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DATA HANDBOOK SYSTEM

The Mullard data handbook system is made up of three sets of Books, each comprising
several parts.

The three sets of books, easily identifiable by the colours of their covers, are as follows:
Book 1 (blue) Semiconductor Devices and

Integrated Circuits
Book 2 (orange) Valves and Tubes

Book 3 (green) Passive Components, Materials,
and Assemblies

THESE BOOKS REPLACE THE OLD SYSTEM OF LOOSE-LEAF HANDBOOKS.
New editions will be issued at approximately yearly intervals.

The data contained in these books are as accurate and up to date as it is reasonably
possible to make them. It must however be understood that no guarantee can be given
here regarding the availability of the various devices or that their specifications may not
be changed before the next edition is published.

The devices on which full data are given in these books are those around which we
would recommend equipment to be designed. Where appropriate, other types no longer
recommended for new equipment designs, but generally available for equipment
production are listed separately with abridged data. Data sheets for these types may be
obtained on request. Older devices on which data may still be obtained on request are
also included in the index of the appropriate part of each Book.

Information regarding price and availability of devices must be obtained from our
authorised agents or from our representatives.



SELECTION GUIDE







SELECTION GUIDE—BOOK 2, PART 3

Section B

SWITCHING DIODES, REED INSERTS
Switching Diodes

Description Type No.
Subminiature neon filled switching diode with a large and
stable difference between ignition and maintaining voltage
intended for low speed switching and counting in com-
bination with a cadmium sulphide photoconductive cell
detecting the light output ZA1002
Subminiature neon filled diode for use as a visual indicator
to display the state of a low voltage switching transistor ZA1004
Reed insert
Description Type No.
Miniature magnetic dry reed switch in a gas filled capsule
primarily designed for telephone exchanges. Double ended
type, single pole single throw with normally open contacts. RI-12
Section C
VOLTAGE STABILISER & REFERENCE TUBES
Voltage stabiliser tubes
Nominal Burning Max. Type No.
maintaining current regulation
voltage max. min. voltage
V) (mA) (V)
45€1
78 60 2 8 M8225
90 40 1 14 90C1
108C1
108 30 5 3.5 e
[150B2
150 15 1 M8163
150 30 150C2
150C4
150 30 5 5 {M8223

Note: Types commencing with "M’ are special quality types.




Section C (continued)

Voltage reference tubes

Maintaining Preferred Base Type No.
voltage current
(V) (mA)
801 to 81-9 3 Flying lead 221000
83 to 845 4-5 B7G 83A1
85A2
83 to 87 6 B7G M8098
84 to 88 2 Flying lead M8190
Note: Types commencing with ‘M’ are special quality types.
Section D
COUNTING TUBES
Description Max. stepping Type No.
speed (kHz)
End viewing decade tube with 5 (25048
cathodes 0 to 9 brought out separately ZM1070
Similar tube with higher speed 50 i

ZM1060




Section E

NUMERICAL & CHARACTER INDICATING TUBES

Viewing Characters displayed Character Base Type No.
direction height
(mm)
; ; For printed | ZM1000
Side 0 to 9 and left decimal pt. 14 circuit grid | *ZM1000R
; A For printed | ZM1001
e e O 14 circuit grid |*ZM1001R
: ; *ZM1080
Side Oto9 13 Flying lead ZM1082
) : *ZM1081
Side — +, ~ 10:5 Flying lead ZM1083
End O0to9 155 Rectangular| ZM1162
: ¢ *ZM1170
Side Oto9 55 Flying lead ZM1172
: S . *ZM1174
Side 0 to 9 and left decimal pt. 1i9:b Flying lead ZM1175
: ; ; ; *ZM1176
Side 0to 9 and right decimal pt. 15:5 Flying lead ZM1177
: : Flying lead | *ZM1230
bite 0159 o (inverted) | ZM1232
Side 0 to 9, decimal point, 10 2x17 pin | ZM1200
punctuation mark.
Multiple display of
14 numerals in line.

Note: Types marked * incorporate a red filter.




Section F

SMALL THYRATRONS & TRIGGER TUBES

Trigger Tubes

Description Nominal trigger | Type No.
ignition voltage
(V)
Triode suitable for stand-by operation on 80 Z900T
117V a.c. supply
Close tolerance tube with stable character- 132 Z803U
istics for d.c. operation
Small tetrode thyratrons
Max. I (av) Max. peak anode voltage Base Type No.
Forward Inverse
(mA) | V)
25 500 500 B7G EN92
100 650 1300 B7G S
M8204
300 650 1300 Octal EN32
Note: M8204 is a special quality type.
Section G
LARGE THYRATRONS
Inert gas triode thyratrons
Max. lx(av) Max. peak anode voltage Base Type No.
Forward Inverse
(A) V)
ZT1011
2:5 1500 1500 B4G XR1-1600A
32 1500 1500 B4D XR1-3200A
64 1500 1500 B4D XR1-6400A




Section G

(continued)

Mercury vapour triode thyratrons

Max. lx(av) Max. peak anode voltage Base Type No.
Forward Inverse
(A) (V)
2:5 1000 1500 B4G XG1-2500
6-4 2500 2500 B4D XG2-6400
Section H
IGNITRONS
International size | 2 tubes connected in inverse parallel on Type No.
600V supply for single phase welding
Max. demand Max. average current
(kVA) (A)
200 56
B 600 30-2 ZX1051
400 140
& 1200 756 L2
800 365
B 2400 192 308
400 70
Uprated B 1200 38 ZX1061
760 180
Uprated C 2280 110 ZX1062




Section J

POWER RECTIFIERS

D.C. output | Max. peak Filling Base Type No.
for 2 tubes, inverse
single phase voltage
full-wave
(A) (kV)
05 6-5 Mercury-vapour | British 4-pin | RG1-240A
Medium
0:5 10 Mercury-vapour Bdiean Soiow RG3-250
0-5 10 Mercury-vapour B4G RG3-250A
0-5 10
1:0 5 Inert gas B4G RR3-250
= Goliath
2:5 13 Mercury-vapour Edison Sarew RG3-1250
2:5 10 Inert gas B4F RR3-1250
Goliath %
2:5 13 Inert gas Edisor Sorauw RR3-1250A
Goliath i
2-5 13 Inert gas il Seron RR3-12508B
: Goliath
255 20 Mercury-vapour Edison Serew RG4-1250
G 13 Mercury-vapour B4D RG4-3000
10 25 g

“See data for different filament currents between these 2 types.
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LIST OF SYMBOLS

These symbols are based on British Standard Specification No. 1409 : 1950,
‘“ Letter Symbols for Electronic Valves *'.

1. SYMBOLS FOR ELECTRODES

Anode
Cathode ...
Grid
Heater
Filament &
Beam Plates ... ... bp

- T X

Fluorescent Screen or Target... t
External Metallisation ... M
Internal Metallisation ... m
Deflector Electrodes ss5p X OF Y
Internal Shield ... s
Resonator ... Res

NOTE 1. In valves having more than one grid, the grids are distinguished
by numbers—g;, g,, etc., g, being the grid nearest the cathode.

NOTE 2. In multiple valves, electrodes of the different sections may be
distinguished by adding one of the following letters:

Diode ...
Triode...
Tetrode
Pentode

d Hexode

t Heptode ... Lis h
q Octode

P Rectifier ... d r

Thus, the grid of the triode section of a triode-hexode

is denoted by g;.

NOTE 3. Two or more similar electrodes which cannot be distinguished

by any of the above

means may be denoted by adding one or

more primes to indicate to which electrode system the
electrode forms a part.
Thus, the anode of the first diode in a double diode valve is

denoted a’.

2. SYMBOLS FOR ELECTRIC MAGNITUDES

Voltages
Direct Voltage ... ..V
Alternating Voltage (r.m.s.) Vi,

Alternating Voltage (mean) Vay
Alternating Voltage (peak) vpx

Current
Direct Current ... seey
m.s. Alternating Current (rom.s.) lr.m.s.
Alternating Current (mean) lay
Alternating Current (peak) ipx

Peak Inverse Voltage o P No Signal Current ... vie. g
Miscellaneous
Frequency s Anode Efficiency 7
Amplification Facto £ STE Sensitivity S
Mutual Conductance ... gm Brightness B
Conversion Conductance... g¢ Temperature ) 7
Distortion ... ... D Time ... t
iR,
[ Mullard |
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LIST OF SYMBOLS

Inside Outside

Valve Valve
Resistance r R
Reactance x X
Impedance 2z Z
Admittance y Y
Mutual Inductance m M
Capacitance s : c (&
Capacitance at Worklng Temperature Cw
Power - o g o p P
3. AUXILIARY SYMBOLS
Battery or other source of supply ... b
Inverse (Voltage or Current) inv
Ignition (Voltage) ign
Extinction (Voltage) ext
No Signal 5 [
Input ... in
Output ... out
Total ... tot
Centre Tap ct

4. COMPLEX SYMBOLS

Symbols in Sections 1 and 3 above may be used as subscripts to symbols in
Section 2, to denote such magnitudes as Anode Current, Grid Volts, etc.,
e.g.i—

Anode Voltage v Ve Anode Current (A.C. r.m.ss.) lagr.m.s.)
Control-Grid Voltage Va1 No Signal Anode Current ... g,
Anode Supply Voltage Vg, Control-Grid Current ... g
Filament Voltage s Vi Total Distortion ... e Digt
Heater Voltage S 3rd Harmonic Distortion ... D3
Anode Dissipation ... pa Equivalent Noise
Output Power e Poiit Resistance se  Reg
Drive Power . Parive  Limiting Resistor ... i5 R
Anode Current (D. C ) la Cathode Bias Resistor Ry
Internal External
Anode Resistance i (i Ra
Insulation Resistance (heater to cathode) Fh_k
Resistance between Control-Grid and Cathode rgi_k Rg1_k
Capacitance (cold)—
Anode to all other electrodes ... Co_sil
Anode to control-grid ... Ca.gl
Control-grid to cathode at workmg temperature Cgl_k(w)
Control-grid to all other electrodes except
anode (Input Capacitance) - Cin
Anode to all other electrodes except “control-
grid (Output Capacitance) ... Cout
Inner Amplification Factor ... gl_gs
=,
[Mullard|
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TRANSMITTING AND TYPE
INDUSTRIAL VALVES AND TUBES NOMENCLATURE

A new comprehensive type nomenclature system for transmitting and industrial
valves and tubes has recently been introduced. In general, new Mullard devices
will have type numbers in the ‘new system’, earlier devices will retain numbers
in one of the ‘old systems’.

NEW SYSTEM

The type number for valves or tubes used primarily in ‘professional’ applications
(e.g. transmitters, navigation or communication equipment, industrial applica-
tions) consists of two letters followed by four figures. This system does not apply
to receiving-type valves.

The first letter indicates a fundamental characteristic of the device:
X—photosensitive tube
Y—vacuum valve or tube (except photodevices)
Z—gasfilled valve or tube (except photodevices)

The second letter indicates the construction or application of the device :
A—diode
C—trigger tube
D—triode or double triode
G—miscellaneous
H—travelling wave tube
J—magnetron
K—klystron
L—tetrode, pentode, double tetrode or double pentode
M—cold cathode indicator or counter tube
P—photomultiplier tube or radiation counter tube
Q—camera tube
T—thyratron
X—ignitron, image intensifier or image converter
Y—rectifier
Z—voltage stabiliser or reference tube

The group of four figures is a serial number. The last figure is 0 for basic types;
variants of the basic type are indicated by the figures 1 to 9.

Example
YL1030 Transmitting double tetrode

Receiving-type valves

The type number of receiving valves used primarily in ‘professional’ applications
is similar to that for normal receiving valves except that there are four figures
instead of two or three. The letters and first figure have the same significance
as in the receiving valve type numbering system.

Example

EC1000 Triode for professional applications, special base, 6.3V
heater

OCTOBER 1962 R Page 1



TYPE

TRANSMITTING AND

NOMENCLATURE INDUSTRIAL VALVES AND TUBES

OLD SYSTEMS

Transmitting and large industrial valves and tubes

The type number generally consists of two or more letters followed by two sets
of figures. These symbols provide information concerning the principal uses and
ratings of the valves according to the following code.

The first letter indicates the general functional class of valve:

Note.—For

B—backward wave tube

J—magnetron

K—klystron

L—travelling wave tube

M—L.f. amplifying or modulator triode

P—r.f. power pentode

Q—r.f. power tetrode

R—power rectifier

T—r.f. power triode

X—Tlarge thyratron. (All hydrogen thyratrons and other thyratrons
having max. mean anode current of 500mA or more.)

valves having dual electrode systems, the code letters for both
systems are used, e.g. ‘QQ’ for a double tetrode.

The second letter indicates some structural property in each class of valve:
(a) For transmitting valves and vacuum rectifiers, the type of cathode.
(b) For thyratrons and gasfilled rectifiers, the type of gas present.
(c) For microwave devices, a basic structural feature.

A—outputs up to 1TW 1\ In backward wave and travelling
B—outputs of 1W and over S wave tubes
D—disc-seal construction

G—mercury-vapour filled

H—hydrogen-filled

N—external magnet required (in magnetrons)
P—packaged construction (in magnetrons)
R—inert-gas filled

S—reflex (single resonator) construction (in klystrons)
T—multiple resonator construction (in klystrons)
V—indirectly heated oxide-coated cathode
X—directly heated tungsten filament

Y—directly heated thoriated-tungsten filament
Z—directly heated oxide-coated filament

The third letter
Transmitting valves with a silica envelope have a third letter ‘S’.
Thyratrons with a shield grid (tetrode construction) have a third letter ‘Q’.
Microwave devices that are tunable have a third letter ‘T".

(i
[Mullard|
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TRANSMITTING AND TYPE
INDUSTRIAL VALVES AND TUBES NOMENCLATURE

The first group of figures, immediately following the letters, indicates:

(a) The approximate anode voltage in kV for transmitting valves and
rectifiers:

Thus 05 represents 0.5kV = 500V
2 represents 2kV = 2000V
For valves intended for pulse operation this figure is the peak anode
voltage in kV.
(b) The approximate peak inverse voltage in kV for thyratrons.
(c) The approximate frequency of operation in Gc/s for magnetrons,
klystrons, backward wave tubes and travelling wave tubes:

Thus 9 represents 9Gc/s = 9000Mc/s.

