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INTRODUCTION

The Data Handbook ELECTRON TUBES contains data on current types of tubes. It
comprises a number of bound parts and a loose-leaf binder: the blue binder.

The bound parts contain both the final and the tentative publishing data which are
available at a certain closing date. These parts will be re-issued at regular inter-
vals in order to provide continuously for sufficient information to all those who are
professionally engaged in the field of electronics, but for whom it is of secondary
importance to have the disposal of the very latest additions.

For those who do need the latest informationthe loose-leaf binder will be useful, as
it contains all data which have become available after the latest issues of the bound
part. The binder is kept up-to-date by the regular appearance of supplements.

When a bound part is re-issued, the pertinent contents of the binder are transferred
to this part, thus preventing the binder from becoming overcrowded.

The present part 6 of the Handbook ELECTRON TUBES contains data on Voltage
stabilizing- and reference tubes, Counter-, selector- and indicator tubes, Trigger
tubes and switching diodes, Thyratrons, Industrial rectifying tubes, Ignitrons, Ra-
diation counter tubes, Miscellaneous nuclear devices.

For owners of the loose-leaf binder on tubes it may be advisable to make sure that
the data on a particular type in the bound part have not been rendered out of date by
a later issue in the binder. This applies especially to tentative data.







Voltage stabilizing and reference tubes






VOLTAGE STABILIZING AND VOLTAGE
REFERENCE TUBES
APPLICATION DIRECTIONS

1. GENERAL

1.1 A voltage stabilizing tube is a glow discharge tube designed to have a main-
taining voltage which is substantially constant over the current operating
range.

1.2 A voltage reference tube is a glow discharge tube designed to have a con-
stant maintaining voltage with time at fixed values of current and tempera-
ture.

1.3 The limiting values of voltage stabilizing and voltage reference tubes are
given in the absolute maximum rating system.

1.4 Dimensions are given in mm.

2. OPERATING CHARACTERISTICS

N

.1 Ignition

The ignition voltage is the voltage at which breakdown occurs. (See
Breakdown) -

Normally a tube will ignite at a voltage somewhat lower than the fig-
ure quoted, but the latter should always be the minimum available to
ensure ignition of all tubes.

2.1.2 Breakdown

Breakdown is a runaway increase in electrode (cathode) current following
the moment of highest voltage between the electrodes considered.

At some types the breakdown may occur at a lower voltage than the
published maintaining voltage.

Qoo slan MO atle ~ Ao ncoana nalt
OCC dldU {Catnoae current .

The ignition delay is the time interval between the application of a di-
rect voltage to the anode-cathode gap and the establishment of a self sus-
taining discharge in that gap.

The ignition delay of certain types is affected by ambient light. In
darkness the delay is maximum.

772 5080
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Maintaining voltage (Symbol Vi)

The maintaining voltage is the anode voltage with the tube conducting within
the current range stated.

It is measured at the conditions stated in the data and will vary with
current, temperature and time. In the presence of noise, the average
is taken.

Regulation voltage (Symbol Vr)

The regulation voltage is the difference between the maximum and the mi-
nimum maintaining voltages within a specified cathode current range.

This is normally measured over the full current range of the tube at the
temperature specified.

Stability (Symbol AV,)

The change in maintaining voltage during .life is a measure of the stability
of the tube.

Changes due to variations in tube current and temperature are excluded.
AVm )

Atpulb

The temperature coefficient of maintaining voltage is the quotient of the
change of maintaining voltage by the change of bulb temperature.

Temperature coefficient of maintaining voltage (Symbol

The value quoted is normally an average value which applies over the
temperature range stated.

Extinguishing voltage (Symbol Vext)

The extinguishing voltage is the anode voltage at which the discharge ceases
when the supply voltage is decreasing.

Noise voltage (Symbol Vp)

This particular noise voltage is random in nature and similar to thermal
noise. It is normally quoted as the r.m.s. voltage measured over a spec-
ified frequency range.

An oscillation noise voltage is a voltage which is generated within the
tube and which has a major component at one frequency.

It occurs in certain tube types, and then only over a restricted cur-
rent range.
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The vibration noise voltage is the noise output voltage resulting from
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.

The microphonic noise voltage is the noise output voltage caused by me-
chanical excitation due to a single blow.

