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PIYSICAL C1Ll2ACTARISTICS

Bulb: T6%
Base:

Overall Length:
Sented Height:
Diameter:

BLECTRICAL GATINGS

'entoer Voltape
swa Collectsr Toltage
Darry Uollector Yoltage

NASIGE DATA
Yithout
Cathode

it
it
Ebb
Ee2
kk
Eccl
*Ral
*Ra2
*Regl,l, Rgl,2, Rel,3
*Ric
Ibl
In2
CR1
cr2

* These are equivalent resistance values,.

Small button 9-pin
2.50" maximum
2.25" maximum
0,88" maximum

5.3V + 10%
330 maximum
330 mazximum

1
Interstace
Tollower

6.3V

150 md

250 Vde

125 vde
27.5 Vde

75 ide
63,000 ohms
63,000 ohms
63,000 ohms
o]

1.3 mA min,
1.2 mA min,
2.5 min,

15 min,

LEASIDE (Toronto 17) GHAAIO

DIRECT INTER-ELECTRODE CAPACITIES
(No ext~rnal shield)

Input Capacity 5.0 uuf
Output Capacity 10,0 uuf
Capacity al to a2 1.0 uuf
Capacity gl,l or gl,2 or
gl,3 to al or a2 0.5 uuf
BASE COMFECTIONS
Pinl a2 Pin 6 al
"2 g2 (3 norogl,l
" 3 Kk n g el,2
7" L h " () {-l ’ 3
" 5 h

4ith Interstage
Cathode *pllower

6.3V

150 mA

250 vde

125 vde

14 Vde

75 Vde
47,000 ohms
47,000 ohms
8]

6,300 ohms
1,6 mA min,
1.6 mA min,
3¢5 min,
30 min,

from RTMA release #954, March 20, 1951
sponsor: Canadian Radio Manufacturing Corp. Ltd.
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TYPE 6047*

The Rogers' additron 6047 is an electrostatically Tocussed radial double
beam tube, designed primarily for use as a bhinary adder tubc in high
speed dipital computinsz devices.

The internal construction of the tuhbe 1s shown diagrammatically in !igures
1-3, Tweive control elements, placed symmetrically on a circle around the
cathode are connected internally to {orm the three control electrodes
(61,1, g1,2 and gl,3, collectively rcferred to as gl**). Twelve collector
elements, alterpnate ones connected internally to form two c¢ollector elec-
trodes (al and a2, collectively referred to as a), are placed on a circle
ard opposite the gaps between the control elements. ‘The collector elements
are shielded from each other by the screen (g2).

If one of the eight possible combinations of a zero voltage ané a positive
voltage is applied to the three contrcol electrodes of the Additron, the
electrostatic field set up in coniunction with the self-bias of the tube
directs the electron beams to cither a sum (al) or a carry (a2) collector
element, to neither or to both according to Table I. This corresponds to
the functiﬂn table for binary addition where Ecl,1*** is the augend input,
Ecl,2 the addend input, Egl,3 the carry input (from the preceding stapge).
Ibl is the sum output and Ib2 the carry output (to the following stage),
whether the positive voltare represents a 1-dirit and the zero voltace a
0-digit, or vice-versa.

TARLE 1
Ecl,1 Eel,2 Ee1,3 Ipy  Iw2
0 0 0] 0 0]
+ 0 0 + 0
0 + 0 + 0
0 0 + + 0
+ + 0 0 +
+ 4] + 0 +
0 + + ¢ +
+ + + + +
* R .A. Type Designation
*% All symbols accordings to JAN specifications unless otherwise noted.

%% All voltages referred to ground, not to the cathode.
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Design Notes
Figures of merit for an additron are:=

(a) Time factor

This 1s the ratio EQ_L.M {sec,)
b

For directly coupled tubes, Cin + Cout is 15 uuf* and either collector

current for Eg) = 100V. is 1.0 milliamperes (Table I1), giving for the
time factor a valus of about 1 microsecond,

for cathode follower coupling, neglecting the effect of the ecathode
follower input capacity, Cin is zero, and Cout is 10 uuf. The current
is 2.3 milliamperes (Table 1V). The time factor is thus about 0.5
mierosecond.,

These veluss determine the ultimate speed with which the tubes can
be satisfactorily operated.