The second group of figures indicates:

(a) For transmitting valves, the maximum permissible anode dissipation
in W. For dissipations of 10kW or more the dissipation in kW is given.

(b) For transmitting valves primarily intended for pulse operation this
group is prefixed by the letter ‘P’ and the figures indicate the maximum
peak current in amps.

(c) For backward wave and travelling wave tubes, the output power in
mW or W depending on the second letter (‘A’ or ‘B’).

(d) For magnetrons, the pulse power output in kW.
(e) For klystrons, the power output in mW.
(f) For rectifiers, the approximate rectifier output current in mA.

(g) For thyratrons, the approximate maximum permissible mean anode
current in mA. This group consists of at least three digits, the first one
being 0 if the current is between 10 and 100mA. For currents of 10A
or more the current in amps is given.

Thus 045 represents 45mA
6400 represents 6400mA = 6.4A
12 represents 12A

A final letter occasionally follows the second group of figures. This is usually a
serial letter to denote a particular design or development. Types designed
for water cooling are indicated by the letter ‘W’ and if these types also
have a forced air-cooled version this is indicated by the letter ‘A’.

Examples
1P9-7 Magnetron with packaged construction for operation at a
frequency of approximately 9000Mc/s with pulse power
output of 7kW.
KS9-20 Klystron of reflex construction for operation at a frequency
of approximately 9000Mc/s with a power output of 20mW.
LA4-250 Travelling wave tube for operation at a frequency of approxi-

mately 4000Mc/s with an output of 250mW.

© i

[Mullard]|
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TYPE

TRANSMITTING AND

NOMENCLATURE INDUSTRIAL VALVES AND TUBES

QQVO03-10

QV20-P18

RG3-250

XG5-500

Double beam tetrode with indirectly heated oxide-coated
cathode. Rated to work at 300V and to dissipate 10W
continuously (5W at each anode).

R.F. power tetrode with indirectly heated oxide-coated
cathode. Designed for pulse operation with maximum peak
anode voltage of 20kV and maximum peak anode current
of 18A.

Mercury-vapour rectifier rated to work at 3kV and to give
a maximum rectified output of 250mA.

Mercury-vapour thyratron having a rated peak inverse
voltage of approximately 5kV and a maximum permissible
mean anode current of approximately 500mA.

Cold cathode tubes

The type number for cold cathode tubes (excluding photocells and stabilisers)
consists of one letter followed by a group of three figures which are followed

by a second letter.

The first letter is always Z, indicating a cold cathode gasfilled tube.

The first figure indicates the type of base, the significance of the figure being
the same as for Mullard receiving valves.

The second and third figures are serial numbers indicating a particular design
or development.

The second letter indicates the function of the tube:
A—amplifier tube (continuous operation)
B—binary counter of switching tube
C—multistage counter tube
E—electrometer trigger or amplifier tube
G—gating tube
M—indicator (metering) tube
S—multistage switching tube
T—3-electrode trigger tube
U—4-electrode trigger tube
W-—S5-electrode trigger tube

Example

Z803U 4-electrode cold cathode trigger tube with B9A base.

N, Page 4
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REED INSERTS






DRY REED SWITCH RI-12

TENTATIVE DATA

QUICK REFERENCE DATA

Miniature dry reed switch with gold plated contacts, hermetically
sealed in a gas-filled glass capsule. Double ended type, single pole,
single throw withnormally open contacts, containing two magnetically
actuated reeds, operated by an electromagnet, permanent magnet or
a combination of both. Intended for use in telephone equipment and
other applications requiring exceptional reliability.

This switch conforms to Post Office specification T4547.

Contacts Single pole, single throw, normally open
Maximum switched power 5.0 w
Switched voltage 50 v
Switched current 100 mA

CHARACTERISTICS (using standard test coil)

The standard test coil consists of 5000 turns of 42s.w.g. enamelled
copper wire on a coil former of 25.4mm winding length with a core
diameter of 8.75mm.

Non-operate

Minimum breakdown voltage 1.0 kv

Minimum initial insulation resistance (at 100V ) 105 MQ

Capacitance without test coil 0.7 pF

with earthed test coil 0.35 pF

Maximum non-operate ampere turns 30 At
Operate

Minimum operate ampere turns 58 At

Operating time, including bounce

(measured at 80At) average 0.6 ms

max. 1.0 ms

Maximum switched current 100 mA
Hold

Minimum hold ampere turns 27 At

Maximum current through closed contacts 1.0 A

Initial contact resistance

(measured at 40At) min. 60 mg
max. 150 mg
A,

JANUARY 1969 N RI-12 Page 1



CHARACTERISTICS (continued)

Release
Maximum release ampere turns 15
Maximum release time (measured from the
instant of switching off 80At energisation) 50
Maximum switched current 100
Maximum switched power 5.0

LIFE EXPECTANCY AND RELIABILITY

End of life is assumed to be reached when:

At

us
mA

a) the contact resistance exceeds 19 for no load conditions or 2.5% for

loaded conditions, or

b) the release time exceeds 1.5ms (latching or contact sticking)

No load conditions

-9
Life expectancy > 107 operations with a failure rate <5.5x10 = at 90%

confidence level.

Loaded conditions (see note below)

Life expectancy >5X 106 operations with a failure rate < 1078 at 90%

confidence level.

Reliability

Life expectancy >5X 108 operations with a failure rate <8.5X 10~9 under

the following conditions:

Capacitive loading resulting in a peak current of 1.4A, i;/ip = 1.4,
t1 = 80 to 100ns (see fig.1). Nominal switched voltage = 50V, nominal

switched current = 100mA.

Note

If inductive loads are to be interrupted, contact protection is recommen-
ded (diode or RC network). Higher loads may be switched if reduced life
expectancy and reliability are acceptable. The manufacturer should be

consulted before doing this.

: ~—
i 7J

N\ £

[

Fig.1

[— )

N

~I\

Mullard
NP
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DRY REED SWITCH  RI-I2

RATING (ABSOLUTE MAXIMUM SYSTEM)

(See also 'Life expectancy and reliability')

Maximum switched power 5.0 w
Maximum switched voltage 65 v
Maximum switched current 100 mA
Maximum surge current (for 100ns max.) 1.5
: = 0
Tamb min. 55 C
T max. +100 °%¢
amb

SHOCK AND VIBRATION
Shock

50g acceleration for 1lms, caused by an impact perpendicular to the
flat sides of the reeds. Such an impact will not cause an open contact to
close (no magnetic field present ), or a contact closed by 80At energisation
to open.

Vibration

Frequency range 50 to 1500Hz, 20g acceleration caused by a force per-
pendicular to the flat sides of the reeds. Such a vibration will not cause
anopen contactto close (no magnetic field present), or a contact closed
by 80At energisation to open.

SOLDERING RECOMMENDATIONS

The switch may be soldered directly into the circuit but heat conducted
to the glass-to-metal seals should be kept to a minimum by the use of a
thermal shunt.

Dip soldering is permitted to a minimum of 4mm from the seals at a
solder temperature of 240°C for a maximum of 10 seconds.
Solderability is tested according to I.E.C.* publication 68-2-20, test T
solder globule method.

MOUNTING POSITION

Any. The leads should not be bent nearer than 2mm from the glass-to-
metal seals, and stress on the glass-to-metal seals should be avoided.
The robustness of the terminations is tested according to I.E.C.* pub-
lication 68-2-21,tests Ua (load 3kg), Ub (load 1kg, 4 bends) and Uc.
Care must betakento prevent stray magnetic fields from influencing the
operating and measuring conditions.

*International Electrotechnical Commission.

R RI-12 Page 3
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MECHANICAL DATA
Contacts

Contact material

Single pole, single throw, normally open

gold
Terminal finish tinned
Resonant frequency of single reed (approx.) 1650 Hz
Weight (approx.) 0.6 g
OUTLINE DRAWING
317 f 283 ' @ 397
min ‘ max l m[:x
tinned ureu/n___{ 4610 ?0-8
= 4547 e
All dimensions in mm
Fsi

N RI-12 Page 4



COLD CATHODE
SWITCHING AND LIGHT DIODE ZA1002

QUICK REFERENCE DATA

Cold cathode, neonfilled subminiature switching diode with a large and stable
difference between ignition and maintaining voltage. Intended for low speed
switching and counting in combination with cadmium sulphide photoconductive

cells.

Ignition voltage 170 v
Maintaining voltage 109 v
Cathode current 3.5 mA

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN

Measured at an ambient temperature of 25°C unless otherwise stated. The values
given state the range over which the tube will operate, both initially and during life.
The characteristics are independent of ambient light.

NON-CONDUCTION

Maximum anode-to-cathode voltage

below which no ignition will occur 163 v
Minimum anode-to-cathode leakage resistance 300 MQ
IGNITION

Minimum anode-to-cathode
voltage to ensure ignition 178 v

Typical maximum individual
variation during life 5 v

Maximum temperature coefficient of
ignition voltage averaged over the

range -55°C to +70°C +15 mV/degC
Average ignition delay See pages 5 and 6
CARBINEE
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CONDUCTION

Cathode current

Minimum average during any conduction period 2.2 mA
Maximum average (maximum averaging time=1s) 4.5 mA
Maximum peak 50 mA
Maintaining voltage See page 4

Typical maximum individual variation
of maintaining voltage during life -4 to +2 v

Typical maximum temperature coefficient of
maintaining voltage averaged over the range

-55°C to +70°C +15  mV/degC

Typical rise in bulb temperature 10 degC/mA

Minimum light output (see note 1) 20 lux/mA

Typical maximum variation of light output -3 %/1000h
EXTINCTION

Typical minimum RC components to ensure self extinction at anode supply voltage
of 250V for different values of current limiting resistor Ryjy,.

R,. 0 1 10 47 100 kQ
lim
R, 1 1 1.5 2 3 MQ
(6. 5 22 22 22 22 nF
Vb
RO
[e]
Riim
O
D357

LIFE EXPECTANCY

The conditions given inthe section Characteristics and Range Values for Equipment
Design will apply for alife period of at least 15000 hours operation (i.e. conducting).
A life of 3000 hours may be expected when the tube is operated within the preferred
currentrange or 2.4 X 108 ignitions discharging a capacitor of maximum value 16uF
with a suitable series impedance to limit the peak current to 50mA maximum.

R ZA1002 Page 2



COLD CATHODE
SWITCHING AND LIGHT DIODE ZA1002

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

Maximum negative peak anode voltage 200 v

Cathode current (see note 2)

minimum (continuous) 2.2 mA

maximum average (maximum averaging time=1s) 4.5 mA

maximum peak 50 mA
Bulb temperature

maximum 70 gc

minimum -55 C
Altitude, maximum 24 Km

SHOCK AND VIBRATION RESISTANCE

These conditions are used solely to assess the mechanical quality of the tube. The
tube should not be continuously operated under these conditions.

Shock resistance

500g, applied by an NRL impact machine for electronic devices. Five blows of
the hammer lifted over an angle of 30° in each of four positions of the tube.

Vibration resistance

NOTES

2.5g(pk) applied for 32 hours at a frequency of 50Hz in each of three directions
of the tube.

. The light output is measured over an angle of 70° at a distance of 3.6mm from

the tube axis at a normal to the anode cylinder. A Standard Weston Cell adapted
to eye sensitivity is used.

Because the light emission of the neon discharge is mainly contained in the red
region, the illumination resistance of a cadmium sulphide cell will be 1.5 to 2
times lower than for irradiationby a 2700K incandescent light source. The exact
conversion factor will depend upon the type of cadmium sulphide cell used.

. Under conditions such as extreme supply voltage variation, a minimum of 1mA

and maximum of 5mA is permitted for short current excursions. These must
never exceed 24 hours.

. The leads are tinned and may be dip-soldered to a minimum of 5mm from the

seals at a solder temperature of 240°C for a maximum of 10 seconds. The tube
may be soldered directly into the circuit, but heat conduction to the glass-to-
metal seals should be kept to a minimum by the use of a thermal shunt.

. Care should be taken not to bend the leads nearer than 1.5mm from the seals.

. Due to the small physical size of the device, code number stamping has not been

possible, therefore for recognition purposes a red dot has been painted on the
side of the envelope.
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DIMENSIONS AND CONNECTIONS

@ 5.7 to 6.1+ e D343
a \ -]
k1 S &l
it i
il 25 max [ 1|1 10
1! 11
- l--| Im! ‘
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COLD CATHODE
SWITCHING AND LIGHT DIODE
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COLD CATHODE 7ZA 1004

INDICATOR DIODE

QUICK REFERENCE DATA

is independent of ambient illumination.

Ignition voltage 90
Extinction voltage 83.5
Cathode current 150
Light output at Ik: 1mA 60

Neon filled sub-miniature diode for use asa visual indicator todisplay
the state of a low voltage switching transistor. Operation of thistube

r—-—

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN

At an ambient temperature of 20 to 30°C unless otherwise stated.

The values given state the range over which the tube will operate both initially
and during life, No allowance has been made for supply voltage and component

variations.

NON-CONDUCTION

Maximum anode-to-cathode voltage

below which no ignition will occur 88 A\
Minimum anode-to-cathode leakage resistance 300 MQ
IGNITION
D.C. Conditions
Minimum anode-to-cathode voltage
to ensure ignition (see note 1) 93 v
Individual variation during life <2.5 v
Typical maximum temperature
coefficient of ignition voltage -15 mV/degC
Average ignition delay (Va=93VZ see note 2) 0.05 s
A.C. Conditions
Ignition voltage (see note 3)
maximum 101 v
minimum 96.5 A
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CONDUCTION

Maintaining voltage (see curve on page 5 and note 4)

maximum 86 +4. 25Ik v
minimum 83 + 2.5 Ik v
individual variation during life 1.5 A%
Typical maximum temperature coefficient
of maintaining voltage -15 mV/degC
Typical rise in bulb temperature 10 degC/mA
Minimum light output (see notes 5 and 6) 30 lux/mA<—

Individual minimum light output (see notes 5 and 6)

measured over an angle of 700, averaged

over the full circumference of the tube 60 lux/mA<—

EXTINCTION

Minimum anode-to-cathode voltage

below which all tubes extinguish See note 1 and page 5
LIFE EXPECTANCY

The conditions given in the section Characteristics and Range values for

Equipment Design will apply for a life period of at 1east 10 000 hours operation

(i.e. conducting).