2.8 Voltage jump (Symbol Vj)

A voltage jump is an abrupt change or discontinuity in maintaining voltage
that may occur during operation and is not due to the "incremental resist-
ance".

2.9 Cathode current (Symbol Ii)

2.9.1 Minimum cathode current

The minimum cathode current is the current below which operation will
result in deterioration of the performance of the tube.

2.9.2 Maximum cathode current

The maximum cathode current is that instantaneous value which should
not be exceeded during normal operation of the tube.

When a tube is switched on, this value may be exceeded. (See starting
current.)

2.9.3 Preferred current

The preferred current is that.current at which maximum stability may be
expected.

The starting current is the current immediately after ignition.
The maximum permissible value and duration are given in the data.

2.10 Incremental resistance (Symbol ry)

The incremental resistance is the slope of the V,/Ix characteristic.
This is measured at a specified current and temperature and voltage jumps
are ignored.

2.11 Tube impedance (Symbol zg)

The tube impedance of the anode-cathode gap for the a.c. component of
the cathode current.

This is measured at a specified d.c. cathode current, on which a sinus-
oidal current of specified amplitude and frequency is superimposed.

772 5082
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2.12 Bulb temperature (Symbol tyy1p)

The bulb temperature shall be taken as the temperature of the hottest part
of the tube envelope, whether due to internal or external causes. In the
interest of stability, the bulb temperature should be kept as close to room
temperature as possible.

Shunt capacitor (Symbol Cp)

In order to avoid relaxation oscillations and to reduce transient current at
starting the value of the capacitor should be made as small as possible
and should not exceed the specified value.

3. MOUNTING

3.1

3.2

3.3

3.4

Mounting position

If no restrictions are made on the individual published data sheet, the tube
may be mounted in any position.

Tube pins and sockets

Many small glass-base tubes employ semi-rigid pins. It is necessary to
ensure that these pins are straight before insertion into the socket.

It is recommended both in wired and in printed circuits that sockets with
floating contacts be used. After the socket has been wired or soldered in,
the socket contacts should be-in the correct position to receive a tube.

Pins marked i.c.

When a pin is markedi.c., no connection should be made to the corres-
ponding socket tag.

Flexible leads

Tubes having flexible leads do not normally employ plug-in sockets and it
is usually necessary to secure them in position solely by means of the bulb.
Any such support should not cause undue stress to be placed on the flexible
leads themselves.

Attention should also be given to the effect this mounting may have upon the
bulb temperature. Subminiature and smaller types can generally be mounted
with the leads only.

Where tubes are designed for soldering into the circuit, care must be
taken to avoid bending the leads sharply closer than 2 mm to the base.
Precautions should be taken during soldering to ensure that the glass
temperature at the seal will not rise excessively. One simple method is
to clamp a thermal shunt to the wire between the glass and the point being
soldered. In any case the wire should not be soldered closer than 5 mm
from the seals or as specified in the published data. 772 5083




4. OPERATIONAL NOTES
4.1 Basic circuit

To ensure reliable operation under all operating conditions the following
conditions should be observed: (See fig.1).

1. The current Iy should not drop below the published permissible limit
Ix min.

2. The published Ix max. should not be exceeded (except at switching on).
3. Ignition must be ensured under the most unfavourable conditions.
In general Iy may be expressed as:

Vp -V
Ik=_b_R_.l_r_:r1__IL

Under the most unfavourable conditions, condition 1 is satisfied if:

Vpmin - Vi max. 1

Ry < Igmin + I} max. ° 1+ p/100

The max. current Iy max. is most likely to be exceeded at the highest value
of Vp (= Vpmax.), a tube with the lowest maintaining voltage Vi min. and
when the load current has the lowest value I} min.

Vpmax. - Vi min. 1
Iy max. + Iy, min. °~ 1 - p/100

R >

To ensure ignition:

Ri )
Vp . R+ RL > Vijgnmax.

or under the most unfavourable operating conditions

1
1+p/100

Vpmin.
Ry < RL (200 - )

In these formulae the signification of the symbols is the following:

Vpmin. Minimum applied supply voltage

Vpmax. Maximum applied supply voltage

Vi min. Minimum published maintaining voltage

Vi max. Maximum published maintaining voltage

Ix min. Minimum published cathode current

Ix max. Maximum published cathode current

I min. Minimum load current

I1, max. Maximum load current

P Tolerance of resistor Ry (% in absolute value)
Vign max. Maximum ignition voltage

772 5084
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4.2

4.3
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Series operation

Series operation of tubes is permitted.
If different types of tubes are connected in series care must be taken to en-
sure that the current falls within the permitted limits of all tubes.