(b) Control ratios CRy and CR2

For each collector, the control ratio is defined as the ratio of the
lowsat desirable current to highest undesirable current and is a mea=
sure of the effectiveness with which that collector distinguishes be=
tween a 1= and a QO=-digit.,

The control electrodes, when positive, draw currents which are functions of
the input voltage combinations and for which allowance must be made in the
design of a eirguit. These currents can be used to equalize the input poten=-
tials approximately, when two or three grids are positive, by placing resis=
tance in the input circuits. The way in which equalization occurs can be
deduced from the curves in Figure 4, which shows that when the potential

of one positive grid changes slightly, the grid currents change so as to
drive the potantials of the other positive grids in the sams direction,

This tendency toward equalization is more evident in Pigure 5.

Figure 4 also shows that the tube will tolerate inequalities of 10% in
nominally equal input potentials,

When the output of one additron directly drives the input of another addi-
tron, the equivalent input resistance of the second tube is egual to the
equivalent output resistance of the first one, provided the coupling is ef-
fectg? by a low impedance device such as a neon light or a condenser (Fig—
ure °

Where direct coupling is used, it is recommended that the cathode resistor
be zero and that the cathode potential be between 35% and 42% of the input
potential. The equivglent load resistance should be 63,000 ohms or greater.
The equivalent eircuit and typical operating conditions for direct coupling
are shown in Figure 7 and Table II respectively.

* For capacitances etc., see Technical Data Sheet, which is attached.
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TABLE X1

Evdb Ee2  Beel By Ra Rgl Re [Inl  Ip2 | CR  CR2
(volts) (volts) (volts)(volts){ohms) (chms) {ohmse)| (mA} (mA)

300 125 100 35 63,000 63,000
250 125 75 27.5 68,000 68,000
250 125 50 20 72,000 72,000

1.6 1.6 3.0 15
1.2 1.2 2.5 15
O 7 007 2‘5 30

»NoRo

If the additrons are coupled by cathode followers (Figure 8), the currents

to positive control elsectrodes are of less importance in designing the eireuit,
but it may still be advisable to retain some resistance in the input circuits
for equalization of the control electrode voltages as explained above, The
equivalent circuit for cathode follower coupling is shown in Figurs 7, where
Rgl in this case will have & small value. In Table III are shown typical op=
erating conditions for the case where the input resistance to the additron ls
zero and Table IV shows an intermediate case where the values of Rk and Rgl
are between the values for the cases shown in Table II and Table I1X.

TABLE I11

Epdy Ee2 Ecel Ex Ra Rgl Ry Ipl In2 CRy CR2
(volts) (volts) (volts)(volts)(ohms) (ohms) (ohms}| (ma) (mA)

300 125 100 18 42,000 O 5,600 2,5 2.5 | 400 30
250 125 75 U 47,000 0 6,3000 1.7 1.7 | 3.5 30
250 125 50 10 56,000 0O 6,800 1.1 1.1 | 3.0 35

TABLE 1V

Ebd  Eg2 Egel Ik Ra Rg1 Ry In1 Iv2| CR1 €R2
(volts) (volta) (volts)(volts){ohms) (ohms) {obms){ (ma) (ma)

300 125 100 27 47,000 7,500 4,200 2.3 2.3 | 3.5 30
250 125 75 2 5,000 10,000 4,700 lak 1ok | 3.0 30
250 125 50 1, 63,000 12,000 5,600] 0.9 0.9 | 2,5 40

The values of the control ratios depend on the values of Eg %, Rglp and Rye
In Figure 9 the variation of Ig)l,1 with Eclﬁ% is shown for E e cise where
i

Egl,1 = Ecl,2 @nd Eg3 3 = O» The slope of s curve increases rapidly as the
gria potential approaches the screen potential. For this reason, the scereen
voltage should be held at the maximur of the grid swing or above, The differ=
ence between collector and sereen supply voltages must be at least equal to
the desired signal output.

The bleeder circuit (see Pigure 6 and Figure 8) may be so designcd that the
coupling neon lights extinguish when the carry collector receives curreat,
However, this method of equalization of negative inputs is not absolutely
necessary, sinece the earry collector voltage swings between two levels, one
determined by the sersen potential, the other by the collector supply voltage.
If the circuit is designed such that the neon lights are always conducting,

a condenser should bte placed in parallel with the neon lights.
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The measurements of Table V were made on one additron under the conditions
indicated and in the equivalent circuit (see Figure 7} to illustrate the
manner in which the currents to the various electrodes depsnd on the combipa-
tion of input potentials,

TABLE V
(a} Test Conditionsse
Epb = +2507;

Eo2 = +125V; Ex = +27.5V.