A life of 25000 hours may be expected when the tube is operated at a con-
tinuous cathode current of 1mA and a bulb temperature of 35 C.

RATINGS (ABSOLUTE MAXIMUM SYSTEM)

NOTES
1.

Maximum negative anode voltage 70 v

Cathode current

minimum (continuous) 0.1 mA

maximum (maximum averaging time = 5s) 2.5 mA

peak 3.0 mA
Bulb temperature

maximum 70°C + 10degC/mA

minimum -55 0C

The ignitionand extinction voltage depression (hysteresis) is 0.75V/mA
max. measured 50ms after extinction.

. Due to the statistical nature of ignition, values of delay time =1s may

occur,

Whenthetube is operated from a full wave rectified unsmoothed supply,
thetubeignites onthe rising edge of the half-sinewave. Owing to ignition
delay, the values quoted are greater than the d.c. voltage required for
ignition, +10

These values apply when the tube is used with a 220V _15%, 50 to 60Hz,
full wave rectified, unsmoothed supply, assuming conduction during the
previous half-cycle of the mains so that residual ionisation minimises
the ignition delay.

Mullard
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COLD CATHODE
INDICATOR DIODE ZAI004

NOTES

4. Iy isinmilliamps and is valid over therange0.1 to3.0mA. Thepreferred
operating range is 0.4 to 2.0mA.

5. The light output at a distance of 3.6mm from the tube axis at a normal<—
to the anode cylinder is measured with a standard Weston cell adapted
to eyesensitivity. Because the emission of the neon discharge is mainly
contained in the red region the illumination resistance of a cadmium
sulphidecell will be 1.5 to2 times lower than for irradiation bya 2700K
incandescent light source. The exact conversion factor depends on the
type of cadmium sulphide cell used.

6. At least 90% of the tubes will meet the figures stated. <—

7. The leads are tinned and may be dip-soldered to a minimum of 5mm
from the seals at a solder temperature of 240°C for a maximum of 10
seconds, The tube may be soldered directly into the circuit, but heat
conducted to the glass-to-metal seals should be kept to a minimum by
the use of a thermal shunt.

8. Care should be taken not to bend the leads nearer than 1.5mm from the

seals. If the tube is held in position by the leads only, connection of
both anode leads is recommended.

Mullard
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Due to the small physical size-of the device, code number stamping has
not been possible, therefore for recognition purposes a yellow dot has
been painted on the side of the envelope.

Mullard
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COLD CATHODE
INDICATOR DIODE ZAl 004
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REFERENCE TUBES






VOLTAGE STABILISER & DEFINITIONS
REFERENCE LEVEL TUBES

Ignition Voltage (starting voltage, striking voltage)

The minimum voltage which must be applied between the anode
and cathode of a tube in order to initiate a glow discharge.

Burning Voltage (maintaining voltage)

The voltage between anode and cathode when a glow discharge
has been established and the tube is passing current within its
specified limits.

Regulation Voltage

The change in the burning voltage when the current is changed from
the maximum to the minimum value.

Incremental Resistance

The slope of the burning voltage against burning current
characteristic at some specified tube current.

Temperature Coefficient of Burning Voltage

The rate of change of burning voltage with tube ambient tempera-
ture for a fixed tube current.

Stability

The change in burning voltage with life caused by changes in tube
characteristics. This excludes changes due to variations in tube
current, temperature, etc.
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STABILISER AND GENERAL OPERATIONAL
REFERENCE TUBES RECOMMENDATIONS

1. INTRODUCTION

A VOLTAGE STABILISER tube is a glow discharge tube
designed to have a maintaining voltage which is substantially

constant over the current operating range.

A VOLTAGE REFERENCE tube is a glow discharge tube
designed to have a constant maintaining voltage at fixed

values of current and temperature.

2. DATA PRESENTATION

2.1

2.2

In general, the data is presentedunder the following four
main headings: (a) quick reference data, (b) characteristics
and range values for equipment design (c) apsolute maximum
rating system (d) life information. The datagiven under each
heading is described below and more detailed information is
given in the later sections. Specific information is also given

in the data sheets for the different tubes.

QUICK REFERENCE DATA

This section contains the nominal values of the main charac-
teristics of the tubes to allow rapid comparison with the
characteristics of other tubes. The items usually given for
quick reference are: anode maintaining voltage, cathode

current range and any special features.

.CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT

DESIGN

Information given in this section is intended as a basis for
circuit design and normally indicates the range over which
the tube will operate both initially and duringlife. No allow-
ance is made for supply voltage and component variations.

There is no objection to operation outside the stated ranges,

("

[Mullard |
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GENERAL OPERATIONAL STABILISER AND
RECOMMENDATIONS REFERENCE TUBES

provided no absolute maximum rating is thereby exceeded
but no guarantee is given on the performance of the tube in
a circuit under these conditions. However, once the tube
is again operated within the stipulated range values, the
performance is again guaranteed.

2.3 ABSOLUTE MAXIMUM RATINGS

This section states the absolute maximum ratings as
defined by the I.E.C. as follows:

Absolute maximum ratings are limiting values of oper-
ating and environmental conditions applicable to any tube of
a specified type as defined by its published data, and should
not be exceeded under the worst probable conditions.

These values are chosen by the tube manufacturer to
provide acceptable serviceability of the tube, taking no
responsibility for equipment variations, environmental con-
ditions due to variations in the characteristics of the tube
under consideration and all other electron devices in the
equipment. The equipment manufacturer should design so
that initially and throughout life no absolute maximum value
for the intended service is exceeded with a tube under the
worst probable operating conditions with respect to supply
voltage variations, equipment component variation, equip-
ment control adjustment, load variations, signal variation,
environmental conditions, and variations in characteristics
of the tube under consideration and of all other devices in

the equipment.

2.4 LIFE INFORMATION
In this section, the general pattern of life behaviour is given
when the life behaviour is of particular interest, the pattern

is described fully.

N\ Page 2



STABILISER AND
REFERENCE TUBES

GENERAL OPERATIONAL
RECOMMENDATIONS

3. TERMINOLOGY

3.1

82

3.3.

3.4.

. MINIMUM VOLTAGE FOR IGNITION

The ignition voltage is the lowest d.c. potential which when
applied initiates a self-sustaining discharge.

The data normally states the minimum voltage for ignition.
Although some tubes may ignite at a somewhat lower voltage,
the specified voltage should always be applied to ensure

ignition of all tubes.

IGNITION DELAY TIME

The ignition delay time is the interval between the application

of the ignition voltage across the anode-cathode gap and the

establishment of a self-sustaining discharge in that gap.
Certain tubes may be affected by ambient light and in

darkness the delay time may increase.

MAINTAINING VOLTAGE

The maintaining voltage is the d.c. voltage betweenthe anode
and cathode with the tube conducting. It is measured under
the conditions stated in the data and will vary with current,
temperature and time. When a noise signal is present the

average value of the composite voltage is taken.

TEMPERATURE COEFFICIENT OF MAINTAINING
VOLTAGE

The temperature coefficient is the change in maintaining
voltage at a specified current that occurs for 1°C change in
bulb temperature. The value quoted is normally an average

value which applies over the temperature range stated.

NP Page 3



GENERAL OPERATIONAL STABILISER AND

RECOMMENDATIONS

3.5.

3.6

REFERENCE TUBES

REGULATION VOLTAGE

The regulation voltage is the difference between the main-
taining voltages at two different cathode currents and is
normally measured over the full current range of the tube,

at the temperature specified.
INCREMENTAL RESISTANCE

The incremental resistance is the slope of the characteristic
of anode maintaining voltage plotted against cathode current

and is measured at a specified current and temperature.

3.7 NOISE ON MAINTAINING VOLTAGE

3T

3.7

Noise voltages arise from several different sources, and are
defined as follows:

1. Random noise

A voltage random innature and similar tothermal noise. It is
normally quoted as r.m.s. voltage measured over a specific

frequency range.

.2. Oscillation noise

A voltage generated within the tube and havinga major comp-
onent at one frequency. It occurs only in some types of tubes

and then only over a restricted current range.

.3. Vibration noise

A voltage resulting from a sinusoidal vibration of the tube.
Where this information is given it is for guidance only and
it is not recommended that the tube be operated under these

conditions for long periods.
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STABILISER AND GENERAL OPERATIONAL
REFERENCE TUBES RECOMMENDATIONS

3.7.4. Microphonic noise
A voltage caused by mechanical excitation due to a single blow.

3.8. VOLTAGE JUMPS

A voltage jump is an abrupt change or discontinuity in main-
taining voltage during operation and is not due to a negative
incremental resistance. The jump may occur either during
life under constant operating conditions or as the current or

temperature is varied over the operating range.
3.9. NEGATIVE ANODE VOLTAGE

Underno circumstances should reference tubes or stabilisers
be allowed to pass reverse current. To ensure this, the
specified maximum inverse peak voltage applied to the tube

should never be exceeded.
3.10.CATHODE CURRENT

3.10.1 Maximum cathode current for continuous operation

The maximum value of cathode current for a tube is that
instantaneous value which should not be exceeded during the
normal operation of the tube. When the tube is initially
switched on, this value may be exceeded (see maximum

surge current).
3.10.2 Maximum surge current (starting current)

The maximum surge current is the peak current which may
safely be passedthrough the tube. The maximum permissible
value, together with duration and frequency of occurrence,
is normally given. When a value is not given, the current

should be restricted to 2.5 times the maximum continuous

N Page 5



GENERAL OPERATIONAL STABILISER AND
RECOMMENDATIONS REFERENCE TUBES

current and should not be allowed to occur for more than
approximately 30 seconds in each 8 hours use. The surge
current should be limited as much as possible where maximum

stability is required.
3.10.3 Minimum cathode current

The minimum cathode current is the continuous current
below which satisfactory operation of the tube is not guar-
anteed. Operation below this current may also result in

deterioration of the subsequent performance of the tube.
3.10.4.Preferred operating current

For reference tubes a preferred operating current is also
quoted. Wherever possible this value of current should be
adopted and maintained constant because it represents a
condition which is not only free from discontinuities in charac-
teristics but also has maximum stability during life. Ifthe
current is changed during life and then returned toits original
value, the high order of stability may be impaired for some

time.
3.11. BULB TEMPERATURE

The bulb temperature is taken as the temperature caused by
internal or external effects of the hottest part of the tube
envelope.

To maintain a reliable performance the bulb temperature

should be kept as close to the room temperature as possible.
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STABILISER AND GENERAL OPERATIONAL

REFERENCE TUBES

RECOMMENDATIONS

4. MECHANICAL CONSIDERATIONS

4.1

4.2.

.MOUNTING POSITION

Unless otherwise stated in the published data, tubes can be

mounted in any position.
TUBE SOCKETS

Detailed drawings of pin spacing, diameter and length are
given in BS448: 1953 "Electronic-Valve Bases, Caps and
Holders".

When atube holder is wiredfor atube having a glass base
integral with the glass envelope, a metallic dummy base
should be fitted to prevent the displacement of the contacts,
otherwise possible displacement can cause damage to the pins
when the tube is inserted. Pins markedI.C. on the base dia-
gram in the data sheet may have been used for connections
within the tube . The corresponding contacts on the tube holder

must be left free and not used as anchoring points for wiring.

4.3 . TUBES WITH FLEXIBLE LEADS

Tubes with flexible leads do not normally employ plug-in tube
sockets. Usually the tube is held in position by aform of clamp
or strap fitted round the envelope. If the tube is mounted in

this way, it is important that:

a) Undue stress should not be placed on the flexible leads.

b) The bulbtemperature should not exceed the specified value.
c) If the tube is secured by means of a metal clamp the clamp

should be isolated.

Direct soldered connections to the leads mustbe atleast Smm

from the seal and any bending of the leads must be at least the

0

[Mullard |
A Page 7




GENERAL OPERATIONAL REFERENCE TUBES
RECOMMENDATIONS STABILISER AND

specified distance from the seal. Care should be taken during
soldering to ensure that the glass temperature at the seal is
not allowed to rise excessively. One simple precaution is to
clamp a thermal shunt on the wire between the giass and the

point being soldered.
4.4 . DIMENSIONS

Only the dimensions given onthe data sheets shouldbe used in
the design of equipment. Dimensions taken from individual

tubes should never be used for this purpose.
5. CIRCUIT CONSIDERATIONS
5.1.BASIC CIRCUIT

A simple circuit is shown in Fig.1l. To ensure that the tube
will ignite and operate under the correct current conditions,

the following conditions must be satisfied:

T

RI

I
Vb = Vign L
RL
Ik
. ! J
FIG.I
AT,
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STABILISER AND GENERAL OPERATIONAL
REFERENCE TUBES RECOMMENDATIONS

V. min - V_ max
m

R, <2 1
1 Ikmm+ILma.x 1+ .2
100
Vb max - Vm min 1
R, > - .
1 Ik max + IL min 1 p
- 100
V., min
R <R [pie_t1] . -1 _
1 L Vi max 1+ .0
X 100
Where Ik = tube current.
Vb = applied supply IL = load current.
voltage. B
V__ = tube maintain- P % tolerance of R1'
ing voltage. RL = load resistance

For reference tubes the same fundamental conditions apply
but the specified preferred operating conditions (3.10.4)
should also be taken into consideration.

5.2 SERIES OPERATION
It is possible to operate several tubes of this class in a series
configuration providing the current range falls within the
limits of all tubes.

The circuit shown in Fig. 2 illustrates one method of
ensuring that all tubes ignite. With this arrangement the
voltage necessary for ignition is equal to Vign(Vl) + Vm(VZ) +
Vm(VB) where

Vi o = ignition voltage of the associated
&% tube.