The minimum supply voltage Vp necessary for ignition of all tubes in the
series chain is Vjgp max. + (n-1) Vip max., provided that a resistor R is
connected across one or more of the tubes (See fig.2). These resistors
should have a value of the order of 100 k2 to 1 MQ.

Parallel operation

It is not advisable to connect stabilizers in parallel because of the difficulty
of ensuring equal current distribution.

7Z2 5085




LIST OF

Ignition voltage (breakdown voltage)
Extinguishing voltage

Maintaining voltage

Regulation voltage

Jump voltage

Noise voltage

Average cathode current

Cathode starting current
Incremental resistance

Tube impedance

Bulb or envelope temperature

SYMBOLS

Temperature coefficient of maintaining voltage

Ambient temperature

Shunt capacitance

Athulb

tamb

722 5079
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RATING SYSTEM

( in accordance with LE.C. publication 134 )

Absolute maximum rating system

Absolute maximum ratings are limiting values of operating and environmental
conditions applicable to any electronic device of a specified type as defined by
its published data, which should not be exceeded under the worst probable con-
ditions.

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device, taking no responsibility for equipment variations, en-
vironmental variations, and the effects of changes in operating conditions due to
variations in the characteristics of the device under consideration and of all
other electronic 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 device
under the worst probable operating conditions with respect to supply voltage
variation, equipment component variation, equipment control adjustment, load
variations, signal variation, environmental conditions, and variations in charac-
teristics of the device under consideration and of all other electronic devices
in the equipment.

772 5065







"OA2

VOLTAGE STABILIZING TUBE

150 volts gas-filled voltage stabilizing tube with a current range of 5 to 30 mA.

QUICK REFERENCE DATA

Regulation voltage (Ix = 5 to 30 mA) Vy = 2V
Incremental resistance (Ix = 20 mA) r, = 80 @
CHARACTERISTICS AND RANGE VALUES at tamp = 25 °C. 1)
Limits applicable to all tubes (initial values)
Ignition voltage Vign = max. 180 V
Maintaining voltage at Ik = 17.5 mA Vmm = 144 to 160 V
Regulation voltage at Iy = 5to 30 mA Vr = max. 6 V
LIMITING VALUES (Absolute maximum rating system)
= min. 5 mA
Cathode current Ik = max. 30 mA
Starting current Ikp = max. 75 mA 2)
Negative peak anode voltage —Vap = max. 125V
. = min. -55 ©°C
Ambient temperature 7 tamp _ max. 490 oC
CIRCUIT DESIGN VALUES
Minimum voltage necessary for ignition Va = min. 185 Vv 3)
Shunt capacitor Cp = max. 0.1 wF

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

2) To be restricted for long life to approximately 10 s. Normal operation should

be continued for at least 20 m after passing this current.

3) This value holds good over life.

7Z2 5102
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OA2

DIMENSIONS AND CONNECTIONS

Base: 7 pin miniature

ic.

7203215

max19

max 60.3
max 66.7

. A

7203216
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OA2WA

VOLTAGE STABILIZING TUBE

150 volts gas-filled voltage stabilizing tube with a current range of 5 to 30 mA.

The OA2WA is shock and vibration resistant.

