRST INSERTED) 

MC. TiTzTa SP— 1 PCH 1 0 0 1 1 1 1 

MCs T,TzTs SP- 2 PCL 1 0 0 1 1 1 1 

INTO MODE 0 

(CALL 

INSERTED) 

MC. 
T,TaTw
TwTs 

Next op-code 
Address IPCI 

ist 
op-code 1 1 1 0 0 1 0 

MCz T~TzTa PC n 0 1 0 1 1 1 1 

MCa TiTzTs PCt i m 0 1 0 1 1 1 1 

MCa Ti Z 1 1 1 1 1 1 1 

MCs T~TzTa SP- 1 PC+2(HI 1 0 0 1 1 1 1 

MCs TiTzTa SP- 2 PCt 21L1 1 0 0 1 1 1 1 

INTO MODE 1 

MC ~ 
T iTsTH, 

T~,.~Ts 
Next op-code 

Address IPCI 1 1 1 0 0 1 0 

MCz TiTaT~ SP- 1 PCH 1 0 0 1 1 1 1 

MCa TiTsTa SP- 2 PCL 1 0 0 1 1 1 1 

INTO MODE 2 

MC ~ 
T iTzTH, 

TwTs 
Next op-code 

Address (PC) Vector 1 1 1 0 0 1 0 

MCz Ti Z 1 1 1 1 1 1 1 

MCA T~TxT3 SP — 1 PCH 1 0 0 1 1 1 1 

MC. TiTxTs SP- 2 PCL 1 0 0 1 1 1 1 

MCs T,TzTs I, Vector DATA 0 1 0 1 1 1 7 

MCs T,TzTs I, Vectort 1 DATA 0 1 0 1 1 1 1 

INT i 

INTz 
Internal Intertupts 

MCi 
T iTzTw

TH,Te 
Next op-code 

Address IPCI 1 7 1 1 1 1 0 

MCz Ti Z 1 1 1 1 1 1 1 

MCa T~TsTa SP- 1 PCH 1 0 0 1 1 1 1 

MC. T,TxTa SP-2 PCL 1 0 0 1 1 1 1 

MCs TiTzTs I, Vector DATA O 7 O 1 1 1 1 

MCe TiTxTa I, Vectort 1 DATA 0 1 0 1 1 1 1 
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24 REQUEST PRIORITY 
The FiD64180 has the following three types of requests. 

Type 7. 
To be accepted in specified state WA[T 

Type 2. 
To be accepted in each machine cycle Refresh Req. 

DMA Req. 
Bus Req. 

Type 3. 
To be accepted in each instruction  Interrupt Req. 

25 OPERATION MODE TRANSITION 

Type 1, Type 2, and Type 3 requests priority is shown as follows. 
highest priority Type 1 > Type 2 > Type 3 lowest priority 

Each request priority in Type 2 is shown as follows. 
highest priority Bus Req. > Refresh Req. > DMA Req. lowest 
priority 

(NOTE) If Bus Req. and Refresh Req. occurs simultaneously, Bus 
Req. is accepted but Refresh Req. is cleared. 

Refer to " 2.7 Interrupts" for each request priority in Type 3. 

NOTE) '1 NORMAL: CPU executes instructions normally in NORMAL mode. 
'2 DMA request: DMA is requested in the following cases. 

111 DRE a, UREA, = 0 (memory H (memory mapped) I/O DMA transfer) 
121 DEO = 1 (memory H memory DMA transfer) 

'3 DMA end:  DMA ends in the following cases. 
111 DREQo, DREOi = 1 (memory H (memory mapped) I/O DMA transfer) 
121 BCRO, BCR7 = OOOOH (all DMA transfers) 
131 NMI = 0 (all DMA transfers) 

Other operation mode transitions 

The following operation mode transitions are also possible. 
1. HALT MA 

REFRESH 
BUS RELEASE} 

IOSTOP 

2. SLEEP 

DMA 
REFRESH 
BUS RELEASE 

BUS RELEASE 

SVSTEM STOP BUS RELEASE 
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26 STATUS SIGNALS 
The following table shows pin outputs in each operating mode. 

Mode LIR ME IOE RD WR REF ST 
Address 

BUS 
Data 
BUS HALT BUSACK 

CPU 
operation 

Op-code Fetch 

(1st op-code) 
0 0 1 0 1 1 1 1 0 A IN 

Op-code Fetch 
(except 1st 
op-code) 

0 0 1 0 1 1 1 1 1 A IN 

Memory Read 1 0 1 0 1 1 1 1 1 A IN 

Memory Write 1 0 1 1 0 1 1 1 1 A OUT 

I/O Read 1 1 0 0 1 1 1 1 1 A IN 

I/O Write 1 1 0 1 0 1 1 1 1 A OUT 

Internal 
Operation 

1 1 1 1 1 1 1 1 1 A IN 

Refresh 1 0 1 1 1 0 1 1 A IN 

Interrupt NMI 0 0 1 0 1 1 1 1 0 A IN 
Acknowledge 

Cycle 
11st machine 
cycle) 

INTO 0 1 0 1 1 1 1 1 0 A IN 

INT,, INTz & 
Intemal lnterrupts 

1 1 1 1 1 1 1 1 0 A IN 

BUS RELEASE 1 Z Z Z Z 1 1 0 Z IN 

HALT 0 0 1 0 1 1 0 1 0 A IN 

SLEEP 1 1 1 1 1 1 0 1 1 1 IN 

Intemal 
DMA 

Memory Read 1 0 1 0 1 1 1 1 0 A IN 

Memory Write 1 0 1 1 0 1 i 1 0 A OUT 

VO Read 1 1 0 0 1 1 1 1 0 A IN 

I/O Write 1 1 0 1 0 1 1 1 0 A OUT 

RESET i 1 1 1 1 1 1 1 1 Z IN 

NOTE) 1 : HIGH 
0 LOW 
A Programmable 
Z High Impedance 
IN : Input 
OUT : Output 
• : Invalid 
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27 PIN STATUS DURING RESET AND LOW POWER OPERATION MODES 

Pin No. Symbol Pin function 
Pin status in each operation mode 

RESET SLEEP IOSTOP SYSTEM STOP 

4 WAIT — IN INI IN INI IN IAI IN INI 

5 BUSACK — 1 OUT OUT OUT 

6 BUSREO — IN (N) IN IAI IN IAI IN IAI 

7 RESET — 0 IN lAl IN WI IN IAI 

8 NMI — IN INI IN IAI IN IAI IN IAI 

9 INTO — IN (NI IN IAI IN IAI IN IAI 

10 INT, — IN INI IN IAI IN IAI IN (AI 

11 INTz — IN INl IN IAI IN IAI IN IAI 

12 ST — 1 1 OUT 1 

13-30 Ao—Aii — Z 1 A 1 

31 A,~JTOUT A,., Z 1 A i 

TOUT Z OUT H H 

34-41 Do—D> — Z Z A Z 

42 RTSo — 1 H OUT H 

43 CTSo — IN INI IN IAI IN INI IN INI 
44 DCDo — IN INI IN IAI IN INI IN lNl 

45 TXAo — 1 OUT H H 

46 RXAo — IN INI IN IAI IN INI IN INI 

47 CKAo/DREQo CKAo 
lintemal clock model 

Z OUT Z Z 

CKAo 
lextemal clock model 

Z IN IAI IN INI IN INI 

DREQo Z IN INI IN IAI IN INI 
48 TXA, — 1 OUT H H 

49 RXA, — IN IN1 IN IAI IN INI IN IN1 

50 CKA,/TENDo CKA, 
(intemal clock model 

Z OUT Z Z 

CKA, 
(external clock model 

Z IN IAI IN INI IN INI 

TENDo Z 1 OUT 1 

51 TXS — 1 OUT H H 

52 RXS/CTS, RXS IN INI IN IAI IN INI IN INI 
CTS, IN INI IN IAI IN INI IN INI 

53 CKS CKS 
(intemal clock model 

Z OUT 1 1 

CKS 
lextemal clock model 

Z IN IAI Z Z 

54 DREG, — IN (NI IN INI IN lAl IN INI 

55 TEND, — 1 1 OUT 1 

56 HALT — 1 0 OUT 0 

57 REF — 1 1 OUT 1 

58 IOE — 1 1 OUT 1 

59 ME — 1 1 OUT 1 

60 E — 0 E clock output ^ ^ 

61 LIR — 1 1 OUT i 

62 WR — 1 1 OUT 1 
63 RD — 1 1 OUT 1 

64 ¢ — ¢ cbck output ^ ^- ^ 

1 : HIGH 0: LOW A: Prog ammable Z: High knpedance 
IN IAI: Input (Active) IN INI: Input (Not active) OUT: Output 
H: Hobs the previous state 
--: same as the left 
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28 INTERNAL I/O REGISTERS ternal 1/O register addresses are reloca[able within ranges from 
By programming IOA7 and IOA6 in the I/O control register, in- OOOOH to OOFFH in the I/O address space. 

REGISTER MNEMONICS ADDRESS REMARKS 

ASCI Control Register A Channel 0 
CNTLAO 

ASCI Control Register A Channel 1 
CNTLAI 

ASCI Control Register B Channel 0 
CNTLBO 

0 0 

0 1 

0 2 

bit MPE RE TE RTSO 
MPBR/ 

EFR MOD2 MOD1 MODO 

during RESET 0 0 0 1 invalid 0 0 0 

R/W R/W R/W R/W R/W R/W R/W RM/ R/W 

—Mina 
—Receive 
Processor 

—Transmk 
Enable 
Enable 

-Request 
Enable 

L 

Multl Processor 
Error Flag Reset 

To Send 

MODE 
Bk 

Selectbn 
Receive/ 

bit MPE RE TE CKA1D M FRS 
MOD2 MOD1 MODO 

during RESET 0 0 0 1 invalid 0 0 0 

R/W R/W R/W R/W R/W R/W R/W R/W R/W 

MOD2, 1, 0 
0 0 0 Start 
0 0 1 Start 
0 1 0 Start 
0 1 1 Start 
1 0 0 Start 
1 0 1 Start 
1 1 0 Start 
i t i Start 

— Muki 

t 7 bit 
t 7 bit 
t 7 bit 
t 7 bit 
t 8 bit 
t 8 bk 
t 8 bk 
+ 8 bk 

—Receive 
Processor 

Data 
Data 
Data 
Data 
Data 
Data 
Data 
Data 

—Transmk 
Enable 
Enable 

+ 1 
+ 2 
t Parity 
t Parity 
t 1 
t 2 
t Parity 
+ Parity 

Stop 
Stop 

Stop 
Stop 

L CKA[ 

t 
t 

t 
t 

Enable 

1 Stop 
2 Stop 

1 Stop 
2 Stop 

Muki 
Error 
Disable 

~" 
r 

LMODE Selectbn 
Processor Bit Receive/ 
Flag Reset 

bk MPBT MP 
CAS'/ 
PS PEO DR SS2 SS1 SSO 

during RESET invalid 0 0 0 1 1 1 

R/W R/W R/W R/W R/W R/W R/W R/W R/W 

• CTS :Depending 
PS :Cleared to 

-Multi 

on the 
0. 

—Muk' 
Processor 

conditbn 

—Clear 
Processor 

Bit Transmit 

of CTS 

—Parity 
To Send/Prescale 

Pin. 

~Cbck Source and 
Speed Select 

—Divide Rata 
Even or Odd 

Ito be continued) 
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REGISTER MNEMONICS ADDRESS REMARKS 

ASCI Control Register B Channel 1 
CNTLBI 

ASCI Status Register Channel 0 
STATO 

ASCI Status Register Channel 1 
STAT7 

0 3 

0 4 

0 5 

bit MPBT MP CTS/ PS PEO DR SS2 SSt SSO 

during RESET invalid 0 0 0 0 1 1 1 

RM/ R/W R/W R/W R/W R/W RM/ R/W RNJ 

General 
divide redo 

—Multi 

(divide 

— Muhi 
Processor 

PS=O 
ratio= 

— Clear 
Processor 

Bit 

10) 

Transmit 

—Parity 
To Send/Prescak+ 

Divide 
Even 

L Clock 

Rata 
or Odd 

PS=1 
(divide ratio= 

Source 
Speed Sektct 

301 

and 

SS2,1,0 DR=01X16) DR=1 1x64) DR=01x16) DR=1 1x64) 
000 
001 
010 
01 1 
1 0 0 
1 0 1 
1 1 0 

¢+ 

+ 
+ 1280 

2560 
+ 5120 
+ 10240 

160 
320 
640 

~= 
1280 
2560 

+ 5120 
+ 10240 
= 20480 
_ 40960 

640 ~+ 
— 
+ 1920 

3640 
7680 

= 15360 
= 30720 

480 
960 

~= 
- 
— 
+ 15360 
+ 30720 
+ 61440 
= 122880 

1920 
3840 
7680 

111 External cock (frequency < ~ =40) 

brt RDRF OVRN PE FE RIE DCDO TDRE TIE 
during RESET 0 0 0 0 0 •• 0 

R/W R R R R R/W R R R/W 

—Parity 

- 

— Framing 
Error 

— Receive 
Ertor 
•• 

—Data 
Intertupt 

CTSo 

Transmit 
Register 
Cartier 

Pin 

Transmit 
Interrupt 
Enable 

Data 
Empty 
Detect 
Enable 

TDRE 

• ~ :Depending 
—Receive 

on the 

— Over Run Erto 
Data Register 

condition of DCDo 
Full 

Pin. 

L 

H 

1 

0 

bit RDRF OVRN PE FE RIE CTS7 E TDRE TIE 

during RESET 0 0 0 0 0 0 1 0 

R/W R R R R R/W R/W R R/W 

— Receive 
— Over 

Data 

—Parity 
Run Error 
Register 

—Framing 
Error 

Full 

—Receive 
Error 

—CTS7 
Intertupt 

TransmR 
Intertupt 
Enable 

Transmit Data 
Register Empty 

Enable 
Enable 

lto be continued) 
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REGISTER MNEMONICS ADDRESS REMARKS 

ASCI TransmR Data Register Channel 
0 

TDRO 

ASCI Transmit Data Register Channel 
1 

TDRt 

ASCI Receive Data Register Channel 
0 

TSRO 

ASCI Receive Data Register Channel 
1 

TSR7 

CSL/O Control Register 
CNTR 

CSUO TransmH/Receive Data 
Register 

TRDR 

Timer Data Register Channel OL 
TMDROL 

Timer Data Register Channel OH 
TMDROH 

Timer Rebad Register Channel OL 
RLDROL 

Timer Rebad Register Channel OH 
RLDROH 

Timer Control Register 
TCR 

0 6 

0 7 

O 6 

0 9 

0 A 

0 B 

0 C 

0 D 

0 E 

0 F 

1 0 

bit EF EIE RE TE - SS2 SS1 SSO 

during RESET 0 0 0 0 1 1 1 1 

R/W R R/W RNV R/W RMl RNV R/W 

SS2,1,0 

-End Flag 
-End Intenupt 

Baud 

Receive 

Rate 

Transmit Enable 
Enable 

Enable 

SS2, 1,0 

Lspeed Salt 

Baud Rate 

000 
001 
010 
01 1 

~'•- 20 
+ 40 
+ 80 
+ 160 

100 
101 
1 1 0 
1 1 1 

¢'•- 320 
+ 640 
= 1260 

External 
(frequency G + 20) 

bit TIF1 TIFO TIE1 TIEO TOC1 TOCO TDE1 TDEO 

during RESET 0 0 0 0 0 0 0 0 

R/W R R RMI R/W R/W RNV R/W R/W 

TOC1,0 

-Timer Interrupt 

A,elfOUT 

r 

- Timer Interrupt 
Flag 1,0 

Timer Down 
Count Enabte 1,0 

—Timer Output Control 1,0 
Enable 1,0 I 

00 
O1 
10 
11 

Inhibited 
Toggle 
0 
1 

Ito be continued) 
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REGISTER MNEMONICS ADDRESS REMARKS 

Timer Data Register Channel 1 L 1 4 
TMDR I L 

Timer Data Register Channel 1 H 1 5 
TMDRIH 

Tuner Rebad Register Channel 1 L 1 6 
RLDRIL 

Timer Rebad Register Channel 1 H 1 7 
RLDRIH 

Free Running Counter 1 8 read only 

FRC 

DMA Source Address Register 2 0 
Channel OL 

SAROL 

DMA Source Address Register 2 1 
Channel OH 

SAROH 

DMA Source Address Reglater 2 2 Bits 0-2 are used for SAR08. 
Channel OB A,e, A,r, A,e DMA Transfer Request 

SAROB 
X 0 0 DREQo (extema0 
X 0 1 RDROIASCKI) 
X 1 0 RDRt (ASCII) 

DMA Deatinatbn Address Register 2 3 X t t Not Used 
Channel OL 

DAROL 

DMA Destinatbn Address Register 2 4 
Channel OH 

DAROH 

DMA Des[inatbn Address Register 2 5 Bits 0-2 are used for DAROB. 
Channel OB A,a, An, Aie DMA Transfer Request 

DAROB X 0 0 
bolo (extemall 

X 0 1 TDRO IASCK)) 
X 7 0 TDR7 (ASCII) 

DMA Byte Count Register Channel 2 6 X 1 1 Not Used 
OL 

BCROL 

DMA Byte Count Register Channel 2 7 
OH 

BCROH 

DMA Memory Address Register 2 8 
Channel 1 L 

MAR i l 

DMA Memory Address Register 2 9 
Channel 1 H 

MAR 7 H 

DMA Memory Address Register 2 A Bits 0-2 are used for MARiB. 
Channel 1 B 

MARiB 

DMA VO Address Register Channel 2 B 
1L 

IAR 7 L 

DMA VO Address Register Channel 2 C 
1H 

IAR 1 H 

ho ixi conti,ued) 
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REGISTER MNEMONICS ADDRESS REMARKS 

DMA Byte Count Register Channel 
1L 

BCR1L 

DMA Byte Count Register Channel 
1H 

BCR1H 

DMA Status Register 
DSTAT 

DMA Mode Register 
DMODE 

2 E 

2 f 

3 0 

3 1 

bit DE1 DEO DWE1 OWEO DIET DIED — DME 

during RESET 0 0 1 1 0 0 1 0 

RM/ R/W R/W W W R/W R/W R 
~ ~ 

—DMA Enable 

~ 

—DMA Enable 
ch 1,0 

W MA 
Master 
Enable 

-0MA Interrupt Enable 1,0 
Bft Write Enable 1,0 

bit — — DM7 DMO SM1 SMO MMOD —

during RESET 1 1 0 0 0 0 0 1 

R/W R/W R/W R/W R/W R/

I

W 

DM1, 0 Destination Address 

—Ch 0 Destinaton 
Mode 

SM7, 0 

---v 

— 

1, 0 

Source 

`Memory 
MODE 
Select 

Ch 0 Source 
Mode 1,0 

Address 

0 0 
0 1 
1 0 
1 1 

MMOD 

M 
M 
M 
I/O 

Mode 

DARO+ 1 0 0 
DARO— 1 p t 
DARO fixed 1 0 
DARO fixed 7 t 

M 
M 
M 
VO 

SARO+ 1 
SARO— 1 
SARO fixed 
SARO fixed 

0 
1 

Cycle Steal Mode 
Burst Mode 

Ito !» continued) 
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REGISTER MNEMONICS ADDRESS REMARKS 

DMA/WAIT Control Register 
DCNTL 

Interrupt Vector Low Register 
IL 

INT/TRAP Con Vol Register 
ITC 

Refresh Control Register 
RCR 

3 2 

3 3 

3 4 

3 6 

bft MWI7 MWK1 IWI1 IWIO DMSI DMSO DYv11 DIMO 

during RESET 1 1 1 1 0 0 0 0 

R/W RM/ R/W R/W R/W R/W F/VV R/W R/W 

MW11,0 
The number 

wait 

— Memory 

of 
states 

Wait 

NVI1,0 

—I/O 
Insertion 

Wart Inserton 

The number 
wait 

— DREQi 

of 
states 

IDMA 
I/O 
Mode 

Select, 

Ch 1 
Memory 

Select 
i = 1,0 

00 
O1 
10 
11 

DMSI Sense 

0 
1 
2 
3 

00 
01 
10 
11 

0 
2 
3 
4 

1
0 

DNA1 

Edge 
Level 

0 

sense 
sense 

Transfer Mode Address IncremenVDecrement 

00 
01 
10 
11 

M—VO 
MVO 
I/O^M 
I/0—'M 

MAR1t1 
MAR1- 1 
IAR1 
IAR1 

fixed 
fixed 

IAR1 
IAR1 
MAR1t1 
MART

fixed 
fixed 

- 1 

bit IL7 IL6 IL5 — — — — —

during RESET 0 0 0 0 0 0 0 0 

RAN R/W R/W R/W 

Llntertupt Vector Low 

bit TRAP UFO — — — ITE2 ITE1 ITEO 

during RESET 0 0 1 1 1 0 0 1 

RM/ R/W R R/W R/W R/W 

TRAP 
Undefined 

LINT Enable 2,7,0 
Fetch Object 

bit REFE REFW — — — — CYC1 CYCO 

during RESET 1 1 1 7 1 1 0 0 

R/W R/W R/W R/W R/W 

CYC1,0 

Refresh 

Interval of 

Cycle Selec 
Refresh Wait State 
Enable 

Refresh Cycle 

00 
O1 
10 
1 1 

10 States 
20 
40 
80 

Ito be continued) 
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REGISTER MNEMONICS ADDRESS REMARKS 

MMU Common Base Register 
CBR 

MMU Bank Base Register 
BBR 

MMU Common/Bank Area Register 
:CBAR 

UO Control Register 
ICR 

3 8 

3 9 

3 A 

3 F 

bit — C86 C85 CB4 CB3 C82 CB1 CBO 

during RESET 0 0 0 0 0 0 0 0 

R/W R/W R/W R/W R/W R/W RM/ R/W RNV 

L MMU Common Base Register 

bit — BB6 BB5 BB4 883 B82 B61 BBO 

during RESET 0 0 0 0 0 0 0 0 

RNV R/W R/W R/W R/W R/W R/W R/W R/W 

MMU Bank Base Register 

bit CA3 CA2 CAt CAO BA3 BA2 BA1 BAO 

during RESET 1 1 1 1 0 0 0 0 

RM/ R/W R/W R/W R/W 
i 

R/W R/W R/W R/W 
r 

L MMU Bank 
Area Register 

MMU Common 
Area Register 

bit IOA7 IOA6 IOSTP — — — — —

during RESET 0 0 0 1 1 1 1 t 

R/W R/W R/W R/W 

LI/0 Stop L VO Address 
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HD68000/HD68HC000 
M P U (I~licro Processing Unit) 

— HD68000 —
The HD68000 is the first in a family of advanced micropro-

cessors from Hitachi. Utilizing VLS[ technology, the HD68000 
is a fully-implemented 16-bit microprocessor with 32-bit 
registers, a rich basic instruction set, and versatile addressing 
modes. 

The HD68000 possesses an asynchronous bus structure with 
a 24-bit address bus and a l6-bit data bus. 

FEATURES 
• 32-Bit Data and Address Registers 
• 16 Megabyte Direct Addressing Range 
• 56 Powerful Instruction Types 
• Operations of Five Main Data Types 
• Memory Mapped, I/O 
• 14 Addressing Modes 

— HD68HC000 —
The HD68HC000 is a 16-bit microprocessor of HMCS68000 

family, which is exactly compatible with the conventional 
HD68000. 

The HD68HC000 is a complete CMOS device and the power 
dissipation is extremely low. 

FEATURES 
• Instruction Compatible with NMOS HD68000 
• Pin Compatible with NMOS HD68000 
• AC Timing Compatible with NMOS HD68000 
• Low Power Dissipation (I~~ typ = 20 mA, I~~ max =35 mA 

atf=12.5 MHz) 

The specifications for HD68HC000 are preliminary. 

HD68000-6,HD68000-8, HD68000-10.HD68000-12 
HD68HC000-8, HD68HC000-10, HD68HC000-12 

f ~rlt t ~ tt

„~..~ t,l ~.f, ~ ~.t , 

-~„i~i~f~~"1"I1~~~~ ~ 

(DC-64) 

HD68000Y6, HD68000Y8, HD68000Y10, HD68000Y12 
HD66HC000Y8, HD68HC000YIO, HD68HC000YI2 

I ~ I I I I I I 

o  

I I I I I ~ ~ 

11 1 
(PGA-661 

HD68000P6, HD68000P8 
HD68HC000P8, HD68HC000PIO, HD68HC000PI2 

1 

~>> 

(DP-64) 

HD68000PS6, HD68000PS8 
HD68HC000PS8, HD6BHC000PSIO, HD68HC000PSI2 

llrllllrriiilit➢if!111 

illllltlli

(DP-64S) 

HD68000CP6, HD68000CP6 
HD68HC000CP8, HD68HC000CPIO, HD68HC000CPI2 

[tttLgigttftrlt~ .l.j.11 i!!!!!!'t l ,t.l 

(CP-68) 
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H D68000/H D 68H C000 

■ TYPE OF PRODUCTS 

Type No. Process 
Clock Frequency 

(MHZ) 
Package 

H D68000-6 6.0 
HD68000-8 6.0 

DC-64 
H D68000-10 10.0 
H D 68000.12 12.5 
H D68000Y6 6.0 
HD68000Y8 8.0 

PGA-68 
HD68000Y10 10.0 

NMOS 
H D66000Y 12 12.5 
HD68000P6 6.0 

DP-64 
H D68000P8 8.0 
HD68000PS6 6.0 

DP-64S 
H D68000PS8 8.0 
HD68000CP6 6.0 

CP-68 
H D68000CP8 8.0 
H D 68 H C000-8 8.0 
HD68HC000.10 10.0 

DC-64 
H D 68H C000-12 12.5 
HD68HC000Y8 8.0 
HD68HC000YIO 10.0 PGA-68 
H D68HC000Y 12 12.5 
H D68HC000PB 8.0 
HD68HC000PIO CMOS 10.0 DP-64 
HD68HC000PI2 12.5 
H D68HC000PSB 8.0 
HD68HC000PSIO 10.0 DP-64S 
HD66HC000PSI2 12.5 
HD68HC000CPB 8.0 
HD68HC000CPIO 10.0 CP-68 
HD68HC000CPI2 12.5 

(Note) HD68000 refers to the NMOS version 68000, and HD68HC000 
refers to the CMOS version 68000. 68000 stands for NMOS and 
CMOS version. 
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H D 68000/ H D 68 H C000 

■ PIN ARRANGEMENT 
• DC-64, DP-64, DP-64S 

Da 
D3[ 
Dz 

Dt 
Do 

A~ 

UDS 
LDS 

R%W 

DTACK 1[q 
BG 11 

BGACK 1z 

BR t3 

VCC 14 

CLK 15 

VSg 16 

HALT n 

RES 1 B 
VMA 1s 

E zo 

VPA z1 

BERR zz 

IPLz z3 

IPLz za 

IPLo z5 

FCz zs 

FC, 27 

FCo 2e 

Al zs 

A2 30 

A3 31 

A4 32 

s4 D5 
s3 D6 
sz p7
s1 DB 

y D9 
5s Dto 

~58 D t 1 

s7 Dt2 
56 D13 
55 Dta 

54 Dt5 
53 VSS 

52 A23 

51 A22 

5o Azt 
49 VCC 

]Aza 
.4~i A1g 

as Ate 
45 A17 

~Ats 
43 A15 

]A1a 
41 A13 

,4]o Atz 
39 At t 
38 A10 

37 Ag 
36 AB 

35 A7 

As 
33 A5 

(Top View) 

• PGA-68 

1 PIN 

O oo~~~~o.000' 
~o~ e~ a 

p~CC~oII ..0~> o ~ 
0 O 

v  O'O

oo; oo;
o: o

0 0" ~/~~+~' 

O' s 

Q OSIOI~ OO 1/~ ,~~ O l O9 

(Top View) (Bottom View) 

Pin No. Function Pin Na. Function Pin No. Function Pin No. Function 

1 N/C 18 A. 35 D, 52 Att

2 DTACK 19 N/C 38 AS 53 A„ 

3 BGACK 20 A,. 37 LDS 51 A,. 

♦ 7B 1 21 A~~ 38 BG 65 Vu 

5 CLK 22 A„ 39 Vcc 56 Vya 

8 HALT 23 A,. /0 Vy 57 Ate

7 ~ 21 A~ /1 RES 58 D,. 