\% = maintaining voltage of the associated
tube .

NP Page S



GENERAL OPERATIONAL STABILISER AND

RECOMMENDATIONS REFERENCE TUBES
AN~ -
RI
V2 ®
o
\/

RX
(IMQN)

Vi

FIG.2
Ifthe resistors R_ and Rx cannot be considered as being large

compared to the tube load, the conditions applied to each tube
must be considered in its own merits as an extension of the

basic circuit given in 5.1.
5.3. PARALLEL OCPERATION

It is not advisable to operate stabilisers in parallel with each
other because of the difficulty of providing the correct current

distribution.
5.4 .SHUNT CAPACITOR

The impedance of stabiliser and reference tubes is low at zero
frequency (d.c.), but rises as the frequency approaches the
upper end of the audio frequency range. However, the output
impedance can be maintained at a constant value by a capacitor

connected in parallel with the tube. Both the value and the

A Page 10



STABILISER AND GENERAL OPERATIONAL
REFERENCE TUBES RECOMMENDATIONS

circuit position of the capacitor are important design factors
determined primarily by the function of the tube.

Stabilising tubes may have voltage jumps in the current
range and it is essential that a capacitor is connected directly
across the tube, otherwise it is possible for voltage jumps to
generate oscillations.

In reference tubes operated at the preferred working
currentyoltage jumps are either very small or non-existent.
When a capacitor is connected across the tube a resistor must
be connected in series with the capacitor if effects due to the
resonance of the capacitor with the effective inductance of the
tube are to be avoided.

The value of the resistor should approximately equal the
incremental resistance of the tube. The value of the capacitor
should be such that the impedance of the capacitor and resistor
in series approximately equals the effective impedance of the
tube at the frequency at which the effective tube impedance is
1.4 times the d.c. value. This combination will maintain the
effective output impedance of the tube reasonably constant up
tothe frequency at which the capacitor becomes predominantly

inductive.
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SPECIAL QUALITY VOLTAGE GENERAL NOTES
STABILISER AND REFERENCE TUBES

These general notes include definitions and general test
procedures. They should be read in conjunction with the
data sheets for Special Quality Tubes. Where reference
should be made to a specific note, this is indicated on the
data sheet by an index number, e.g. Group Quality Level.

1. Limiting Values. The limiting values quoted on the data sheets
are absolute ratings. Absolute maximum ratings are limiting
values of operating and environmental conditions applicable to
any tube of a specified type as defined by its published data, and
should not be exceeded under the worst probable conditions.

These values are chosen by the tube manufacturer to provide
acceptable serviceability of the tube, taking no responsibility
for equipment variations, environmental variations, and the
effects of change in operating conditions due to variations in
the characteristics of the tube under consideration, and of all
other electron devices in the equipment.

The equipment manufacturer should design so that initially
and throughout life no absolute maximum value for the
intended service is exceeded with any tube under the worst
probable operating conditions with respect to supply variations,
equipment control adjustment, load variations, signal variation,
environmental conditions and variations in characteristics of
the valve under consideration and of all other devices in the
equipment.

The life expectancy of a tube may be appreciably reduced
if the maximum ratings are exceeded. Furthermore, in gas-filled
tubes certain limiting values, such as the minimum voltage
necessary for ignition must be met completely or the tube
may show a total failure to operate at any time after
installation.

In the interests of reliability the bulb temperature should
always be kept as low as possible.

2. The A.Q.L. (Acceptable quality level) is the limit below which
the average level of defectives is controlled.

3. Maximum and minimum values for the individuals are the limits
to which tubes are tested.
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GENERAL NOTES SPECIAL QUALITY VOLTAGE

STABILISER AND REFERENCE TUBES

10.

Maximum and minimum for lot average are the limits between
which the average value of the characteristic of a lot or batch
is controlled.

Lot standard deviation is the standard deviation of a lot or batch.
Bogey value is the target value.

Group quality level. This is the A.Q.L. over a whole group of
tests.

Sub-group quality level. The A.Q.L. over a number of tests
which do not constitute a complete group.

Glass envelope strain test.

(A) This test is carried out on a sampling basis and consists of
completely submerging the tubes in boiling water at a
temperature between 97 and 100°C for 15 seconds and
then immediately plunging them in ice cold water for
5 seconds. The tubes are then examined for glass cracks.

(B) This test is carried out on a sampling basis and consists of
completely submerging the tubes in boiling water not
less than 85°C for 15 seconds and then immediately
plunging them in ice cold water not more than 5°C for
5 seconds. The tubes are then examined for glass cracks.

Base strain test. This test is carried out on a sampling basis and
consists of forcing the pins of the tubes over specified cones
and then completely submerging the tubes and cones in boiling
water at a temperature between 97 and 100°C for 10 seconds.
The tubes and cones are allowed to cool to room temperature
before examining for glass cracks.

Lead fragility test.

(A) This test is carried out on a sampling basis and consists
of holding the tubes vertically and having a 1-Ib weight
freely suspended from the lead under test. The tubes are
inclined slowly so as to bend the weighted lead thfough
45°, back to 45° in the other direction, back to 45° in the
first direction and finally back to the vertical, the entire
action taking place in one vertical plane. The tubes are
examined for cracks and broken leads.

|

[Mullard|

\v/ Page 2



SPECIAL QUALITY VOLTAGE GENERAL NOTES
STABILISER AND REFERENCE TUBES

11

12.

13.

(B) This test is carried out on a sampling basis and consists
of holding the tubes vertically and |having a 1-Ib weight
freely suspended from the lead under test. The tubes are
inclined slowly so as to bend the weighted lead through
90° and return it to the vertical, the entire action taking
place in one vertical plane. This cycle is repeated for the
number of times shown on the data|sheet. The tubes are
examined for broken leads.

This test is carried out on a sampling basis under the conditions
detailed in the data.

Shock test. This test is carried out on a sampling basis and
subjects the tubes to 5 blows of the specified acceleration in
each of 4 directions.

Inoperatives. An inoperative is defined as a tube having an
apen or short circuit electrode, an air leak or a broken pin.
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SPECIAL QUALITY
VOLTAGE REFERENCE TUBE

85V gas-filled reference tube for use in equipment where
mechanical vibration and shocks are unavoidable.

This data, should be read in conjunction with the GENERAL
OPERATIONAL RECOMMENDATIONS - VOLTAGE STABILISER
AND REFERENCE TUBES and the GENERAL NOTES - SPECIAL
QUALITY VOLTAGE STABILISER AND REFERENCE TUBES which
precede this section of the handbook; the index numbers are used to
indicate where reference should be made to a specific note.

LIMITING VALUES!' (absolute ratings)

Minimum voltage necessary for ignition (Note 1) 115 v
Cathode current

Maximum 10 mA

Minimum 1.0 mA
Maximum bulb temperature (Note 2)

During operation (Note 3) 90 °C

During storage and stand by 70 °C
Minimum ambient temperature -55 €
Maximum negative anode voltage 75 v
Maximum starting current (Note 4) 40 mA
Maximum vibrational acceleration For details see
Maximum shock (short duration) } Test specification

PREFERRED OPERATING CONDITION
Cathode current 60 mA

CHARACTERISTICS (at preferred operating condition, 20 to 30°C, Note 5)

Initial values

Maintaining voltage (variation from tube to tube) 83 to 87 A
Maximum jump voltage (1 to 10mA) 100 mV
(pk)
Typical noise voltage (30c/s to 10kc/s) 60 Vv
(r.m.s.)

Incremental resistance
Maximum . 450 Q
Average 300 Q

Life performance
Maximum variation of maintaining voltage at 25°C
For continuous operation at preferred current

0 to 300 hours 0.26 \4
300 to 1000 hours 0.17 v
Typical variation of maintaining voltage per 1000 hours,
after the first 1000 hours 0.09 A
<R}
[Mullard |
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M8098 SPECIAL QUALITY
VOLTAGE REFERENCE TUBE

SHORT-TERM STABILITY

Maximum short-term variation of maintaining voltage forany 8 hour period
after the first 100 hours life will be better than 0.01% provided there is
an initial warming-up period of 3 minutes.

Maximum short-term (100 hours max.) variation of maintaining voltage
after the first 300 hours of life is 0.1%.

In order to avoid voltage variations due to temperature fluctuations it will
in general be sufficient to draught shield the tube.

NOTES

1,

This value holds good over life in light or darkness. In total darkness an
ignition delay of up to approx. 5 seconds may occur.

2. During conduction the bulb temperature is approximately 10°C above
ambient temperature.

3. Ifthetubeis to be operated with a bulb temperature above 70°C the cathode
current should not be less than 6.0mA.

4. To be restricted for long life to 60 seconds once or twice in every 8 hours
use.

5. Equilibrium conditions are reached within 3 minutes.

=19 max -

K B7G Base W

475max ———=
54.5max ———————e=|

All dimensions in mm

The bulb and base dimensions of this tube are in accordance with BS448,

Section B7G.
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SPECIAL QUALITY VOLTAGE

REFERENCE TUBE
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REFERENCE TUBE

SPECIAL QUALITY VOLTAGE

M8098
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SPECIAL QUALITY VOLTAGE

REFERENCE TUBE
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REFERENCE TUBE

SPECIAL QUALITY VOLTAGE

M80938
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SPECIAL QUALITY
STABILISING TUBE
Special Quality 150 volt gas-filled voltage stabiliser for use in

equipment where mechanical vibration and shocks are
unavoidable.

This data should be read in conjunction with the GENERAL OPERA-
TIONAL RECOMMENDATIONS — VOLTAGE STABILISER AND
REFERENCE LEVEL TUBES and the GENERAL NOTES—SPECIAL
QUALITY VOLTAGE STABILISER AND REFERENCE TUBES which
precede this section of the handbook. The index numbers are used to
indicate where reference should be made to a specific note.

LIMITING VALUES! (absolute ratings)

Minimum voltage necessary for ignition (Note 1) 180 v
Cathode current
Maximum 15 mA
Minimum 5 mA
Maximum negative anode voltage 130 A
*Maximum vibrational acceleration 2.5 g
*Maximum shock (short duration) 500 g

*See page D3

CHARACTERISTICS at room temperature (Note 2)
Initial values
Maintaining voltage at |, = 10mA

Maximum 154 \4
Minimum 146 v

Cathode current above which the incremental resistance
is positive 5 mA
Incremental resistance (approx.) at la = 10mA 250 Q

Temperature coefficient of maintaining voltage (approx.)
at I, = 10mA 0.007 9, /°C
(10mV /°C)

Voltage jumps (R = 2kQ)

Typical maximum over the current range 10 to 15mA 75 mV
Maximum over the current range 5 to 15mA 250 mV

Increase in maintaining voltage as cathode current is
increased over the range 5 to 15mA (regulation)

Maximum 5.0 v
Typical < 40 \'
Lifé performance
At a continuous cathode current of 10mA,
and at room temperature

Limits of variations of maintaining voltage
In 1000hrs. (maximum) +1.0 %
In 10,000hrs. (typical) +2.0 %

Typical regulation after 10,000 hours < 6.0 A

NOTES

1. This value covers operation in light or darkness. In total darkness an
ignition delay of up to about 300ms may occur.

2. Thermal equilibrium is reached within 3 minutes of igniting the tube.

)
[Mullard]
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M8 6 SPECIAL QUALITY
I STABILISING TUBE

TEST CONDITIONS (unless otherwise stated)

Ra la
(kQ) (mA)
5 10

After initial warming-up period of 3 minutes at cathode current of 10mA.

AQL2 Individuals3
(%) Min. Max.
TESTS
GROUP A
Leakage current
(Supply voltage = 55V, R, = 1MQ)  * — 5 wA
Ignition time
(illumination 5 to 50 Im/ft2) V, = 180V * — 300 ms
*This test is carried out on a 1009, basis.
GROUP B
Maintaining voltage 0.65 146 154 \
Change in maintaining voltage for
cathode current change from 5 to
15mA 0.65 - 5 v
Microphonic noise 0.65 — 30 mVY
(pk=pk)
GROUP C
Voltage jumps. Cathode current varied from
15 to 5mA
Ra = 2kQ 2'5 — 250 mV
Ignition time (Vy, = 180V)
In complete darkness after 24 hours
in darkness 2.5 - 300 ms
il
[Mullard] Page D2




SPECIAL QUALITY
STABILISING TUBE

M8163

AQL2
GROUP D

Glass strain 84 6.5
Base strain® 6.5

Resonance search, vibrated at 2g over

the frequency range specified

20 to 400c/s 2.5
400 to 2000c/s 2.5

Fatiguell

Individuals?®
Min. Max.
— 4 mV
(pk-pk)
— 20 mV
(pk-pk)

No applied voltage. 5g min. peak acceleration f = 170c¢/s for 33hrs. in each

of 3 mutually perpendicular planes.

Post fatigue tests
Ignition time
(illumination 5 to 50 Im/ft2)

Vp, = 180V 2.5 - 300 ms
Change in maintaining voltage 2.5 — +1.5 v
Change in maintaining voltage for

cathode current change from

15 to 5mA 2.5 — 5.5 v

Shock12

No applied voltage 500g
Post shock tests

Ignition time

(illumination 5 to 50 Im/ft2)

Vp = 180V 25 — 300 ms
Change in maintaining voltage 2.5 — +1.5 v
Change in maintaining voltage for

cathode current change from

15 to S5mA 2.5 - 5.5 \'%

e



SPECIAL QUALITY
M8 I 63 STABILISING TUBE

AQL? Individuals®
(%) Min. Max.
GROUP E
Life test!!
Cathode current = 10mA continuous
Life test end points 500hrs.
Inoperatives!3 25 - —_
Ignition time

(illumination 5 to 50 Im/ft2)

Vp = 180V 25 — 300 ms
Change in maintaining voltage 25 — +1.5 A4
Change in maintaining voltage for

cathode current change from

15 to 5mA 2.5 —— 5.5 v
Sub-group quality level? 6.5 — —

Life test end points 1000hrs.
Inoperatives 13 4.0 - -
Ignition time

(illumination 5 to 50 Im/ft2)

Vp = 180V 4.0 — 300 ms
Change in maintaining voltage 4.0 — +1.5 v
Change in maintaining voltage for

cathode current change from

15 to 5mA - — 5.5 v
Sub-group quality level? 10 —- —

GROUP F
Tubes are held for 28 days and retested for
Inoperatives!3 0.5 — e
Ignition time
(illumination 5 to 50 Im/ft2)
Vp = 180V 0.5 _— 300 ms
Maintaining voltage — 146 154 v

NP Page D4



SPECIAL QUALITY
STABILISING TUBE

M8163

e— |OMmMm-—>
max

le—— 47 - S mm max——>

54-5mm max —

-

00

The bulb and base dimensions of this valve are in accordance with BS448,

Section B7G

" .
[Mullard |
A
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M8 I 63 SPECIAL QUALITY
STABILISING TUBE
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SPECIAL QUALITY SUBMINIATURE
VOLTAGE REFERENCE TUBE M
Special quality 85V subminiature gas-filled voltage refer-

ence tube for use in equipment where mechanical vibration and shocks are unavoid-
able and where statistically controlled major electrical characteristics are required.