QUICK REFERENCE DATA

Regulation voltage (Ik = 5 to 30 mA) Ve = 2V
Incremental resistance (Ix = 20 mA) ra = 80 Q
CHARACTERISTICS AND RANGE VALUES at tamp, = 25 °C 1)
Limits applicable to all tubes (initial values)
Ignition voltage Vign = max. 165 V
Maintaining voltage at Ix = 5to 30 mA Vm = 144to 153 V
Regulation voltage at I = 5 to 30 mA Vy = max. 5V
Typical limits (initial values)
Incremental resistance at Ix = 20 mA Ty = max. 200
Jump voltage at Iy = 5 to 30 mA Vj = max. 600 mV
Vibration noise voltage
Ix = 20mA, Ry = 10 k2, g = 2.5, £ = 25 Hz Vn = max. 100 mV
Leakage current
V=50V, Ry = 3kQ lisol = max. S uA
Life performance
For_continuous operation at I = 20 mA and at Toom temperature.
Typical maximum variation in maintaining
voltage 0 to 1 hour AVppy = max. 2V
l) Thermal equilibrium is reached within 3 minutes of igniting the tube.
7722 5104
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OA2WA

Life performance (continued)

Maintaining voltage at Iy = 5 to 30 mA
0 to 500 hours Vi = 142t0 155 V
0 to 1000 hours Vmm = 140to 158 V
Typical maximum variation in maintaining

voltage at Iy = 20 mA
0 to 500 hours AVy, = max. 6 V

0 to 1000 hours AVy, = max. 8 V

Typical maximum regulation voltage
0 to 500 hours Vy = max. 6 V
0 to 1000 hours Vy = max. 8§ V

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: 900 g

Forces as applied by the NRL impact machine for electronic devices caused by
5 blows of the hammer lifted over an angle of 60 © in each of 4 different posi-
tions of the tube.

Vibration resistance: 2.5 g peak

Vibrational forces for a period of 32 hours at a frequency of 50 Hz in each of 3
directions of the tube.

LIMITING VALUES (Absolute max. rating system)

= in. A
Cathode current » Ix - 2:; 33 E A
Starting current Ikp = max. 75 mA 1)
Negative peak anode voltage —Vap = max, 125 V
Temperature during operation E;E}ba : 22:{ I:g gg
Altitude h = max. 36 km

l) To be restricted for long life to approximately 10 s. Normal operation should

be continued for at least 20 min. after passing this current. 772 5105




OA2WA

CIRCUIT DESIGN VALUES

Minimum voltage necessary for ignition

Shunt capacitor

DIMENSIONS AND CONNECTIONS

Base: 7 pin miniature

ic.

k 7203215

l) This value holds good over life.

KA:_K

max 66.7

o
Y

TTz03ze

-
i

min. 165 V1)
max. 0.1 uF

772 5106
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0oB2

VOLTAGE STABILIZING TUBE

108 volts gas-filled voltage stabilizing tube with a current range of 5 to 30 mA.

QUICK REFERENCE DATA

Regulation voltage (Ix = 5 to 30 mA) Ve = 2V
Incremental resistance (Ix = 20 mA) rg = 80
CHARACTERISTICS. AND RANGE VALUES at tamp = 25 °C. 1y
Limits applicable to all tubes (initial values)
Ignition voltage Vign = max. 127 vV
Maintaining voltage at Ix = 17.5 mA Vm = 106 to 111 V
Regulation voltage at Ik = 5 to 30 mA Ve = max. 3.5 V
Life performance
Typical maximum variation in maintaining voltage.
For_continuous operation at I = 17.5 mA
0 to 500 hours AVy = max. 4 VvV
LIMITING VALUES (Absolute maximum rating system)
= min. 5 mA
Cathode current Ix = max. 30 mA
Starting current Ik, = max. 75 mA 2)
Negative peak anode voltage "Vap = max. 75 V
. = min. -55 ©C
Ambient temperature tamb - max. 490 OC

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

2) To be restricted for long life to approximately 30 s once or twice in each
772 5099

8 hours use.
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OB2

CIRCUIT DESIGN VALUES

Minimum voltage necessary for ignition

Shunt capacitor

DIMENSIONS AND CONNECTIONS

Base: 7 pin miniature

3) This value holds good over life.

Va

max19
|a——>

max 60.3

min.

max.