B E 26 Ati /2 VPA 59 D~~ 

9 BERR 28 Att 13 IPLz BO Os 

10 N/C 27 Dis 11 IVLu 61 D. 

11 FCt 28 Dtt IS FCC 62 0> 

12 FCo 28 Dto IB N/C 83 Do 

13 A, 30 Dc 17 At 51 UDS 

1/ At 31 Dt IB At 65 R/W 

16 A. 32 Ds 19 A, 68 1PLt

18 H 33 D. 60 Ato 87 Ait

17 At 34 Dt 51 A,t 88 Dis 

• CP-68 

DTACK 

ZB  K 

BA 
Vcc 
CLK 

Vss 

V:: 
N/C 

HALT 

~E$ 

~/lulA 

E 

BERR 

IPL7

IPLz

m 
m 

fltl 

R~ 

~y 
m 

m 
fll 

iG7 

iL7 

I~ 
F~ 

f'lll 

[bi 

m 

I¢ I° I7 Ca"  0 0 0 0 0 0 0 0 0 0 6 6 6 

~CG~0~0~~~ ~~~~ 

~ ~a~~~~~~~~Aa~~~ 
~LLLLLLZaaaa'aa"aaa'a'aa 

(Top View) 

Ffl 

~'Yl 

BI•ii 

~.Y.i 

!•Yf 

f.9J 

~dU 

`L•] 

CS:1 

Ctrl 

uy 

L81 

D13 

Dw 

Dts 

s 

a 

AiJ 

Ay7

A31 

Va

Ap 

A is 

Ale 

An 
Ats 

Ats 

Ala 

Ate 
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■ ABSOLUTE MAXIMUM RATINGS 

Item Symbol 
HD68000 HD68HC000 

Unit 
Value Value 

Supply Voltage VCC" —0.3 ̂  +7.0 —0.3 ^~ +6.5 V 
Input Voltage V;n • —0.3 ^~ +7.0 —0.3 ^- +6.5 V 
Operating Temperature Range Topr 0 ̂ ~ +70 0 ^~ +70 °C 
Storage Temperature Tstg —55 ^' +~ 50 —55 ^' +~ 50 °C 

•With respect to Vgg (SYSTEM GND) 

(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. 
If these conditions are exceeded, it could affect reliability of LSI. 

Since the HD68HC000 is a C•MOS device, users are expected to be cautious on "latch-u p" problem caused by voltage fracturations. 

■ RECOMMENDED OPERATING CONDITIONS 

Item Symbol 
HD68000 HD68HC000 

Unit 
min typ max min typ max 

Supply Voltage VCC' 4.75 5.0 5.25 4.75 5.0 5.25 V 

Input Voltage 

CLK 
VIH • 2.0 _ VCC 2.8 — VCC 

V 
Other Inputs 2.0 — VCC 

All Inputs VIA ' —0.3 — 0.8 —0.3 — 0.8 V 

Operating Temperature Topr 0 25 70 0 25 70 °C 

• With respect to Vgg (SYSTEM GND) 
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H D 68000/ H D 68 H C000 

■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS IVDD = 5V ± 5%, V~ = OV, Ta = 0 ̂ - +70°C, Fig. 1, unless otherwise noted.) 

Item Symbol Test Condition 
HD68000 HD68HC000 

Unit 
min max min max 

Input "High" Voltage 
CLK 

VIH 2.0 VCC 
2.8 VCC V 

Other Inputs 2.0 VCc 
Input "Low" Voltage VIL VSS-0.3 0.6 VgS -0.3 0.8 V 

Input Leakage Current 

BERR, BGACK, BR, DTACK, 

lin @ 5.25V 
- 2.5 - 2.5 

µA 
IPLo ^~ IPL2 , VPA, CLK 

HALT, RES _ 20 - 20 

Three-State (Off State) 
Input Current 

AS, At.,, Ai3, Do "' Dts. 
FCe ^• FC2 , LDS, R/W, UDS, ITSI @ 2.4V/0.4V - 20 - 20 µA 
VMA 

Output "High" Voltage 
AS, AI "' qx3, 8G, Do "' pw.
FCe ^~ FCZ , LDS, R/W, UDS, VoH IpH = -400µA 2.4 - VCC-0.75 - V 
VMA, E 
E• VCC-0.75 -

Output "Low" Voltage 

HALT 

Von 

Ion=1.6 mA - 0.5 - 0.5 

V 

A t '~A23 , BG, FCo ^~ FCz Ion =3.2 mA - 0.5 - 0.5 

RES IDS=5.0 mA - 0.5 - 0.5 

AS, Do ^~ Dts , LDS, R/W, E, 
IOL=5.3 mA - 0.5 - 0.5 

UDS, VMA 

Power Dissipation 
CERAMIC PACKAGE 

Pp 

f=6MHz 
- 1.5 

- - W 

f = 8 MHz 
f = 10 MHz 

f = 12.5 MHz - 1.75 

PLASTIC PACKAGE 
f = 8 MHz, 
VCC = 5V, 
Ta = 25°C 

- 0.9 

Current Dissipation Ip•• 

f = 8 MHz - - - 25 

mA f= 10 MHz - - - 30 

f = 12.5 MHz - - - 35 

Capacitance (Package Type Dependent) Cin Ta = 25°C, 
f = 1 MHz 

- 20.0 - 20.0 pF 

•With external pull up resistor of 1.1 k5t. 
••Without load. 

+5 V 
+5V +5V 

Test 
Point 

152074 ~ R • = 74052 
or 

Equivalent 

C~ = t30 pF (Includes all Parasitics) 
R ~ = 6.0 k Si for AS, A, -Air , B V ,  D, ^-0 ~ r , E, 

FC• ^-FCz , LDS, R%W, DE'S, VMA 
•R = 1.22 kR ror A, ̀ A», BG, FCo ^-FCt

Figure 1 Test Loads 

HITACHI 

1S2074 OM 
or 
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H D 68000/ H D 68 H C000 

• AC CHARACTERISTICS (VCC = 5V ± 5%, V~ = OV, Ta = 0 ̂ ~ +70°C, unless otherwise noted.) 

CLOCK TIMING 

Item Symbol Test Condition 
6 MHz 6 MHz 10 MHz 12.5 MHz 

Unit 
min max min max min max min max 

Frequency of Operation f 

Fi 2 g' 

4.0 6.0 4.0 8.0 4.0 10.0 4.0 12.5 MHz 

Cycle Time tcyc 167 250 125 250 100 250 80 250 ns 

Clock Pulse Width 
tCL

75 125 55 125 45 125 35 125 ns 

tCH 75 125 55 125 45 125 35 125 ns 

Rise and Fall Times 
tCr — 10 — 10 — 10 — 5 ns 

tCf — 10 — 10 — 10 — 5 ns 

cc

528 

2 OV 

0.8V 

rCr r ---

e [CL~ 

= tCt 

tCH 

(NOTEI 

Timing measurements are referenced to and from a low voltage of 0.8 volt and high a voltage of 2.0 volts, unless otherwise noted. 
The voltage swing through this range should start outside and pass through the range such that the rise or fall will be linear between 0.8 volt and 
2.0 volts. 

Figure 2 Clock Input Timing 
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H D 68000/ H D 68 H C000 

READ AND WRITE CYCLES 

Num. Item Symbol 
Test 

Condition 
6 MHz 8 MHz 10 MHz 12.5 MHz 

Unit 
min max min max min max min max 

1 Clock Period t~yc

Fig. 3, 

Fig• 4 

167 250 125 250 100 250 80 250 ns 

2 Clock Width Low tCL 75 125 55 125 45 125 35 125 ns 

3 Clock Width High tcH 75 125 55 125 45 125 35 125 ns 

4 Clock Fall Time tCf — 10 — 10 — 10 — 5 ns 

5 Clock Rise Time tC, — 10 — 10 — 10 — 5 ns 

6 Clock Low to Address Valid tCLAv — 80 — 70 — 60 — 55' ns 

6A Clock High to FC Valid tCHFCv — 80 — 70 — 60 — 55 ns 

7 Clock High to Address, Data Bus 
High Impedance (Maximum) tCHnoz — 100 — 80 — 70 — 60 ns 

8 Clock High to Address, FC Invalid (Minimum) tCFIgF~ 0 — 0 — 0 — 0 — ns 

91 Clock High to AS, DS Low tcHSL 0 70 0 60 0 55 0 55 ns 

112 Address Valid to AS, DS Low (Read)/ 
AS Low (Write) tgvsL 35 — 30 — 20 — 0 — ns 

11A2 FC Valid to AS, DS Low (Readl/ 
AS Low (Write) tFCVSL 70 — 60 — 50 — 40 — ns 

121 Clock Low to AS, DS High tCLSH — 80 — 70 — 55 — 50 ns 

132 AS, DS High to Address/FC Invalid tSHAFI 40 — 30 — 20 — 10 — ns 

142 AS, DS Width Low (Read)/AS Low (Write) LSL 337 — 240 — 195 — 160 — ns 

14A2 ~ Width Low (Write) tpSL 170 — 115 — 95 — 80 — ns 

152 AS, DS Width High tS4i 180 — 150 — 105 — 65 — ns 

16 Clock High to Control Bus High Impedance icHcz — 100 — 80 — 70 — 60 ns 

172 AS, DS High to R/W High (Read) tSHRH 50 — 40 — 20 — 10 — ns 

181 Clock High to R%W High tCHRH 0 BO 0 70 0 60 0 60 ns 

201 Clock High to R/W Low (Write) tCHRL — BO — 70 — 60 — 60 ns 

20A5 AS Low to R%W Valid (Write) tgSRv — 20 — 20 — 20 — 20 ns 

212 Address Valid to R/W Low (Write) LgVRL 25 — 20 — 0 — 0 — ns 

21 A2 FC Valid to R%W Low (Write) tFCVRL 70 — 60 — 50 — 30 — ns 

222 R%W Low to DS Low (Write) tRLSL 140 — 80 — 50 — 30 — ns 

23 Clock Low to Data Out Valid (Write) tCLDo — 80 — 70 — 55 — 55 ns 

252 AS, DS High to Data Out Invalid (Write) CSHDOI 40 — 30 — 20 — 15 — ns 

262 Data Out Valid to DS Low (Write) tooSL 35 — 30 — 20 — 15 — ns 

275 Data In to Clock Low (Setup Time on Read) tDICL 25 — 75 — 10 — 10 — ns 

282 AS, DS High to DTACK High tgHDAH 0 325 0 245 0 190 0 150 ns 

29 AS, DS High to Data In Invalid 
(Hold Time on Read) LSFipll 0 — 0 — 0 — 0 — ns 

30 AS, DS High to BERR High LSHBEH 0 — 0 — 0 — 0 — ns 

312' S  DTACK Low to Data In (Setup Time) tDALDI — 120 — 90 — 65 — 50 ns 

32 HALT and RESET Input Transition Time tRHr, f 0 200 0 200 0 200 0 200 ns 

33 Clock High tom Low tCHGL — 80 — 70 — 60 — 50 ns 

34 Clock High to BG High 1CHGH — 80 — 70 — 60 — 50 ns 

35 BR Low to BG Low LBRLGL 1'S

100 

+3.5 
1.5 

90 

+3 5 
1.5

80 

+3.5 
1.5

70 

+3.5 per; 

• 57 for HD68HC000 
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H D 68000/ H D 68 H C000 

READ AND WRITE CYCLES (CONTINUED) 

Num. Item Symbol 
Test 

Condition 
6 MHz 8 MHz 10 MHz 12.5 MHz 

Unit 
min max min max min max min max 

367 BR High to BG High tgRHGH 

Fig. 3, 
Fig. 4 

1 5 
100ns 
+3.5 

1 5 90ns 
+3.5 

1 5
80ns 
+3.5 

1 5 70ns
+3.5 

CIk.Per. 

37 tGALGH 1.5 
100ns 
+3.5 

1 
5

90ns 
+3.5 

1 
5

80ns 
+3.5 

1 
5

70ns
+3.5 CIk.Per. BGACK Low to BG Hi h 9 

37Ag tGALBRH 20 
1.5

Clocks 20 
1.5

Clocks 20 
1.5

Clocks 20
1.5 

Clocks 
ns BGACK Low to BR High 

38 BG Low to Control, Address, Data Bus 
High Impedance (AS High) tGL2 - 100 - 80 - 70 - 60 ns 

39 BG Width High tGH 1.5 - 1.5 - 1.5 - 1.5 - CIk.Per. 

40 Clock Low to VMA Law tcLVML - 80 - 70 - 70 - 70 ns 

41 Clock Low to E Transition tcleT - 85 - 70 - 55 - 45 ns 

42 E Output Rise and Fall Time tEr, f - 25 - 25 - 25 - 25 ns 

43 VMA Low to E High tvMLEH 240 - 200 - 150 - 90 - ns 

44 AS, DS High to VPA High $HVPH 0 160 0 120 0 90 0 70 ns 

45 E Low to Control, Address Bus Invalid 
(Address Hold Time) tELCAI 35 - 30 - 10 - 10 - ns 

46 BGACK Width Low k'iAL 1.5 - 1.5 - 1.5 - 1.5 - CIk.Per. 

475 Asynchronous Input Setup Time tggl 25 - 20 - 20 - 20 - ns 

483 BERR Low to DTACK Low tBELDAL 50 - 20 - 20 - 20 - ns 

499 AS, DS High to E Low tsHEL -80 - -70 70 -55 55 -45 45 ns 

50 E Width High tEH 600 - 450 - 350 - 260 - ns 

51 E Width Low tEL 900 - 700 - 550 - 440 - ns 

53 Clock High to Data Out Invalid tCHD01 0 - 0 - 0 - 0 - ns 

54 E Low to Data Out Invalid tELD01 40 - 30 - 20 - 15 - ns 

55 R%W to Data Bus Driven tRLDBD 35 - 30 - 20 - 10 - ns 

564 HALT/RESETPuIse Width tHRpyy 10 - 10 - 10 - 10 - CIk.Per. 

57 BGACK High to Control Bus Driven tGABD 1.5 - 1.5 - 1.5 - 1.5 - CIk.Per. 

567 BG High to Control Bus Driven LGHBD 1.5 - 1.5 - 1.5 - 1.5 - CIk.Per. 

NOTES: 

1. For a loading capacitance of less than or equal to 50 Dicofarads, substract 5 nanoseconds from the value given in the maximum columns. 

2. Actual value depends on clock period. 

3. If M47 is satisfied for both DTACK and BERR, X46 may be 0 nanoseconds. 

4. For power up, the MPU must be held in RES state for 100 ms to allow stabilization of onchip circuitry. After the system is powered up, 
X56 refers to the minimum pulse width required to reset the system. 

5. If the asynchronous setup time (X47) requirements are satisfied, the DTACK low-to-data setup time IM31) requirement can be ignored. 
The data must only satisfy the date-in clock-low setup time IN 27) for the following cycle. 

6. When AS and R/W are equally loaded (t20%1, subtract 10 nanoseconds from the values given in these columns. 

7. The processor will negate BG end begin driving the bus again if external arbitration logic negates ~ before asserting BGACK. 

8. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be reasserted. 

9. The falling edge of S6 triggers both the negation of the strobes (AS and xDS) and the falling edge of E. Either of these events can occur 
first, depending upon the loading on each signal. Specification X49 indicates the absolute maximum skew that will occur between the 
rising edge of the strobes and the falling edge of the E clock. 
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H D 68000/ H D 68 H C000 

These waveforms should only be referenced in regard to the output signals. Refer to other functional descriptions and 
edge-to-edge measurement of the timing specifications. They their related diagrams for device operation. 
are not intended as a functional description of the input and 

SO S1 S2 S3 S4 S5 S6 S7 Oq y 

CLK 

FCe—FCZ

®~ 

At—Aaa 

~-

AS J 

13 

LDS/UDS i 

~-- 12 

~~ 

18 -+ 

R/W 

DTACK 

Data In 

BERR/BR 

(Note 21 

HALT/RESET 

Asynchronous 

Input 

(Note 11 

~® 

~~ 
T 

~— 56 —+ 

~0 

tq~ 

f~ 

NOTES: 

1. Setup time for the synchronous inputs OGAC K, IPLe-y and VPA guarantees their recognition at the next falling edge of the clock. 
2. BR need fall at this time only in order to insure being recognized at the end of this bus cycle. 

3. Timing measurements are referenced to and from a low voltage of 0.8 volt end a high voltage 2.0 volts, unless otherwise noted. 
The voltage swing through this range should start outside and pass through the range such that the rise-or fall will be linear between 
0.8 volt end 2.0 volts. 

Figure 3. Read Cycle Timing 

HITACHI 531 



H D 68000/ H D 68 H C000 

These waveforms should only be referenced in regard to the 
edge-to-edge measurement of the timing specifications. They are 
not intended as a functional description of the input and output 

532 

CLK 

~~ 

signals. Refer to other functional descriptions and their related 
diagrams for device operation. 

SO S1 S2 S3 S4 S5 S6 S7 D ~
Z 1

~► 0 
~~ 

FCo-FCz

Uy _ 

A [ -A73 

Dy 

AS 

13 

LDS/U DS 

R/W 

~f 

~ ®Q

OTACK 

~~ 

Data Out 

BERR/BR 
(Note 21 

©~ 

~~ 

t©~ 

'—

HALT/RESET 
1 

Asynchronous  

Inputs 

(Note U  

`Q 

~~ 

NOTES: 
1. Timing measurements ere referenced to and from a low voltage of 0.8 volt end a high voltage of 2.0 volts, unless otherwise noted. 

The voltage swing through this range should start outside and pass through the range such that the rise or fell will be linear between 
0.8 volt and 2.0 volts. 

2. Because of loading variations, RAW may be valid after A$ even though both are initiated by the rising edge of S2 (Specification 20A). 

Figure 4. Write Cycle Timing 
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H D 68000/ H D 68 H C000 

• HMCS6800 TIMING 

Num. Item Symbol 
Test 

Condition 

6 MHz 8 MHz 10 MHz 12.5 MHz 
Unit 

min max min max min max min max 

12 Clock Low to AS, DS High tCLSH 

Fig. 5, 

Fig. 6 

— 80 — 70 — 55 — 50 ns 

18 Clock High to R%W High tCHRH 0 80 0 70 0 60 0 60 ns 

20 Clock High to R/W Low (Write) 1CHRL — 80 — 70 — 60 — 60 ns 

23 Clock Low to Data Out Valid (Write) tCLpO — 80 — 70 — 55 — 55 ns 

27 Data In to Clock Low (Setup Time on Read) tpICL 25 — 15 — 10 — 10 - ns 

29 AS, DS High to Data In Invalid 
(Hold Time on Read) tSHDII 0 — 0 — 0 — 0 — ns 

40 Clock Low to VMA Low 1CLVML — 80 — 70 — 70 — 70 ns 

41 Clock Low to E Transition 1CLET — 35 — 70 — 55 — 45 ns 

42 E Output Rise and Fall Time tEr f — 25 — 25 — 25 — 25 ns 

43 VMA Low to E High tVMLEH 240 — 200 — 150 — 90 — ns 

44 AS, DS High to VPA High VHVPH 0 160 0 120 0 90 0 70 ns 

45 E Low to Control, Address Bus Invalid 
(Address Hold Time) 

tELCAI 35 — 30 — 10 — 10 — ns 

47 Asynchronous Input Setup Time tgsl 25 — 20 — 20 — 20 — ns 

491 AS, DS High to E Low LSHEL —80 — —70 70 —55 55 —45 45 ns 

50 E Width High tEH 600 — 450 — 350 — 280 — ns 

51 E Width Low tEL 900 — 700 — 550 — 440 — ns 

54 E Low to Data Out Invalid tELD01 40 — 30 — 20 — 15 — ns 

NOTE: 

1. The falling edge of S6 triggers both the negation of the strobes (AS and xDS) and the falling edge of E. Either of these events can occur first, 
depending upon tha loading on each signal. Specification H49 indicates the absolute maximum skew that will occur between the rising edge of 
the strobes and the falling edge of the E clock. 

SO S1 S2 S3 S4 w w w w w w w w w w w w S5 S6 S7 SO 

CLK 

Ai —A~3 

ns 

R%W 

IB 

E 

VPA 

VMA 

Data 
Out 

Data In 

0 
~~ 

ao 

NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the best case possibly attainable. 

Figure 5. HMCS6800 Timing —Best Case 
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SO S7 S2 S3 S4 w w w w w w w w w w w w w w w w w w w w w w w w w w w w S5 S6 S7 SO 

CLK 

A~- A23 

R/W 

E 

~~ 

VMA 

Date Out 

Date In 

18 y r-~ IB 

dl 

t~ 

~© 

©'~ ~'-

 1 

NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the worst case possibly atteinebl e. 

Figure 6. HMCS6800 Timing -Worst Case 

BUS ARBITRATION 

Num. Item Symbol 
Test 

Condition 

6 MHz B MHz 10 MHz 12.5 MHz 
Unit 

min max min max min max min max 

7 Clock High to Address, Data Bus 
High Impedance tCHApZ 

Flg' 7 ~ 
Fig.9 

- 100 - 80 - 70 - 60 ns 

16 Clock High to Control Bus High Impedance tCHCZ - 100 - 80 - 70 - 60 ns 

33 Clock High to BG Low tCHGL - 80 - 70 - 60 - 50 ns 

34 Clock High to BG High tCHGH - 80 - 70 - 60 - 50 ns 

35 BR Low to BG Low tgRLGL 1'S
100ns 
+3.5 1'S

90ns 
+3.5 1'5

BOns 
+3.5 1'5

70ns 
+3.5 CIk.Per. 

36t BR High to BG High tgRHGH 1 5 100ns 
+3.5 

1 5 90ns 
+3.5 

1 
5

BOns 
+3.5 

1 5 70ns CIk.Per. +3.6 

37 tGALGH 1.5 t00ns 
+3.5 

1 5 90ns 
+3.5 

1 5 BOns 
+3.5 

1 5
70ns
+3.5 CIk.Per. BGACK Low to BG High 

37A2 t(3ALeRti 20 Clo ks 20 Clocks 20 C o ks 20 C o ks ns BGACK Low to BR High 

38 BG Low to Control, Address, Data 
Bus High Impedance IAS High) t~LZ - 100 - 80 - 70 - 60 ns 

39 BG Width High t~H 1.5 - 1.5 - 1.5 - 1.5 - 13k.Per. 

46 BGACK Width Low tGAL 1.5 - 1.5 - 1.5 - 1.5 - CIk.Per. 

47 Asynchronous Input Setup Time tggl 25 - 20 - 20 - 20 - ns 

57 BGACK High to Control Bus Driven tGAgD 1.5 - 1.5 - 1.5 - 1.5 - CIk.Per. 

58t BG High to Control Bus Driven tGHgp 1.5 - 1.5 - 1.5 - 1.5 - CIk.Per. 

NOTES; 

1. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BGACK. 

2. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be reasserted. 
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Figures 7, 8, and 9 depictthe three bus arbitration cases that 
can arise. Figure 7 shows the timing where AS is negated when 
the processor asserts SC (Idle Bus Case). Figure 8 shows the 
timing where AS is asserted when the processor asserts BG 
(Active Bus Case). Figure 9 shows the timing where more than 
one bus master are requesting the bus. Refer to Bus Arbitration 
for a complete discussion of bus arbitration. 

CLK 

BR 

BG 

BGACK 

AS 

LDS/ U DS 

VMA 

R%W 

FCo—FCz 

AI - A13 

Do—D~s 

The waveforms shown in Figures 7, 8, and 9 should only be 
referenced in regard to the edge-to-edge measurement of the 
timing specifications. They are not intended as a functional 
description of the input and output signals. Refer to other func-
tional descriptions and their related diagrams for device opera-
tion. 

37 

~- 34 

 ti 

Figure 7. Bus Arbitration Timing Diagram —Idle Bus Case 
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so si ss 
CLK 

~~ 

BR ~ 

BG 

BGACK 

AS 

LDS/U DS 

VMA 

R/W 

FCo—FCs 

AI — A]3 

Do—Dls 

©—
f~

4 
© 

rte. 
--~, 
f h 

f —~ 

©~ 

ti 

Figure B. Bus Arbitration Timing Diagram —Active Bus Case 

CLK /Z~~`L 
~-1T

BR ~ 

©~ ^~ 

~~ 

BG 
~_ _© 

— a6 --+ 
BGACK 

AS 

LDS/U Ds 

VMA 

R/W 

FCp—FCz 

A I —A]3 

DO —DI6 

—J6+ 

®—~ 

Figure 9. Bus Arbitration Timing Diagram —Multiple Bus Requests 
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■ INTRODUCTION 
As shown in the programming model, the 68000 offers seven-

teen 32-bit registers in addition to the 32-bit program counter 
and a 16-bit status register. The first eight registers (DO ^- D7) 
are used as data registers for byte (8•bit), word (16-bit), and 
long word (32-bit) data operations. The second set of seven 
registers (AO ^~ A6) and the system stack pointer may be used 
as software stack pointers and base address registers. In addi-
tion, these registers may be used for word and long word 
address operations. All 17 registers may be used as index regis-
ters. 

The status register contains the interrupt mask (eight levels 
available) as well as the condition codes; extend (X), negative 
(N), zero (Z), overflow (V), and carry (C). Additional status 
bits indicate that the processor is in a trace (T) mode and/or 
in a supervisor (S) state. 

Status Register 

System Byte 
User Byte 

(Condition Code Register) 

15 13 10 9 8" 4 3 2 1 0 

31 

31 

Programming Model 
1615 g7 

1615 

User $tack Pointer 

L  Supervisor $tack Pointer 
r

0 

U 

Do 
D1 

Dz 
D3 

D4 

DS 

D6 

D7 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

Eight 
Data 
Regirters 

Seven 
Address 
Registers 

lA 7 Two Stack 
Pointers 

.J 
31 24 23 0 

Program 
Counter 

Trace Mode 
T 

Extend I 
15 87 0 

Supervisor 
State Interrupt 

Negative 
Zero 

Status 
Register 

System Bvte i User Byte 

Mask Overflow 
Table 1 Addressing Modes 

Ca ry 

Unused, read as zero. 

• DATA TYPES AND ADDRESSING MODES 
Five basic data types are supported. These data types are: 
(l) Bit$ 
(2) BCD Digits (4 bits) 
(3) Bytes (8 bits) 
(4) Word (16 bits) 
(5) Long Words (32 bits) 

In addition, operations on other data types such as memory 
address, status word data, etc., are provided for in the instruc-
tion set. 

The l4 addressing modes, shown in Table 1, includes six 
basic types: 
(1) Register Direct 
(2) Register Indirect 
(3) Absolute 
(4) Immediate 
(5) Program Counter Relative 
(6) Implied 

Included in the register indirect addressing modes is the cape-
bility to do postincrementing, predecrementing, offsetting and 
indexing. Program counter relative mode can also be modified 
via indexing and offsetting. 