Ra = 63,000 ohms; Rgl = 63,000 ohms; Rg = O,

=—2—°-2-=°
CR1 oo 505

[ ]

ch‘ 2.0

0,06

33

Ecel,1 Eccl,2 Eeel,3| Ibvi Iv2 |Iel,l To1,2 Ic1,3| Ie2
(volts) (ma) (ma) | (wA) (wa) (ua) | (ua)
¢] 0 (¢} 0 0 0 0 4] O
75 0 0 1.5 0.03] 60 0 0 400
0 75 0 1.7 0,05 © 50 0 500
0 0 75 1.5 0.04 0 0 100 460
75 75 4] 0.3 1,2 490 500 0O 80
75 0 75 0.3 1.2 480 (0] 500 Q0
0 75 75 0.2 1.2 0 520 510 100
75 75 75 1.6 1.4 | 630 640 630 | 220
= 1, = o0
CRy '6:'% 5
ﬂ-]:-eug =
M2 = 5e05 =
“(b) Test Conditionge=

Ebb = +250V; E02 = *125Vg &: a +14V,

Ra = 47,000 ohms; Rgl = O; Rx = 6,300 ohms,

Boc1,1 Eool,2 Ecel,3] Inl Tpz |Tel,1 Tec1,2 Iei,3| Le2

{volts) (mA) (ma) | (wd) (uwa) (ua) | (ua)

0 0 0 0 0 0 0 0 0
75 0 0 2.3 0,051 130 0 0 80
4] 75 ) 2.2 0,04 O 170 o 170
0 0 75 2.2 0,061 © 0 100 90
75 75 0 0.4 o2 1050 1200 O 370
75 0 s Ood 262 990 0 1200 500
¢ 75 75 0.3 2.2 0 1150 1100 | 520
75 75 75 2.2 2.0 1010 1090 1050 | 680
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TARLE ¥V (Cont®d.)

(¢) Test Conditiongs=
Epp = +R50V3 Eq2 = +125V; B =40To
Ra = 56,000 ohus3 Rgl = 10,000 ohmsj Ry = 4,700 ohns.

Eool,1 Eool,2 Becl,3| Ivl Ib2 Tel,1 Ye2,2 Tel,3] Ie2
(volts) (ma) (ma) | (uwa) (us) (ua) | (ua)
0 0 0 ¥ 0 0 ¢ 0 0
75 0 0 1.8 0,04] 70 0 0 110
0 75 0 1.8 0,04] 0 50 O 150
0 0 75 1.8 0.05] © 0 120 180
75 75 0 0ch 1lo9 | 900 930 O 310
75 0 75 0.3 1.9 | 820 0 1000 | 430
0 75 75 0.3 1.9 0 60 980 | 420
75 75 75 1.9 1.8 ] 970 1000 1000{ 710
1.8
CRy & ik 4o5
(Ro = 18 _
2 ° 5555 = 36

The process of eddition usually involves two discrete steps. First, the
nunbers to be added are applied to the control clectrodes of the tube,
3econd, the addition is carried out. Usually it is desirable to have the
tube operative only during the second step. If the ceathode ig the gating
element, its potential is normally above the hishest of the input poten=
tials end a negative pulse to the cathode permits the eddition to tup
place.

The scresn may also be uged for gating. Currents to the output elenments
are effaectively cut off when the screen is at cathode potential., In this
case the positive control eleectrodes will draw current. The use of the
screen as a gating element is also facilitated by the smell s¢reen cure
rents (approximately half the output currents).

Function tables other than that far himary sddition may also be obtained,
If the cathode is returned to a voltage approximataly 55% of the input
voltege, the outputs of Table VI (a) are obtalned, while if a large cathode
resistor is returned to a voltage negative with respeet to the lower grid
swing, the outputs of Table VI (b) are obtained.
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Taole VI
{a) (b}
Eey,a Ze1,2 Eel,3 1 Tpz | Ip2  Tv2
0 0 0 o 0 + +
+ 0 0 0 0 + 0
0 + 0 0 4] + 0
0 o + 0 o + Q
+ + 0 0 + 0 +
+ 0 + 0 + 0 +
0 + + 0 + 0 +
+ + + 4 + + +

Gueries and comments reparding type 6047, the operating conditions and
circuitry, are invited.
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