133 v 3
0.1 uF
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OB2WA

VOLTAGE STABILIZING TUBE

108 volts gas-filled voltage stabilizing tube with a current range of 5 to 30 mA.
The OB2WA is shock and vibration resistant.
QUICK REFERENCE DATA

Regulation voltage (Ik = 5 to 30 mA) Ve = 2V

Incremental resistance (Ix = 20 mA) r, = 80 @
CHARACTERISTICS AND RANGE VALUES at tymp = 25 °C 1y
Limits applicable to all tubes (initial values)
Ignition voltage Vign max. 130 V
Maintaining voltage at Iy = 5 to 30 mA Vm 105to 111 V
Regulation voltage at Iy = 5 to 30 mA Ve max. 2.5 V
Typical limits ( initial values)
Incremental resistance at Iy = 20 mA Ty max. 120 €
Jump voltage at Iy =5 to 30 mA Vj max. 100 mV
Vibration noise voltage
 Ix=20mA, Ry = 10k, g = 2.5, f = 25Hz Vo max. 100 mV
Leakage current

V=50V, R, =3k Lisol max. S uA
Life performance
For_continuous operation at Iy = 20 mA and at room temperature.
Typical maximum variation in maintaining

voltage O to 1 hour AV, max. 2 Vv

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

772 5097
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oB2WA “

Life performance (continued)

Maintaining voltage at Ik = 5 to 30 mA
0 to 500 hours Vm = 103to 113 V
0 to 1000 hours Vm = 103to 116 V

Typical maximum variation in maintaining
voltage at Ix = 20 mA

0 to 500 hours AV = max. 4 Vv

0 to 1000 hours AV, = max. 5 V
Typical maximum regulation voltage

0 to 500 hours Vy = max. 3V

0 to 1000 hours Vy = max. 4 Vv

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: 900 g

Forces as applied by the NRL impact machine for electronic devices caused by
5 blows of the hammer lifted over an angle of 60 © in each of 4 different posi-
tions of the tube.

Vibration resistance: 2.5 g peak

Vibrational forces for a period of 32 hours at a frequency of 50 Hz in each of 3
directions of the tube.

LIMITING VALUES (Absolute max. rating system)

= min 5 mA
Cathode current Ik = max. 30 mA
Starting current Ikp = max. 75 mAl)
Negative peak anode voltage 'Vap = max. 75 V

tgmp = min. 55 ©C

Temperature during operation tpup = max. 150 °C

1) To be restricted for long life to approximately 10 s. Normal operation should
be continued for at least 20 min. after passing this current. 772 5098




OB2WA

CIRCUIT DESIGN VALUES
Minimum voltage necessary for ignition

Shunt capacitor

DIMENSIONS AND CONNECTIONS

Base: 7 pin miniature

ic.

k 7203215

1) This value holds good over life.

<
®
]

min. 130 V 1
Cp = max. 0.1 uF

max79

;

max 60.3
max 66.7

Tﬂ'ﬂﬂu‘ v

B

772 5101
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ZZ1000

VOLTAGE REFERENCE TUBE

81 volts gas-filled voltage reference tube. The ZZ 1000 is

resistant.

shock and vibration

QUICK REFERENCE DATA

Preferred cathode current

Maintaining voltage

Incremental resistance

Temperature coefficient of maintaining voltage

averaged over the range +20 to +125 °C

averaged over the range —55 to +20 °C

Ik
Vm

Ta

AVm
Atpylb

Atbulb

= 3.2 mA

= 81 V

= 200

= =1.2 mV/oC
= -3.2 mVv/°C

CHARACTERISTICS AND RANGE VALUES at ty,p = 20 to 30 °C. l)

Limits applicable to all tubes (initial values)

Ignition voltage
Maintaining voltage at Iy = 3.2 mA

Incremental resistance

Typical limits (initial values)
Jump voltage at Ix = 2.0 to 4.0 mA
Ignition delay in darkness at Vp = 115V

Tube impedance at I = 2.7 to 3.7 mA
sinusoidal variation with 50 Hz

Vlng =
Vm =

Ta

Zy

max. 115V
80.1 to82.5 V
max. 400

max. 100 mV 2)

max. 5 ms

max. 400

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

2) To avoid jump voltages over life, current variations around the preferred

current should be limited to 0.3 mA.