Mode Generation 

Register Direct Addressing 
Data Regisker Diredt 
Address Register Direct 

EA = Dn 
EA = An 

Absolute Data Addressing 
Absolute Short 
Absolute Long 

EA = (Next Word) 
EA = (Next Two Words) 

Program Counter Relative Addressing 
Relative with Offset 
Relative with Index and Offset 

EA = IPCI + d„ 
EA = IPCI + IXnI +ds

Register Indirect Addressing 
Register Indirect 
Postincrement Register Indirect 
Predecrement Register Indirect 
Register Indirect with Offset 
Indexed Register Indirect with Offset 

EA = IAnI 
EA = IAN1, An +-An + N 
An a-An - N, EA = IAnI 
EA = IAnI + d,b
EA = IAnI + (Xnl + d, 

Immediate Data Addressing 
Immediate 
Quick Immediate 

DATA =Next Wordlsl 
Inherent Data 

Implied Addressing 
Implied Register EA = SR, USP, SP, PC 

(NOTES) 
EA =Effective Address 
An =Address Register 
Dn =Data Register 
Xn =Address or Data Register used 

as Index Register 
SR =Status Register 

PC =Program Counter 
1 1=Contents of 
de =Eight-bit Offset 

(displacement) 

d, 

N 

a =Sixteen-bit Offset 
(displacement) 

= 1 for Byte, 2 for 
Words and 4 for Long 
Words. If An is the stack 
pointer and the operand 
size is byte, N=2 to keep 
the stack pointer on a 
word boundary. 

= Replaces 
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• INSTRUCTION SET OVERVIEW 

The 68000 instruction set is shown in Table 2. Some addi-

tional instructions are variations, or subsets, of these and they 

appear in Table 3. Special emphasis has been given to the in-

struction set's support of structured high-level languages to facil• 

itate ease of programming. Fach instruction, with few excep• 

lions, operates on bytes, words, and long words and most 

instructions can use any of the 14 addressing modes. Combining 

instruction types, data types, and addressing modes, over 1000 

useful instructions are provided. These instructions include 

signed and unsigned multiply and divide, "quick" arithmetic 

operations, BCD arithmetic and expanded operations (through 

traps). 

Table 2 Instruction Set 

Mnemonic Description Mnemonic Description Mnemonic Description 

ABCO Add Decimal with Extend FOR Exclusive Or PEA Push Effective Address 
ADD Add EXG Exchange Registers 

RESET Reset External Devices 
AND Logical And EXT Sign Extend 

ROL Rotate Left without Extend 
ASL Arithmetic Shift Lett JMP Jump ROR Rotate Right without Extend 
ASR Arithmetic Shift Right JSR Jump to Subroutine ROXL Rotate Left with Extend 
BCC Branch Conditionally LEA Load Effective Address ROXR Rotate Right with Extend 
BCHG Bit Test and Change LINK Link Stack RTE Return from Exception 
BCLR Bit Test and Clear LSL Logical Shift Left RTR Return and Restore 
BRA Branch Always LSR Logical Shift Right RTS Return from Subroutine 
BSET Bit Test and-Set MOVE Move SBCD Subtract Decimal with Extend 
BSR 

BTST 

Branch to Subroutine 
Bit Test 

MOVEM 
MOVEP 

Move Multiple Registers 
Move Peripheral Data 

Scc 
STOP 

Set Conditional 
Stop 

CHK Check Register Against Bounds MULS Sighed Multiply SUB Subtract 
CLR Clear Operand MULU Unsigned Multiply SWAP Swap Data Register Halves 
CMP Compare NBCD Negate Oecimal with Extend TAS Test and Set Operand 
DBCC Test Condition, Decrement and NEG Negate TRAP Trap 

Branch NOP No Operation TRAPV Trap on Overflow 
DIVS Signed Divide NOT One's Complement TST Test 
DIVU Unsigned Divide OR Logical Or UNLK Unlink 

Table 3 Variations of Instruction Types 

Instruction Variation 
Instruction 

Description Variation Description 
Type Type 

ADD ADD Add MOVE MOVE Move 

ADDA Add Address MOVEA Move Address 

ADDA Add Quick MOVEQ Move Ouick 

ADDI Add Immediate MOVE from SR Move from Status Register 

ADDX Add with Extend MOVE to SR Move to Status Register 

AND AND Logical And MOVE to CCR Move to Condition Codes 

ANDI And Immediate MOVE USP Move User Stack Pointer 

ANDI to CCR And Immediate to NEG NEG Negate 
Condition Codes NEGX Negate with Extend 

ANDI to SR And Immediate to 
OR 

Status Register 
OR Logical Or 

ORI Or Immediate 
CMP CMP Compare ORI to CCR Or Immediate to 

CMPA Compare Address Condition Codes 

CMPM Compare Memory ORI to SR Or Immediate to 

CMPI Compare Immediate Status Register 

FOR FOR Exclusive Or SUB SUB Subtract 

EORI Exclusive Or Immediate SUBA Subtract Address 
EORI to CCR Exclusive Or Immediate SUBI Subtract Immediate 

to Condition Codes SUBA Subtract Quick 
EORI to SR Exclusive Or Immediate 

to Status Register 
SUBX Subtract with Extend 
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■ REGISTER DESCRIPTION AND DATA ORGANIZATION 
The following paragraphs describe the registers and data 

organization of the 68000. 

• OPERAND SIZE 
Operand sizes are defined as follows: a byte equals 8 bits, 

a word equals 16 bits, and a long word equals 32 bits. The 
operand size for each instruction is either explicitly encoded 
in [he instruction or implicitly defined by the instruction 
operation. Implict instructions support some subset of all three 
sizes. 

• DATA ORGANIZATION IN REGISTERS 
The eight data registers support data operands of I , B, 16, 

or 32 bits. The seven address registers together with the active 
stack pointer support address operands of 32 bits. 

DATA REGISTERS 
Each data register is 32 bits wide. Byte operands occupy 

the low order 8 bits, word operands the low order 16 bits, and 
long word operands the entire 32 bits. The least significant bit 
is addressed as bit zero: the most significant bit is addressed 
as bit 31. 

When a data register is used as tither a source or destination 
operand, only the appropriate low-order portion is changed: 
the remaining high-order portion is neither used nor changed. 

15 14 73 12 11 

Byte 000000 

Byte 000002 

j

ADDRESS REGISTERS 
I'.ach address register and the stack pointer is 32 bits wide 

attd holds a full 3'_ bit address. Address registers do not support 
byte sized operands. Therefore, when an address register is used 
as a source operand, either the low order word or the entire 
long word operand is used depending upon the operation size. 
When an address register is used as the destination operand, the 
entire register is affected regardless of the operation size. If the 
operation size is word, any other operands arc sign extended 
to 32 bits before the operation is performed. 

• DATA ORGANIZATION IN MEMORY 
Bytes are individually addressable with the high order byte 

having an even address the same as the word, as shown in 
Figure 10. The low order byte has an odd address that is one 
count higher than the word address. Instructions and multibyte 
data are accessed only on word (even byte) boundaries. If a 
long word datum is located at address n (n even), then the 
second word of that datum is located at address n + 2. 

The data types supported by the 68000 are: bit data, integer 
data of 8, 16, or 32 bits, 32-bit addresses and binary coded 
decimal data. Each of these data types is put in memory, as 
shown in Figure 11. The numbers indicate the order in which 
the data would be accessed from the processor. 

70 9 8 7 6 

Word 000000 
I

Word 000002 
I 

5 4 3 2 1 

8yte000001 

Byte 000003 

Byte FFFFFE 
WordFFFFFE 

I Byte FFFFFE 

Figure 10 Word Organization in Memory 

0 

i 
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n 

n+2 

n 

n+2 

n+q 

n 

n+2 

n+4 

n+6 

n+8 

n+10 

n 

n+2 

n+4 

n+6 

n+8 

n+10 

n 

n+2 

Bit Data 
1 Byte = 8 Bits 

7 6 5 4 3 2 1 0 

Integer Data 
1 Byte = 8 Bits 

12 11 10 9 8 7 6 5 4 3 2 0 

MSB Byte 0 LSB BYte 1 

Byte 2 Byte 3 

1 Word = 16 Bits 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

MSB Word 0 LSB 

Word 1 

Word 2 

1 Long Word = 32 Bits 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

MSB 

— — — Long Word 0 
High Order 

Low Order LSB 

.---Long Word 1 

•-- -Long Word 2 -

Addresses 
1 Address = 32 Bits 

15 14 13 12 it 10 9 8 7 6 5 4 3 2 1 0 

MSB 
— — — Address 0 

High Order 

Low Order LSB 

— — — Address 1—

_ _ — .Address 2 

MSB = Most Signii ica nt Bit 
LSB =Least Significant Bit 

Decimal Data 
2 Binary Codad Decimal Digits = 1 Byte 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
MSD gCDO BC D1 

LSD BCD2 BCD3 

BCD4 BCD5 BCD6 BCD7 

MSD= Mort Significan Digit 
LSD = Least Significant Digit 

Figure 11 Data Organization in Memory 

n+1 

n+3 

n+i 

n+3 

n+5 

n+1 

n+3 

n+5 

n+7 

n+g 

n+11 

n+1 

n+3 

n+5 

n+7 

n+9 

n+11 

n+1 

n+3 
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• ADDRESSING 
Instructions for the 68000 contain two kinds of information: 

the type of function to be performed, and the location of the 
operands) on which to perform that function. The methods 
used to locate (address) the operands) are explained in the 
following paragraphs. 

Instructions specify an operand location in one of three 
ways: 

Register Specification —the number of the register is given 
in the register field of the instruction. 

Effective Address —use of the different effective address 
modes. 

Implicit Reference —the definition of certain instructions 
implies the use of specific registers. 

• INSTRUCTION FORMAT 
Instructions are from one to five words in length, as shown 

in Figure 12. The length oC the instruction and the operation 
to be performed is specified by the Cirst word of the instruction 
which is called the operation word. The remaining words 
further specify the operands. These words are either immediate 
operands or extensions to the effective address mode specified 
in the operation word. 

• PROGRAM/DATA REFERENCES 
The 68000 separates memory references into two classes: 

program references, and data references. Program references, as 
the name implies, are references to that section of memory that 

4 13 12 11 t 

contains the program being executed. Data references refer to 
that section of memory that contains data. Operand reads are 
from the data space except in the case of the program counter 
relative addressing mode. All operand writes are to the data 
space. 

• REGISTER SPECIFICATION 
The register field within an instruction specifies the register 

to be used. Other fields within the instruction specify whether 
the register selected is an address or data register and how the 
register is to be used. 

• EFFECTIVE ADDRESS 
Most instructions specify the location of an operand by using 

the effective address field in the operation word. For example, 
Figure 13 shows the general format of the single effective address 
instruction operation word. The effective address is composed 
of two 3-bit fields: the mode field, and the register field. The 
value in the mode field selects the different address modes. The 
register field contains the number of a register. 

The effective address field may require additional informa-
tion to fully specify the operand. This additional information, 
called the effective address extension, is contained in the 
following word or words and is considered part of the instruc-
tion, as shown in Figure 12. The effective address modes are 
grouped into three categories: register direct, memory address-
ing, and special. 

4 
Operation Word 

(First Word Specifies Operation and Modes) 

Immediate Operand 
(lf Any, One or Two Words) 

Source Effective Address Extension 
(lf Any, One or Two Wordsl 

Destination Effective Address Extension 
Ilf Any, One or Two Wordsl 

Figure 12 Instruction Format 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

X x x x x x x x x x Effective Address 
Mode ( Register 

Figure 13 Single-Effective-Address Instruction Operation Word General Format 
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REGISTER DIRECT MODES 
These effective addressing modes specify that the operand 

is in one of the 16 multifunction registers. 

MPU 

OOOOABCD DO 

MOVE D0, $1 F00 

EXAMPLE

$001F0~ ABCD 

Data Register Direct 
The operand is in the data register specified by the effective 

address register field. 

MEMORY 

OWL 

OWL+2 

Address Register Direct 
The operand is in the address register specified by the effec-

tive address register field. 

MPU 

MOVE A4, $201000 

EXAMPLE 

OWL 

OWL+2 

OWL+4 

MEMORY 
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COMMENTS 

•EA=Dn 

• Machine Level Coding 

MOVE D0, $1 F00 

0011 0001 1100 0000 

Move 
Word Reg #0 

Absolute 
Short 

Da a 
Register 
Direct 

COMMENTS 
•EA=An 

• Machine Level Coding 

MOV E A4, $201000 

0011 0011 1100 1100 

Move 
Word Absolute 

Long 
Add ess 
Register 
Direct 

Reg #4 
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MPU 

MOVE $201000, A4 

EXAMPLE

OWL 

OWL+2 

OWL+4 

MEMORY 

MEMORY ADDRESS MODES 
These effective addressing modes specify that the operand 

is in memory and provide the specific address of the operand. 

EXAMPLE

MPU 

COMMENTS 

•EA=An 
• Address Register Sign Extended 
• Machine Level Coding 

MOVE $201000, A4 

0011 

Move 
Word 

1000 0111 1001 

f 
Absolute 
Long 

Reg#4 

Address 
Register 
Direct 

Address Register Indirect 
The address of the operand is in the address register specified 

by the register field. The reference is classified as a data refer-
ence with the exception of the jump and jump to subroutine 
instructions. 

MEMORY 

COMMENTS 

• EA = IAn) 

• Machine Level Coding 

MOVE IA01, DO 

0011 0000 0001 0000 

  Regg #0 
Word Data 

Register 
Direct 

Reg #0 ARI 
(Address 
Register 
Indirect) 
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Address Register Indirect With Postincrement 
The address of the operand is in the address register specified 

by the register field. After the operand address is used, it is 
incremented by one, two, or four depending upon whether 
the size of the operand is byte, word, or long word. If the 

MPU 

00000100 A4 

00000102 

MOVE IA41 +, $2000 

EXAMPLE

$100 

$2000 

OWL 

OWL+2 

address register is the stack pointer and the operand size is 

byte, the address is incremented by two rather than one to 
keep the stack pointer on a word boundary. The reference is 

classified as a data reference. 

MEMORY 

Address Register Indirect With Predecrement 
The address of the operand is in the address register specified 

by the register field. Before the operand address is used, it is 
decremented by one, two, or four depending upon whether 
the operand size is byte, word, or long word. If the address 

MPU 

00000100 

OOOOOOFE 

A3 

MOVE - IA31, $4000 

EXAMPLE

$OOFE 

$0100 

$4000 

OWL 

OWL+2 

COMMENTS 
• EA = IAnI; An + M~An 

Where An-a Address Register 
M -+1, 2, or4 

(Depending Whether 
Byte, Word, or 
Long Word) 

• Machine Level Coding 

MOVE IA41 +, $2000 

0011 0001 1101 1100 

Reg #4 
Move 
Word gbsolute 

Shor ARI with 
Increment 

register is the stack pointer and the operand size is byte, the 
address is decremented by two rather than one to keep the 
stack pointer on a word boundary. The reference is classified 
as a data reference. 

MEMORY 
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COMMENTS 

Where An --►Address Register 
M --►1, 2, or4 

(Depending Whether 
Byte, Word, or 
Long Word) 

• Machine Level Coding 

MOVE - IA31, $4000 

0011 0001 

Move 
Word Absolute 

Short 

1110 0011 
~ - T
ARI 
with 
Predic-
rement 

Reg #3 
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Address Register Indirect With Displacement 
This address mode requires one word of extension. The ad-

dress of the operand is the sum of the address in the address 

MPU 

00001000 AO 

register and the sign-extended 16-bit displacement integer in 
the extension word. The reference is classified as a data refer-
ence with the exception of the jump to subroutine instructions. 

EXAMPLE COMMENTS 

MOVE $ t OOIA01, $3000 

ADDRESS 
CALCULATION: 
AO = 00001000 
d ~ a = 00000100 

00001100 

$1100 

$3000 

OWL 

OWL+2 

OWL+4 

MEMORY 
• EA = An + d,a

Where An —+Pointer Register 
d,e X16 -Bit Displacement 

• d~a Displacement is Sign Extended 
• Machine Level Coding 

MOVE $1001A01, $3000 

0011 0001 1110 7000 
~ ~ 

Absolute Reg #0 
Short 

Move ARI 
Word with 

Displacement 

Address Register Indirect With Index eight bits of the extension word, and the contents of the index 
This address mode requires one word of extension. The register. The reference is classified as a data reference with the 

address of the operand is the sum of the address in the address exception of the jump and jump to subroutine instructions. 
register, the sign-extended displacement integer in the low order 

MPU 

~000028DC 

(00002000 

DO 

AO 

MOVE $041A0, D01, 
$1000 

ADDRESS 
CALCULATION: 
AO =00002000 
DO a 000028DC 
d =00000004 

000048E0 

EXAMPLE COMMENTS 
•EA=An+Rx+d, 

Where 
An Pointer Register 
Rx ~ Designated Index Register, 

(Either Address Register or 

$1000 
Data Register) 

~' ' d, —~ B-Bit Displacement 
• Rx & d. are Sign Extended 
• Rx may be Word or Long Word 

Long Word may be Designated with Rx.L 
• Machine Level Coding 

MEMORY 

$48E0 

OWL 

OWL+2 

OWL+4 

MOVE $041A0, D01, $1000 

0011 0001 1111 0000 
~— 1 ~ ~_ 
Move Absolute Reg #0 
Word Short 

AR I 
with 
Index 

0000 0000 0000 0100 

D/A, Word i Offset 

Reg #0 Constant Zeros 
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SPECIAL ADDRESS MODE Absolute Short Address 
The special address modes use the effective address register This address mode requires one word of extension. The ad-

field to specify the special addressing mode instead of a register dress of the operand is the extension word. The 16-bit address 

number. is sign extended before it is used. The reference is classified 
as a data reference with the exception of the jump and jump 
to subroutine instructions. 

MPU 

N OT.L $2000 

MPU 

MOVE $1000, $2000 

EXAMPLE COMMENTS 
• EA = (Next Word) 
• 16-Bit Word is Sign Extended MEMORY 

$2000 

$2002 

OWL 

OWL+2 

• Machine level Coding 

NOT.L $2000 

0100 0110 1011 10

}

00 

LW  f 

Not Instruction 
Absolute 
Short 

EXAMPLE COMMENTS 
• EA = (Next Word) 
• 16-Bit Word is Sign Extended 

$1000 

$2000 

OWL 

OWL+2 

OWL+4 

MEMORY 

—~ 
Move 
W ord 

• Machine Level Coing 

MOVE $1000, $2000 

0011 0001 1111 1000 

Absolute 
Short 

Absolute 
Short 
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$8000 

$8002 

MOVE ILABELI, DO 

ADDRESS 
CALCULATION: 
PC =00008002 
d=00001000 

<LABEL>$9002 
00009002 

H D 68000/ H D 68 H C00O 

Absolute Long Address first extension word; the loworder part of the address is the 
This address mode requires two words of extension. The second extension word. The reference is classified as a data 

address of the operand is developed by the concatenation of reference with the exception of the jump and jump to sub-
the extension words. The highorder part of the address is the routine instructions. 

EXAMPLE COMMENTS 

• EA = (Next Two Words) 
MPU 

NEG $014000 

$14000 

OWL 

OWL+2 

OWL+4 

MEMORY 

• Machine Level Coding 

NEG $014000 

0100 0100 0111 1001 

 $~  f 
NEG Absolute 
Instruction Long 

Program Counter With Displacement the extension word. The value in the program counter is the ad-
This address mode requires one word of extension. The dress of the extension word. The reference is classified as a pro-

address of the operand is the sum of the address in the program gram reference. 
counter and the sign-extended 16-bit displacement integer in 

EXAMPLE COMMENTS 
• EA = IPCI + d~a
• d,e is Sign Extended 
• Machine Level Coding 

MEMORY 

MOVE ILABELI, DO 

0011 0000 0011 1010 

Move Data 
Word Register 

Direct 

PC with 
Displacement 
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Program Counter With Index 
This address mode requires one word of extension. This 

address is the sum of the address in the program counter, the 
sign extended displacement integer in the lower eight bits of 
the extension word, and the contents of the index register. 
The value in the program counter is the address of the extension 
word. This reference is classified as a program reference. 

EA = IPCI + IP,xI +d, 

INOTEI 
PC Value 

Beginning 
Address of ~ PC + d, —~ 
Data Table 111

Desired Data ~ pC + d, + Rx —~ 
Location in Table 

MPU 

Instruction 

Data 
Table 

Extension Word 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

D/A Register W/L 0 0 0 Displacement Integer 

D/A :Data Register = 0, Address Register = 1 
Register : Index Register Number 
W/L :Sign-extented, low order Word integer 

in Index Register = 0 
Long Word in Index Register = 1 

EXAMPLE COMMENTS 

• EA = IPCI + IRxI +d, 
Where 

PC Current Program Counter 
Rx~Designated Index Register 
(Either Data or Address Register) 
d„ —►B-Bit Displacement 

• Rx and d, are Sign Extended 
$8002 8010 • Rx may be Word or Long Word 

Long Word is Designated with Rx.L 
• Machine Level Coding 

$8000 

<LABEU 
x$8012 

MOVE (LABEL) IA01, DO 

ADDRESS 
CALCULATIONS: 
PC = 00008002 
AO = 0000101 O 
d = 00000010 

00009022 

$9022 

MEMORY 

saa ~ HITACHI 

~_ 
Address 
Register 

MOVE (LABEL) IA01, DO 

0011 0000 0011 1011 

Move PC with 
Word Index 

Da a Register 
Direct 

1000 0000 00010000 
1 

Register 
Number 

8-Bit Displacement 

Constant Zeros 

Index Length 
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Word Immediate Data 
This address mode requires either one or two words of ex-

Extension 

tension depending on the size of the operation. 15 7 0 
Byte operation —operand is low order byte of extension 0 0 0 0 0 0 0 0 Bvte 

word 
15 or 0 

Word operation —operand is extension word 
Word 

Long word operation —operand is in the two extension 
words, high-order 16 bits are in the first extension word, 
loworder 16 bits are in the second extension word. 

15 or 0 

Long Word 
High Order 
Low Order 

EXAMPLE COMMENTS 

MPU 

MOVE #$1000, AO 

MPU 

MEMORY 
• Data =Next Wordls) 
• Data is Sign Extended 

for Address Register 
but not Data Register 

• Machine Level Coding 

MOVE #$1000, AO 

0011

Move 
Word 

0000 0111 1100 

Reg #0 Immediate 
Data 

EXAMPLE COMMENTS 
• Inherent Data 
• Data is Sign Extended to Long Word 
• Destination must be a Data Register 

MEMORY 

Address 
Register 
Direct 

• Machine Level Coding 

MOV EO #$5A, D3 

0111 011 0 0101 1010 

—~ ~ 4 
Reg #3 Fixed Immediate 

Move Zero Data 

Quick 
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Condition Codes or Status Register 
A selected set of instructions may reference the status regis-

ter by means of the effective address field. These are: 
ANDI to CCR 
AND[ to SR 
EORI to CCR 
EORI to SR 
ORI to CCR 
ORI to SR 
MOVE to CCR 
MOVE to SR 
MOVE from SR 

MPU 

MOVE $1020, SR 

EXAMPLE

MEMORY 

• EFFECTIVE ADDRESS ENCODING SUMMARY 
Table 4 is a summary of the effective addressing modes dis-

cussed in the previous paragraphs. 

Table 4 Effective Address Encoding Summary 

Addressing Mode Mode Register 

Data Register Direct 000 register number 

Address Register Direct 001 register number 

Address Register Indirect 010 register number 

Address Register Indirect with 
Postincrement 

011 register number 

Address Register Indirect with 
Predecrement 

100 register number 

Address Register Indirect with 
Displacement 

101 register number 

Address Register Indirect with 
Index 

110 register number 

Absolute Short 111 000 

Absolute Long 111 001 

Program Counter with 
Displacement 

111 010 

Program Counter with Index 111 011 

Immediate 111 100 

• IMPLICIT REFERENCE 
Some instructions make implicit reference to the program 

counter (PC), the system stack pointer (SP), the supervisor 'Increasing Addresses 

sso ~ H ITACH I 

COMMENTS 

• EA = (Next Word) 
• Note: This Example is a Privileged 

Instruction 

• Machine Level Coding 

MOVE $1020, SR 

0100 01
`
10 1111 1000 

1 
Move [o SR Absolute 

Short 

stack pointer (SSP), the user stack pointer (USP), or the status 
register (SR). 

SYSTEM STACK 
The system stack is used implicitly by many instructions; 

user stacks and queues may be created and maintained through 
the addressing modes. Address register seven (A7) is the system 
stack pointer (SP). The system stack pointer is either the super-
visor stack pointer (SSP) or the user stack pointer (USP), de-
pending on the state of the S-bit in the status register. If the 
S-bit indicates supervisor state, SSP is the active system stack 
pointer, and the USP cannot be referenced as an address re-
gister. [f the S-bit indicates user state, the USP is the active 
system stack pointer, and the SSP cannot be referenced. Each 
system stack fills from high memory to low memory. 

USP—

SYSTEM STACK POINTERS 
User Stack Supervisor Stack 

A7 A7' 

~L/ 
• Accessed when S = 0 
• PC is Stacked on 

Subroutine Calls in 
User State 

SSP 

~ / 
• Accessed when S = i 
• PC is Stacked on 

Subroutine Calls in 
Supervisor State 

• Used for Exception 
Processing 
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The address mode SP@- creates a new item on the active 
system stack, and the address mode SP C~+ deletes an item from 
the active system stack. 

The program counter is saved on the active system stack on 
subroutine calls, and restored from the active system stack on 
returns. On the other hand, both the program counter and the 
status register are saved on the supervisor stack during the 
processing of traps and interrupts. Thus, the correct execution 
of the supervisor state code is not dependent on the behavior 
of user code and user programs may use the user stack pointer 
arbitrarily. 

In order to keep data on the system stack aligned properly, 
data entry on the stack is restricted so that data is always put 
in the stack on a word boundary. Thus byte data is pushed on 
or pulled from the system stack in the high order half of the 
word; the lower half is unchanged. 

USER STACKS 
User stacks can be implemented and manipulated by employ-

ing the address register indirect with postincrement and pre-
decrement addressing modes. Using an address register (on of 
AO through A6), the user may implement stacks which are filled 
either from high memory to low memory, or vice versa. The 
important things to remember are: 

— using predecrement, the register is decremented before its 
contents are used as the pointer into the stack, 

— using postincrement, the register is incremented after its 
contents are used as the pointer into the stack, 

— byte data must be put on the stack in pairs when mixed 
with word or long data so that the stack will not get 
misaligned when the data is retrieved. Word and long 
accesses must be on word boundary (even) addresses. 

Stack growth from high to low memory is implemented with 
An@- to push data on the stack, 
An@+ to pull data from the stack. 

After eigher a push or a pull operation, register An points to 
the last (top) item on the stack. This is illustrated as: 

Any 

G 

low memory 

Ifreel 

top of stack 

bottom of stack 

high memory 

Stack growth from low to high memory is implemented with 
An@+ to push data on the stack, 
An@— to pull data from the stack. 

After either a push or a pull operation, register An points to 
the next available space on the stack. This is illustrated as: 

Any 

low memory 

bottom of stack 

top of stack 

Ifreel 

high memory 

QUEUES 
User queues can be implemented and manipulated with the 

address register indirect with postincrement or predecrement 
addressing modes. Using a pair of address registers (two of AO 
through A6), the user may implement queues which are filled 
either from high memory to low memory, or vice versa. Because 
queues are pushed from one end and pulled from the other, two 
registers are used: the put and get pointers. 

Queue growth from low to high memory is implemented with 
Aput(a'+ to put data into the queue, 
AgetCa_+ to get data from the queue. 

After a put operation, the put address register points to the 
next available space in the queue and the unchanged get address 
register points to the next item to remove from the queue. 
After a get operation, the get address register points to the next 
item to remove from [hc queue and the unchanged put address 
register points to the next available space in [hc queue. This is 
illustrated as: 

Aget —i 

L 

Aput —~ 

low memory 

last get Ifreel 

next get 

last put 

Ifreel 

high memory 

L 

If the queue is to be implemented as a circular buffer, the 
address register should be checked and, if necessary, adjusted 
before the put or get operation is performed. The address regis-
ter is adjusted by subtracting the buffer length (in bytes). 