This data should be read in conjunction with the GENERAL NOTES—
SPECIAL QUALITY VOLTAGE STABILISER & REFERENCE TUBES
which precede this section of the handbook, and the index numbers are
used to indicate where reference should be made to a specific note.

ABSOLUTE MAXIMUM RATINGS!
*Minimum voltage necessary for ignition 125 A

Cathode current

Maximum 3.5 mA
Minimum 0.5 mA
Maximum negative anode voltage 75 Vv
Minimum ambient temperature =55 °«C
Maximum bulb temperature +90 °C

*This value covers operation in daylight and complete darkness.

PREFERRED OPERATING CONDITION

Cathode current 20 mA
CHARACTERISTICS
Measured at preferred operating condition and T,n, = 25°C
Maintaining voltage (variation from tube to tube) 84 to 88 \
Maximum maintaining voltage difference over current
range 0.5 to 3.5mA 3.0 \
Maximum incremental resistance 1.0 kQ

Variation of maintaining voltage during the first 1000
hours of life
Maximum +1.0 %
Typical +0.5 %

OPERATING NOTES

A steady maintaining voltage is reached within 3 min.

The greatest constancy of maintaining voltage is obtained if the tube is
operated at the preferred current.

JUNE 1962 \v/ Page D1



SPECIAL QUALITY SUBMINIATURE
VOLTAGE REFERENCE TUBE
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SPECIAL QUALITY SUBMINIATURE

VOLTAGE REFERENCE TUBE

M8190
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SPECIAL QUALITY SUBMINIATURE
M8 I 90 VOLTAGE REFERENCE TUBE

93-10:16
mm

=
"

34-8mm max—

el

The bulb dimensions of this tube are in accordance with BS448, Section B8D.

(-3
\ ]
Tinncd:ﬂ |
1'25mm max
38mmmin

g

Note.—Direct soldered connections to the leads of the tube must be at least
S5mm from the seal and any bending of the leads must be at least 1.5mm
from the seal.
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SPECIAL QUALITY M8223
STABILISING TUBE

QUICK REFERENCE DATA (nominal values)

For use in equipment where mechanical vibration and shocks are unavoidable.

Maintaining voltage 150 \
Cathode current range 5 to 30 mA
Regulation voltage 3 \",
Ignition delay time 10 s

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—VOLTAGE STABILISER AND REFERENCE
LEVEL TUBES and the GENERAL NOTES—SPECIAL QUALITY VOLT-
AGE STABILISER AND REFERENCE TUBES which precede this section
of the handbook. The index numbers are used to indicate where
reference should be made to a specific note.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT
DESIGN measured at an ambient temperature of between 20 and 30°C unless
otherwise stated.
The values given state the range over which the tube will operate both
initially and during life. No allowance has been made for supply voltage
and component variations.

Initial values

Minimum voltage necessary for ignition (Note A) 165 \"
Ignition delay time See page C1
Maintaining voltage (all tubes) over the range 5 to 30mA
Maximum 154 \
Minimum 143 \4

Increase in maintaining voltage as cathode current
is increased from 5 to 30mA (regulation voltage)

Maximum 5.0 \
Average 3.0 \
Life performance (Note B) Ik = 20mA ik = 30mA
Touib = 150°C Tamp = 20 to 30°C
) t = 500hrs t = 1000hrs
Minimum voltage necessary for ignition
(Note A) 165 165
Maintaining voltage
Maximum (lx = 30mA) 155 156 \%
Minimum (lx = 5.0mA) 142 139 \
Typical maximum variation of
maintaining voltage +2 +1 %
Increase in maintaining voltage as cathode
current is increased from 5 to 30mA
(regulation voltage)
Maximum 8.0 8.0 \4
Typical 3.0 3.0 \
Maximum altitude 120,000 ft

APRIL 1963 S Page D1



SPECIAL QUALITY
M8 3 STABILISING TUBE

ABSOLUTE MAXIMUM RATINGS!
Cathode current

Maximum for continuous operation 30 mA

Maximum surge (Note C) 75 mA

Minimum 50 mA
Maximum negative anode voltage 125 \4
Minimum bulb temperature (Ilx = OmA) -55 oc
Maximum bulb temperature

For operation +150 2C

For storage +100 °C
Maximum vibrational acceleration (page D4) 2.5 g
Maximum shock (short duration) page D4 900 g

OPERATING NOTES
A. This value holds good over life in light or darkness. See graph on page C1.

B. These figures apply only when the tube is operated continuously at the
currents stated.

C. To be restricted for long life to approximately 30 seconds in each 8 hours
use.

19mm.
[~ max.”]

60 5mm.
max
67-5mm.
max

k B7G Base. LLUU]]HHUJ

The bulb and base dimensions of this tube are in accordance with BS448
Section B7G

RS
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SPECIAL QUALITY
STABILISING TUBE

M38223
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SPECIAL QUALITY
STABILISING TUBE
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SPECIAL QUALITY
STABILISING TUBE M8223
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CUMULATIVE DISTRIBUTION OF DARK IGNITION DELAY TIME

These curves show the probability that a tube will ignite in less than the

time shown. This will be to some extent dependent on the supply

voltage. In general an increase in the supply voltage will reduce the
ignition delay time.
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SPECIAL QUALITY M8224
STABILISING TUBE

QUICK REFERENCE DATA (nominal values)

For use in equipment where mechanical vibration and shocks are unavoidable
and where statistically controlled major electrical characteristics are required.

Maintaining voltage 108 \
Cathode current range 5.0 to 30 mA
Regulation voltage 1.5 Vv
Ignition delay time 1.3 S

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—VOLTAGE STABILISER AND REFERENCE
LEVEL TUBES and the GENERAL NOTES—SPECIAL QUALITY VOLT-
AGE STABILISER AND REFERENCE TUBES which precede this section
of the handbook. The index numbers are used to indicate where
reference should be made to a specific note.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT
DESIGN measured at an ambient temperature of between 20 and 30°C unless
otherwise stated.
The values given state the range over which the tube will operate both
initially and during life. No allowance has been made for supply voltage
and component variations.

Initial values

Minimum voltage necessary for ignition (Note A) 130 \
Ignition delay time See page C1
Maintaining voltage
Maximum (Ix = 30mA) 112 \%
Minimum (Ix = 5.0mA) 105 \'

Increase in maintaining voltage as cathode current
is increased from 5 to 30mA (regulation voltage)

Maximum 3.5 \
Average 15 \
Life performance (Note B)
Minimum voltage necessary for ignition (Note A) 133 \
Increase in maintaining voltage as cathode current
is increased from 5.0 to 30mA
Maximum 3.5 A
Typical 1.5 \
Typical percentage variation of maintaining voltage
at 20mA during 500 hrs life at Typun = 150°C +2.0 o5
Maximum altitude 60,000 ft
[}
[ Mullard]
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4 SPECIAL QUALITY
M82 STABILISING TUBE

ABSOLUTE MAXIMUM RATINGS!
Cathode current

Maximum for continuous operation 30

Maximum surge (note C) 75

Minimum 5.0
Maximum negative anode voltage 75
Minimum bulb temperature (I, = OmA) =55
Maximum bulb temperature

For operation +150

For storage +70
Maximum vibrational acceleration (page D5) 2.5
Maximum shock (short duration) page D5 450

OPERATING NOTES

mA
mA
mA

°C
°c

A. This value holds good over life in light or darkness. See graph on page C1.
B. These figures apply only when the tube is operated continuously at the

currents stated.

C. To be restricted for long life to approximately 30 seconds in each 8 hours

use.

19mm.

* max. ™

60 ' 5mm.
max

B7G Base.

67-5mm.
max

The bulb and base dimensions of this tube are in accordance with BS448,

Section B7G

(T

[Mullard|
A
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SPECIAL QUALITY
STABILISING TUBE

M8224
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SPECIAL QUALITY
STABILISING TUBE

M8224
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SPECIAL QUALITY
STABILISING TUBE M8224
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CUMULATIVE DISTRIBUTION OF DARK IGNITION DELAY TIME
This curve shows the probability that a tube will ignite in less than the
time shown. This will be to some extent dependent on the supply
voltage. In general an increase in the supply voltage will reduce the
ignition delay time.
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SPECIAL QUALITY
M8224 STABILISING TUBE
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SPECIAL QUALITY M8225
STABILISING TUBE

QUICK REFERENCE DATA (nominal values)

For use in equipment where mechanical vibration and shocks are unavoidable.

Maintaining voltage 78 Vv
Cathode current range 2 to 60 mA
Regulation voltage 5 Vv
Ignition delay time 10 ms

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—VOLTAGE STABILISER AND REFERENCE
LEVEL TUBES and the GENERAL NOTES—SPECIAL QUALITY VOLT-
AGE STABILISER AND REFERENCE TUBES which precede this
section of the handbook. The index numbers are used to indicate where
reference should be made to a specific note.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT
DESIGN measured at an ambient temperature of between 20 and 30°C unless
otherwise stated.
The values given state the range over which the tube will operate both
initially and during life. No allowance has been made for supply voltage
and component variations. (Note A)

Initial values

Minimum voltage necessary for ignition (Note B) 110 \%
Ignition delay time See page C1
Maintaining voltage at 30mA
Maximum 81 \%
Minimum 75 \'%

Increase in maintaining voltage as cathode current
is increased from 2 to 60mA (regulation voltage)

Note C
Maximum 8.0 \%
Average 5 \%
Temperature coefficient of maintaining voltage See page C2
Typical maximum voltage jumps in the current range
2 to 20mA 100 mV
20 to 60mA 15 mV
Cathode current above which the incremental resistance
is positive 7 mA
Incremental resistance in the current range
10 to 60mA (approx.) Note C 130 Q

APRIL 1963 N, Page D1




M8225

SPECIAL QUALITY
STABILISING TUBE

Life performance (Note D)

Minimum voltage necessary for
ignition (Note B)
Typical maximum percentage
variation of maintaining voltage
at cathode current
(room temperature)

In 1,000 hrs

In 10,000 hrs

In 30,000 hrs
Typical maximum increase in
maintaining voltage as cathode
current is increased over the
range 2 to 60mA (Note C)

Ik = 30mA
115

-0.2 to +0.9
-0.2to +1.0
-0.2 to +1.2

6.5

ABSOLUTE MAXIMUM RATINGS!

Cathode current

Maximum for continuous operation

Maximum surge (Note E)
Minimum

Maximum negative anode voltage

Minimum bulb temperature (Ix = OmA)

Maximum ambient temperature

For operation (Note F)
For storage

Maximum vibrational acceleration (page D5)
Maximum shock (short duration) page D5

OPERATING NOTES
Thermal equilibrium is reached within 3 minutes of igniting the tube.

A.
B.

c

Ik = 60mA
115
-0.7 to +0.2
-0.7 to +1.4
-0.7 to +2.0
6.5

60

100
2.0

50

-55

+90

+70
25

450

This value holds good over life in light or darkness. See graph on page C1.

Following a sudden large change in the tube current the change in main-
taining voltage may be up to 2.5 volts greater than that given until tube
thermal equilibrium is re-established (within 3 minutes).

currents stated.

use.

. These figures apply only when the tube is operated continuously at the
. To be restricted for long life to approximately 30 seconds in each 8 hours

. This tube will operate satisfactorily at ambient temperatures up to 90°C,

providing the tube is not used at either extreme of the current range.
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SPECIAL QUALITY
STABILISING TUBE
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SPECIAL QUALITY
STABILISING TUBE

M8225
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The bulb and base dimensions of this tube are in accordance with BS448,
Section B7G.
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SPECIAL QUALITY M822
STABILISING TUBE
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CUMULATIVE DISTRIBUTION OF DARK IGNITION DELAY TIME

These curves show the probability that a tube will ignite in less than the

time shown. This will be to some extent dependent on the supply

voltage. In general an increase in the supply voltage will reduce the
ignition delay time.
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M822 SPECIAL QUALITY
STABILISING TUBE
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SUBMINIATURE 271000

VOLTAGE REFERENCE TUBE

QUICK REFERENCE DATA

81V gas-filled voltage reference tube. Shock and vibration resistant.

Preferred cathode current 3.2 mA
Maintaining voltage 81 v
Incremental resistance 200 Q

Temperature coefficient of maintaining voltage
averaged over the range +20 to +125°C -1.2 mV/degC

averaged over the range -55 to +ZOOC -3.2 mV/degC

This data should be read in conjunction with GENERAL OPERATIONAL

RECOMMENDATIONS - STABILISER AND REFERENCE TUBES

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN

Measured at an ambient temperature of between 20 and SOOC. The values
given state the range over which the tube will operate, no allowance being

made for supply voltage and component variations.