772 5226
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ZZ1000

CHARACTERISTICS AND RANGE VALUES (continued)
Typical limits (initial values) (continued)
Noise voltages

oscillation + random at Ik = 2 to 4 mA
frequency band 10 Hz to 10 kHz Vn = max. 1 mV

vibration at Iy = 3.2 mA, g = 2.5 8p
f =10 to 50 Hz , frequency band

1 to 100 Hz Vn = max. 100 mV
Temperature coefficient of maintaining
averaged overvsgéaf;agelim t:j).ilr;? oC ZAtZ% - omax. -2 mv/°C
averaged over the range -55 to +20 °C AVm - . -4 mV/°C
Atpyuip
Life performance
Typical maximum variation in maintaining voltage
For_continuous operation at preferred current
Bulb temperature thulb = 45 ©°C
0 to 100 hours AVpyp = 0.3 V
0 to 2000 hours AV = 0.7 V
For_storage and stand-by
Bulb temperature thulp = 25 °C
0 to 2000 hours AVpn = 0.3 V

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: 500 g

Forces as applied by the NRL impact machine for electronic devices caused by
5 blows of the hammer lifted over an angle of 30° in each of 4 different posi-
tions of the tube.

Vibration resistance: 2.5 g peak

Vibrational forces for a period of 32 hours at a frequency of 50 Hz in each of
3 directions of the tube. 7Z2 5227




ZZ1000

LIMITING VALUES (Absolute maximum rating system)

= ].
Cathode current Ix _ 2?’;{ ;8 Zﬁ )
Starting current, Ty =20 s Ikp = max. 20 mA
Negative peak anode voltage —Vap = max. 100 V
Bulb temperature
. . = min. -55 ©C
during operation bulb = pax +125 OC
= min. -55 ©
during storage and stand-by thulb - 2:; +108 Og

CIRCUIT DESIGN VALUES
Minimum voltage to ensure ignition Va = min. 120 Vv

Shunt .capacitor Cp = max. 30 nF

DIMENSIONS AND CONNECTIONS

Glass dot indicates
de lead
anode lea ZAt F‘:
min d max.?o

4 & %ﬁ-@
7200564

The tube may be soldered directly into the circuit but heat conductedto the glass
to metal seal should be kept to a minimum by the use of a thermal shunt.

57-619

MOUNTING

The tube may. be dip-soldered at a solder temperature of max. 240 °C for a
maximum of 10 seconds up to a point 5 mm from the seal.

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

l)For use as stabilizer tube Iy 55, = 8 MA
At cathode currents between 2 and 8 mA jump voltages of 0.5V may occur.

2)Max. 1.5 mm not tinned. 772 5228
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75C1

VOLTAGE STABILIZING TUBE

78 volts gas-filled voltage stabilizing tube with a current range of 2 to 60 mA.

QUICK REFERENCE DATA
Regulation voltage (I = 2 to 60 mA) Ve, = 5V
Incremental resistance T, = 130 @
Temperature coefficient of maintaining volt-
age averaged over the range 25 to 90 °c
Ik = 30 mA f\—:’m— = -8.3 mv/°C
bulb
Iy = 10 mA %:_’m_ = -1.8 mV/°C
bulb
CHARACTERISTICS AND RANGE VALUES at tamb = 25 °C 1)
Limits applicable to all tubes (initial values)
Ignition voltage - Vign = max. 115 V
Maintaining voltage at I} = 30 mA Vim = 75 to 81 V
Regulation voltage at Iy = 2 to 60 mA Ve = max. 8 V 2)
Typical limits (initial values)
Incremental resistance at I, = 10 mA to 60 mA T, = max. 200 Q
Jump voltage at Iy = 2 to 20 mA Vi -= max. 100 mV
at I, = 20 to 60 mA Vj = max. 15 mV
Cathode current above which the incremental
resistance is positive I = max. 7 mA

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

?) Fnllowmg a sudden change in the tube current the regulation voltage may be
up to 2.5 V greater than that given until tube thermal equilibrium is re-
established. 772 5107.
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75C1

CHARACTERISTICS AND RANGE VALUES (continued)

Life performance

Typical maximum regulation voltage and range of variation in maintaining volt-

age.

0 to 1000 hours AV = max.
0 to 10000 hours AV = max.
0 to 30000 hours AV = max.
Regulation voltage after 30000 hours Vy = max.

For continuous operation at Ix = 60 mA and thylh = 90 °C

0 to 1000 hours AV = max.
0 to 10000 hours AV = max.
0 to 30000 hours AVm = max.
Regulation voltage after 30000 hours V. = max.

LIMITING VALUES (Absolute max. rating system)

= min.