Queue growth from high to low memory is implemented with 
Aput@- [o put data into the queue, 
AgetC~ - to get data from the queue. 

After a put operation, the put address register points to the 
last item put in [he queue, and the unchanged get address 
register points to the last item removed from the queue. After a 
get operation, the get address register points to the last item 
removed from the queue and the unchanged put address register 
points to the last item put in the queue. This is illustrated as: 
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Aput—► 

low memory 

Ifreel 

last put 

1 

Aget —+ 

1 
nett get 

last get Ifreel 

high memory 

If the queue is to be implemented as a circular buffer, the 
get or put operation should be performed first, and then the 
address register should be checked and, if necessary, adjusted. 
The address register is adjusted by adding the buffer length 
lin bytcsl. 

■INSTRUCTION SET SUMMARY 
The following paragraphs contain an overview of the form 

and structure of the 68000 instruction set. The instructions 

form a set of tools that include all the machine functions to 

perform the following operations: 
Data Movement 
Integer Arithmetic 
Logical 
Shift and Rotate 
Bit Manipulation 
Binary Coded Decimal 
Program Control 
System Control 

The complete range of instruction capabilities combined 

with the flexible addressing modes described previously pro-

vide a very flexible base for program development. 

• DATA MOVEMENT OPERATIONS 
The basic method of data acquisition (transfer and storage) 

is provided by the move (MOVE) instruction. The move instruc-
tion and the effective addressing modes allow both address 
and data manipulation. Data move instructions allow byte, 
word, and long word operands to be transferred from memory 
to memory, memory to register, register to memory, and regis-
ter to memory, and register to register. Address move instruc- 
lions allow word and long word operand transfers and ensure 
that only legal address manipulations are executed. In addition 
to the general move instruction there are several special data 
movement instructions: move multiple registers (MOVEM), 
move peripheral data (MOVEP), exchange registers (EXG), 
load effective address (LEA), push effective address (PEA), 

Gnk stack (LINK), unlink stack (UNLK), and move quick 
(MOVEQ). Table 5 is a summary of the data movement 
operations. 

Table 5 Data Movement Operations 

Instruction Operand Size Operation 

EXG 32 Rx ~+ Ry 
LEA 32 EA -~ An 

LINK - 
/An-~- ISP( 
ISP-~An~ 
SP+d-+SP 

MOVE 8, 16, 32 (EAIs-~ EAd 

MOVEM 16, 32 (EA) -~ An, Dn 
An, Dn -~ EA 

MOVEP 16, 32 IEAI ~ Dn 
Dn -~ EA 

MOVED 8 #xxx -~ Dn 

PEA 32 EA-+-ISP) 
SWAP 32 Dn(31:16J »DnJ15:OJ 

UNLK _ An -+Sp. 
(SP) + -~ An 

(NOTES) 
s =source 
d =destination 
1 1 ~ bit numbers 

-1 1 =indirect with predecrement 
( 1 +=indirect with postincrement 

# =immediate data 

• INTEGER ARITHMETIC OPERATIONS 
The arithmetic operations include the four basic operations 

of add (ADD), subtract (SUB), multiply (MUL), and divide 
(DIV) as well as arithmetic compare (CMP), clear (CLR), and 
negate (NEG). The add and subtract instructions are available 
for both address and data operations, with data operations 
accepting all operand sizes. Address operations are limited 
to legal address size operands (16 or 32 bits). Data, address, 
and memory compare operations are also available. The clear 
and negate instructions may be used on all sizes of data open- 
ands. 

The multiply and divide operations are available for signed 
and unsigned operands using word multiply to produce a long 
word product, and a long word dividend with word divisor to 
produce a word quotien with a word remainder. 

Multiprecision and mixed size arithmetic can be accomplish-
ed using a set of extended instructions. These instructions are: 
add extended (ADDX), subtract extended (SUBX), sign extend 
(EXT), and negate binary with extend (NEGX). 

A test operand (TST) instruction that will set the condition 
codes as a result of a compare of the operand with zero is also 
available. Test and set (TAS) is a synchronization instruction 
useful in multiprocessor systems. Table 6 is a summary of 
the integer arithmetic operations. 
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Table 6 Integer Arithmetic Operations 

Instruction Operand Size Operation 

ADD 
18, 32 

(EAI+ Dn ~ EA 
IEAI +#xxx -~ EA 
AN +IEAI -~ An 

AODX 8.18.32 
18, 32 

Dx+Dy+X~Dx 
-IA%1 + - (Ayl + X -+ (Axl 

CLR 8, 18, 32 IEAI ~ MPU 
O~EA 

CMP 
8, 18, 32 

16,32 

Dn -IEA) 
IEAI -#xxx 
IAzI + -IAyI + 
An-IEAI 

DIVS 32 _ 18 Dn+IEAI-' Dn 
OIVU 32+ 18 Dn+IEAI-~ Dn 

EXT 8 ~ 18 
18 ~ 32 

(Dole ~ Onro
(Dn) rs ~ Dn~=

MULS 16x16-+32 Dnx(EAI"On 
MULU 16x18 ~ 32 Onx(EA) ~ Dn 
NEG 8, 18, 32 0 -IEAI -' EA 
NEGX 8,16,32_ 0-IEAI-X-EA 

SUB 
8, 16, 32 

18, 32 

Dn - (EA) -~ Dn 
IEAI - Dn -~ EA 
IEAI - #xxx -~ EA 
An -IEAI-' An 

SUBX 8, 1 B, 32 Dx - Dy - X ~ Dx 
-IAxI - -IAyI - X ~ IAxI 

TAS 8 IEAI - 0, 1 ~ EA[71 
TST 8, 18, 32 IEAI - 0 

(NOTE) ( 1 'bit number 
- ( 1 =indirect with predecrement 
( 1 + =indirect with postincrement 

# =immediate data 

• LOGICAL OPERATIONS 
Logical operation instructions AND, OR, EOR, and NOT 

arc available for all sires of integer data operands. A similar 
set of immediate instructions (ANDI, ORI, and EORI► provide 
these logical operations with all sizes of immediate data. Table 
7 is a summary of the logical operations. 

Table 7 Logical Operations 

Instruction Operand Size Operation . 

AND 8, 16, 32 
Dnn1EA1- Dn 
IEAI^ Dn ~ EA 
IEAln=zxx- EA 

OR 8, 16, 32 
Dn v IEAI -~ Dn 
IEAI v Dn -~ EA 
IEAI v =xxx - EA 

FOR 8, 16, 32 
IEAI~Dy -- EA 
IEAI® #xxx - EA 

NOT 8, 16, 32 ^IEAI - EA 

INOTEI " =invert 
v = logical OR 
#= immediate data 
~ =logical AND 
®= exclusive OR 

• SHIFT AND ROTATE OPERATIONS 
Shift operations in both directions are provided by the 

arithmetic instructions ASR and ASL and logical shift instruc-
tions LSR and LSL. The rotate instructions (with and without 
extend) available are ROXR, ROXL, ROR, and ROL. All 

shift and rotate operations can be performed in either registers 
or memory. Register shifts and rotates support all operand 
sizes and allow a shift count specified in the instruction of 
one to eight bits, or 0 to 63 specified in a data register. 

Memory shifts and rotates are for word operands only and 
allow only single-bit shifts or rotates. Table 8 is a summary 
of the shift and rotate operations. 

Table S Shift and Rotate Operations 

Instruction Operand Size Operation 

ASL 8, 16, 32 X/C _ _ 0 

ASR 8,16,32 r+~ -~~X/C

LSL 8, 16, 32 X/C f- 0 

LSR 8,16,32 0 X/C ~► 

ROL 6, 16, 32 C ~ 

ROR 8, 16, 32 © 0 

ROXL 8, 16, 32 0 ~-

ROXR 8, 16, 32 X ~~ 

• BIT MANIPULATION OPERATIONS 
Bit manipulation operations are accomplished using the 

following instructions: bit test (BTST), bit test and set (BSET), 
bit test and clear (BCLR), and bit test and change (BCHG). 
Table 9 is a summary of the bit manipulation operations. 
(Bit 2 of [he status register is Z.) 

Table 9 Bit Manipulation Operations 

Instruction Operand Size Operation 
BTST 8, 32 ^- bit of IEAI ~ Z 

BSET 8, 32 bit of IEAI ~ Z; , 
1 -~ bit of EA 

BCLR 8, 32 (( bit of IEAI -- Z: 
\0 ~ bit of EA 

BCHG g g2 " bit of IEA) ~ Z; 
^~ bit of IEAI ~ bit of EA 

(Note) ^~ =invert 

• BINARY CODED DECIMAL OPERATIONS 
Multiprecision arithmetic operations on binary coded deci-

mal numbers are accomplished using the following instructions: 
add decimal with extend (ABCD), subtract decimal with extend 
(SBCD), and negate decimal with extend (NBCD). Table 10 is 
a summary of the binary coded decimal operations. 

Table 10 Binary Coded Decimal Operations 

Instruction Operand Size Operation 

ABCD g Dx,o + Dy,o + X ~ Ox 
- IAxI.o +- IAyI io + X -~ IAxI 

SBCD B Dxro - DYro - X ~ Dx 
- (Axlro - - (AYlro - X -~ IAzI 

NBCD 8 0 - IEAIro - X ~ EA 

- 1 1=indirect with predecrement 
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• PROGRAM CONTROL OPERATIONS 
Program control operations are accomplished using a series 

of conditional and unconditional branch instructions and return 
instructions. These instructions are summarized in Table 11. 

The conditional instructions provide setting and branching 
for the following conditions: 

CC —carry clear LS —low or same 
CS —carry set LT —less than 
EQ —equal MI —minus 
F —never true NE —not equal 
GE —greater or equal PL —plus 
GT —greater than T —always true 
HI —high VC — no overflow 
LE —less or equal VS —overflow 

Table 11 Program Control Operations 

Instruction Operation 
Conditional 
BCC 

DB~C

SCC

Branch conditionally (14 conditions) 
8-and 16-bit displacement 

Test condition, decrement, and branch 
16-bit displacement 

Set byte conditionally 116 conditions) 

U neonditional 
BRA 

BSR 

JMP 
JSR 

Branch always 
8-and 16-bit displacement 

Branch to subroutine 
8-and 16-bit displacement 

Jump 
Jump to subroutine 

Returns 
RTR 
RTS 

Return and restore condition codes 
Return from subroutine 

MPU 

Z=1 

BEO NEXT 

• SYSTEM CONTROL OPERATIONS 
System control operations are accomplished by using privi-

leged instructions, trap generating instructions, and instructions 
that use or modify the status register. These instructions are 

summarized in Table 12. 

Table 12 System Control Operations 

I n5[ru[tion Operation 

Privileged 

RESET 
RTE 
STOP 

ORI to SR 

MOVE USP 

ANDI to SR 

EORI to SR 

MOVE EA to SR 

Reset external devices 

Return from exception 

Stop program execution 

Logical OR to status register 

Move user stack pointer 

Logical AND to status register 

Logical FOR to status register 

Load new status register 

Trap Generating 

TRAP 

TRAPV 

CHK 

Trap 

Trap on overflow 

Check register against bounds 

Status Register 

ANDI to CCR 
EORI to CCR 

MOVE EA to CCR 

ORI to CCR 

MOVE SR to EA 

Logical AND [o condition codes 

Logical FOR to condition codes 

Load new condition codes 

Logical OR to condition codes 

Store status register 

• BRANCH INSTRUCTION ADDRESSING 

BRANCH INSTRUCTION FORMAT 

Operation Word 

Extension Word 

t5 B 7 0 

Operation Code B bit Displacement 

i6 bit Displacement if 8 bit Displacement = 0 

RELATIVE, FORWARD REFERENCE, 8-BIT OFFSET 

PC + 2 = 5002 
d=001E 

5020 

EXAMPLE

$5000 

$5020 

MEMORY 

COMMENTS 
• Offset Contained in 8 LSBs of Op Word 
• Offset is 2's Complement Number 
• If Offset = 0 then Word Offset is Used 
• Machine Level Coding 

BEO NEXT 

0110 0111 0001 1110 
~ ~ 

Branch Offset 

Branch If 
Equal 
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RELATIVE, BACKWARD REFERENCE 8.617 OFFSET 

EXAMPLE COMMENTS 

MPU 

Z=0 

BNE NEXT 

PC+2=4022 
d=FFDE

4000 

MPU 

C=0 

MEMORY 

$4000 

$4020 

• Offset Contained in B LSBs 
of Op Word 

• Offset is 2's Complement Number 
• If Offset = 0 then Word 

Offset is Used 
• Machine Level Coding 
BNE NEXT 
0110 0110 1101 1110 
~ ~ 

Branch Offset 

Branch If 
Not Equal 

RELATIVE, FORWARD REFERENCE, 16-BIT OFFSET 

BCC NEXT 

PC + 2 = 4002 
d=+1000

5002 

EXAMPLE

$4000 

$4002 

$5002 

M EMORV 

COMMENTS 

• Offset in Nezt Word 
• S~B it Offset Field = 0 
• 2's Complement Offset 
• Machine Level Coding 

BCC NEXT 
0110 0100 0000 0000 

Branch Zero set 

Branch If 
Carry Clear 
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• SIGNAL AND BUS OPERATION DESCRIPTION 
The following paragraphs contain a brief description of the 

input and output signals. A discussion of bus operation during 
the various machine cycles and operations is also given. 

(NOTI~:) The terms aaartion and nepetion will be used extensively. 
This is done to avoid confusion when dealing with a mixture 
of "active-low" and "active•high" signals. The term assert or 
assertion is used to indicate that a signal is active or true in-
dependent of whether that voltage is low or high. The term 
negate or negation is used to indicate that a signal is inactive or 
(also. 

• SIGNAL DESCRIPTION 
The input and output signals can be functionally organized 

into the groups shown in Figure 14. The following paragraphs 
provide a brief description of the signals and also a reference 

(if applicable) to other paragraphs that contain more detail 

about the function being performed. 

Processor 
Status 

HMCS6B00 r VMA Peripheral (l  P
Control 

BERR 
System r RES 
Control <l AL 

Figure 14 Input and Output Signals 

p, -'Au 

Oo'~~s 

Asynchronous 
Bus 

Control 

Bus 
Arbitration 

Control 

Interrupt 

Control 

ADDRESS BUS (Ar throughAzal 
This 23•bit, unidirectional, three-state bus is capable of 

addressing 8 megawords of data. It provides the address for bus 
operation during all cycles except interrupt cycles. During 
interrupt cycles, address lines At, Ax, and A3. Provide infor-
mation about what level interrupt is being serviced while address 
lines As through Az3 are all set to a logic high. 

DATA BUS (Do through Drs 1 
This 16-bit, bidirectional, three-state bus is the general 

purpose data path. It can transfer and accept data in either 
word or byte length. During an interrupt acknowledge cycle, 
an external device supplies the vector number on data lines 
Do through D~. 

ASYNCHRONOUS BUS CONTROL 
Asynchronous data transfer are handled using the following 

control signals: address strobe, read/write, upper and lower 
data strobes, and data transfer acknowledge. These signals 
are explained in the following paragraphs. 

Address Strobe IASI 
This signal indicates that there is a valid address on the 

address bus. 

Read/Write (R/WI 
This signal defines the data bus transfer as a read or write 

cycle. The R/W signal also works in conjunction with the upper 
and lower data strobes as explained in the following paragraph. 

Upper and Lower Data Strobes (UDS, LDS) 
These signals control the data on the data bus, as shown 

in Table 13. When the R/W line is high, the processor will read 
from'tlte data bus as indicated. When the R/W line is low, the 
processor will write to the data bus as shown. 

Table 13 Data Strobe Control of Data Bus 

UDS LDS R/W De ^~ Dls Do ^' Dr

High High — No valid data No valid data 

Low Low High Valid data bits 
8^- 15 

Valid data bits 
0^'7 

High Low High No valid data Valid data bits 
0-7 

Low High High Valid data bits 
8^- 15 

No valid data 

Low Low Low 
Valid data bits 

8 15 
Valid data bits 

0~7 

High Low Low Valid data bits 
0^'7' 

Valid data bits 
0~7 

Low High Low Valid data bits 
8^ 15 

Valid data bits 
8 15' 

These conditions a e a result of current implementation and may not 
appear on future devices. 

Data Transfer Acknowledge (DTACK) 
This input indicates that the data transfer is completed. 

When the processor recognizes DTACK during a read cycle, 
data is latched and the bus cycle terminated. When DTACK 
is recognized during a write cycle, the bus cycle is terminated. 

(Refer to ASYNCHRONOUS VERSUS SYNCHRONOUS OP• 
ERATION) 

BUS ARBITRATION CONTROL 
These three signals form a bus arbitration circuit to deter-

mine which device will be the bus master device. 

Bus Request (BRI 
This input is wire ORed with all other devices that could 

be bus masters. This input indicates to the processor that 
some other device desires to become the bus master. 

Bus Grant IBGI 
This output indicates to all other potential bus master 

devices that the processor will release bus control at the end 
of the current bus cycle. 

Bus Grand Acknowledge (BGACKI 
This input indicates that some other device has become the 

bus master. This signal cannot be asserted until the following 
four conditions are met: 

(I) A Bus Grant has been received 
(2) Address Strobe is inactive which indicates that the 

microprocessor is no[ using the bus 
(3) Bata Transfer Acknowledge is inactive which indicates 
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that neither memory nor peripherals are using the bus 
(4) Bus Grant Acknowledge is inactive which indicates that 

no other device is still claiming bus mastership. 

INTERRUPT CONTROL (IPLo ,IPL~, IPLz ) 
These input pins indicate the encoded priority level of the 

device requesting an interrupt. Level seven is the highest priority 
while level zero indicates [liar no interrupts are requested. 
Level seven can not be masked. The least significant bit is given 
in T~ and the most significant bit is contained in I>r. 
These lines must remain stable until the processor signals inter-
rupt acknowledge (FCo ^~ FCs are all high) to insure that the 
interrupt is recognized. 

SYSTEM CONTROL 
The system control inputs are used to either reset or halt 

the processor and to indicate to the processor that bus errors 
have occurred. The three system control inputs are explained 
in the following paragraphs. 

Bus Error (BERRI 
This input informs the processor that there is a problem 

with the cycle currently being executed. Problems may be a 
result of: 

(I) Nonresponding devices 
(2) Interrupt vector number acquisition failure 
(3) Illegal access request as determined by a memory man-

agement unit 
(4) Other application dependent errors. 
The bus error signal interacts with the halt signal to deter-

mine if exception processing should be performed or if the 
current bus cycle should be retried. 

Refer to BUS ERROR AND HALT OPERATION paragraph 
for additional information about ttte interaction of the bus 
error and halt signals. 

Reset (RES) 
This bidirectional signal line acts to reset (initiate a system 

initialization sequence) the processor in response to an external 
reset signal. An internally generated reset (result of a RESET 
instruction) causes all external devices to be reset and the 
internal state of the processor is not affected. A total system 
reset (processor and external devices) is the result of external 
HALT and RESET signals applied at the same time. Refer to 
RESET OPERATION paragraph for additional information 
about reset operation. 

Halt (HALT) 
When this bidirectional line is driven by an external device, 

it will cause the processor to stop at the completion of the 
current bus cycle. When [he processor has been halted using 
this input, all control signals are inactive and all three-state lines 
are put in their high-impedance state. Refer to BUS ERROR 
AND HALT OPERATION paragraph for additional information 
about the interaction between the halt and bus error signals. 

When the processor has stopped executing instructions, such 
as in a double bus fault condition, the halt line is driven by the 
processor to indicate to external devices that the processor has 
stopped. 

Enable IEI 
This signal is the standard enable signal common to all 

HMCS6800 type peripheral devices. The period for this out-
put is ten 68000 clock periods (six clocks low; four clocks high). 
Enable is generated by an internal ring counter which may come 
up in any state (i.e., at power on, it is impossible to guarantee 
phase relationship of E to CLK), E is afree-running clock and 
runs regardless of the state of the bus on the MPU. 

Valid Peripheral Address (VPA) 
This input indicates that the device or region addressed is 

a HMCS6800 family device and that data transfer should be 
synchronized with the enable (E) signal. This input also indi-
cates that the processor should use automatic vectoring for an 
interrupt. Refer to INTERFACE WITH HMCS6800 PERIPHER-
ALS. 

Valid Memory Address (VMA) 
This output is used to indicate to HMCS6800 peripheral 

devices that there is a valid address on the address bus and the 
processor is synchronized to enable. This signal only responds 
to a valid peripheral address (VPA) input which indicates that 
the peripheral is a HMCS6800 family device. 

PROCESSOR STATUS (FCo, FCi , FC=) 
These function code outputs indicate the state (user or 

supervisor) and the cycle type currently being executed, as 
shown in Table l4. The information indicated by the function 
code outputs is valid whenever address strobe (AS) is active. 

Table 14 Function Code Outputs 

FC= FC C FCo Cycle Type 
Low Low Low (Undefined, Reserved) 
Low Low High User Data 
Low High Low User Program 
Low High High (Undefined, Reserved) 
High Low Low (Undefined, Reserved) 
High Low High Superviser Data 
High High Low Supervisor Program 
High High High Interrupt Acknowledge 

CLOCK (CLK) 
The clock input is a TTLcompatible signal that is internally 

buffered for development of the internal clocks needed by the 
processor. The clock input should not be gated off at any time, 
and the clock signal must conform to minimum and maximum 
pulse width time. 

SIGNAL SUMMARY 
Table 15 is a summary of all the signals discussed itt the 

previous paragraphs. 

• BUS OPERATION 
The following paragraphs explain control signal and bus 

operation during data transfer operations, bus arbitration, bus 
error and halt conditions, and reset operation. 

HMCS6800 PERIPHERAL CONTROL 
These control signals are used to allow the interfacing of syn-

chronous HMCS6800 peripheral devices with the asynchronous 
68000. These signals are explained in the following paragraphs. 
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Table 15 Signal Summary 

Signal Name Mnemonic Input/Output Active State 
Three State 

On BGACK On HALT 

Address Bus A, ^- A=a output high yes Ves 

Data Bus Da "' Des input/output high yes yes 

Address Strobe AS output low yes no 

Read/Write R/W output 
read-high 
write-low yes no 

Upper and Lower Data Strobes UDS, LDS output low yes no 

Data Transfer Acknowledge DTACK input low no no 

Bus Request BR input low no no 

Bus Grant BG output low na no 

Bus Grant Acknowledge BGACK input low no no 

Interrupt Priority Level IPLa, IPL~, IPLt input low no no 

Bus Error BERR input low no no 

Reset RES input/output low no' no' 

Halt HALT input/output low no' no' 

Enable E output high no no 

Valid Memory Address ~V output low yes no 

Valid Peripheral Address C/AA input low no no 

Function Code Output FCo, FC t , FCt output high yes no 

Clock CLK input high no no 

Powerinput Vcc input — — —

Ground V~ input — — — 

• Opan drain 

DATA TRANSFER OPERATIONS 
Transfer of data between devices involve the following leads: 
(I) Address Bus A i through Aza 
(2) Data Bus Do through D es
(3) Control Signals 
The address and data buses are separate parallel buses used 

to transfer data using an asynchronous bus structure. In all 

cycles, the bus master assumes responsibility for deskewing 

all signals it issues at both [he start and end of a cycle. In 
addition, the bus master is responsible for deskewing the ac-

knowledge and data signals from the slave device. 
The following paragraphs explain the read, write, and read-

modify-write cycles. The indivisible read-modify-write cycle 

is the method used by the 68000 for interlocked multiprocessor 
communications. 

Read Cycle 
During a read cycle, the processor receives data from memo-

ry or a peripheral device. The processor reads bytes of data 

in all cases. If the instruction specifies a word (or double word) 
operation, the processor reads both upper and lower bytes 
simultaneously by asserting both upper and lower data strobes. 
When the instruction specifies byte operation, the processor 
uses an internal Ao bit to determine which byte to read and 
then issues the data strobe required for that byte. For bytes 
operations, when the Ao bit equals zero, the upper data strobe 
is issued. When the Ao bit equals one, the lower data strobe is 
issued. When the data is received, the processor correctly posi-

tions it internally. 
A word read cycle flow chart is given in Figure 15. A byte 
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read cycle flow chart is given in Figure 16. Read cycle timing is 
given in Figure 17. Figure 18 details word and byte read cycle 
operations. Refer to these illustrations during the following 
detailed. 

At state zero (SO) in the read cycle, the address bus (A, 
through Ala) is in the high impedance state. A function code 
is asserted on the function code output line (FCo through FC=). 
The read/write (R/W) signal is switched high to indicate a read 
cycle. One half clock cycle later, at state 1, the address bus is 
released from the high impedance state. The function code 
outputs indicate which address space that this cycle will operate 
on. 

In state 2, the address strobe (AS) is asserted to indicate that 
there is a valid address on the address bus and the upper and 
lower data strobe (UDS, LDS) is asserted as required. The mem-
ory or peripheral device uses the address bus and the address 
strobe to determine if it has been selected. The selected device 
uses the read/write signal and the data strobe to place its infor-
mation on the data bus. Concurrent with placing data on the 
data bus, the selected device asserts data transfer acknowledge 
(DTACK). 

Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. At the end of state 6 
(beginning of state 7) incoming data is latched into an internal 
data bus holding register. 

During state 7, address strobe and the upper and/or Tower 
data strobes are negated. The address bus is held valid through 
state 7 to allow for static memory operation and signal skew. 
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BUS MASTE R 

Address Device 
t l Set R/fA to Read 
21 Place Function Code on FCo ~ FC, 
31 Place Address on A, -A, s
4) Assert Address Strobe (AS 
51 Assert Upper Data Strobe IUDs) and Lower 

Data Strobe (LDS) 

SLAVE 

 1 
Input Data 

11 Oecode Address 
21 Place Data on Do ~ D,r
31 Assert Data Transfer Acknowledge 

IDTACK] 

Acquire Data 

11 Latch Data 
21 Negate ~ and 1_~ 
31 Negate etA ` 

I 
Terminate Cycle 

11 Remove Data from Do ~ D„ 
21 Negate DTACK 

1 
Start Next Cycle 

Figure 15 Word Read Cycle Flow Chart 

CLK 

A~ q,s 

A~ 

UDS 

LDS 

R/W 

DTACK 

Ds p,s 

Do D, ~~ 

FCo - FCa

BUS MASTER SLAVE 

Address Device 
11 Set R/W to Read 
21 Place Function Code on FCo -FCx
31 Place Address on A, -A, t
41 Assert Address Strobe IASI 
51 Assert Upper Data Strobe IUDs) or Low-

er Data Strobe (LDS (based on Ao) 

l 
Input Data 

11 Decode Address 
21 Place Data on Do ~ D, or Dd -D,: (based 

on UDS or LDS 
31 Assert Data Transfer Acknowledge 

(DTAI.K) 

Acquire Data 

t) Latch Data 
21 Negate UD~or 
31 Negate AS 

Terminate Cycle 
1) Remove Data from Do -D, or D„ ~ D,s
21 Negate DTACK 

1 
Start Next Cycle 

Figure 16 Byte Read Cycle Flow Chart 

SO S7 S2 S3 S4 S5 S6 S7 SO St S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 w w w w SS S6 S7 

- Read - - - - Write - - -+ 

Figure 17 Read and Write Cycle Timing Diagram 

- Slow Read - - - - 
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SO S7 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7 SO St S2 S3 S4 S5 S6 S7 

CLK 

A, 

Aa• 

AS 

UDS 

LDS 

R%W 

~~ /   

'Internal Signal Only 
II

-- -- Word Read — — +~--- -Odd Byte Read- --+ff —Even Byte Read — —~ 

Figure 18 Word and Byte Read Cycle Timing Diagram 

The read/write signal and the function code outputs also remain 
valid through state 7 to ensure a correct transfer operation. The 
slave device keeps its data asserted until it detects the negation 
of either the address strobe or the upper and/or lower data 
strobe. The slave device must remove its data and data transfer 
acknowledge within one clock period of recognizing the nega-
tion of the address or data strobes. Note that the data bus might 
not become free and data transfer acknowledge might not be 
removed until state 0 or 1. 