Limits applicable to all tubes (initial values)

Maximum ignition voltage 115

Maintaining voltage at Ik=3.2mA (see note 1) 80.1to 82.5

Incremental resistance max. 400
typ. 200

Typical limits (initial values)
Maximum voltage jump at I;;=2.0 to 4.0mA
(see note 2) 100

Maximum ignition delay in darkness
at V] =115V 5.0
D

Maximum tube impedance at I;;=2.7 to 3.7TmA,
50Hz sinusoidal variation 400

Maximum r.m.s. noise voltage (oscillation + random)
at ;;=2.0 to 4.0mA, frequency band=10Hz to 10kHz 1.0

Maximum vibration noise voltage at I =3.2mA,
2.5g peak acceleration, =10 to 50Hz,
frequency band=1 to 100Hz 100

v < <

mV

mV

mV

MAY 1968
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CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN (cont'd)

Temperature coefficient of maintaining
voltage at I =3.2mA

averaged over the range +20 to +12500 max. -2.0 mV/degC
typ. -1.2 mV/degC
averaged over the range -55 to +20°C max. -4.0 mV/degC
typ. -3.2 mV/degC
Life performance
Typical maximum variation in maintaining voltage
Continuous operation at preferred current; Tbu1b=45oc
0 to 100 hours 0.3 v
0 to 2000 hours 0.7 v
Storage and standby; Tbu1b=2500
0 to 2000 hours 0.3 A%
RATINGS (ABSOLUTE MAXIMUM SYSTEM)
Ik max. (see note 3) 4.0 mA
I.k min. 2.0 mA
ik k) max. (starting) for 20s max. 20 mA
_va(pk) max. 100 OV
Tbulb max. during operation +125 0C
Tbulb max. during storage and standby +100 oC
bulb min. -55 C
CIRCUIT DESIGN VALUES
Minimum voltage to ensure ignition © 120 v
Maximum value of shunt capacitor 30 nF

SHOCK AND VIBRATION RESISTANCE

These conditions are used solely to assess the mechanical quality of the tube.
The tube should not be continuously operated under these conditions.
Shock resistance

500g, using a NRL impact machine for electronic devices. 5 blows of the
hammer lifted over an angle of 30° in each of four positions of the tube.
Vibration resistance

2.5g (peak). 32 hours at a frequency of 50Hz in each of three directions of
the tube.

NOTES
1. Thermal equilibrium is reached within two minutes of igniting the tube.

2. Toavoidvoltage jumps over life, current variations around the preferred
current should be limited to 0.3mA.

3. For use as a stabiliser tube, I} max. = 8.0mA. At cathode currents
between 2.0 and 8.0mA voltage jumps of 0.5V may occur.

N 271000 Page 2



SUBMINIATURE
VOLTAGE REFERENCE TUBE ZZIooo

NOTES (cont'd)

4. Thetube may be soldered directly into the circuit, but heat conducted to
the glass-to-metal seals should be kept to a minimum by the use of a
thermal shunt.

5. Thetube may be dip-soldered at a maximum solder temperature of 240°C
for a maximum of ten seconds up to a point 5mm from the seal.

6. Care should be taken not to bend the leads nearer than 1.5mm from the
seal.

OUTLINE AND DIMENSIONS

61 ..
5.7 40— o
a
30
max
k
GIO'SS dot 60 2.0
indicates
anode lead l &
. Y
max r31':53x(unt|nned)
18 ;
- le=—tinned
All dimensions in mm. F i
f —=l=— 04 dia

()
Mullard
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Anode-to- Cathode maintaining voltage (V)

Temperature rise (C)
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STABILISING TUBE 75C I

QUICK REFERENCE DATA (nominal values)

Maintaining voltage 78 \%
Cathode current range 2 to 60 mA
Regulation voltage 5 \
Ignition delay time 10 ms

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—VOLTAGE STABILISER AND REFERENCE
LEVEL TUBES which precede this section of the handbook.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT
DESIGN measured at an ambient temperature of between 20 and 30°C unless
otherwise stated.
The values given state the range over which the tube will operate both initially
and during life. No allowance has been made for supply voltage and component
variations. (note 1)

Initial values

Minimum voltage necessary for ignition (note 2) 115 \
Ignition delay time See page C1
Maintaining voltage at 30mA
Maximum 81 \
Minimum 75 \

Increase in maintaining voltage as cathode current
is increased from 2 to 60mA (regulation voltage) note 3

Maximum 8.0 \4
Average 5 \
Temperature coefficient of maintaining voltage See page C2
Typical maximum voltage jumps in the current range
2 to 20mA 100 mV
20 to 60mA 15 mV
Cathode current above which the incremental resistance
is positive 7 mA
Incremental resistance in the current range
10 to 60mA (approx.) note 3 130 Q

Life performance (note 4)
I = 30mA lx = 60mA
Minimum voltage necessary for
ignition note 2 115 115 \
Typical maximum percentage variation
of maintaining voltage
(room temperature)

In 1,000 hrs -0.2to +0.9 -0.7 to +0.2 %
In 10,000 hrs -0.2to +1.0 -0.7to +1.4 %
In 30,000 hrs -0.2to +1.2 -0.7 to +2.0 9

Typical maximum increase in main-

taining voltage as cathode current is

increased over the range 2 to 60mA

(note 3) 6.5 6.5 \
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75c I STABILISING TUBE

ABSOLUTE MAXIMUM RATINGS
Cathode current

Maximum for continuous operation 60 mA

Maximum surge (note 5) 100 mA

Minimum 20 mA
Maximum negative anode voltage 50 \
Minimum bulb temperature (Ix = OmA) -55 SC
Maximum ambient temperature

For operation (note 6) +90 °C

For storage +70 i

OPERATING NOTES
1. Thermal equilibrium is reached within 3 minutes of igniting the tube.

2. This value holds good over life in light or darkness. See graph on page C1.

3. Following a sudden large change in the tube current the change in
maintaining voltage may be up to 2.5 volts greater than that given until
tube thermal equilibrium is re-established (within 3 minutes).

4. These figures apply only when the tube is operated continuously at the
currents stated.

5. To be restricted for long life to approximately 30 seconds in each 8 hours
use.

6. This tube will operate satisfactorily at ambient temperatures up to 90°C,
provided the tube is not used at either extreme of the current range.
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STABILISING TUBE 75c I l

B700

99-99

7
7
998

//
99

P
98

95

90

75ClI

Z
20 30 40 50 60 70 80
Probability (%)

10

2

001 0005 02 05

100

o o =
o = [S)

(sw) 2wi} Apjap uoijtubi Muong
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This curve shows the probability that a tube will ignite in less than the

time shown. This will be to some extent dependent on the supply voltage.

In general an increase in the supply voltage will reduce the ignition
delay time.
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VOLTAGE REFERENCE TUBE 83A I
83V gas-filled reference tube.

DATA FOR EQUIPMENT DESIGN

LIMITING VALUES (absolute ratings)

Minimum voltage necessary for ignition (Notes 1 and 2) 130 Vv
Cathode current
Maximum 6.0 mA
Minimum 35 mA
Maximum bulb temperature (Note 3)
During operation 150 G
During storage and stand-by 100 °C
Maximum negative anode voltage 50 \
Maximum starting current (Note 4) 10 mA
PREFERRED OPERATING CONDITION
Cathode current 45 mA
CHARACTERISTICS (Note 5) at preferred operating condition
Initial values (measured at 25 to 30°C)

Maintaining voltage (variation from tube to tube) 83.0 to 84.5 \
*Maximum jump voltage (3.5 to 6.0mA) 1 mV
*Typical r.m.s. noise voltage (30c/s to 10kc/s) 100 uVv
*Incremental resistance

Maximum 350 Q

Minimum 110 Q
*Nominal temperature coefficient (Note 7

average over the range 25 to 120°C -0.0039,/°C(-2.5mV/°C)

*See note 6.

Life performance

Limits of the typical variations of maintaining voltage at the temperatures

shown and over the period indicated.

For continuous operation at preferred current

Bulb temperature 25 100 150 °C
Life period
0 to 300hrs. 0 to +0.35 0 to +0.35 Oto +2 V
300 to 2500hrs. 0to +0.2 0to +0.2 -2to +4 V
300 to 10,000hrs. +0.05 to +0.35 +0.05 to +0.35 — A
For storage or stand-by
0 to 500hrs. Negligible <1.5 (Note 8) — \
0 to 3000hrs. Negligible <6 (Note 8) — \
)
[Mullard]|
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83A I VOLTAGE REFERENCE TUBE

NOTES

. The effective resistance in series with the tube should never be less than 2kQ.

. This value holds good over life, in light or darkness. In total darkness an

ignition delay of up to 5s may occur.

. During conduction the bulb temperature is approximately 20°C above

ambient temperature.

. To be restricted for long life to approx. 30s once or twice in each 8hrs. use.
5. Equilibrium conditions are reached within 1min.

. Information to date indicates that these values hold good, with little or no

change, over life.

. The characteristics curve connecting temperature coefficient and bulb

temperature is continuous and repeatable. The typical tube to tube variations
in maintaining voltage with temperature are shown on page C1.

. Subsequent operation of the tube for approximately 50hrs. at 4.5mA at not

more than 100°C will restore the maintaining voltage to within 0.2V of its
original value.
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VOLTAGE REFERENCE TUBE 83A I

QUALITY ACCEPTANCE TESTS AND CONTROLS

Introduction

This voltage reference tube is produced with the processes of manufacture
controlled to tolerances usually associated with special quality tubes. In order to
check that all processes have been performed correctly, each batch of tubes is
subjected to a standard assessment procedure which has been designed to ensure
that the characteristics (electrical, mechanical and life) of the tube satisfy certain
fixed quality standards. This assessment procedure has been drawn up using the
British Reliable Valve Specification (CV4000 series) as a guide and it is presented
on pages D5, D6, D7, D8 and D9. This supplements the normal data by showing
the standard of quality to which the tube is controlled.

The tests and limits given in the assessment procedure are those applied to
tubes leaving the factory. They do not represent recommended operating condi-
tions as they are designed to protect the normal data and control the quality.
The limits and test conditions given are in many cases more stringent than those
in the normal data to allow for the very small changes which may occur during
storage. The data on pages D1 and D2 includes an allowance (where applicable)
for the changes which may occur during life under various conditions. Because
of this it is important that any circuit design work and subsequent tube measure-
ments should be performed using the ratings and conditions of the Data for
Equipment Design given on page D1.

Acceptance procedure

The assessment tests are arranged in groups (A to G) which correspond to
electrical tests of varying importance, mechanical tests, life tests, etc. The principal
electrical tests are given in group A, and tubes which pass these tests, and have
been produced in a given period, usually one month, are collected together into
a ‘lot’. Random samples are then taken from each lot for the tests in groups
B to F inclusive. Detailed test results on all sample tests are recorded. After a
storage period during which the sample tests are performed, the remaining
tubes are submitted to the group G tests to ensure that no appreciable changes
have occurred.

For each acceptance test an Acceptable Quality Level (A.Q.L.) is fixed and
is the percentage of failures that may be allowed for a particular test. It does not
represent the percentage of failures to be expected in a lot, but is the standard
to which the test is controlled.

In general the percentage of tubes which fail in any given lot will be a much
smaller percentage than the A.Q.L. It should be noted that a high A.Q.L. for this
tube means that a small sample is used.

For all acceptance tests (i.e. all tests except those in group F2), if the A.Q.L.
is not satisfied the lot is rejected. Thus every tube which is delivered comes from
a lot which has satisfied all the acceptance tests.

The tests are grouped as follows:

Group A tests

These are tests of the principal electrical characteristics and are performed on
every tube.
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83A I VOLTAGE REFERENCE TUBE

Group B tests

These tests are similar or identical to those in group A. They are repeated here
so that the results of measurements can be recorded and any trend towards a
limit can be corrected. A large sample is used for this group of tests and the
A.Q.L. is 0.65%. Tubes from the group B tests are used fer the tests in groups
C to F. The sample size, however, may be smaller.

Group C tests

These tests measure the secondary electrical characteristics including some
outside the normal current range of the tube. In this way it has been found
possible to obtain a more sensitive control of the characteristics inside the
recommended operating range. The sample used is the same as that for the
group B tests, but a slightly higher A.Q.L. is given.

Group D tests

The tests in this group are of characteristics which are known from experience
to remain constant provided the manufacturing process is unaltered and the
requirements of groups B and C are met. Because of this only a small sample is
needed to confirm that these characteristics are in fact unchanged. The A.Q.L. is
relatively high because only a small sample is used.

Group E tests

This group consists of mechanical tests to check that the quality of the glass
envelope and base is adequate, and to ensure that the ruggedness of the electrode
structure does not depart from the set standard. These tests are performed on
small samples.

Group F1 tests

This group contains life and storage tests under various conditions. They are
acceptance tests, and any lot which fails to satisfy these requirements is rejected.

Group F2 tests

In this group information is given as to the changes expected on long term life
or storage. These tests cannot be acceptance tests as it would be impracticable
to retain the tubes in store until this information on each lot had accumulated.
These tests are performed on a regular basis.

Group G tests

Tubes which were not used in the sample tests are rechecked for some of their
principal characteristics after one month in store. These tests ensure that no
appreciable changes have occurred during storage.

Rejected lots

If the given A.Q.L. is not satisfied when performing any acceptance tests, the lot is
rejected.
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VOLTAGE REFERENCE TUBE

83Al

ACCEPTANCE TESTS AND CONTROLS

Unless otherwise specified Iy = 4.5mA, Ry = 10kQ, Tambient = 20 to 25°C

Test

Test conditions '2 Q

GROUP A (1009, Tests)

Ignition

Maintaining voltage

Incremental resistance

Voltage jumps

GROUP B

Ignition voltage

Maintaining voltage

Incremental resistance

Voltage jumps

GROUP C

Maintaining voltage
Regulation
Microphony

GROUP D
Ignition

Leakage

Temperature
coefficient

A.C. impedance

V, = 118V,
Illumination

5

g Notes
%) (pp.D8/9) Min. Max.