Cathode current I _
= max.
Starting current Ikp = max.
Negative peak anode voltage ‘Vap = max.

Bulb temperature

during operation - min.
g op tulb - max.
during storage - min.
g g tbulb . max.

-0.2 to 40.9
-0.2 to +1.0
-0.2 to +1.2

6.5

-0.7 to +1.2
-0.7 to +1.4
-0.7 to +2.0

6.5

60
100
50

=55
+140

-55
+70

%
%

%
%

mA
mA

mA l)

oC
OC 2)
oc
oC

1y To be restricted for long life to approximately 30 s once or twice in each 8

hours use.

2) Temperature rise of bulb above ambient approx. 40 °C at Ix = 30 mA and ap-

prox. 70 °C at I = 60 mA.

The tube will operate satisfactorily at bulb temperature up to 140 °C pro-

vided the tube is not used at either extreme of the current range.

772 5108




75C1

CIRCUIT DESIGN VALUES

Minimum voltage necessary for ignition

DIMENSIONS AND CONNECTIONS

Base: 7 pin miniature

i.c.

i.C. 7203221

1y This value holds good over life.

Va

max475
max545

7203223

min. 115 VvV D

7Z2 5109
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83A1

VOLTAGE REFERENCE TUBE

83 volts gas-filled voltage reference tube.

QUICK REFERENCE DATA
Preferred cathode current Ix = 4.5 mA
Maintaining voltage Vm = 83.7 V
Incremental resistance Iy = 250 @
Temperature coefficient of maintaining AVm  _ -2.5 mV/oC
voltage averaged over the range 25 to 120 °C Atpulb

CHARACTERISTICS AND RANGE VALUES at tamp = 20 to 30 °C 1)
Limits applicable to all tubes (initial values)

Ignition voltage Vign = max. 120 V
Maintaining voltage at Ix = 4.5 mA Vm = 83.0to84.5 V
Incremental resistance Tg = max. 350 @

Typical limits (initial values)

Jump voltage at Ix = 3.5 to 6.0 mA Vj = max. 1 mV
Ignition delay in darkness at Vp = 130 V max. S s
Temperature coefficient of maintaining
voltage
o AVm
averaged over the range 25 to 120 °C = = max -4 mV/oC
thulb

See also sheet A

1y Thermal equilibrium is reached within 1 minute of igniting the tube. 772 5092
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83A1

CHARACTERISTICS AND RANGE VALUES (continued)

Life performance-

Typical maximum variation in maintaining voltage

Bulb temperature
0 to 300 hours

300 to 2500 hours
300 to 10000 hours

For_storage and stand-by
Bulb temperatire
0 to 500 hours

0 to 3000 hours

AV,
AV,
AV,

AV
AV,

]

25 100
+0.4 +0.4
+0.25 +0.25
+0.4 +0.4
25
negligible
negligible

LIMITING VALUES (Absolute max. rating system)

Cathode current

Starting current, Tyax. = 30 s 2)
Negative peak anode voltage

Bulb temperature

during operation

during storage and stand-by

thulb

thulb

150 ©°C
+2.4 %
-2.5to 4.7 %
100 1) oC
2 %
7 %
max. 6.0 mA
min. 3.5 mA
max. 10 mA
max. S50 V
min. -55 °C
max. 150 ©oC 3)
min. -55 ©C
max. 100 ©C

l) Subsequent operation of the tube for approximately 50 hours at Iy = 4.5 mA at
not more than 100 °C will restore the maintaining voltage to within 0.2 V of

its original value.

2) To be restricted for long life to approximately 30 s once or twice in each 8

hours use.

3) Temperature rise above ambient approx. 20 °C at Iy = 4.5 mA.

772 5093




83A1

CIRCUIT DESIGN VALUES

Minimum voltage to ensure ignition 1) Va = min. 130 V
Shunt capacitor Cp = max. 0.1 wuF
DIMENSIONS AND CONNECTIONS
Base: 7 pin miniature
max 19
O" ]
N
RNRSY
i.c. k 3 lf:
£ 3
g
i.c.
ic. 7203220 7202861
l) This value holds good over life, in light and darkness. 772 5094
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85A2

VOLTAGE REFERENCE TUBE

85 volts gas-filled voltage reference tube.