When address strobe is negated, the slave device is released. 
Note that a slave device must remain selected as long as address 
strobe is asserted to ensure the correct functioning ofihe read-
modify-write cycle. 

Write Cycle 
During a write cycle, the processor sends data to memory 

or a peripheral device. The processor writes bytes of data in 
all cases. If the instruction specifies a word operation, the pro-
cessor writes both bytes. When the instruction specifies a byte 
operation, the processor uses an internal Ae bit to determine 
which byte to write and then issues the data strobe required 
for that byte. For byte operations, when the Ar, bit equals zero, 
the upper data strobe is issued. When the Ae bit equals one, 
the lower data strobe is issued. A word write cycle Oow chart is 
given in Figure 19. A byte write cycle flow chart is given in 
Figure 20. Write cycle timing is given in Figure 17. Figure 21 
details word and byte write cycle operation. Refer to these 
illustrations during the following detailed discussion. 

At state zero (SO) in the write cycle, the address bus (A I
through A ra) is in the high impedance state. A function code is 
asserted on the function code output line (FCe through FCr). 

(NOTE) The read/write (R/W) signal remains high until state 2 to pre-
vent bus conflicts with preceding read cycles. The data bus is 
not driven until state 3. 

One half clock later, at state I , the address bus is released 
from the high impedance state. The function code outputs 
indicate which address space that this cycle will operate on. 

In state 2, the address strobe (AS) is asserted to indicate 
that there is a valid address on the address bus. The memory 
or peripheral device uses the address bus and the address strobe 
to determine if it has been selected. During state 2, the read/ 
write signal is switched low to indicate a write cycle. When 
external processor data bus buffers are required, the read/write 
line provides sufficient directional control. Data is not asserted 
during this state to allow sufficient turn around time for ex-
ternal data buffers (if used). Data is asserted onto the data bus 
during state 3. 

In state 4, the data strobes are asserted as required to indi-
cate that the data bus is stable. The selected device uses the 
read/write signal and the data strobes to take its information 
from the data bus. The selected device asserts data transfer 
acknowledge (DTACK) when it has successfully stored the data. 

Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. 

During state 7, address strobe and the upper and/or lower 
data strobes are negated. The address and data buses are held 
valid through state 7 to allow for static memory operation and 
signal skew. The read/write signal and the function code outputs 
also remain valid through state 7 to ensure a correct transfer 
operation. The slave device keeps its data transfer acknowledge 
asserted until it detects the negation of either the address strobe 
or the upper and/or lower data strobe. The slave device must 
remove its data transfer acknowledge within one clock period 
after recognizing the negation of the address or data strobes. 
Note that the processor releases the data bus at the end of state 
7 but that data transfer acknowledge might not be removed 
until state 0 or 1. When address strobe is negated, the slave 
device is released. 
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BUS MASTER 

Address Device 
i l Place Function Code on FCo `FCs 
21 Place Address on A, -A ss
31 Assert Address strobe IASI 
41 Set R/W to Write 
51 Place Data on Do ' D,s 
61 Assert Upper Data Strobe 1~1 and 

Lower Data Strobe I ~LL 1 

SLAVE 

Input Data 
11 Decade Address 
21 Store Data on Do ̀  Dis 
31 Assert Data Transfer Acknowledge 
(DTACK) 

1 

BUS MASTER SLAVE 

Address Device 

11 Place Function Code on FCa -FCs
21 Place Address on A, - Ats 
31 Assert Address Strobe (~) 
41 Set R/W to Write 
51 Place Data on Do ~ D, or D, - Dss (according 

to Aol 
61 Assert Upper Data Strobe IUDSI or Lower 

Data Strobe 1~1 (based on Ao l 

Terminate Output Transfer 

11 Negate UDS and LDS 
21 Negate AS 11 

31 Remove Data from Do - Dis
41 Set R/W to Read 

21 
31 
41 

1 
Terminate Cycle 

11 Negate DTACK 

I 

Start Next Cycle 

Figure 19 Word Write Cycle Flow Chart 

CLK 

A, `A» 

Ao. 

AS 

UOS 

LDS 

R/W 

DTACK 

D. ~ D,s 

Do D, 

FCo `FCs 

Input Data 

11 Decode Address 
21 Store Data on Do - D, if LD is asserted 

Store Data on D„ - D,s if U6S is asserted 
31 Assert Data Transfer Acknowledge 

IDTACKI 

Terminate Output Transfer 
Negate ~` and 
Negate A~ 
Remove Data from Do ` D, or D„ - D,s
Set R/W to Read 

1 
Terminate Cycle 

11 Negate bTACK 

Start Nezt Cycle 

Figure 20 Byte Write Cycle Flow Chart 

SO St S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 SS S6 S7 SO S1 S2 S3 S4 S5 S6 S7 

'Internal Signal Only 

- - -Word Write - -- +~- - -Odd Byte Write - - - +~ - -Even Byte Write - - - y 

Figure 21 Word and Byte Write Cycle Timing Diagram 
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Read-Moddy-Write Cycle 
The read-modify-write cycle performs a read, modifies the 

data in the arithmetic-logic unit, and writes the data back to the 
same address. In the 68000 this cycle is indivisible in that 
the address strobe is asserted throughout the entire cycle. The 
test and set (TAS) instruction uses this cycle to provide mean-
ingful communication between processors in a multiple pro-
cessor environment. This instruction is the only instruction that 
uses the read-modify-write cycle and since the test and set in-
struction only operates on bytes, all read-modify-write cycles 
are byte operations. Aread-modify-write cycle flow chart is 
given in Figure 22 and a timing diagram is given in Figure 23. 
Refer to these illustrations during the following detailed discus-
sions. 

At state zero (SO) in the read-modify-write cycle, the address 
bus (A t through Aza) is in the high impedance state. A function 
code is asserted on the function code output line (FCe through 

FCx)• The read/write (R/W) signal is switched high to indicate 
a read cycle. One half clock cycle later, at state 1, the address 
bus is released from the high impedance state. The function 
code outputs indicate which address space that this cycle will 
operate on. 

In state 2, the address strobe (AS) is asserted to indicate that 
there is a valid address on the address bus and the upper or 
lower data strobe (UDS, LDS) is asserted as required. The mem-
ory or peripheral device uses the address bus and the address 
strobe to determine if it has been selected. The selected device 
uses the read/write signal and the data strobe to place its infor-
mation on the data bus. Concurrent with placing data on the 
data bus, the selected device asserts data transfer acknowledge 
(DTACK). 

Data transfer acknowledge must be present at the processor 

at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. At the end of state 6 
(beginning of state 7) incoming data is latched into an internal 
data bus holding register. 

During state 7, the upper or Tower data strobe is negated. 
The address bus, address strobe, read/write signal, and function 
code outputs remain as they were in preparation for the write 
portion of the cycle. The slave device keeps its data asserted 
until it detects the negation of the upper or lower data strobe. 
The slave device must remove its data and data transfer ac• 
knowledge within one clock period of recognizing the negation 
of the data strobes. Internal modification of data may occur 
from state 8 to state 11. 
(NOTE) The read write signal remains high until state 14 to prevent bus 

conflicts with the preceding read portion of the cycle and the 
data bus is not asserted by the processor until state 15. 

In state 14, the read/write signal is switched low to indicate 
a write cycle. When external processor data bus buffers are 
required, the read/write line provides sufficient directional 
control. Data is not asserted during this state to allow sufficient 
turn around time for external data buffers (if used). Data is 
asserted onto the data bus during state 15. 

In state 16, the data strobe is asserted as required to indicate 

that the data bus is stable. The selected device uses the read/ 
write signal and the data strobe to take its information from the 
data bus. The selected device asserts data transfer acknowledge 
(DTACK) when it has successfully stored its data. 

Data transfer acknowledge must be present at the processor 
at the start of state 17 or the processor will substitute wait 
states for states 17 and 18. State 17 starts the synchronization 
of the returning data transfer acknowledge for the write portion 
of the cycle. The bus interface circuitry issues requests for 
subsequent internal cycles during state 18. 

During state 19, address strobe and the upper or lower data 
strobe is negated. The address and data buses are held valid 
through state 19 to allow for static memory operation and 
signal skew. The read/write signal and the function code outputs 
also remain valid through state 19 to ensure a correct transfer 
operation. The slave device keeps its data transfer acknowledge 
asserted until it detects the negation of either the address strobe 
or the upper or lower data strobe. The slave device must remove 
its data transfer acknowledge within once clock period after 
recognizing the negation of the address or data strobes. Note 
that the processor releases the data bus at the end of state 19 
but that data transfer acknowledge might not be removed until 
state 0 or 1. When address strobe is negated the slave device is 
released. 

BUS ARBITRATION 
Bus arbitration is a technique used by master-type devices 

to request, be granted, and acknowledge bus mastcrship. ln its 
simplest form, it consists of: 

(1) Asserting a bus mastership request. 
(2) Receiving a grant that the bus is available at the end of 

[he current cycle. 
(3) Acknowledging that mastership has been assumed. 
Figure 24 is a flow chart showing the detail involved in a 

request from a single device. Figure 25 is a timing diagram for 
the same operations. This technique allows processing of bus 
requests during data transfer cycles. 

The timing diagram shows that the bus request is negated 
at the time that an acknowledge is asserted. This type of oper-
ation would be true for a system consisting of the processor 
and one device capable of bus mastership. In systems having 
a number of devices capable of bus mastership, the bus reyuest 
line from each device is wire ORed to the processor. In this 
system, it is easy to see that there could be more than one bus 
request being made. The timing diagram shows that the bus 
grant signal is negated a few clock cycles after the transition 
of the acknowledge (BLACK) signal. 

However, if the bus requests are still pending, the processor 
will assert another bus grant within a few clock cycles alter 
it was negated. This additional assertion of bus grant allows 
external arbitration circuitry to select the next bus master 
before the current bus master has completed its requirements. 
The following paragraphs provide additional information about 
the three steps in the arbitration process. 
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BUS MASTER SLAVE 

Address Device 

11 Set R/OP to Read 
21 Place Function Code on FCo — FCC
31 Place Address on A, — A~ >
41 Assert Address Strobe IASI 
51 Assert Upper Data Strobe IUDs) or 

Lower Data Strobe (LDSI 

1 
Input Data 

11 Decode Address 
21 Place Data on Do ~ D, or D„ ~ D,s
31 Assert Data Transfer Acknowledge 

(DTACK) 

1 
Acquire Data 

11 Latch Data 
21 Negate l)~S or LDS 
31 Start Data Modification 

i 
Terminate Cycle 

11 Remove Data from Do ~ D, or D„ ~ D„ 
2) Negate DTACK 

Start Output Transfer 

11 Set R/W to Write 
21 Place Data on Do —D, or De —D,s 
31 Assert Upper Data Strobe (UDS) or Lower 

Data Strobe (LDS) 

i 
Input Data 

11 Strobe Data on Do ~ D, or D„ — D, s 
21 Assert Data Transfer Acknowledge 

IDTACK) 

Terminate Output Transfer 

11 Negate UDS or L6~ 
21 Negate A$ 
31 Remove Data from Oo —D, or De —D, s
41 Set R/1~ to Read 

Terminate Cycle 

11 Negate DTACK 

Start Nezt Cycle 

Figure 22 Read-Modify-Write Cycle Flow Chart 
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Do — D, or D„ —D,s --< ~—

FCo —FCC

Indivisible Cycle 

Figure 23 Read-Modify•Write Cycle Timing Diagram 
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PROCESSOR REQUESTING DEVICE 

Request the Bus 

11 Assert Bus Request IBR1 
 I 

Grant Bus Arbitration 

11 Assert Bus Grant IBGI 

1 
Acknowledge Bus Mastership 

11 External arbitration determines next bus 
master 

21 Next bus master waits for current cycle to 
complete 

31 Next bus master asserts Bus Grant 
Acknowledge IBGACKI to become new 
master 

41 Bus master negates BR 

Terminate Arbitration 

11 Negate BG land wait for BGACK to be 
negated) 1

1 
Operate as Bus Master 

11 Perform Data Transfers (Read and Write 
cycles) according to the same rules the pro-
cessor uses. 

1 
Release Bus Mastership 

11 Negate BGACK I

1 
Re-Arbitrate or Resume Processor 

Operation 

Figure 24 Bus Arbitration Cycle Flow Chart 

CLK 

A, ~Atr

AS 

LDS/UDS 

R/W 

DTACK 

Do — D, 

FCo —FCt

BR 

BG 

BGACK 

Requesting the Bus 

External devices capable of becoming bus masters request 

the bus by asserting the bus request (BR) signal. This is a wire 
ORed signal (although it need not be constructed from open 
collector devices)•that indicates to the processor that some 
external device requires control of [he external bus. The pro-
cessor is effectively at a lower bus priority level that the ex-
ternal device and will relinqujsh the bus after i[ has completed 
the last bus cycle it has started. 

When no acknowledge is received before the bus request 
signal goes inactive, the processor will continue processing 
when it detects that the bus request is inactive. This allows 
ordinary processing to continue if the arbitration circuitry 
responded to noise inadvertently. 

Receiving the Bus Grant 
The processor asserts bus grant (BG) as soon as possible. 

Normally this is immediately after internal synchronization. 
The only exception [o this occurs when the processor has made 
an internal decision to execute the next bus cycle but has not 
progressed far enough into the cycle to have asserted the address 
strobe (AS) signal. In this case, bus grant will no[ be asserted 
until one clock after address strobe is asserted to indicate to 
external devices that a bus cycle is being executed. 

The bus grant signal may be routed through a daisychained 
network or through a specific priorityencoded network. The 
processor is not affected by the external method of arbitration 
as long as the protocol is obeyed. 

Acknowledgement of Mastership 
Upon receiving a bus gran[, the requesting device waits 

until address strobe, data transfer acknowledge, and bus grant 
acknowledge are negated before issuing its own BGACK. The 
negation of the address strobe indicates that the previous 
master has completed its cycle, the negation of bus grant 
acknowledge indicates that the previous master has released 
the bus. (While address strobe is asserted no device is allowed 
to "break into" a cycle.) The negation of data transfer acknowl-
edge indicates the previous slave has terminated its connection 
to the previous master. Note that in some applications data 

Processor — —+t►--- DMA Device —~-- — — — — Processor _ — _ 

Figure 25 Bus Arbitration Cycle Timing Diagram 
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transfer acknowledge might not enter into this function. Gen-
eral purpose devices would then be connected such that they 
were only dependent on address strobe. When bus grant ac-
knowledge is issued the device is bus master until it negates 
bus grant acknowledge. Bus grant acknowledge should not be 
negated until after the bus cycles) is (are) completed. Bus 
mastership is terminated at the negation of bus grant acknowl-
edge. 

The bus request from the granted device should be drop-
ped after bus grant acknowledge is asserted. If a bus request 
is still pending, another bus grant will be asserted within a few 
clocks of the negation of bus grant. Refer to Bus Arbitration 
Control section. Note that the processor does not perform 
any external bus cycles before it re-asserts bus grant. 

BUS ARBITRATION CONTROL 
The bus arbitration control unit in the 68000 is implemented 

with a finite state machine. A state diagram of this machine is 
shown in Figure 26. All asynchronous signals to the 68000 are 
synchronized before being used internally. This synchronization 
is accomplished in a maximum of one cycle of the system clock, 
assuming that the asynchronous input setup time (~47) has 

AA 

R =Bus Request Internal 
A =Bus Grant Acknowledge Internal 
G =Bus Grant 
T =Three-State Control to Bus Control Logic• 

X =Don't Care 

• State machine will not change state if bus is in S0. Refer to BUS 
ARBITRATION CONTROL Tor additional in Tormation. 

•• The address bus will be placed in the high impedance state it T is 
asserted and 7CS is negated. 

Figure 26 State Diagram of 68000 Bus 
Arbitration Unit 

been met (see Figure 27). The input signal is sampled on the 
falling edge of the clock and is valid internally after the next 
falling edge. 

As shown in Figure 26, input signals labeled R and A are 
internally synchronized on the bus request and bus grant 
acknowledge pins respectively. The bus grant output is lebeled 
G and the internal three-state control signal T. If T is true, the 
address, data, function code line, and control buses are placed 
in ahigh-impedance state when AS is negated. All signals are 
shown in positive logic (active high) regardless of their true 
active voltage level. 

State changes (valid outputs) occur on the next rising edge 
after the internal signal is valid. 

A timing diagram of the bus arbitration sequence during a 
processor bus cycle is shown in Figure 28. The bus arbitration 
sequence while the bus is inactive (i.e., executing internal 
operations such as a multiply instruction) is shown in Figure 29. 

If a bus request is made at a time when the MPU has already 
begun a bus cycle but AS has not been asserted (bus state SO), 
BG will not be asserted on the next rising edge. Instead, BG will 
be delayed until the second rising edge following it's internal 
assertion. This sequence is shown in Figure 30. 

Internal Signal Valid 

External Signal Sampled 

CLK — 

BF (External) 

BR (Internal) 

17 ~ ~—

Figure 27 Timing Relationship of External Asynchronous 
Inputs to Internal Signals 
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8 R asserted i 
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Processor starts next bus cycle 
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Figure 28 Bus Arbitration During Processor Bus Cycle 
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Figure 29 Bus Arbitration with Bus Inactive 
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Figure 30 Bus Arbitration During Processor Bus Cycle Special Case 

BUS ERROR AND HALT OPERATION 
In a bus architecture that requires a handshake from an ex-

ternal device, the possibility exists that the handshake might not 

occur. Since different systems will require a different maximum 

response time, a bus error input is provided. External circuitry 

must be used to determine the duration between address strobe 

and data transfer acknowledge before issuing a bus error signal. 

When a bus error signal is received, the processor has two 

options initiate a bus error exception sequence or try running 

[he bus cycle again. 

Exception Sequence 
When the bus error signal is asserted, the current bus cycle 

is terminated. If BERR is asserted before the falling edge of 

S2, AS will  be negated in S7 in either a read or write cycle. 

As long as BERR remains asserted, the data and address buses 

will be in the high-impedance state. When BERR is negated, 

the processor will begin stacking for exception processing. 
Figure 31 is a timing diagram for the exception sequence. 

The sequence is composed of the following elements. 
(1) Stacking [he program counter and status register 
(2) Stacking the error information 
(3) Reading the bus error vector table entry 
(4) Executing the bus error handler routine 
The stacking of the program counter and the status register 

is the same as if an interrupt had occurred. Several additional 

items are stacked when a bus error occurs. These items are used 
to determine the nature of the error and correct it, if possible. 
The bus error vector is vector number two located at address 
$000008. The processor loads the new program counter from 
this location. A software bus error handler routine is then 
executed by the processor. Refer to EXCEPTION PROCESS-
ING for additional information. 

Re-Running the Bus Cycle 
When, during a bus cycle, the processor receives a bus error 

signal and the halt pin is being driven by an external device, 
the processor enters the re-run sequence. Figure 32 is a timing 
diagram for re-running the bus cycle. 

The processor terminates the bus cycle, then puts the address 
and data output lines in the high-impedance state. The processor 
remains "halted," and will not run another bus cycle until the 
halt signal is removed by external logic. Then the processor 
will re-run the previous bus cycle using the same address, the 
same function codes, the same data (for a write operation), and 
the same controls. The bus error signal should be removed at 
least one clock cycle before [he halt signal is removed. 

(NOTE) The processor will no[ re-run aread-modify-write cycle. This 
restriction is made to guarantee that [he entire cycle runs cor-
rectly and that the write operation of aTest-and-Set operation
is performed without ever releasing AS. If BERR and HALT 
are asserted during aread-modify-write bus cycle, a bus error 
operation results. 
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Figure 32 Re-Run Bus Cycle Timing Information 

Halt Operation with No Bus Error 
The halt input signal to the 68000 perform aHalt/Run/ 

Single-Step function in a similar fashion to the HMCS6800 
halt function. The halt and run modes are somewhat self ex-
planatory in that when the halt signal is constantly active the 
processor "halts" (does nothing) and when the halt signal is 
constantly inactive the processor "runs" (does something). 

The single-step mode is derived from correctly timed transi-
tions on [he halt signal input. It forces the processor to execute 
a single bus cycle by entering the "run" mode until the pro-
cessor starts a bus cycle then changing to the "halt" mode. 
Thus, the single-step mode allows the user to proceed through 
(and therefore debug) processor operations one bus cycle at a 
time. 

Figure 33 details the tinting required for correct single-step 
operations and Figure 34 shows a simple circuit for providing 
the single-step function. Some care must be exercised to avoid 
harmful interactions between the bus error signal and the halt 

pin when using the single cycle mode as a debugging tool. This 
is also true of interactions between the halt and reset lines 
since these can reset the machine. 

When the processor completes a bus cycle after recognizing 
t}ta[ the halt signal is active, most three-state signals are put 
in the ]tigh-impedance state. These include: 

(I) Address lines 
(2) Data lines 
This is required for correct performance of the re-run bus 

cycle operation. 
While the processor is honoring the halt request, bus arbitra-

tion performs as usual. That is, halting has no effect on bus 
arbitration. It is the bus arbitration function that removes the 
control signals from the bus. 

The halt function aad the hardware trace capability allow 
the hardware debugger to trace single bus cycles or single in-
structions at a time. These processor capabilities, along with 
a software debugging package, give total debugging flexibility. 
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Double Bus Faults 
When a bus error exception occurs, the processor will at-

tempt to stack several words containing information about 
the state of the machine. If a bus error exception occurs during 
the stacking operation, there have been two bus errors in a row. 
This is commonly referred to as a double bus fault. When a 
double bus fault occurs, the processor will halt. Once a bus 
error exception has occurred, any bus error exception occurring 
before the execution of the next instruction constitutes a dou-
ble bus fault. 

Note that a bus cycle which is re-run does not constitute a 
bus error exception, and does not contribute to a double bus 

fault. Note also that this means that as long as the external 
hardware requests it, the processor will continue to re-run 
[he same bus cycle. 

The bus error pin also has an effect on processor operation 
after the processor receives an external reset input. The pro-
cessor reads the vector table after a reset to determine the ad-
dress to start program execution. If a bus error occurs while 
reading the vector table (or at any time before the first instruc-
tion is executed), the processor reacts as if a double bus fault 
has occurred and it halts. Only an external reset will start a 
halted processor. 
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RESET OPERATION 
The reset signal is a bidirectional signal that allows either the 

processor or an external signal to reset the system. Figure 35 

is a timing diagram for the reset operations. Both the halt and 

reset lines must be asserted to ensure total reset of the pro-

cessor. 
When the reset and halt lines are driven by an external 

device, it is recognized as an entire system reset, including 

the processor. The processor responds by reading the reset 

vector table entry (vector unumber zero, address $000000) 

and loads it into the supervisor stack pointer (SSP). Vector 
table entry number one at address $000004 is read next and 
loaded into the program counter. The processor initializes 
the status register to an interrupt level of seven. No other 

registers are affected by the reset sequence. 
When a RESET instruction is executed, the processor drives 

the reset pin for 124 clock periods. In this case, the processor 
is trying to reset the rest of the system. Therefore, there is 
no effect on the internal state of the processor. All of the 
processor's internal registers and the status register are un-
affected by the execution of a RESET instruction. All external 
devices connected to the reset line should be reset at the com-

pletion of the RESET instruction. 
Asserting the Reset and Halt pins for l0 clock cycles will 

cause a processor reset, except when V~~ is initially applied 
to the processor. [n this case, an external reset must be applied 
for I OO milliseconds. ~ 

cLK JUUUUUUUJUUUUUUUUUUUUUUUUUuuUuuuuuuuuuuuuuuuuuuuL 
Plus 5 Volts- 

J 
VCC ~— t > 100 Ml lliseco nds—~~{ 

RES 1 

HALT , 

~~/~/~/~/~~~/{~~/~/~1/~ /~~ t < 4 

Bus Cycles ~VVWVVVv`/VVi✓W/V 

(NOTES) 
11 Internal star[-up time 
21 SSP High read in here 
31 SSP Low read in here 

121 131 141 151 161 

41 PC High read in here Bus State Unknown: ~oa 

51 PC Low read in here 
61 First instruction fetched here. All Control Signals Inactive. 

Data Bus In Read Mode: 

Figure 35 Reset Operation Timing Diagram 

THE RELATIONSHIP OF DTACK, BERR, AND HALT 
In order to properly control termination of a bus cycle for a 

re-run or a bus error condition, DTACK, BERR, and HALT 
should be asserted and negated on the rising edge of the 
68000 clock. This will assure that when two signals are asserted 
simultaneously, the required setup time (#47) for both of them 
will be met during the same bus state. 

This, or some equivalent precaution, should be designed 
external to the 68000. Parameter X48 is intended to ensure this 
operation in a totally asynchronous system, and may be ignored 
if the above conditions are met. 

The preferred bus cycle terminations may be summarized 
as follows (case numbers  refer to Table 16): 
Normal Termination: DTACK occurs first (case 1). 
Halt Termination: AH LE` is  asserted at the same time or 

before DTACK and BERR remains 
negated (cases 2 and 3). 

Bus Error Termination: BERR is asserted in lieu of, at the same
time, or before DTACK (case 4); BERR 
is uegated at the same time or after 
DTACK.  

Re-Run Termination: HALT and BERR are asserted in lieu 
of, at the same time, or before DTACK 
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(cases 6 and 7); HALT must be held at 
least one cycle after BERR. Case 5 in• 
dicates BERR may precede HALT 
which allows fully asynchronous asser- 
lion. 

Table 16 details the resulting bus cycle termination under 
various combinations of control signal sequences. The nega-
tion of these same control signals under several conditions is 
shown in Table 17 (DTACK is assumed to be negated normal-
ly in all cases; for best results, both DTACK and BERR should 
be negated when address strobe is negated.) 

Example A: A system uses awatch-dog timer to terminate 
accesses to un-populated address space. The timer asserts 

DTACK and BERR simultaneously after timeout. (case 4) 

Example B: A system uses error detection on RAM con-
tents. Designer may (a) delay DTACK until data verified, and 

return BERR and HALT simultaneously to re-run error  cycle 

(case 6), or if valid, return DTACK; (b) delay DTACK until 
data verified, and return BERR  at same time as DTACK if 
data in error (case 4); (c) return DTACK prior to data verifica-
tion, as described in previous section. If data invalid, BERR is 
asserted (case 1) in next cycle. Error-handling software must 
know how to recover error cycle. 
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Table 16 DTACK, BERR, HALT Assertion Results 

Case No. Control Signal 
Asserted on Rising 

Edge of State Result 
N N+2 

1 
DTACK A 

NA 
NA 

S 
X 
X 

Normal cycle terminate and continue. BERR 
HALT 

2 
DTACK A 

NA 
A 

S 
X 
S 

BERR Normal cycle terminate and halt. Continue when HALE removed. 
HALT 

3 
DTACK NA 

NA 
A 

A 
NA 
S 

BERR Normal cycle terminate and halt. Continue when HALT removed. 
HALT 

4 
DTACK X 

A 
NA 

X 
S 

NA 
Terminate and take bus error trap. BERR 

HALT 

5 
DTACK NA 

A 
NA 

X 
S 
A 

Terminate and re-run. BERR 
HALT 

6 
DTACK X 

A 
A 

X 
S 
S 

Terminate and re-run when HALT removed. BERR 
HALT 

7 
DTACK NA 

NA 
A 

X 
A 
S 

BERR Terminate and re-run when HALT removed. 
HALT 

Bend: 
N —The number of the current even bus state le.g., S4, S6, etc.) 
A —Signal is asserted in this bus state 
NA —Signal is not asserted in this state 
X —Don't care 
S —Signal was asserted in previous state and remains asserted in this state 

Table 17 BERR and HALT Negation Results 

Conditions of 
Termination in 

Table A 
Control Signal 

Negated on Rising 
Edge of State Results —Next Cycle 

N N + 2 

Bus Error BERR • 
• 

or 
or 

• 
• 

Takes bus error trap. 
HALT 

Re-run BERR : or • I Ilegal sequence; usually traps to vector number 0. 
HALT 

Re-run ~H • • Re•runs the bus cycle. 