Limits

5 to 50 Im/ft2 — a — 5 s
— — 83.2 843 A
— — 125 350 Q
Iy = 3.5 to 6.0mA — b — 1 mV
(pk-pk)
0.65 ¢
lllumination
5 to 50 Im/ft2 - d —_ 120 \"
— — 83.1 84.4 "
— — 125 350 Q
Iy = 3.5t0 6.0mA — b — 1 mV
(pk-pk)
2.5 c
Iy = 3.0mA — @ — Note e. \'
Iy = 3.0 to 6.0mA — —_ _ 141 "
— f —_ 30 mV
(pk-pk)
Va = 120V,
Total darkness 6.5 a, g — 5 s
Va = 55V,
Riim = 1MQ 6.5 — 4 uA
6.5 h
Toup = 25 to 90°C i -20 -4.0 mV/°C
Tpub = 90 to 120°C i 0 —-4.0 mV/°C
6.5 h,j
f = 100c/s — — 110 350 Q
f = 1000c¢/s — - — 500 Q
= 10,000¢/s — — — 1500 Q
| d—"
[Mullard |
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83A l VOLTAGE REFERENCE TUBE

= A.Q.L. Notes Limits
Test Test conditions (%) (pp.D8/9) Min. Max.
GROUP E 6.5 c
Glass strain No applied voltage — k — o
Base strain No applied voltage — I — —
Resonance search Acceleration = 20g,
f = 60 to 2000c/s — m — —

GROUP F1 Life Acceptance Tests

Life test va(b) = 250V,
= 37kQ,
T:mment = 20 to 25°C n, o
End point tests at 500 hours 6.5 h, p
Change in maintaining
voltage 0 to 500 hours — q — 0.35 \
Ignition voltage lllumination
5 to 50 Im/ft2 — d — 125 \
High temperature life test
a = 250V,
Ra = 37kQ,
Touw = 100°C n, o
End point tests at 500 hours 6.5 h, p
Change in maintaining
voltage 0 to 500 hours — q — 0.35 v
Ignition voltage Illumination
5 to 50 Im/ft2 — d — 125 v

High temperature storage test
No applied voltage,

Tambient = 100°C n, o
End point tests at 100 hours 6.5 h,p
Change in maintaining
voltage 0 to 100 hours — q — 0.5 v
Average change in
maintaining voltage 0 to 100 hours — r — 0.2 v
Ignition voltage lllumination
5 to 50 Im/ft2 - d — 125 v
1 S
Mullard
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YOLTAGE REFERENCE TUBE

83Al

Test Test conditions A(%)L

GROUP F2 Life Information Tests

Room temperature life test

Notes

Limits

(pp.D8/9) Min. Max.

S

Va = 250V,
a = 37kQ,
Tambient = 20 to 25°C n
Change in maintaining
voltage 500 to 3000 hours — t 0 +0.2 \%
Change in maintaining
voltage 500 to 10,000 hours — t +0.05 +0.35 \%
Ignition voltage at 10,000 hours — d e 125 \
High temperature life test
Va = 250V,
Ra = 37kQ,
Thulb = 100°C n
Change in maintaining
voltage 50C to 3000 hours — t 0 +0.2 \
Change in maintaining
voltage 500 to 10,000 hours — t +0.05 +0.35 N
Ignition voltage at 10,000 hours - d — 125 A
High temperature storage test
No applied voltage,
Tambieny = 100°C* n
Change in maintaining
voltage 0 to 500 hours e t — 1.5 \
Change in maintaining
voltage 0 to 3000 hours — t — 6 \
Ignition voltage at 3000 hours — d — 130 \
GROUP G Retest after 28 days storage u
Ignition Va = 120V,
Illumination
5 to 50 Im/ft2 0.5 a — 5 s
Maintaining voltage 0.5 — 83.1 84.4 A
Incremental resistance 0.5 — 125 350 Q
Y
[Mullard |
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83A I VOLTAGE REFERENCE TUBE

Notes on tests

General: All results except for those on group A and group G tests are recorded.

a.

b.

The tube must ignite within the specified time.

The tube is ignited with V, adjusted to give lx of 3.5mA and the current is
increased slowly to 6.0mA. Time of sweep = 5s.

The A.Q.L. given applies separately to each test in the group.

A potential of 100V is applied to the anode of the tube for a period of 2 seconds.
If ignition does not occur the voltage is increased by 2V and applied for a further
2 seconds. If ignition still does not occur, the voltage is increased as before
and so on until ignition occurs. If ignition occurs during a 2 second period at
a fixed (numerically even) voltage, that voltage is recorded. If ignition occurs
while the voltage is being increased, the intermediate (numerically odd)
voltage is recorded.

. The value of maintaining voltage in each tube shall not be greater than that

measured at 4.5mA in group B.

This test is performed by tapping the tube with a standard hammer as des-
cribed in the British Services Specification K1006 paragraph 4.7.5.

The output is measured on a triggered oscilloscope with scan time 10ms
approx.

The tube is held non-conducting and in total darkness for the 24 hours imme-
diately prior to this test.

. The A.Q.L. is a combined A.Q.L. for the sub-group of tests.

This is the average temperature co-efficient over the stated temperature
range. The tube is immersed in turn in baths of oil kept at the temperatures
of the extremities of the range only, and the maintaining voltage at each
temperature is measured as soon as it is stable.

This is the effective a.c. impedance of the tube measured at the specified
frequencies.

In this glass envelope strain test the tubes are completely submerged in
boiling water at a temperature between 97 and 100°C for 15 seconds and then
immediately plunged into ice-cold water for 5 seconds. The tubes are then
examined for glass cracks.

In this base strain test, the pins of the tubes are forced over specified cones
and the tubes and cones are then submerged in boiling water at a tem-
perature between 97 and 100°C for 10 seconds. The tubes and cones are
allowed to cool to room temperature before examining for glass cracks.

. The tube is operated during vibration at a fixed acceleration of 20g in a

direction at an angle of 45° to each of the axes of the tube. The frequency is
swept once through the range 60 to 2000c/s at a rate not exceeding 1 octave
in 30 seconds.

N.B. — These conditions are used solely to assess the mechanical quality of the tube.
The tube must not be operated under such conditions.

()
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VOLTAGE REFERENCE TUBE 83A I

n. This test is run continuously under the stated conditions.
o. This test is performed on 15 tubes per lot.

p- These end point tests are acceptance tests and lots not satisfying these require-
ments are rejected.

q. This is the maximum change on the individual tubes over the stated period.

r. This is the average change over the complete sample of tubes, ignoring sign.
The combined A.Q.L. does not apply to this test.

s. These control measurements are performed regularly but they are not
acceptance tests on each lot.

t. These are limits which individual tubes are expected to satisfy over the stated
period.

u. These tests are performed on tubes not used in sample tests, at least 28 days
after the group A tests.
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VOLTAGE REFERENCE TUBE

Gas-filled two-electrode tube intended
for use as a voltage reference.

85A2

LIMITING VALUES (Absolute Ratings)

Min. voltage necessary for ignition
Max. burning current

Min. burning current

Ambient temperature limits

PREFERRED OPERATING CONDITION
Burning current

CHARACTERISTICS

At Preferred Operating Condition

Max. ignition vcltage
Burning voltage (variation from tube to tube)
Incremental resistance

Average

Maximum

115

10

1

-55 to 490

115
83 to 87

300
450

Temperature coefficient of burning voltage over

temperature range 15 to 90°C

*Max. percentage variation of burning voltage
During the first 300 hours of life
During the subsequent 1,000 hours

-4.0

0.3
0.2

Typical percentage drift of burning voltage per

1,000 hours after 1,300 hours

*After the initial warming-up period of

0.1

3 minutes.

DISCONTINUITIES OF THE 1,/V. CHARACTERISTIC

Typical voltage jumps over current range 4
10 mA

Maximum voltage jumps over current range
to 10 mA

SHORT-TERM STABILITY

to
5.0

4
50

mA
mA
°C

mA

mV

mV

Maximum short-term variation of burning voltage for any 8 hour
period after the first 100 hours life will be better than 0.019%

provided there is an initial warming-up period of 3 minutes.

Maximum short-term (100 hours max.) variation of burning voltage

after the first 300 hours of life is 0.19%,.

In order to avoid voltage variations due to temperature fluctuations
it will in general be sufficient to draught shield the tube (see

temperature coefficient of tube).

(W
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85A2 VOLTAGE REFERENCE TUBE

Gas-filled two-electrode tube intended
for use as a woltage reference

OPERATING NOTES

1.

To obtain a good life a reverse current must not be drawn from
this tube. This condition is satisfied if any inverse voltage does
not exceed 75 V.

The maximum ignition voltage quoted is the greatest voltage which
is necessary to ignite any tube in the presence of some ambient
illumination. A voltage of at least this value must be available if
reliability of ignition is to be obtained. In complete darkness there
may be considerable delay in igniting the tube.

A steady burning voltage is reached within 3 minutes.

The greatest constancy of burning voltage is obtained if the tube
is operated at only one value of current.

The noise generated by the tube over a frequency band of 30 to
10,000 c/s is of the order of 60 uV, which is equivalent to the noise
generated by a resistor of approximately 22 M Q at a temperature
of 300°K. The noise is evenly distributed over the frequency range.
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VOLTAGE REFERENCE TUBE

Gas-filled two-electrode tube intended
for use as a voltage reference.

85A2
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STABILISING TUBE 90c I

QUICK REFERENCE DATA (nominal values)

Maintaining voltage 90 \"
Cathode current range 1 to 40 mA
Regulation voltage 12 Vv
lgnition delay time 2 s

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—VOLTAGE STABILISER AND REFERENCE
LEVEL TUBES which precede this section of the handbook.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT
DESIGN measured at an ambient temperature of between 20 and 30°C unless
otherwise stated.
The values given state the range over which the tube will operate both initially
and during life. No allowance has been made for supply voltage and component
variations. (note 1)

Initial values

Minimum voltage necessary for ignition (note 2) 115 \4
Ignition delay time See page C1
Maintaining voltage at 20mA
Maximum 94 \
Minimum 86 \

Increase in maintaining voltage as cathode current
is increased from 1 to 40mA (regulation voltage)

Note 3
Maximum 14 \
Average 12 A
Cathode current above which the incremental resistance
is positive 2 mA
Typical maximum incremental resistance in the current
range 1 to 40mA (note 3) 300 Q
Life performance (ncte 4) Ik = 20mA I = 40mA
Minimum voltage necessary for ignition 115 115 \
(note 2)

Percentage variation of maintaining voltage

at cathode current (room temperature)
In 1,000 hrs (maximum) +1 +2 o4
In 10,000 hrs (average) +3.5 +5 %

Typical maximum increase in maintaining
voltage as cathode current is increased
over the current range 13 15 \%
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90C I STABILISING TUBE

ABSOLUTE MAXIMUM RATINGS

Cathode current

Maximum for continuous operation 40 mA

Maximum surge (note 5) 100 mA

Minimum 1.0 mA
Maximum negative anode voltage 80 Vo
Minimum bulb temperature (I, = OmA) -55 G
Maximum ambient temperature

For operation (note 6) +70 °C

For storage (note 7) +70 €

OPERATING NOTES

T
2;
3.

Thermal equilibrium is reached within 3 minutes of igniting the tube.
This value holds good over life in light or darkness. See graph on page C1.
Following a sudden large change in the tube current, the change in
maintaining voltage may be slightly greater than that given until tube
thermal equilibrium is re-established (within 3 minutes).

. These figures apply only when the tube is operated continuously at the

currents stated.

. To be restricted for long life to approximately 30 seconds in each 8 hours

use.

. This tube will operate satisfactorily at ambient temperatures up to 70°C

providing the tube is not used at the upper end of the current range.

. The tube should not be stored for more than 4 months at this maximum

temperature without intermediate operation.
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STABILISING TUBE 90c |
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CUMULATIVE DISTRIBUTION OF DARK IGNITION DELAY TIME

This curve shows the probability that a tube will ignite in less than the

time shown. This will be to some extent dependent on the supply voltage.

In general an increase in the supply voltage will reduce the ignition
delay time.
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90C I STABILISING TUBE
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STABILISING TUBE ' 08c I

QUICK REFERENCE DATA (nominal values)

Maintaining voltage 108 \
Cathode current range 5.0 to 30 mA
Regulation voltage 1.5 Vv
Ignition delay time 1.3 s

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—VOLTAGE STABILISER AND REFERENCE
LEVEL TUBES which precede this section of the handbook.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT
DESIGN measured at an ambient temperature of between 20 and 30°C unless
otherwise stated.

The values given state the range over which the tube will operate both
initially and during life. No allowance has been made for supply voltage
and component variations.

Initial values

Minimum voltage necessary for ignition (note 1) 133 \
Ignition delay time See page C1
Maintaining voltage
Maximum (at Iy = 30mA) 112 \
Minimum (at Iy = 5.0mA) 105 v

Increase in maintaining voltage as cathode current
is increased from 5 to 30mA (regulation voltage)

Maximum 3.5 \
Average 1.5 \
Life performance (note 2)
Minimum voltage necessary for ignition (note 1) 133 \
Maintaining voltage
In 1000 hrs
Maximum (at I, = 30mA) 113 \4
Minimum (at Iy = 5.0mA) 104 v
In 3000 hrs (note 3)
Maximum (at I, = 30mA) 113 \
Minimum (at Ix = 5.0mA) 104 \
Increase in maintaining voltage as cathode current
is increased from 5.0 to 30mA
Maximum 3.5 Vv
Typical 1.5 \
Percentage variation of maintaining voltage at
30mA during 1000 hrs life
Maximum +3.0 9%
Typical +1.0 %
+ S
Mullard
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I 08C I STABILISING TUBE

ABSOLUTE MAXIMUM RATINGS
Cathode current

Maximum for continuous operation 30 mA

Maximum surge (note 4) 75 mA

Minimum 50 mA
Maximum negative anode voltage 75 \'
Minimum bulb temperature (lx = OmA) =55 °G
Maximum bulb temperature

For operation +150 °C

For storage +70 °C

OPERATING NOTES
1. This value holds good over life in light or darkness. See graph on page C1.

2. These figures apply only when the tube is operated continuously at the
currents stated.

3. The maintaining voltage for all tubes will stay within the limits given and
the change in any individual tube will not exceed +3V or —4V.