Normal • or • May lengthen next cycle. 
HALT 

Normal BERR 
• or none 

If next cycle is started it will be terminated as a bus error. 
HALT 

ASYNCHRONOUS VERSUS SYNCHRONOUS OPERATION 

Asynchronous Operation 
To achieve clock frequency independence at a system level, 

the 68000 can be used in an asynchronous manner. This 
entails using only [he bus handshake lines (AS, ~D$, LDS, 
DTACK, BERR, Fes, and VPA) to control the data transfer. 
Using this method, AS signals the start of a bus cycle and the 
data strobes are used as a condition for valid data on a write 
cycle. The slave device (memory or peripheral) then responds by 
placing the requested data on the data bus for a read cycle 
or latching data on a write cycle and asserting the data transfer 
acknowledge signal (DTACK) to terminate the bus cycle. If 
no slave responds or the access is invalid, external control logic 

asserts the BERR, or BERR and HALT, signal to abort or 
re-run the bus cycle.

The bTACK signal is allowed to be asserted before the data 
from a slave device is valid on a read cycle. The length of 
time that DTACK may precede data is given as parameter #31 

and it must be met in any asynchronous system to insure that 
valid data is latched into the processor. Notice that there is no 
maximum time specified from the assertion of A3 to the asser-
tion of DTI. This is because the MPU will insert wait cycles 
of one clock period each until DTACK is recognized,  

The BERR signal is allowed to be asserted after the DTACK 
signal is asserted. BERR  must be asserted within the time given 
as parameter #48 after DTACK is asserted in any asynchronous 
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system to insure proper operation. If this maximum delay time 
is violated, the processor may exhibit erratic behavior. 

Synchronous Operation 
To allow for those systems which use the system clock as a 

signal to generate DTACK and other asynchronous inputs, 
the asynchronous input setup time is given as parameter #47. If 
this setup is met on an input, such as DTACK, the processor is 
guaranteed to recognize that signal on the next falling edge of 
the system clock. However, the converse is not true — if the 
input signal does not meet the setup time it is not guaranteed 
not to be recognized. In addition, if DTACK is recognized 
on a falling edge, valid data will be latched into the processor 
(on a read cycle) on the next falling edge provided that the data 
meets the setup time given as parameter #27. Given this, para-
meter #3l may be ignored. Note that if bTACK is asserted, 
with the required setup time, before the falling edge of S4, no 
wait status will be incurred and the bus cycle will run at its 
maximum speed of four clock periods. 

In order to assure proper operation  in  a synchronous system 
when BERR is asserted after DTACK. BERR must meet the 
setup time parameter #27A prior to the falling edge of the cluck 
one clock cycle after DTACK was recognized. This setup time 
is critical to proper operation, and the HD68000 may exhibit 
erratic behavior if it is violated. 

(NOTE) 

During an active bus cycle, VPA and BERR arc sampled 
un every falling edge of the clock starting with S0. 
DTACK is sampled on every (ailing edge of the clock 
starting with S4 and data is latched on the falling edge u( 
S6 during a read. The bus cycle will then be terminated 
in S7 except when BERR is asserted in the absence of 
DTACK, in which case it will terminate one clack cycle 
later in S9. 

■ PROCESSING STATES 
This section describes the actions the 68000 which are out-

side the normal processing associated with the execution of 
instructions. The functions of the bits in the supervisor portion 
of the status register are covered: the supervisor/user bit, the 
trace enable bit, and the processor interrupt priority mask. 
Finally, the sequence of memory references and actions taken 
by the processor on exception conditions is detailed. 

The 68000 . is always in one of three processing states: 
normal, exception, or halted. The normal processing state is 
that associated with instruction execution: the memory ref-
crenccs arc to (etch instructions and operands, and to store 
results. A special case of the normal state is the stopped state 
which the pro rssur enters when a STOP instruction is exe-
cuted. In this state, nu lurthcr memory references are made. 

The exception processing state Is assoctated with interrupts, 
trap instructions, tracing and other exceptional conditions. 
The exception may be internally generated by an instruction 
or by an unusual condition arising during the execution of 
❑n instruction. Externally, exception processing can be forced 
by an interrupt, by a bus error, or by a reset. Exception process-
ing is designed to provide an efficient context switch so that 
the processor may handle unusual conditions. 

The halted processing state is an indication of catastrophic 
hardware failure. Fur example, if during the exception pro-
cessing of a bus error another bus error occurs, the processor 

assumes that the system is unusable and halts. Only an external 
reset can restart a halted processor. Note that a processorin the 
stopped state is not in the halted state, nor vice versa. 

PROCESSING STATES 

NORMAL 
INSTRUCTION 
EXECUTION 
(INCLUDING STOP) 

EXCEPTION 
INTERRUPTS 
TRAPS 
TRACING ETC. 

HALTED 
HARDWARE HALT 
DOUBLE BUS FAULT 

• PRIVILEGE STATES 
The processor operates in one of two states of privilege: 

the "user" state or the "supervisor" state. The privilege state 
determines which operations are legal, are used to choose 
between the supervisor stack pointer and the user stack pointer 
in instruction references, and may be used by an external 
memory management device to control and translate accesses. 

The privileges state is a mechanism for providing security 
in a computer system. Programs should access only their own 
code and data areas, and ought to be restricted from accessing 
information which they do not need and must not modify. 

The privilege mechanism provides security by allowing 
most programs to execute in user state. In this state, the ac-
cesses are controlled, and the effects on other parts of the 
system are limited. The operating system executes in the super-
visor state, has access to all rewurces, and performs the over-
head tasks for the user state programs. 

SUPERVISOR STATE 
The supervisor state is the higher state of privilege. For 

instruction execution, the supervisor state is determined by 
the S-bit of the status register; if the S-bit is asserted (high), 
the processor is in the supervisor state. All instructions can be 
executed in the supervisor state. The bus cycles generated by 
instructions executed in the supervisor state are classified as 
supervisor references. While [he processor is in the supervisor 
privilege state, those instructions which use either the system 
stack pointer implicitly or address register seven explicitly 
access the supervisor stack pointer. 

All exception processing is done in the supervisor state, 
regardless of the setting of the S-bit. The bus cycles generated 
during exception processing are classified as supervisor refer-
ences. All stacking operations during exception processing use 
the supervisor stack pointer. 

USER STATE 
The user state is the lower state of privilege. For instruction 

execution, the user state is determined by the S-bit of the status 
register; if the S-bit is negated (low), the processor is executing 
instructions in the user state. 

Most instructions execute the same in user state as in the 
supervisor state. However, some instructions which have im-
portant system effects are made privileged. User programs 
are not permitted to execute the STOP instruction, or the 
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RESET instruction. To ensure that a user program cannot 
enter the supervisor state except in a controlled manner, the 
instructions which modify the whole status register are privi-
leged. To aid in debugging programs which are to be used as 
operating systems, the move to user stack pointer (MOVE 
to USP) and move from user stack pointer (MOVE from USP) 
instructions are also. privileged. 

The bus cycles generated by an instruction executed in 
user state are classified as user state references. This allows 
an external memory management device to translate the ad-
dress and to control access to protected portions of the address 
space. While the processor is in the user privilege state, those 
instructions which use either the system stack pointer im-
plicitly, or address register seven explicitly, access the use stack 
pointer. 

PRIVILEGE STATE CHANGES 
Once the processor is in the user state and executing instruc-

tions, only exception processing can change the privilege state. 
During exception processing, the current setting of the S-bit 
of the status register is saved and the S•bit is asserted, putting 
the processing in the supervisor state. Therefore, when instruc-
tion execution resumes at the address specified to process the 
exception, the processor is in the supervisor privilege state. 

USER/SUPERVISOR MODES 

TRANSITION ONLY MAY OCCUR 
DURING EXCEPTION PROCESSING 

TRANSITION MAV BE MADE BY: 
RTE; MOVE, ANDI, EORI TO STATUS WORD 

REFERENCE CLASSIFICATION 
When the processor makes a reference, it classifies the kind 

of reference being made, using the encoding on the three func-
tion code output lines. This allows external translation of ad-
dresses, control of access, and differentiation of special pro-
cessor states, such as interrupt acknowledge. Table 18 lists the 
classification of references. 

Table 18 Reference Classification 

Function Code Output 
Reference Class 

FCz FCC FCo

0 0 0 (Unassigned) 

0 0 1 User Data 

0 1 0 User Program 

0 1 1 (Unassigned) 

1 0 0 (Unassignedl 

1 0 1 Supervisor Data 

1 1 0 Supervisor Program 

1 1 1 Interrupt Acknowledge 

• EXCEPTION PROCESSING 
Before discussing the details of interrupts, traps, and tracing, 

a general description of exception processing is in order. The 
processing of an exception occurs in four steps, with variations 
for different exception causes. During the first step, a tem-
porary copy of the status register is made, and the status register 
is set for exception processing. In the second step the exception 
vector is determined, and the third step is the saving of the 
current processor context. In the fourth step a new context is 
obtained, and the processor switches to instruction processing. 

EXCEPTION VECTORS 
Exception vectors are memory locations from which the 

processor fetches the address of a routine which will handle 
that exception. All exception vectors are two words in length 
(Figure 36), except for the reset vector, which is four words. 
All exception vectors lie in the supervisor data space, except 
for the reset vector which is in the supervisor program space. 
A vector number is an eight-bit number which, when multiplied 
by four, gives the address of an exception vector. Vector num-
bers are generated internally or externally depending on the 
cause of the exception. In the case of interrupts, during the 
interrupt acknowledge bus cycle, a peripheral provides an 8-bit 
vector number (Figure 37) to the processor on data bus lines De
through D~. The processor translates the vector number into 

a full 24-bit address, as shown in Figure 38. The memory layout 
for exception vectors is given in Table 19. 

As shown in Table 19, the memory layout is 512 words 
long (1024 bytes). It starts at address 0 and proceeds through 
address 1023. This provides 255 unique vectors; some of these 
are reserved for TRAPS and other system functions. Of the 
255, there are 192 reserved for user interrupt vectors. However, 
there is no protection on the first 64 entries, so user interrupt 
vectors may overlap at the discretion of the systems designer. 

KINDS OF EXCEPTIONS 
Exceptions can be generated by either internal or external 

causes. The externally generated exceptions are the interrupts 
and the bus error and reset requests. The interrupts are requests 
from peripheral devices for processor action while the bus 
error and reset inputs are used for access control and processor 
restart. The internally generated exceptions come from instruc-
tions, or from address error or tracing. The trap (TRAP), trap 
on overflow (TRAPV), check register against bounds (CHK) 
and divide (DIV) instructions all can generate exceptions as 
part of their instruction execution. In addition, illegal instruc• 
lions, word fetches from odd addresses and privilege violations 
cause exceptions. Tracing behaves like a very high priority, 
internally generated interrupt after each instruction execution. 

EXCEPTION PROCESSING SEQUENCE 
Exception processing occurs in four identifiable steps. [n 

the first step, an internal copy is made of the status register. 
After the copy is made, the S-bit is asserted, putting the pro-
cessor into the supervisor privilege state. Also, the T-bit is 
negated which will allow the exception handler to execute 
unhindered by tracing. For the reset and interrupt exceptions, 
the interrupt priority mask is also updated. 

In the second step, the vector number of the exception is 
determined. For interrupts, the vector number is obtained by 
a processor fetch, classified as an interrupt acknowledge. For 
all other exceptions, internal logic provides the vector number. 
This vector number is then used to generate the address of 
the exception vector. 
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Word 0 

Word 1 

A23 

New Program Counter (High) 

New Program Counter (Low) 

D15 

Figure 36 Exception Vector Format 

D8 D7 DO 

Ignored v7 v6 v5 v4 v3 v2 v1 v0 

Where: 
v7 is the MSB of the Vector Number 
v0 is the LSB of the Vector Number 

Figure 37 Peripheral Vector Number Format 

Ao=o, Al =o 

A0=0, Al=1 

A10 A9 A8 A7 A6 A5 A4 A3 A2 Al AO 

All Zeroes v7 v6 v5 v4 v3 v2 v1 0 0 

Figure 38 Address Translated From 8-Bit Vector Number 

Table 19 Exception Vector Assignment 

Vector 
Numbers) 

Address 
Assignment 

Dec Hex Space 
0 0 000 SP Reset: Initial SSP 
— 4 004 SP Reset: Initial PC 
2 8 008 SD Bus Error 
3 12 OOC SD Address Error 
4 16 010 SD Illegal lnstruction 
5 20 014 SD Zero Divide 
6 24 018 SD CHK Instruction 
7 28 01C SD TRAPV Instruction 
8 32 020 SD Privilege Violation 
9 36 024 SD Trace 

10 40 028 SD Line 1010 Emulator 
11 44 02C SD Line 1111 Emulator 
12' 48 030 SO (Unassigned, reserved) 
13' 52 034 SD (Unassigned, reserved) 
14' 56 038 SD (Unassigned, reserved) 
15 60 03C SD Uninitialized Interrupt Vector 

16 ~ 23' 
64 040 

SD (Unassigned, reserved) 
95 05F 

24 96 060 SD Spurious Interrupt 
25 100 064 SD Level 1 Interrupt Autovector 
26 104 068 SD Level 2 Interrupt Autovector 
27 108 O6C SD Level 3 Interrupt Autovector 
28 112 070 SD Level 4 Interrupt Autovector 
29 116 074 SD Level 5 Interrupt Autovector 
30 120 078 SD Level 6 Interrupt Autovector 
31 124 07C SD Level 7 Interrupt Autovector 

32 ^~ 47 
128 080 

SD TRAP Instruction Vectors 191 OBF 

48 ~ 63' 
192 OCO 

SD (Unassigned, reserved) 255 OFF 

64 ~ 255 
256 100 

SD User Interrupt Vectors 1023 3FF 

SP: Supervisor program, SD: Supervisor data 
' Vector numbers 12, 13, 14, 16 through 23 and 48 through 63 are reserved for future enhancements by Hitachi. 

No user peripheral devices should be assigned these numbers. 
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The third step is to save the current processor status, ex-
cept for the reset exception. The current program counter 
value and the saved copy of the status register are stacked 
using the supervisor stack. pointer as shown in Figure 39. The 
program counter value stacked usually points to the next un• 
executed instruction, however for bus error and address error, 
the value stacked for the program counter is unpredictable, and 
may be incremented from the address of the instruction which 

Lower Address 

Higher Address 

15 14 t3 12 11 10 9 

caused the error. Additional information defining the current 
context is stacked for the bus error and address error excep-
tions. 

The last step is the same far all exceptions. The new program 
counter value is fetched from the exception vector. The pro-
cessor then resumes instruction execution. Then instruction 
at the address given in the exception vector is fetched, and 
normal instruction decoding and execution is started. 

8 7 6 5 4 3 2 0 

Status Register 

Program Counter 
High 

Low 

Figure 39 Exception Stack Order (Group 1, 2) 

o. tls° 9w wo,a 

Figure 40 Exception Processing Sequence (Not Reset) 
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MULTIPLE EXCEPTIONS 
These paragraphs describe the processing which occurs 

when multiple exceptions arise simultaneously. Exceptions 
can be grouped according to their occurrence and priority. The 
Group 0 exceptions are reset, bus error, and address error. 
These exceptions cause the instruction currently being executed 
to be aborted, and the exeception processing to commence 
within two clock cycles. The Group 1 exceptions are trace and 
interrupt, as well as the privilege violations and illegal instruc-
tions. These exceptions allow the current instruction to execute 
to completion, but preempt the execution of the next instruc-
tion by forcing exception processing to occur (privilege viola-
tions and .illegal instructions are detected when they are the 
next instruction to be executed). The Group 2 exceptions 
occur as part of the normal processing of instructions. The 
TRAP, TRAPV, CHK, and zero divide exceptions are in this 
group. For these exceptions, the normal execution of an instruc-
tion may lead to exception processing. 

Group 0 exceptions have highest priority, while Group 2 
exceptions have lowest priority. Within Group 0, reset has 
highest priority, followed by address error and then bus error. 
Within Group 1, trace has priority over external interrupts, 
which in turn takes priority over illegal instruction and privi-
lege violation. Since only one instruction can be executed at 
a time, there is no priority relation within Group 2. 

The priority relation between two exceptions determines 
which is taken, or taken first, if the conditions for both arise 
simultaneously. Therefore, if a bus error occurs during a TRAP 
instruction, the bus error takes precedence, and the TRAP 
instruction processing is aborted. In another example, if an 
interrupt request occurs during the execution of an instruction 
while the T-bit is asserted, the trace exception has priority, 
and is processed first. Before instruction processing resumes, 
however, the interrupt exception is also processed, and instruc-
tion processing commences finally in the interrupt handler 
routine. A summary of exception grouping and priority is given 
in Table 20. 

Table 20 Exception Grouping and Priority 

Group Exception Processing 

0 
Reset 
Address Error 
Bus Error 

Exception processing begins 
within two clock cycles. 

~ 
Trace 
Interrupt 
Illegal 
Privilege 

Exception processing begins 
before the next instruction 

2 
TRAP, TRAPV 
CHK, 
Zero Divide 

Exception processing is started by 
normal instruction execution 
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RECOGNITION TIMES OF EXCEPTIONS, 
HALT, AND BUS ARBITRATION 

END OF A CLOCK CYCLE 
RESET 

END OF A BUS CYCLE 
ADDRESS ERROR 
BUS ERROR 
HALT 
BUS ARBITRATION 

END OF AN INSTRUCTION CYCLE 
TRACE EXCEPTION 
INTERRUPT EXCEPTIONS 
ILLEGAL INSTRUCTION 
UNIMPLEMENTEDINSTRUCTION 
PRIVILEGE VIOLATION 

WITHIN AN INSTRUCTION CYCLE 
TRAP, TRAPV 
CHK 
ZERO DIVIDE 

• EXCEPTION PROCESSING DETAILED DISCUSSION 
Exceptions have a number of sources, and each exception 

has processing which is peculiar to it. The following paragraphs 
detail the sources of exceptions, how each arises, and how each 
is processed. 

RESET 
The reset input provides the highest exception level. The 

processing of the reset signal is designed for system initiation, 
and recovery from catastrophic failure. Any processing in pro-
gress at the time of the reset is aborted and cannot be recovered. 
The processor is forced into the supervisor state, and the trace 
state is forced off. The processor interrupt priority mask is set 
at level seven. The vector number is internally generated to 
reference the reset exception vector at location 0 in the super-

visor program space. Because no assumptions can be made about 
the validity of register contents, in particular the supervisor 
stack pointer, neither the program counter nor the status 

register is saved. The address contained in the first two words 
of the reset exception vector is fetched as the initial supervisor 
stack pointer, and the address in the last two words of the 
reset exception vector is fetched as the initial program counter. 
Finally, instruction execution is started at the address in the 
program counter. The power-up/restart code should be pointed 
to by the initial program counter. 

The RESET instruction does not cause loading of the reset 
vector, but does assert the reset line to reset external devices. 
This allows the software to reset the system to a known state 
and then continue processing with the next instruction. 
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Error or 
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0 
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Bus Error 
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7 
0 

Bus Error 
Occurs 

0 

Yes 

V es 

Yes 

Yes 

Double 
Bus END 

Fault 

Bus Error Exception Processing 

Figure 41 Reset Exception Processing 

INTERRUPTS 
Seven levels of interrupt priorities are provided. Devices 

may be chained externally within interrupt priority levels, 
allowing an unlimited number of peripheral devices to inter-
rupt the processor. Interrupt priority levels are numbered 
from one to seven, with level seven being the highest priority. 
The status register contains a three•bit mask which indicates the 
current processor priority, and interrupts are inhibited for 
all priority levels less than or equal to the current processor 
priority. 

An interrupt request is made to the processor by encoding 
the interrupt request level on the interrupt request lines; a 
zero indicates no interrupt request. Interrupt requests arriving 
at the processor do not force immediate exception processing, 

but are made pending. Pending interrupts are detected between 
instruction executions. [f the priority of the pending interrupt 
is lower than or equal to the current processor priority, exe-
cution continues with the next instruction and the interrupt 
exception processing is postponed. (The recognition of level 
seven is slightly different, as explained in a following paragraph.) 

If the priority of the pending interrupt is greater than the 
current processor priority, the exception processing sequence 
is started. First a copy of the status register is saved, and the 
privilege state is set to supervisor, tracing is suppressed, and 
the processor priority level is set to the level of the interrupt 
being acknowledged. The processor fetches the vector number 
from the interrupting device, classifying the reference as an 
interrupt acknowledge and displaying the level number of 
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the interrupt being acknowledged on the address bus. If external 
logic requests an automatic vectoring, the processor internally 

generates a vector number which is determined by the interrupt 

level number. [f external logic indicates a bus error, the'inter-

rupt is taken to be spurious, and the generated vector number 
references the spurious interrupt vector. The processor then 

proceeds with the usual exception processing, saving the pro-

gram counter and status register on the supervisor stack. The 

saved value of the program counter is the address of the instruc-
tion which would have been executed had the interrupt not 
been present. The content of the interrupt vector whose vector 

number was previously obtained is fetched and loaded into the 
program counter, and normal instruction execution commences 
in the interrupt handling routine. A flow chart for the interrupt 

acknowledge sequence is given in Figure 42, a timing diagram is 
given in Figure 43, and the interrupt exception timing sequence 
is shown in Figure 44. 

Table 21 Internal lnterrupt Level 

Level 12 11 10 Interrupt 

7 1 1 1 Non-Maskable Interrupt 

5 1 0 1 

4 1 0 0 > Maskable Interrupt 

3 0 1 1 

2 0 1 0 

1 0 0 1 

0 0 0 0 No Interrupt 

(NOTE) The internal interrupt mask level 112, 11, 101 are inverted to the 
logic level applied to the pins (T1rLr , ~ i , IPLn 1. 

D, - D 

PROCESSOR INTERRUPTING DEVICE 

Request Interrupt 

1 
Grant Interrupt 

11 Compare interrupt level in status register 
and wait for current instruction to complete 

21 Place interrupt level on A, , A t , A, 
31 Set R/W to read 
41 Set function code to interrupt acknowledge 

51 Assert address strobe IASI 
61 Assert lower data strobe ITJ6S• and LT551 

I

1 
Provide Vector Number 

11 Place vector number of Do - D, 
21 Assert data transter acknowledge (DTACK) 

Acquire Vector Number 

11 Latch vector number 
21 Negate ~' and LDS 
31 Negate AS 

Release

11 Negate DTACK 

I 
Start Interrupt Processing 

Although a vector number is one byte, both data strobes 
are asserted due to the microcode used for exception 
processing. The processor does not recognize anything 
on data lines De through D,s at this time. 

Figure 42 Interrupt Acknowledge Sequence Flow Chart 

Do 'D,~

FCo ' FC, 

IPLo ' IPLr

Last Bus Cycle of Insvuaion Stack 
(Read or Write) ~I~ 

Idle ,I 
~SSPI 

TACK Cycle 
(Vector Number Acquisition) 

_~ ' 

4 Clocks 
Idle 

Stack and 
Vector Fetch 

Although a vector number is one byte, both data strobes are asserted due to the microcode used for exception processing, The 
processor does not recognize anything on data lines D. through D,s at this time. 

Figure 43 Interrupt Acknowledge Sequence Timing Diagram 
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Last Bus Cycle 
of Instruction 
(During Which 
Interrupt Was 
Recognized) 

Stack 
PC L 

ISSP-21 

TACK 
Cycle 

(Vector Number 
Acquisition) 

Stack 
Status 
ISSP8) 

-a 
Stack 
PCH 

ISSP-4) 

Read 
Vector 
High 

IA~ a ~Arsl 

Read 
Vector 
Low 

(Ao "A,$) 

Fetch First Word 
of Instruction 
of Interrupt 

Routine 

Note: SSP refers to the value of the supervisor stack point r before the interrupt occurs 

Figure 44 Interrupt Exception Timing Sequence 

Priority level seven is a special case. Level seven interrupts 
cannot be inhibited by the interrupt priority mask, thus pro-
viding a "non-maskable interrupt" capability. An interrupt is 
generated each time the interrupt request level changes from 
some lower level to level seven. Note that a level seven interrupt 
may still be caused by the level comparison if the request level 
is a seven and the processor priority is set to a lower level by an 
instruction. 

UNINITIALIZED INTERRUPT  
An interrupting device asserts VPA or provides an interrupt 

vector during an interrupt acknowledge cycle to the 68000. 
If the vector register has not been initialized, the responding 
HMCS68000 Family peripheral will provide vector 15, the 
unitialized interrupt vector. This provides a uniform way to 
recover from a programming error. 

SPURIOUS INTERRUPT 
If during  the interrupt acknowledge cycle no device responds 

by asserting DTACK or VPA, the bus error line should be assert-
ed to terminate the vector acquisition. The processor separates 
the processing of this error from bus error by fetching the 
spurious interrupt vector instead of the bus error vector. The 
processor then proceeds with the usual exception processing. 

INSTRUCTION TRAPS 
Traps are exceptions caused by instructions. They arise 

either from processor recognition of abnormal conditions 
during instruction execution, or from use of instructions whose 
normal behavior is trapping. 

Some instructions are used specifically to generate traps. 
The TRAP instruction always forces an exception, and is useful 
for implementing system calls for user programs. The TRAPV 
and CHK instructions force an exception if the user program 
detects a runtime error, which may be an arithmetic overflow 
or a subscript out of bounds. 

The signed divide (DINS) and unsigned divide (DIVU) in-
structions will force an exception if a division operation is 
attempted with a divisor of zero. 

ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS 
Illegal instruction is the term used to refer to any of the 

word bit patterns which are not the bit pattern of the first 
word of a legal instruction. During instruction execution, if 
such an instruction is fetched, an illegal instruction exception 
occurs. 

Word patterns with bits 15 through 12 equaling 1010 or 
1111 are distinguished as unimplemented instructions and 
separate exception vectors are given to these patterns to per-
mit efficient emulation. This facility allows the operating 
system to detect program errors, or to emulate unimplemented 
instructions in software. 

oott —~ 

MOVE 
WORD 

ILLEGAL INSTRUCTION EXAMPLE 

MOVE D0, #$1000 

MOVE OP WORD 

i 
toont o00 
} } 

IMMEDIATE DATA 
REG ISTE R 

DIRECT 

000 
} 

REGISTER 
NUMBER 

PRIVILEGE VIOLATIONS 
In order to provide system security, various instructions 

are privileged. An attempt to execute one of the privileged 
instructions while in the user state will cause an exception. 
The privileged instruction are: 

STOP AND (word) Immediate to SR 
RESET FOR (word) Immediate to SR 
RTE OR (word) Immediate to SR 
MOVE to SR MOVE USP 

TRACING 
To aid in program development, the 68000 includes a facility 

to allow instruction by instruction tracing. In the trace state, 
after each instruction is executed an exceptions is forced, allow-
ing adebugging program to monitor the execution of the pro-
gram under test. 

The trace facility uses the T-bit in the supervisor portion 
of the status register. If the T-bit is negated (off), tracing is 
disabled, and instruction execution proceeds from instruction 
to instruction as normal. If the T-bit is asserted (on) at the 
beginning of the execution of an instruction, a trace exception 
will be generated after the execution of that instruction is 
completed. If the instruction is not executed. either because 
an interrupt is taken, or the instruction is illegal or privileged, 
the trace exception does not occur. The trace exception also 
does not occur if the instruction is aborted by a reset, bus 
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error, or address error exception. If the instruction is indeed ex-
ecuted and an interrupt is pending on completion, the trace 
exception is processed before the interrupt exception. If, during 
the execution of the instruction, an exception is forced by that 
instruction, the forced exception is processed before the trace 

exception. 
As an extreme illustration of the above rules, consider the 

arrival of an interrupt during the execution of a TRAP instruc-

tion while tracing is enabled. First the trap exception is pro-

cessed, then the trace exception, and finally the interrupt ex-

ception. Instruction execution resumes in the interrupt handler 
routine. 

I F T = 1 
TRACE MODE 

STATUS REGISTER 

T 

~ \ ~ 
AFTER EACH MAIN 
INSTRUCTION pROGRAM 

~~~~~ RETURN TO 
EXECUTE 
NEXT 
INSTRUCTION 

-~~ 

1. If, upon comple[~on of an instruction, T = 1, 
go to trace excep ion processing. 

2. Execute trace exception sequence. 
3. Execute trace service routine. 
4. At the end of the service routine, execute 

return from exception IRTE1. 

BUS ERROR 
Bus error exceptions occur when the external logic requests 

that a bus error be processed by an exception. The current bus 

cycle which the processor is making is then aborted. Whether 
the processor was doing instruction or exception processing, 

that processing is terminated, and the processor immediately 

begins exception processing. 
Exception processing for bus error follows the usual se-

quence of steps. The status register is copied, the supervisor 
state is entered, and the trace state is turned off. The vector 

number is generated to refer to the bus error vector. Since the 

processor was not between instructions when the bus error 

exception request was made, the context of the processor is 

more detailed. To save more of this context, additional infor-

mation is saved on the supervisor stack. The program counter 

and the copy of the status register are of course saved. The value 

saved for the program counter is advanced by some amount, 

one to five words beyond the address of the first word of the 

instruction which made the reference causing the bus error. [f 

the bus error occurred during the fetch of the next instruction, 

the saved program counter has a value in the vicinity of the 

current instruction, even if the current instruction is a branch, 

a jump, or a return instruction. Besides the usual information, 

the processor saves its internal copy of the first word of the 

instruction being processed, and the address which was being 

accessed by the aborted bus cycle. Specific information about 

the access is also saved: whether it was a read or a write, wheth-
er the processor was processing an instruction or not, and the 

classification displayed on the function code outputs when 

the bus error occurred. The processor is processing an instruc-
tion if it is in the normal state or processing a Group 2 excep-
tion; the processor is not processing an instruction if it is pro-
cessing aGroup 0 or a Group 1 exception. Figure 45 illustrates 
how this information is organized on the supervisor stack. 
Although this information is not sufficient in general to effect 
full recovery from the bus error, it does allow software diag• 
nosis. Finally, the processor commences instruction processing 
at the address contained in the vector. It is the responsibility 
of the error handler routine to clean up the stack and determine 
where to continue execution. 

If a bus error occurs during the exception processing for a 
bus error, address error, or reset, the processor is halted, and 
all processing cases. This simplifies the detection of catastrophic 
system failure, since the processor removes itself from the 
system rather than destroy all memory contents. Only the 
RED pin can restart a halted processor . 

ADDRESS ERROR 
Address error exceptions occur when the processor attempts 

to access a word or a long word operand or an instruction at 
an odd address. The effect is much like an internally generated 
bus error, so that the bus cycle is aborted, and the processor 
ceases whatever processing it is currently doing and begins 
exception processing. After exception processing commences, 
the sequence is the same as that for bus error including the 
information that is stacked, except that the vector number 
refers to the address error vector instead. Likewise, if an address 
error occurs during the exception processing for a bus error, 
address error, or reset, the processor is halted. As shown in 
Figure 46, an address error will execute a short bus cycle follow-
ed by exception processing. 
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Figure 45 Exception Stack Order (Group O) 
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Figure 46 Address Error Timing 

■ INTERFACE WITH HMCS6800 PERIPHERALS 
Hitachi s extensive line of HMCS6800 peripherals are di-

rectly compatible with the 68000. Some of these devices that 
are particularly useful are: 

HD6821 Peripheral Interface Adapter 
HD6840 Programmable Timer Module 
HD6843 Floppy Disk Controller 
HD6845S CRT Controller 
HD46508 Analog Data Acquisition Unit 
HD6850 Asynchronous Communication Interface 

Adapter 
HD6852 Synchronous Serial Data Adapter 

To interface the synchronous HMCS6800 peripherals with 
the asynchronous 68000, the processor modifies its bus cycle 
to meet the HMCS6800 cycle requirements whenever an 
HMCS6800 device address is detected. This is possible since 
both processors use memory mapped I/O. Figure 48 is a flow 
chart of the interface operation between the processor and 
HMCS6800 devices. 

• DATA TRANSFER OPERATION 
Three signal on the processor provide the HMCS6800 inter-

face. They are: enable (E), valid memory address (VMA), and 
valid peripheral address (VPA). Enable corresponds to the 
E or 0: signal in existing HMCS6800 systems. The bus fre-
quency is one tenth of the incoming 68000 clock frequency. 
The timing of E allows 1 MHz peripherals to be used with an 8 
MHz68000. Enable has a 60/40 duty cycle; that is, it is low for 
six input clocks and high for four input clocks. This duty cycle 
allows the processor to do successive VPA accesses on successive 
E pulses. 

HMCS6800 cycle timing is given in Figures 49 and 50. At 
state zero (SO) in the cycle, the address bus is in the high- 
impedance state. A function code is asserted on the function 
code output lines. One-half clock later, in state 1 the address 
bus is released from the high-impedance state. 

During state 2, the address strobe (AS) is asserted to in-
dicate that there is a valid address on the address bus. If the 
bus cycle is a read cycle, the upper and/or lower data strobes 
are also asserted in state 2. If the bus cycle is a write cycle, 
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Figure 47 Connection of HMCS6800 Peripherals 

the read/write (R/W) signal is switched to low (write) during 
state 2. One half clock later, in state 3, the write data is placed 
on the data bus, and in state 4 the data strobes are issued to 
indicate valid data on the data bus. The processor now inserts 
wait states until it recognizes the assertion of VPA. 

The VPA input signals the processor that the address on the 
bus is the address of an HMCS6800 device (or an area reserved 
for HMCS6800 devices) and that the bus should conform to 
the ~a transfer characteristics of the HMCS6800 bus. Valid 
peripheral address is derived by decoding the address bus, 
conditioned by address strobe. Chip select fur the HMCS6800 
peripherals should be derived by decoding the address bus 
conditioned by VFfA. 

After the recognition of VPA, the processor assures that 
the Enable (E) is low, by waiting if necessary, and subsequently 
asserts VMA. Valid memory address is then used as part of the 
chip select equation of the peripheral. This ensures that the 
HMCS6800 peripherals are selected and deselected at the 
correct time. The peripheral now runs its cycle during the 
high portion of the E signal. Figures 49 and 50 depict the best 
and worst case HMCS6800 cycle timing. This cycle length is 
dependent strictly upon when VPA is asserted in relationship 
to the E clock. 

if we assume that external circuitry asserts VPA as soon as 
possible after the assertion of A~, then DI A will be recognized 
as being asserted on the (ailing edge of S4. In this case, no 
"extra" wait cycles will be inserted prior to the recognition of 
VPA asserted and only the wait cycles inserted to synchronize 
with the E cluck will determine the total length of the cycle. 
In any case, the synchronization delay will be some integral 
number of clock cycles within the following two extremes: 

1. Best Case — VPA is recognized as being asserted on the 
falling edge three clock cycles before E rises (or three 
clock cycles after E falls). 

2. Worst Case -- VPA is recognized as being asserted on the 
falling edge two clock cycles before E rises(or four clock 
cycles after E falls). 

During a read cycle, the processor latches the peripheral 
data in state 6. For all cycles, the processor negates the address 
and data strobes one half clock cycle later in state 7, and the 
Enable signal goes low at this time. Another half clock later, 
the address bus is put in the high-impedance state. During a 
write cycle, the data bus is put in the high•impedance state 
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Synchronize With Enable 
11 The processor moni ors Enable IEI until it is 

low (Phase 11 
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Transfer Data 
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I 
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21 The processor negates VMA 
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Figure 46 HMCS6800 Interface Flow Chart 
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and the read/write signal is switched high. The peripheral logic 
must remove VPA within one clock after address strobe is 
negated. 

Figure 51 shows the timing required by HMC56800 pe-
ripherals, the timing specified for HMCS6800, and the corre-
sponding timing for the 68000. Two example systems with 
HMCS6800 peripherals are shown in Figures 52 and 53. The 
system in Figure 52 reserves the upper eight megabytes of 
memory for HMCS6800 peripherals. The system in Figure 53 
is more efficient with memory and easily expandable, but more 
complex. 

CLK 

SO S2 S4 S6 SS SO S2 

DTACK should not be asserted while VPA is asserted. 
Notice that the 68000 VMA is active low, contrasted with the 
active high HMCS6800 VMA. This allows the processor to put its 
buses in the high-impedance state on DMA requests without 
inadvertently selecting peripherals. 

• INTERRUPT OPERATION 
During an interrupt acknowledge cycle while the processor is 

fetching the vector, if OgA is asserted, the 68000 will assert 
VMA and complete a normal HMCS6800 read cycle as shown in 
Figure 54. The processor will then use an internally generated 

S4 Sw Sw Sw Sw Sw Sw Sw Sw Sw Sw S6 

A, -A.~ v 

A, ̀ Az. --~ ~--~ 

AS 

UDS 

LDS 

R/W 

DTACK 

D, `D,s 

D„ ~ D> 

FCn ` FCC ~ Y 

L_ 

 ̀

U

^

` 

~ ` r —

 ) 

IPL„ ~ IPL:

E 

VPA 

VMA 

Internal 
~~PC Low Stacking 

Processing 
Autovector Operation _ Internal 

Processing 

• Although a vector number is one byte, both data strobes are asserted due to the microcode used for exception processing. The 
processor does not recognize anything on data lines De through D,s at this time. 

Figure 54 Autovector Operation Timing Diagram 

vector that is a function of the interrupt being serviced. This 
process is known as autovectoring. The seven autovectors are 
vector numbers 25 through 31 (decimal). 

This operates in the same fashion (but is not restricted to) 
the HMCS6800 interrupt sequence. The basic difference is that 
there are six normal interrupt vecttirs and one NMI type vector. 

As with both the HMCS6800 and the 68000's normal vectored 
interrupt, the interrupt service routine can be located anywhere 
in the address space. This is due to the fact that while the vector 
numbers are fixed, the contents of the vector table entries are 
assigned by the user. 

Since VMA is asserted during autovectoring, the HMCS6800 
peripheral address decoding should prevent unintended ac-
cesses. 

■ CONDITION CODES COMPUTATION 
This provides a discussion of how the condition codes were 

developed, the meanings of each bit, how they are computed, 

and how they are represented in the instruction set details. 

• CONDITION CODE REGISTER 

The condition code register portion of the status register con-
tains t`ive bits: 

N —Negative 
Z — Zero 
V —Overflow 
C —Carry 
X —Extend 

The first four bits are true condition code bits in that they 
reflect the condition of the result of a processor operation. 
The X-bit is an operand for multiprecision wmputations. The 
carry bit (C) and the multiprecision operand extend bit (X) 

are separate in the 68000 to simplify the programming model. 
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~ CONDITION CODE REGISTER NOTATION 
In the instruction set details, the description of the effect on 

the condition codes is given in the following form: 
Condition Codes: 

Where 
N (negative) set if the most significant bit of the result 

is set. Cleared otherwise. 
Z (zero) set if the result equals zero. Cleared otherwise. 
V (overflow) set if there was an arithmetic overflow. This 

implies that the result is not representable 
in the operand size. Cleared otherwise. 

C (carry) set if a carry is generated out of the most 
significant bit of the operands for an addition. 
Also set if a borrow is generated in a subtrac-
tion.Cleared otherwise. 

X N Z V C 

X (extend) transparent to data movement. When affect-
ed, it is set the same as the C-bit. 

The notational convention that appears in the representation 
of the condition code registers is: 

set according to the result of the operation 
- not affected by the operation 
0 cleared 
1 set 
U undefined after the operation 

• CONDITION CODE COMPUTATION 
Most operations take a source operand and a destination 

operand, compute, and store the result in the destination 
location. Unary operations take a destination operand, com-
pute, and store the result in the destination location. Table 22 
details how each instruction sets the condition codes. 

Table 22 Condition Code Computations 

Operations X N Z V C Special Definition 

ABCD U ? U t C =Decimal Carry 
Z=Z•Rm• ... •RO 

ADD, ADDI, 
ADDO 

? 7 V = Sm • Dm • Rm + Sm • Dm • Rm 
C=Sm•Dm+Rm•Dm+Sm•iim 

ADDX ? ? ? V=Sm•Dm•!1—m+Sm•Dm•Rm 
C=Sm•Dm+lim•Dm+Sm•~ 
Z=Z•Rm• ... •RO 

AND, ANDI, 
EOR,EORI, 
MOVED, MOVE, 
OR, ORI, 
CLR, EXT, 
NOT, TAS, TST 

- 0 0 

CHK - U U U 
SUB, SUBI 
SUBO 

? T V=~'Dm• 1~+Sm•ljm•Rm 
C = Sm • lam + Rm • l~ + Sm • Rm 

SUBX 7 7 ? V=~•Dm•Rm+Sm•Dm•Rm 
C=Sm•Dm+Rm•Dm+Sm•Rm 
Z=Z•Rm• ... •RO 

CMP, CMPI, 
CMPM 

- ? 7 V = Sm • Dm • ~ +Sm • Dm • Rm 
C = Sm • ~ + Rm • Dm + Sm • Rm 

DIVS, DIVU - 7 0 V =Division Overflow 

MULS, MULU - 0 0 

SBCD, NBCD U 7 U ? C =Decimal Borrow 
2=Z•Rm• ... •RO 

NEG 
NEGX ? 

7 
T 

T 
? 

V=Dm• Rm,C=Dm+Rm 
V=Dm• Rm,C=Dm+Rm 
Z=Z•Rm• ...•RO 

BTST, BCHG, 
BSET,BCLR 

- - ? - - 2 = 

ASL ? 7 V = Dm • (gym-t +... + Dm_,) 

C=Dm ra 
ASL Ir-01 - 0 0 
LSL, ROXL 0 T C = Dm-r+t 
LSR (r - 01 - 0 0 
ROXLlr=01 - 0 ? C=X 

ROL Ir-01 - 0 0 
ASR, LSR, ROXR 0 7 C - Dr-t 
ASR, LSR (r = 01 - 0 0 
ROXRIr-01 - 0 ? C -X 
ROR - 0 T C = Dr.t 
RORIr=01 - 0 0 

— Not aHattetl 
U UntlNittatl 
7 Other— sea Spacial Definition 

' General Caw: 
X=C 
N-Rm 

sm —source operand most significant bit 
Dm —Destination o0erantl mart significant bit 
Rm —Result bit most signiticam bit 

— bit number 
r — thift amount 
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• CONDITIONAL TESTS 
Table 23 lists the condition names, encodings, and tests 

for the conditional branch and set instructions. The test associ-
ated with each condition is a logical formula based on the 
current state of the condition codes. If this formula evaluates to 

1, the condition succeeds, or is true. If the formula evaluates to 
0, the condition is unsuccessful, or false. For example, the T 
condition always succeeds, while the EQ condition succeeds 
only if the Z bit is currently set in the condition codes. 

Table 23 Conditional Tests 

Mnemonic Condition Encoding Test 

T true 0000 1 

F false 0001 0 

HI high 0010 C • Z 

LS low or same 0011 C + Z 

CC carry clear 0100 C' 

CS carry set 0101 C 

NE not equal 0110 ~ 

EO equal 0111 Z 

VC overflow clear 1000 V 

VS overflow set 1001 V 

pL plus 1010 N 

MI minus 1011 N 

GE greater or equal 1100 N • V + N • V 

LT less than 1101 N • Q+A • V 

GT greater than 11 10 N • V • Z + N V • Z 

LE less or equal 1111 Z + N V + N • V 

■ INSTRUCTION SET 
The following paragraphs provide information about the 

addressing categories and instruction set of the 68000. 

• ADDRESSING CATEGORIES 
Effective address modes may be categorized by the ways 

in wlticlt they may used. The following classifications will 
be used in the instruction definitions. 
Data If an effective address mode may be used to refer 

to data operands, it is considered a data address-
ing effective address mode. 

Memory If an effective address mode may be used to refer 
to memory operands, it is considered a memory 
addressing effective address mode. 

Alterable If an effective address mode may be used to refer 
to alterable (writeable) operands, it is considered 
an alterable addressing effective address mode. 

Control If an effective address mode may be used to refer 
to memory operands without an associated size, it 
is considered a control addressing effective address 
mode. 

Table 24 shows the various categories to which each of the 
effective address modes belong. Table 25 is the instruction set 
summary. 

The status register addressing mode is not permitted unless 
it is explicitly mentioned as a legal addressing mode. 

These categories may be combined so that additional, more 
restrictive, classifications may be defined. For example, the 
instruction descriptions use such classifications as alterable 

memory or data alterable. The former refers to those address-
ing modes which are both alterable and memory addresses, and 
the latter refers to addressing modes which are both data and 

alterable. 

• INSTRUCTION PRE-FETCH 
The 68000 uses a 2-word tightly-coupled instruction prefetch 

mechanism to enhance performance. This mechanism is described 
in terms of the microcode operations involved. If the execution 
of an instruction is defined to begin when the microroutine for 
that instruction is entered, some features of the prefetch 
mechanism can be described. 

1) When execution of an instruction begins, the operation 
word and the word following have already been fetched. 
The operation word is in the instruction decoder. 

2) In the case of multi•word instructions, as each addi-
tional word of the instruction is used internally, a fetch 
is made to the instruction stream to replace it. 

3) The last fetch from the instruction stream is made when 
the operation word is discarded and decoding is started 
on the next instruction. 

4) If the instruction is a single•word instruction causing a 
branch, the second word is not used. But because this 
word is fetched by the preceding instruction, it is im-
possible to avoid this superfluous fetch. In the case of 
an interrupt or trace exception, both words are not used. 

5) The program counter usually points to the last word 
fetched from the instruction stream. 
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Table 24 Effective Addressing Mode Categories 

Effective 
Address 
Modes 

Mode Register Data 
Addressing Categories 

Memory Control Alterable 

Dn 000 register number X — — X 
An 001 register number — — — X 
An@ 010 register number X X X X 
An@+ 011 register number X X — X 
An@- 100 register number X X — X 
An@]d) 101 register number X X X X 
An@ld, ix) 110 register number X X X X 
xxx.W 111 000 X X X X 
xxx.L 111 001 X X X X 

PC@]d) 111 010 X X X —
PC@]d, ix) 111 011 X X X _ 
#xxx 111 100 X X — — 

The following example illustrates many of the features of 
instruction prefetch. The contents of memory are assumed to 
be as illustrated in Figure 55. 

RESTART: 

LABEL: 

ORG 0 

DC.L INISSP 
DC.L RESTART 

ORG tNTVECTOR 
DC.L INTHANDLER 

ORG 

NOP 
BRAS 
ADD. W 

LABEL 
D0, D7 

SUB.W DISPIA01, Al 
CMP.W D2, D3 
SGE.B D7 

DEFINE RESTART VECTOR 

INITIAL SYSTEM STACK POINTER 
RESTART SYSTEM ENTRY POINT 

DEFINE AN INTERRUPT VECTOR 
HANDLER ADDRESS FOR THIS VECTOR 

SYSTEM RESTART CODE 

NO OPERATION EXAMPLE 
SHORT BRANCH 
ADD REGISTER TO REGISTER 

SUBTRACT REGISTER INDIRECT WITH OFFSET 
COMPARE REGISTER TO REGISTER 
Scc TO REGISTER 

INTHANDLER: 
MOVE.W LONGADRI, LONGADR2 MOVE WORD FROM AND TO LONG ADDRESS 
NOP NO OPERATION 
SWAP.W REGISTER SWAP 

Figure 55 Instruction Prefetch Example, Memory Contents 

The sequence we shall illustrate consists of the power•up The order of operations described within each microroutine is 
reset, the execution of NOP, BRA, SUB, the taking of an not exact, but is intended for illustrative purpose only. 
interrupt, and the execution of the MOVE.W xxx. L to yyy.L. 
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Microroutine Operation Location Operand 

Reset Read 0 SSP High 
Read 2 SSP Low 
Read 4 PC High 
Read 6 PC Low 
Read IPCI NOP 
Read +IPC) BRA 
<begin NOP> 

NOP Read +IPCI ADD 
<begin BRA> 

BRA PC=PC+d 
Read IPCI SUB 
Read +IPCI DISP 
<begin SUB> 

SUB Read +IPCI CMP 
Read DISPIA0) <src> 
Read +IPCI SGE 
<begin CMP> <take INT> 

INTERRUPT Write -ISSPI PC Low 
Read <INT ACK> Vector 7t 
Write -ISSPI SR 
Write -ISSPI PC High 
Read IVRI PC High 
Read +IVRI PG Low 
Read IPCI MOVE 
Read +IPCI xxx High 
<begin MOVE> 

MOVE Read +IPCI xxx Low 
Read +IPCI yyy High 
Read xxx <src> 
Read +IPCI yyy Low 
Write yyy <dest> 
Read +IPCI NOP 
Read +IPCI SWAP 
<begin NOP> 

Figure 56 Instruction Prefetch Example 

• DATA PREFETCH 

Normally the 68000 prefetches only instructions and not 

data. However, when the MOVEM instruction is used to move 

data from memory to registers, the data stream is prefetched in 

MOVE TWO 
LONGWORDS 

MOVEM.L A, DO/Di INTO REGISTERS 

A DC.W 1 WORD i 
8 DC.W 2 WORD2 
C DC.W 3 WORD3 
D DC.W 4 WORD4 
E DC.W 5 WORD5 
F DC.W 6 WORD 6 

Figure 57 MOVEM Example, Memory Contents 

order to optimize performance. As a result, the processor reads 

one extra word beyond the higher end of the source area. For 

example, the instruction sequence in Figure 57 will operate as 

shown in Figure 58. 

Assume Effective Address Evaluation is Already Done 

Microroutine Operation Location Other Operations 

MOVEM 

590 ~ H ITACH 

Read A 
Prepare to Fill DO 

Read 8 A -.DOH 
Read C B -~ DOL 

Prepare to Fill D7 
Read D C-~D1H 
Read E D-~D1L 

Detect Register List Complete 

Figure 58 MOVEM Example, Operation Sequence 
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Table 25 Instruction Set 

BtfrfY. 
Nw

AIM• 
Yf/4 

dr M (M) (M)+ -(M) d(M) d(An.xi) gbs.W gb4.L d(PC) d(PC, Xi)1 A"a' dd=SRKC 
DR44M 

111 
Ili 

Blt Plates. 
t 1 
1111 1111 1711 

B.Pllr~ 
DrWtIM 

B4M4 
XNIVC OPPnliOn D - D - D - B - D - D - N - tt _. iF - tt - tt tt

NCD 
Md Olns 

R sa 
s (Ml 

1 6 
IB 

10 
10 

RARI 
RARI 

0000 Orr r 
0000 Irrr 

d10•s10•A •d sU SUs 

YB 1'Ds~ troA I2 12 I/ 16 IB I6- p 10 DDDI SSEE EEEE /aa-d 
A00 /+Dr 7• 1 0 1 10 17 II I2 I6 / 17 / 11 1 / 10 DDDO SSee e • 0. rs_Dr 
Bnsry l s9r N103 p p t1 11 M N 28 10 DDDI IOEE EEEE d•m-a 

/,p, 1 8 II 14 I6 11 ~ ~ II ti / IB / 20 6 1/ ID DDDO IOee e O, rs-a 
ADDA W d'M 1 B I7 IZ Id 16 Id 16 p d 16 1 IB d 17 10 IAAO I I<e r . M• s-M 
Md Mdress t dM 1 6 Id II 16 19 p IB 21 1 I6 1 p 6 1/ 10 AAAI I lee e 
ADN /'r simm a00A 16 15 11 20. 2t t0 24 0000 0110 SSEE EEEE d • tt ̂ d 
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16 

30 
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SS 00 Orrr 
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1000 Irrr. 
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ADt L 
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2 h- fi
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BAND B bittt ,q Z 11 I It t I4, Y 16 1 18 1 36 6 10 0000 rrri OIEE EEEE -(agtt D(d-•2, -•r--
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0009 T IRO SSEEEEEE 0-tt •tttt 
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■ INSTRUCTION FORMAT SUMMARY 
This provides a summary of the first word in each instruction 

of the instruction set. Table 26 is an operation code (op-code) 
map which illustrates how bits 15 through 12 are used to 
specify the operations. The remaining paragraph groups the 

instructions according to the op-code map. 
where, Size; Byte = 00 Sz; Word = 0 

Word = Ol Long Word = 1 
Long Word = 10 

Table 26 Operation Code Map 

Bits 
15 thru 12 Operation 

0000 Bit Manipulation/MOVEP/Immediate 

0001 Move Byte 

0010 Move Long 

0011 Move Word 

0100 Miscellaneous 

0101 ADDO/SUBQ/Scc/DBcc 
0110 Bcc 

0111 MOVEO 

1000 OR/DIV/SBCD 
1001 SUB/SUBX 

1 10 (Unassigned) 
1011 CMP/EOR 

1100 AND/MUL/ABCD/EXG 

1101 ADD/ADDX 

1110 Shift/Rotate 

1111 (Unassigned) 

(1) BIT MANIPULATION, MOVE PERIPHERAL, IMMEDIATE INSTRUCTIONS 

Dynamic Bit 

15 14 13 12 11 10 9 S 7 6 5 4 3 2 1 

Static Bit 