4. To be restricted for long life to approximately 30 seconds in each 8 hours’
use.
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STABILISING TUBE I 08C I
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CUMULATIVE DISTRIBUTION OF DARK IGNITION DELAY TIME
This curve shows the probability that a tube will ignite in less than the
time shown. This will be to some extent dependent on the supply
voltage. In general an increase in the supply voltage will reduce the
ignition delay time.
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STABILISING TUBE I 50B2

QUICK REFERENCE DATA (nominal values)

Maintaining voltage 150 \"
Cathode current range 5to 15 mA
Regulation voltage 4 \
Ignition delay time 250 ms

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—VOLTAGE STABILISER AND REFERENCE
LEVEL TUBES which precede this section of the handbook.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT
DESIGN measured at an ambient temperature of between 20 and 30°C unless
otherwise stated.
The values given state the range over which the tube will operate both
initially and during life. No allowance has been made for supply voltage
and component variations. (note 1)

Initial values

Minimum voltage necessary for ignition (note 2) 180 v
Ignition delay time See page C1
Maintaining voltage at 10mA
Maximum 151 v
Minimum 146 \%

Increase in maintaining voltage as cathode current
is increased from 5 to 15mA (regulation voltage)

Maximum 5.0 \
Average 3.0 \'%
Temperature coefficient of maintaining voltage
(approximate) at 10mA +0.007 %, per °C
Typical maximum voltage jumps in the current range
10 to 15mA 75 mV
Cathode current above which the incremental resistance
is"positive 5.0 mA
Incremental resistance (approx.) at 10mA 250 Q

Life performance (note 3)

Minimum voltage necessary for ignition (note 2) 180 \'
Percentage variation of maintaining voltage at
room temperature

In 1000 hrs at 10mA (maximunm) {*3s a

- ‘0
In 10,000 hrs at 5 and 10mA (typical maximum) {t% :(.
In 30,000 hrs at 5 and 10mA (typical maximum) {t% :"

Typical maximum increase in maintaining voltage

as cathode current is increased from 5 to 15mA
In 1000 hrs 4.
In 10,000 hrs 6

oo
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I 50 Bz STABILISING

TUBE
ABSOLUTE MAXIMUM RATINGS
Cathode current
Maximum for continuous operation 15 mA
Maximum surge (note 4) 40 mA
Minimum 5.0 mA
Maximum negative anode voltage 130 \%
Minimum bulb temperature (lx = OmA) -55 °c
Maximum ambient temperature
For operation +70 °C
For storage +70 G

OPERATING NOTES

1. Thermal equilibrium is reached within 3 minutes of igniting the tube.
2. This value holds good over life in light or darkness. See graph on page C1.
3. These figures apply only when the tube is operated continuously at the

currents stated.

4. To be restricted for long life to approximately 30 seconds in each 8 hours’

use.
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STABILISING TUBE I 50B2
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CUMULATIVE DISTRIBUTION OF DARK IGNITION DELAY TIME

This curve shows the probability that a tube will ignite in less than the
time shown. This will be to some extent dependent on the supply voltage.

In

general an increase in the supply voltage will reduce the ignition delay

time.
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STABILISING TUBE I socz
150V gas-filled stabiliser with a current range of

5 to 30mA.

This data should be read in conjunction with the GENERAL OPERA-
TIONAL RECOMMENDATIONS — VOLTAGE STABILISER AND
REFERENCE TUBES which precede this section of the handbook.

LIMITING VALUES (absolute ratings)

Minimum voltage necessary for ignition

In some ambient light 185 v

In complete darkness 225 v
Burning current

Maximum 30 mA

Minimum 50 mA
Maximum starting current 75 mA
Maximum negative anode voltage 125 v
Ambient temperature limits during operation -55to +90 °6®©

CHARACTERISTICS (at room temperature)
Initial values
Maintaining voltage (all tubes)

Maximum (at ls = 30mA) 165 \'
Minimum (at I, = 5.0mA) 142 v

Difference between maintaining voltages at I, = 30mA
and ls = 5.0mA (individual tube)
Maximum 6 A
Typical 4 v
*Life performance

Percentage variation of maintaining voltage at |, = 30mA
during 1000 hrs. life

Maximum +3 %
Typical +1 %
Typical maximum difference between maintaining
voitages at |, = 30mA and |, = 5.0mA (individual tube) 5 v

*These figures apply when the tube is operated continually at 30mA at
room temperature.
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STABILISING TUBE I 50C4

QUICK REFERENCE DATA (nominal values)

Maintaining voltage 150 \"
Cathode current range 5 to 30 mA
Regulation voltage 3 Vv
Ignition delay time 10 s

This data should be read in conjunction with GENERAL OPERATIONAL
RECOMMENDATIONS—VOLTAGE STABILISER AND REFERENCE,
LEVEL TUBES which precede this section of the handbook.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT
DESIGN measured at an ambient temperature of between 20 and 30°C unless
otherwise stated.
The values given state the range over which the tube will operate both
initially and during life. No allowance has been made for supply voltage
and component variations.

Initial values

Minimum voltage necessary for ignition (note 1) 185 \
Ignition delay time See page C1
Maintaining voltage (all tubes)
Maximum (at Iy = 30mA) 156 \
Minimum (at [x = 5.0mA) 143 \

Increase in maintaining voltage as cathode current
is increased from 5 to 30mA (regulation voltage)

Maximum 5.0 \
Average 3.0 \%
Life performance (note 2)
Minimum voltage necessary for ignition (note 1) 185 A
Maintaining voltage
Maximum (at Iy = 30mA) 156 \
Minimum (at Ix = 5.0mA) 139 \
Percentage variation of maintaining voltage at
30mA during 1,000 hrs life (room temperature)

; JS+1.5 o
Maximum 1 -5 ?/Z
Average +1 %

Increase in maintaining voltage as cathode current

is increased from 5 to 30mA
Maximum 8.0 \
Average 3.0 \'%
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I 50c4 STABILISING TUBE

ABSOLUTE MAXIMUM RATINGS

Cathode current

Maximum for continuous operation 30

Maximum surge (note 3) 75

Minimum 5.0
Maximum negative anode voltage 125
Minimum bulb temperature (I, = OmA) -55
Maximum bulb temperature

For operation +150

For storage +100

OPERATING NOTES

mA
mA
mA

7C
%

1. This value holds good over life in light or darkness. See graph on page C1.
2. These figures apply only when the tube is operated continuously at

30mA.

3. To be restricted for long life to approximately 30 seconds in each 8 hours’

use.
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STABILISING TUBE l 50C4
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CUMULATIVE DISTRIBUTION OF DARK IGNITION DELAY TIME

This curve shows the probability that a tube will ignite in less than the
time shown. This will be to some extent dependent on the supply
voltage. In general an increase in the supply voltage will reduce the
ignition delay time.
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COUNTER AND OPERATING
SELECTOR TUBES NOTES

Construction

The Mullard counter and selector tubes consist of 30 identical
rod-shaped cathodes arranged in a circle concentric with the
common circular plate anode. The 30 cathodes are divided into
three groups of ten and arranged so that every third electrode
going around the ring belongs to the same group. The three groups
are called main cathodes, guide A cathodes, and guide B cathodes.
The order of the electrodes proceeding in a clockwise direction
around the tube as seen from the dome is a main cathode, a guide
A cathode, guide B cathode, next main cathode etc.

In both the counter tube and the selector tube all the guide A
electrodes are connected internally and brought out to a single pin.
The guide B electrodes are similarly connected and brought out.
In the counter tube the main cathodes 1 to 9 are connected together
internally and connected to a single pin. The 0 or tenth main cathode
is brought out separately so that the tube can be set to zero and also
an electrical output obtained for driving a succeeding tube. In the
selector tube all the main cathodes are brought out individually so
that an electrical output pulse can be obtained at any point around
the tube.

Function of the electrode groups
Main cathodes

The glow normally rests on a main cathode thus providing
indication, and electrical output may also be obtained from this
cathode. The position of the discharge may be seen through the
dome of the tube as an orange ‘cathode glow’ at the tip of the
cathode concerned. The position of the discharge can be related to
the number of input pulse by the use of an external numbered
escutcheon aligned so that the numbers coincide with the position
of the main cathodes.

Guide cathodes (A and B)

The function of the guide cathodes is to transfer the discharge
from one main cathode to the next on the receipt of an input signal.
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OPERATING COUNTER AND
NOTES SELECTOR TUBES

Basic circuit

The basic circuit is shown in Figure 1 on the individual data sheets
and is essentially the same for both counter and selector tubes. An
h.t. voltage, normally 475V, (which is greater than the anode-cathode
ignition voltage) is applied to the circuit and breakdown to one of
the main cathodes will, therefore, occur. Breakdown to more than
one cathode cannot occur since conduction causes a voltage drop
across the anode resistor and reduces the anode voltage across the
tube to the maintaining voltage.

The transfer mechanism

The method usually employed to move the discharge around the
tube’ is to convert the input signal into a pair of negative pulses.
The first pulse is applied to all guide A cathodes followed immediately
by the second pulse applied to all guide B cathodes.

Assume that the discharge is resting on the third main cathode
ks: when the pulse is applied to guides A the voltage between anode
and guides A exceeds the ignition voltage and breakdown can
therefore occur. Because of the priming from the discharge to the
conducting main cathode ks, breakdown will always occur to the
adjacent guide A cathode GAj4. The discharge to ks will be extin-
guished since the anode voltage falls by the magnitude of the applied
negative pulse. Similarly breakdown to GB4 will take place on the
arrival of the second pulse and the potential of guides A will return
to the bias level. Finally at the end of the second pulse the potential
of guides B will also return to the bias level. The anode voltage rises
towards a potential equal to the guide bias plus the maintaining
voltage. However, when the anode to ks voltage exceeds the ignition
value the discharge will move to ks and the transfer has then
been completed. This sequence results in rotation in the
clockwise direction. Counting in the anti-clockwise direction can
be obtained by applying pulses to guides A and B in the
reverse order.
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COUNTER AND OPERATING
SELECTOR TUBES NOTES

Output pulse

A resistor is connected in series with ko (in Figure 1) so that an
output pulse can be obtained when the discharge rests on ko. This
resistor must be chosen so that when the glow rests on ko, the voltage
on ko does not exceed the positive guide bias. It is common practice
to take the earthy end of the resistor back to a negative bias
supply to obtain a larger pulse. However, the magnitude of the bias
should not at any time be more negative than 20 volts.

In the selector tube an output can be obtained by inserting a
resistor in series with any of the main cathodes.

The maximum value of the main cathode resistor for either selector
or counter is given by

(Ve + Vk-10) R
(Vnt = Vu - Vg +10)

and the output voltage for any value of Ry is

Voo (Vi = Var + Vi) Re
? (Rk + Ra)

Rx max.=

where Vy is the supply voltage
Vy is the maintaining voltage
Vg is the positive guide bias
Vi is bias to ko (numerical value only)
Ry is the cathode resistor
Ra is the anode resistor

Set zero

The discharge can conveniently be returned to ko, by momentarily
disconnecting all cathodes except ko. An alternative method is to
pulse ko negatively to —120 volts. Care must be taken if this method

is adopted that spurious pulses are not fed down the chain of counter
tubes at the termination of the pulse.
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DECADE SELECTOR
AND COUNTING TUBE 15045

QUICK REFERENCE DATA
Short construction, bi-directional cold cathode, 10 output selector tube

with neon type glow.

Maximum counting speed 5.0 kHz
Supply voltage 475 v
Output
voltage 35 v
current 340 LA
Indication Self indicating

No individual adjustment is necessary toalign the bulb with the escutcheon.

This data should be read in conjunction with OPERATING NOTES-
COUNTER AND SELECTOR TUBES

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN (at an
ambient temperature between 10° and 50°C unless otherwise stated.)

The values given state the range over which the tube will operate both initially
and during life. No allowance has been made for supply voltage and component

variations.

Allvoltages are referred to the most positive supply voltage to which any main

cathode (not guide cathode) is returned.

IGNITION REQUIREMENTS

Anode supply voltage range Va(b) 375 to 1000 \%

Minimum time constant of rise

of anode supply voltage (see note 1)

\% <550V 1.0 ms
a(b)
va(b) =550V 6.0 ms
Mullard T
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DISCHARGE AT REST ON A MAIN CATHODE

Maintaining voltage of anode to

main cathode (see curve on page 10)
= A\ =

(Ia 340LLA, GD(b) +25 to +50V)

Typical maximum 205 v

Typical minimum 185 v

Main cathode current

maximum (except during reset) 525 LA
minimum 250 LA
recommended 340 LA

Positive guide supply voltage VGD(b)
maximum 60 \'

minimum 25 \'%

Maximum resistance between guides

and guide supply 220 kQ

Main cathode potential (except during reset)
Non-conducting cathode
maximum negative voltage 14 A%
Conducting cathode
maximum positive voltage

(see note 2) v ) minus 10 V

GD(b
maximum negative voltage 0 v
STE PPING REQUIREMENTS

This section should be considered in conjunction with the figures given on pages
7 and 8.

Minimum discharge dwell time

Main cathode 75 us
guide A cathode 60 us
guide B cathode 60 s

Maximum interval between trailing

edge of guide A pulse and leading edge

of guide B pulse (double rectangular

pulse drive) 3.0 ©s
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DECADE SELECTOR
AND COUNTING TUBE 25045

Negative guide voltage to step the discharge from a main cathode to an adjacent

guide cathode.

maximum 140 minus V A%

GD(b)
minimum 45

Voltage difference required between a guide cathode and the adjacent guide cathode

in order to step the discharge.

maximum 140 \%4

minimum (see note 3) 45 A%

Positive guide supply voltage to step the discharge from a guide cathode to the

next cathode.

maximum 50 \%

minimum 25 v

Main cathode potential
Non-conducting cathodes

maximum negative voltage 14 \%
Conducting cathode
maximum positive voltage

(see note 2) VGD(b)minus 0 Vv

maximum negative voltage 0 v

RESETTING REQUIREMENTS
Reset to Cathodes
(7,8,9,0,1,2,3)  (4,5,6)
Maximum permitted negative
main cathode voltage 240 140 \4

Minimum negative main cathode

voltage
pulse duration >1.0ms 120 120 \%
(see note 4)
pulse duration =200us 130 - A
Minimum pulse duration 200 - us

Maximum reset cathode

current (see note 5) 800 650 LA

Mullard
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