MOVEP 

o ~ o ~ o t o Register Type i Effective Address 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 0 0 0 1 0 0 0 Type Effective Address 

Bit Type Codes: TST = 00, CHG = 01, CLR = 10, SET = 11 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 O 

0 0 0 0 Register Op-Mode 0 0 t Register 

Op-Mode; Word to Reg = 100, Long to Reg = 101, Word to Mem = 110, Long to Mem = 111 

OR Immediate 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 0 0 0 0 0 0 I 0 I Size Effective Address 

AND Immediate 

15 14 13 12 it 10 9 8 7 6 5 4 3 2 1 0 

0 0 0 0 0 0 i 0 Size Effective Address 
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SUB Immediate 

15 14 13 12 11 10 9 8 7 6 5 

H D68000/H 

4 3 2 1 

0 ~ 0 0 0 0 1 0 0 Size Effective Address 

0 

ADD Immediate 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 

0 0 0 0 0 1 1 0 Size Effective Address 

FOR Immediate 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 0 0 D 1 0 1 0 Size Effective Address 

CMP Immediate 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

0 0 0 0 1 1 0 0 Size Effective Address 

12► MOVE BYTE INSTRUCTION 

MOVE Byte 

15 14 13 12 11 10 9 8 7 5 5 4 3 2 1 0 

0 0 0 1 
Destination 

Register I Mode 
Source 

Mode L Register 

131 MOVE LONG INSTRUCTION 

MOVE Long 

15 14 13 12 11 10 9 S 7 6 5 4 3 2 

0 0 0 

141 MOVE WORD INSTRUCTION 

MOVE Word 

Destination 
Register I Mode 

Source 
Mode I Register 

15 14 13 12 11 10 9 6 7 6 5 4 3 2 i 0 

0 0 
Destination 

Register ~ Mode

15) MISCELLANEOUS INSTRUCTIONS 

NEGX 

Source 
Mode I Register 

15 14 13, 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 0 0 0 0 0 0 Size Effective Address 

MOVE from SR 

15 14 13 12 11 10 9 8 7 5 5 4 3 2 1 0 

L~ 0 0 0 0 0 0 1 Effective Address 

CLR 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 0 0 0 0 i 0 Size Effective Address 
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NEG 

15 14 13 72 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 0 0 0 1 0 0 Size Effective Address 

MOVE to CCR 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

O 1 1 l 0 l 0 0 1 0 0 1 1 Effective Address 

NOT 

15 14 13 12 11 10 9 B 7 6 5 4 3 2 1 0 

0 1 1 1 0 1 0 0 1 1 0 Size Effective Address 

MOVEtoSR 

75 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I 0 I 1 0 1 0 1 1 1 1 1 0 Effective Address 

NBCD 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

L° 1 ° 1 1 0 ~ 0 

PEA 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

o I 1 T o~ o ~, 0 0 0 0 1 Effective Address 

SWAP 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I ° 1 1 1 ° 1° I 1 I ° 1 ° 0 0 1 0 0 0 Register 

MOVEM Registers to EA 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

0 1 1 1 0 t o I l l o t o I o I t Sz E ifective Address 

EXTW 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 0 0 1 0 0 0 1 0 0 0 0 Register 

EXTL 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 0 0 0 0 0 1 1 0 0 0 Register 

TST 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

0 1 0 0 1 0 1 0 Size Effective Address 

TAS 

/5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 0 1 0 1 Effective Address 
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MOV EM EA to Registers 

H D68OOO/H 

15 14 13 12 11 10 9 6 7 6 5 4 3 2 1 0 

0 1 1 1 0 1 0 1 1 1 1 1 0 1 0 Sz Effective Address 

TRAP 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 1 I o l 0 1 t 1 1 I t 1 1 0 1 0 Vector 

LINK 

15 14 13 12 11 10 7 6 5 4 3 2 1 0 

0 ~~~ Register 

UNLK 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 0 0 OHO I ,T0 1 , ~ , Register 

MOVE to USP 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 0 I 0 1 1 1 0 0 1 1 0 j 0 ~ Register 

MOVE from USP 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 7 1 I 0 1 ~ Register 

RESET 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

0 1 0 0 1 1 I 1 0 0 1 1 rt 0 0 0 0 

NOP 

15 14 13 12 11 10 9 8 7 6 3 2 1 0 

0 1 0 0 1 1 1 0 0 1 0 0 1 

STOP 

15 14 13 12 11 to 9 8 7 6 5 4 3 2 1 0 

0 1 0 0 1 1 1 0 0 1 1 1 0 0 1 0 

RTE 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 0 0 1 1 1 0 0 1 1 1 0 0 1 1 

RTS 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 O 

0 1 0 0 1 1 0 0 1 0 1 0 1 

TRAPV 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 0 0 1 1 0 0 1 1 1 0 0 
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RTR 

JSR 

JMP 

CHK 

LEA 

COOO 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 0 0 1 1 1 0 0 1 1 1 0 1 

15 14 13 12 11 10 9 6 7 6 5 4 3 2 1 0 

0 1 0 0 1 1 1 0 1 0 Effective Address 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 0 0 1 i 0 1 Effective Address 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 0 0 Register 1 1 0 Effective Address 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

0 1 0 0 Register 1 1 1 Effective Address 

161 ADD QUICK, SUBTRACT QUICK, SET CONDITIONALLY, DECREMENT INSTRUCTIONS 

ADDQ 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 

SUBQ 

SCC 

DBcc 

0 1 0 i Data Size Effective Address 

15 14 13 12 11 10 9 

0 1 0 1 Data 

8 

1 

7 6 5 4 3 2 1 0 

Size Effective Address 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 0 Condition 1 Effective Address 

15 14 13 12 it 10 9 8 7 6 5 4 3 2 1 0 

0 1 0 1 Condition 1 1 0 0 i Register 

17► BRANCH CONDITIONALLY, BRANCH TO SUBROUTINE INSTRUCTION 

Bcc 

BSR 

15 14 13 12 11 10 9 5 4 3 2 

0 1 1 0 Condition 8 bit Displacement 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 0 0 0 0 1 8 bit Displacement 

18) MOVE QUICK INSTRUCTION 

MOVEQ 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 1 1 Register 0 Data 
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19) OR, DIVIDE, SUBTRACT DECIMAL INSTRUCTIONS 

OR 15 14 13 12 11 10 9 e 7 6 5 4 3 2 0 

1 0 0 0 Register Op-Mode Effective Address 

Op-Mode 
B W L 

DIVU 

000 
100 

001 
101 

O10 
110 

Dn V EA-iDn 
EA V Dn-iEA 

15 14 13 12 11 10 9 4 3 2 1 0 

1 0 0 0 Register Effective Address 

DIVS 
15 14 13 12 11 10 9 4 3 2 1 

1 0 0 0 Register Effective Address 

SBCD 
15 14 13 12 it 10 9 8 7 6 5 4 3 2 0 

1 0 0 0 
Destination 

1 0 0 0 0 R/M Source Register 
Register 

R/M (register/memory): register —register = 0, memory — memo y = 1 

110) SUBTRACT, SUBTRACT EXTENDED INSTRUCTIONS 

SUB 

SUBX 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

1 0 0 1 Register Op-Mode ~ Effective Address 

Op-Mode 
B W L 

000 001 010 Dn-EA -~ Dn 
100 101 110 EA-Dn -> EA 

- 011 111 An-EA -~ An 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

i 0 0 1 
Destination 
Register 

1 Size 0 0 R/M Source Register 

R/M (register/memory): register — register = 0, memory — memory = 1 

(11) COMPARE, EXCLUSIVE OR INSTRUCTIONS 

CMP 
15 14 13 12 it 10 9 6 7 6 5 4 3 2 0 

1 0 1 1 Register Op-Mode Effective Address 

Op-Mode 
B W L 

CMPM 

FOR 

(12) AND, 

AND 

000 
- 

15 

001 
011 

14 

010 
111 

13 

Dn-EA 
An-EA 

12 11 10 9 8 7 6 5 4 3 2 1 0 

1 0 1 1 Register 1 Size 0 0 1 Register 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 i B 

1 0 1 1 Register 1 Size Effective Address 

MULTIPLY, ADD DECIMAL, EXCHANGE INSTRUCTIONS 

15 14 13 t2 71 10 9 8 7 6 5 4 3 2 1 0 

1 1 0 0 Register Op-Mode Effective Address 

Op-Mode 
B W L 

000 001 010 Dn n  EA-+Dn 
100 101 110 EA A Dn -> EA 
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MULU 

MULS 

ABCD 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 0 0 Register 0 1 1 Effective Address 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 0 0 Register 1 1 Effective Address 

15 14 13 12 11 10 9 4 3 2 

0 0~ 
Destination 
Register 

0 0 0 R/M Source Register 

R/M (register/memory: register —register = 0, memory —memory = 1 

EXGD 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

EXGA 

EXGM 

1 1 0 Data Register Data Register 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 0 0 Address Register 

15 14 13 12 11 10 9 

1 

8 

0 

7 6 

0 

5 

D 

4 

l

3 

Address Register 

2 0 

1 0 0 Data Register 1 1 0 0 0 1 Address Register 

(13) ADD, ADD EXTENDED INSTRUCTIONS 

ADD 

ADDX 

15 14 13 12 11 10 9 

1 0 Register 

8 7 6

Op-Mode 

5 4 3 2 1 0 

Effective Address 

Op Mode 
8 W L 

000 001 010 Dn+EA -~Dn 
100 101 110 EA+Dn -SEA 
- 011 111 An+EA -+An 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

1 0 1 
Destination 

Register 
1 Size 0 0 R/M Source Register 

R/M (register/memoryl: register —register = 0, memory —memory = 1 

(14) SHIFT/ROTATE INSTRUCTIONS 

Data Register Shifts 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 

1 0 Count/Register d Size i/r Type Register 

Memory Shifts 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 1 1 0 0 Type d 1 i Effective Address 

Shift Type Codes: AS = 00, LS = 01, ROX = 10, RO = 11 
d (direction: Right = 0, Left = 1 
i/r (count sourcel: Immediate Count = 0, Register Count = 1 
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■ INSTRUCTION EXECUTION TIMES 
The following paragraphs contain listings of the instruction 

execution times in terms of external clock (CLK) periods. 
In this timing data, it is assumed that both memory read and 
write cycle times are four clock periods. Any wait states caused 
by a longer memory cycle must be added to the total instruc-
tion time. The number of bus read and write cycles for each 
instruction is also included with the timing data. This data is 
enclosed in parenthesis following the execution periods and 
is shown as: (r/w) where r is the number of read cycles and 
w is the number of write cycles. 

(NOTE) The number of periods includes instruction fetch and all ap-
plicable operand fetches and stores. 

• EFFECTIVE ADDRESS OPERAND CALCULATION 
TIMING 
Table 27 lists the number of clock periods required to com-

pute an instruction's effective address. It includes fetching 
of any extension words, the address computation, and fetch-
ing of the memory operand. The number of bus read and 
write cycles is shown in parenthesis as (r/w). Note there are 
no write cycles involved in processing the effective address. 

• MOVE INSTRUCTION CLOCK PERIODS 
Table 28 and 29 indicate the number of clock periods for 

the move instruction. This data includes instruction fetch, 
operand reads, and operand writes. The number of bus read 
and write cycles is shown in parenthesis as: (r/w). 

• STANDARD INSTRUCTION CLOCK PERIODS 
The number of clock periods shown in Table 30 indicates 

the time required to perform the operations, store the results, 
and read the next instruction. The number of~bus read and 
write cycles is shown in parenthesis as: (r/w). The number 
of clock periods and the number of read and write cycles must 
be added respectively to those of the effective address calcula-
tion where indicated. 

In Table 30 the headings have the following meanings: An = 
address register operand, Dn =data register operand, ea = an 
operand specified by an effective address, and M =memory 
effective address operand. 

• IMMEDIATE INSTRUCTION CLOCK PERIODS 
The number of clock periods shown in Table 31 includes 

the time to fetch immediate operands, perform the operations, 
store the results, and read the next operation. The number of 
bus read and write cycles is shown in parenthesis as: (r/w). 
The number of clock periods and the number of read and write 
cycles must be added respectively to those of the effective 
address calculation where indicated. 

In Table 31, the headings have the following meanings: 
# =immediate. operand, Dn =data register operand, An = ad-
dress register operand, M =memory operand, CCR =condition 
code register, and SR =status register. 

• SINGLE OPERAND INSTRUCTION CLOCK PERIODS 
Table 32 indicates the number of clock periods for the 

single operand instructions. The mm~ber of bus read and write 
cycles is shown in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 

Table 27 Effective Address Calculation Timing 

Addressing Mode Byte, Word Long 

Register 
Dn Data Register Direct 0(0/0) 0(0/01 
An Address Register Direct 0(0/01 0(0/01 

Memory 
An@ Address Register Indirect 411/0) 812/0) 
An@+ Address Register Indirect with Postincrement 411/0) 812/0) 
An@ - Address Register Indirect with Predecrement 611/0) 1012/0) 
An@(d) Address Register Indirect with Displacement 812/0) 12(3/0) 
An@Id, ixl" Address Register Indirect with Index 10(2/0) 14(3/0) 
xxx. W Absolute Short 8(2/0) 12(3/0) 
xxx.L Absolute Long 12(3/0) 1614/0) 
PC@(d) Program Counter with Displacement 8(2/0) 12(3/0) 
PC@(d, ix►' Program Counter with Index 1012/0) 14(3/0) 
#xxx Immediate 411/0) 812/0) 

• The size of the index register (ixl does not affect execution time. 
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Table 28 Move Byte and Word Instruction Clock Periods 

Destination 
source 

Dn An An@ An@ + An@ - An@(dl An@Id, ixl' xxx. W xxx. L 

Dn 411/0) 411/01 811/1) 811/1) 8(1/1) 12(2/1) 14(2/1) 1212/1) 1613/1) 
An 411/0) 411/01 811/1) 811/1) 811/1) 1212/1) 1412/1) 1212/1) 1613/1) 
An@ 812/0) 812/0) 1212/1) 1212/11 12(2/1) 1613/1) 1813/1) 1613/1) 2014/1) 

An@ + 812/0) 812/0) 1212/1) 1212/1) 1212/1) 1613/1) 18(3/1) 1613/1) 2014/1) 
An@ - 1012/0) 1012/0) 1412/11 14(2/1) 1412/1) 18(3/1) 2013/1) 1813/1) 2214/1) 
An@Idl 1213/0) 1213/0) 1613/1) 1613/1) 1613/1) 2014/1) 2214/1) 2014/1) 2415/1) 

An@Id,ixl' 1413/0) 1413/0) 1813/1) 1813/1) 1813/1) 2214/1) 2414/1) 2214/1) 2615/1) 
xxx.W 1213/0) 1213/0) 16(3/1) 1613/1) 1613/1) 2014/11 2214/1) 2014/1) 2415/1) 
xxx.L 1614/0) 1614/0) 2014/1) 20(4/1) 20(4/1) 2415/1) 2615/1) 2415/1) 2816/1) 

PC@Idl 121/01 1213/0) 1613/1) 1613/1) 1613/1) 2014/11 2214/1) 2014/1) 2415/1) 
PC@Id,ixl' 14(3/0) 1413/0) 1813/1) 1813/1) 18(3/1) 22(4/1) 2414/1) 2214/1) 2615/1) 
#xxx 812/0) 812/0) 1212/1) 1212/1) 1212/1) 1613/1) 1813/1) 1613/1) 2014/1) 

' T,he size of the index register 1x1 does not affect execution time. 

Table 29 Move Long Instruction Clock Periods 

Source 
Destination 

Dn An An@ An@+ An@- An@Idl An@Id,ixl' xxx.W xxx.L 
Dn 4(1/0) 411/0) 1211/2) 1211/2) 1211/2) 1612/2) 1812/2) 1612/2) 2013/2) 
An 411/0) 411/0) 1211/21 1211/2) 121112) 1612/2) 1812/2) 1612/2) 2013/2) 
An@ 1213/0) 1213/0) 2013/2) 2013/2) 2013/2) 2414/2) 2614/2) 2414/2) 2815/2) 

An@ + 1213/0) 1213/0) 2013/2) 2013/2) 2013/2) 2414/2) 2614/2) 24(4/21 28(5/2) 
An@ - 1413/0) 1413/0) 2213/2) 2213/2) 2213/2) 2614/2) 2814/2) 2614/2) 30(5/2) 
An@Idl 1614/0) 1614/0) 2414/2) 2414/2) 24(4/2) 2815/2) 3015/21 2815/2) 3216/2) 
An@Id,ixl' 1814/0) 1814/0) 2614/2) 2614/2) 26(4/2) 3015/21 32(5/2) 30(5/2) 3416/2) 
xxx.W 1614/0) 1614/0) 2414/21 24(4/2) 2414/2) 2815/2) 30(5/21 2815/2) 3216/2) 
xxx.L 2015/0) 2015/0) 2815/2) 2815/2) 2815/2) 3216/2) 3416/2) 3216/2) 3617/2) 

PC@Idl 16(4/01 1614/0) 2414/2) 2414/2) 2414/2) 2615/2) 3015/2) 2815/2) 3216/2) 
PC@(d,ixl' 1814/0) 1814/0) 2614/2) 2614/2) 2614/2) 3015/2) 3215/2) 3015/2) 3416/2) 
xxx 1213/0) 1213/0) 2013/2) 20(3/2) 2013/2) 2414/2) 2614!2) 2414/2) 2815/2) 

' The size of the index register lixl does not affect execution time. 

Table 30 Standard Instruction Clock Periods 

Instruction Size op<ea>,An op<ea>,Dn opDn,<M> 

ADD 
Byte, Word 811/0) + 411/0) + 811/1) + 
Long 611/01+" 611/01+" 1211/21+ 

AND 
Byte, Word — 411/0)+ 811/1)+ 
Long — 611/01+'• 1211/2)+ 

CMP 
BYte,Word 6(1/01+ 411/01+ —
Long 611 /01 + 611 /01 + —

DIVS — — 15811/01+' —
DIVU — — 14011/0) +' —

EOR 
BYte,Word — 411/0) "' 811/1)+ 

Long — 8(1/0) "' 1211/21+ 

MULS — — 7011/01 +' —
MULU — — 70(1/0) + ` — 

OR 
Byte, Word — 41110)+ 6(1/1)+ 
Long — 611/01+" 1211/21+ 

SUB 
BYte,Word 811101+ 4(1/01+ 811/11+ 
Long 611/01+'• 611/01+" 1211/21+ 

+ add effective address calculation time "total of 8 clock periods for instruction if the effective address is register direct 
` indicates maximum value "` only available effective address mode is data register direct 

DIVS, DIVU — The divide algorithm used by the 68000 provides less than 10%difference between the best and worst 
case timings. 

MULS, MULU — The multiply algorithm requires 38+2n clocks when n is defined as 
MU LU; n =the number of ones in the < ea > 
MULS; n = mncatanate the < ea > with a zero as the LSB; n is the resultant number of 10 or 01 

patterns in the 17-bit source; i.e. worst case happens when the source is $5555. 
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Table 31 Immediation Instruction Clock Periods 

Instruction Size op #, Dn op #, An op #, M op #, CCR/SR 

ADDI 
Byte, Word 812/0) — 12(2/1) + —
Long 16(3/0) — 20(3/2) + — 

ADDO 
BYte,Word 411/0) 811/0►" 8(1/1►+ —

Long 8(1/0) 8(1/0) 1211/2► + — 

ANDI 
BYte, Word 8(2/0) — 12(2/1) + 20(3/0) 

Long 16(3/0) — 2013/1) + — 

CMPI 
Byte, Word 812/0) 812/0) 812/0) + —

Long 1413/0) 14(3/0) 12(3/0► + — 

EORI 
Byte, Word 812/0) — 1212/1) + 2013/0) 

Long 1613/0) — 2013/2► + —
MOVEO Long 4(1/0) — — — 

ORI 
Byte, Word 8(2/0) — 12(2/1)+ 20(3/0) 

Long 16(3/0) — 2013/2) + — 

SUBI 
BYte, Word 8(2/0) — 12(2/1) + —

Long 1613/0) — 20(3/2) + —

SUBO 
Byte, Word 4(1/0) 811/0)" 811/1►+ —

Long 811/0) 811/01 1211/2) + — 

+ add effective address calculation time 
' word only 

Table 32 Single Operand Instruction Clock Periods 

Instruction Size Register Memory 

CLR 
Byte, Word 4(1/0) 8(1/1►+ 

Long 611/0) 1211/2) + 

NBCD Byte 611/0) 811/11+ 

NEG 
Byte, Word 4(1/0) 811/1►+ 

Long 611/0) 1211/2) + 

NEGX 
BYte,Word 4(1/0) 811/11+ 

Long 6(1/0) 1211/2) + 

NOT 
Byte, Word 4(1/0) 811/1)+ 

Long 6(1/0) 12(1/2) + 

Scc
Byte, False 411/0) 811/1) + 

Byte, True 6(1/0) 811/11+ 

TAS Byte 4(1/0) 10(1/1)+ 

TST 
Byte, Word 411/0) 411/01+ 

Long 4(1/0) 4(1/0) + 

+add effective address calculation time 

• SHIFT/ROTATE INSTRUCTION CLOCK PERIODS 
Table 33 indicates the number of clock periods for the shift 

and rotate instructions. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 

• BIT MANIPULATION INSTRUCTION CLOCK PERIODS 
Table 34 indicates the number of clock periods required for 

the bit manipulation instructions. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number of 
clock periods and the number of read and write cycles must be 
added respectively to those of the effective address calculation 
where indicated. 
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• CONDITIONAL INSTRUCTION CLOCK PERIODS 
Table 35 indicates the number of clock periods required for 

the conditional instructions. The number oC bus read and write 
cycles is indicated in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 

indicated. 

• JMP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK 
PERIODS 
Table 36 indicates the number of clock periods required for 

the jump,jump to subroutine, load effective address, push effec-
tive address, and move multiple registers instructions. The num-

ber of bus read and write cycles is shown in parenthesis as: (r/w). 

Table 33 Shift/Rotate Instruction Clock Periods 

Instruction Size Register Memory 

AS R,ASL 
BYte,Word 6+2n(1/0) 811/11+ 

Long 8+2n11/0) — 

LSR,LSL 
BYte,Word 6+2n11/0) 811/1►+ 

Long 8+2n(1/0) —

ROR,ROL 
Byte,Word 6+2n11/0) 8(1/11+ 

Long 8+2n11/0) — 

ROXR,ROXL 
BYte,Word 6+2n11/0) 811/11+ 

Long 8+2n(1/0) — 

Table 34 Bit Manipulation Instruction Clock Periods 

Instruction Size 
Dynamic Static 

Register Memory Register Memory 

BCHG 
Byte — 811/1)+ — 1212/1)+ 

Long 811/01' — 1212/01" — 

BCLR 
Byte — 811/1)+ — 1212/1)+ 

Long 1011/0►' — 1412/01" — 

BSET 
Byte — 811/1) + — 1212/1) + 

Long 8(1/01' — 12(2/01" — 

BTST 
Byte — 4(1/0) + — 612/0) + 

Long 611/01 — 1012/0) — 

+ add effective address calculation time 
' indicates maximum value 

Table 35 Conditional Instruction Clock Periods 

Instruction Displacement Trap or Branch 
Taken 

Trap of Branch 
Not Taken 

Bcc

Byte 10(2/0) 811/0) 

Word 10(2/0) 1212/01 

BRA 
BYte 10(2/0) —

Word 1012/0) — 

BSR 
Byte 1812/2) —
Word 1812/2) —

DBcc
CCtrue — 12(2/0) 

CCfalze 1012/0) 1413/0) 

CHK — 40(5/31+" 1011/0►+ 

TRAP — 34(4/3) —
TRAPV — 34(5/3) 4(1/0) 

+ add effective address calculation time 
' indicates maximum value 
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Table 36 JMP, JSR, LEA, PEA, MOMEM Instruction Clock Periods 

Instr Size An@ An@ + An@ - An@(dl An@Id, ix) ~ xxx. W xxx. L PC@Id) PC@(d, ix) " 

JMP — 8(2/0) — — 1012/0) 1413/0) 1012/0) 12(3/0) 10(2/0) 1413/0) 

JSR — 1612/2) — — 1812/2) 2212/2) 1812/2) 2013/2) 1812/21 22(2/2) 

LEA — 411/0) — — 812/0) 1212/0) 8(2/0) 1213/0) 812/01 1212/0) 

PEA — 1211/2) — — 1612/2) 2012/2) 1612/2) 20(3/2) 1612/21 20(2/2) 

MOVEM Word 12+4n 
(3+n/0) 

12+4n 
(3+n/0) 

— 
— 

16+4n 
(4+n/0) 

18+4n 
14+n/01 

16+4n 
14+n/01 

20+4n 
(5+n/01 

16+4n 
14+n/01 

18+4n 
14+n/01 

M -~R Long 
12+8n 

13+2n/0► 
12+8n 

13+2n/01 
— 
— 

16+8n 
(4+2n/01 

18+8n 
14+2n/01 

16+8n 
14+2n/01 

20+8n 
15+2n/O1 

16+8n 
(4+2n/01 

18+8n 
14+2n/01 

MOVEM Word 
8+4n 
(2Jnl 

— 
— 

8+4n 
12/nl 

12+4n 
13/n) 

14+4n 
13/nl 

12+4n 
13/n) 

16+4n 
14/nl 

— 
— 

—
—

R-+ M Long B+Sn — B+Sn 12+8n 14+Sn 12+8n 16+8n — —
(2/2n) — (2/2n) 13/2n1 (3/2n) 13/2n1 14/2n1 — — 

n is the number of registers to move 
' is the size of the index register (ix) does not affect the instruction's execution time 

• MULTI-PRECISION INSTRUCTION CLOCK PERIODS 
Table 37 indicates the number of clock periods for the multi- 

precision instructions. The number of clock periods includes 
the time to fetch both operands, perform the operations, store 

the results, and read the next instructions. The number of read 
and write cycles is shown in parenthesis as: (r/w). 

In Table 37, the headings have the following meanings: Dn = 
data register operand and M =memory operand. 

Table 37 Multi-Precision Instruction Clock Periods 

Instruction Size op Dn, Dn op M, M 

ADDX 
Byte, Word 4(1/0) 1813/1) 

Long 811/0) 3015/2) 

CMPM 
Byte, Word — 12(3/0) 

Long — 20(5/0) 

SUBX 
Byte, Word 411/0) 1813/11 

Long 8(1/0) 3015/21 

ABCD Byte 6(1/0) 1813/1) 

SBCD Byte 611/0) 1813/1) 

• MISCELLANEOUS INSTRUCTION CLOCK PERIODS 
Table 38 indicates the number of clock periods for the fol- 

lowing miscellaneous instructions. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number of 
clock periods plus the number of read and write cycles must be 
added to those of the effective address calculation where indi-
cated. 

• EXCEPTION PROCESSING CLOCK PERIODS 
Table 39 indicates the number of clock periods for exception 

processing. The number of clock periods includes the time for 
all stacking, the vector fetch, and the fetch of the first instruc- 
lion of the handler routine. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). 
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Table 36 Miscellaneous Instruction Clock Periods 

Instruction Size Register Memory Register -+Memory Memory -~ Register 

MOVE from SR — 6(1/0) 811/1) + — —

MOVE to CCR — 1212/0) 12(2/0) + — —

MOVE to SR — 1212/0) 1212/01 + — —

MOVEP 
Word — — 1612/2) 1614/0) 

Long — — 2412/4) 24(6/0) 

EXG — 611/0) — — —

EXT 
Word 411/0) — — — __ 

Long 4(1/0) — — — 

LINK — 16(2/2) — — —

MOVE from USP — 411/0) — — —

MOVE to USP — 411/0) — — —

NOP — 411/0) — — —

RESET — 13211/0) — — —

RTE — 2015/0) — — —
RTR — 20(5/0 — — —

RTS — 1614/0) — — —
STOP — 4(0/0) — — —
SWAP — 411/0) — — —

UNLK — 12(3/0) — — — 

+ add effective address calculation time 

Table 39 Exception Processing Clock Periods 

Exception Periods 

Reset" 38.5 (6/01 

Address Error 5014/7) 

Bus Error 5014/7) 

Interrupt 44(5/31' 

Illegal lnstruction 34(4/3) 

Privileged Violation 34(4/3) 

Trace 34(4/3) 

' The interrupt acknowledge bus cycle is assumed to take 
tour external clock periods. 

• • Indicates the time from when ~ and HAL are first 
sampled as negated to when instruction execution starts. 
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■ MASK VERSION 

Type No. Mask version 

H D68000-6 
HD68000-8 
H D68000-10 
H D68000-12 

H D 68000Y6 
HD68000Y8 

H D 68000Y 10 
HD68000Y12 

68000S7 

H D 68000P 6 
HD68000P8 
HD68000PS6 

HD68000PS8 
HD68000CP6 

HD68000CP8 

68000U 

The difference of function between mask version 68000S1 
and 68000U is only as following (Figure 59). 

The function of HD68H0000 is as same as mask version 
68000U. 
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CLK 

A, — A„ 

AS 

UDS 

LDS 

R/W 

DTACK 

Da~Ds 

SO S1 52 S3 S4 S5 S6 S7 SO S1 S2 53 S4 S5 56 S7 

F~ Read ►{~
Aorr 
Write 

SO Si S2 S3 S4 S5 

Approx. 8 Clocks 

Figure 59 Address Error Timing 

■ NOTE FOR USE 
• Power Supply Circuit 

When designing V~ and Vgg pattern of the circuit board, 
the capacitors need to be located nearest to V~~ and Vgg as 
shown in the Figure 60. 

3 
f 

1 
1 
i 

SZ 
f 
f 
31 . . 

7i 

S 

T 

:G 
:D 

T 

S 

Q 

(Top View) 
la) DIP 

(Bottom Viewl 

Ibl PGA 

Idle s Write Stack 

Broken line: mask version 68000U and HD6BHC000. 

1µF/35V Tantalum Capacitor (2 pairs) 

Figure 60 Power Supply Circuit 
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