QUICK REFERENCE DATA
Preferred cathode current Ix = 5.5 mA
Maintaining voltage Vi = 85 V
Incremental resistance Ty = 300 @
Temperature coefficient of maintaining volt- AV. =-2.7 mv/°C
age averaged over the range -5§ to +90 °C Atpiip )

CHARACTERISTICS AND RANGE VALUES at t, ;=20 to 30 °C. 1)

Limits applicable to all tubes (initial values)

Ignition voltage Vign = max. 115 V
Maintaining voltage at Iy = 5.5 mA Vm = 83to87 V
Incremental resistance ra = max. 450

Typical limits (initial values)

Jump voltage at I} =4 to 10 mA Vj = max. 50 mV
Temperature coefficient of maintaining volt- AV -

- o
age averaged over the range -55 to +90 °C Atpulb max. -4 mV/°C

l) Thermal equilibrium is reached within 3 minutes of igniting the tube.
772 5089
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85A2

CHARACTERISTICS AND RANGE VALUES (continued)

Life performance

Typical maximum variation in maintaining voltage

Bulb temperature

0 to 300 hours

300 to 1000 hours

Each period of 1000 hours after 1300 hours

Bulb temperature

0 to 5000 hours
LIMITING VALUES (Absolute max. rating system)
Cathode current Iy

i = 1
Starting current, T .. =30s %) Ikp
Negative peak anode current -V,

Bulb temperature

during operation thulb
during storage and stand-by thulb

CIRCUIT DESIGN VALUES
Minimum voltage to ensure ignition 3) Va

Shunt capacitor ’ C._
1t cap b

AV =
AV =
AV =

1

AV

=  max.

= max.

= min.
max.

= min.

= min.
max.

25

10

40
75

=55
+90

-55
+70

120

. 0.1

°¢c
%
%
%

°¢c
%

mA
mA

mA

e
OC 2)

oC
e

uF

1y To be restricted for long life to approx. 30 s once or twice in each 8 hours

use.

2) Temperature rise of bulb above ambient approx. 15 OC at Ix=5.5mA

3) This value holds good over life.

772 3090
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85A2

DIMENSIONS AND CONNECTIONS

Base: 7 pin miniature

max 19

)
Q.
max 476
max 54

k 7203218

L

7202861

772 5091
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90C1

VOLTAGE STABILIZING TUBE

90 volts gas-filled voltage stabilizing tube with a current range of 1 to 40 mA.

QUICK REFERENCE DATA

Regulation voltage (Ix = 1 to 40 mA) Vr = 12 Vv

Incremental resistance (Ik = 20 mA) Iy = 300 €

Temperature coefficient of maintaining volt-

age averaged over the range —55 to +110 °C AVm  _ _

Ik =20mA  Atbulb 2.7 mv/°C

CHARACTERISTICS. AND RANGE VALUES at tamp = 25 °C 1)
Limits applicable to all tubes (initial values)

Ignition voltage Vign = max. 115 V

Maintaining voltage at Ix = 20 mA Vm =86 to 94 V

Regulation voltage at Ik = 1 to 40 mA Vr = max. 14 V2
Typical limits (initial values)

Incremental resistance at Iy = 20 mA Ty = max. 350

Jump voltage at Ik = 1 to 40 mA Vj = max. 100 mV

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

2) Following a sudden large change in tube current, the regulation voltage may
be slightly greater than that given until thermal equilibrium is re-established.

7Z2 5086
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90C1

CHARACTERISTICS AND RANGE VALUES (continued)
Life performance

Typical maximum regulation voltage and range of variation in maintaining voltage

0 to 1000 hours AVy = max. 1 %
0 to 10000 hours ’ AV, = max. 3.5 %
Regulation voltage after 1000 hours Vr = max: 14 Vv
Regulation voltage after 10000 hours Vy = max. 15V

For continuous operation at I = 40 mA and thylp = 70 °C

0 to 1000 hours AVpy = max. 4 %
0 to 10000 hours AVy = max. 5 %
Regulation voltage after 1000 hours Ve = max. 14 Vv
Regulation voltage after 10000 hours Vr = max. 15V

0 to 5000 hours AV, = max. 0.1 %

LIMITING VALUES (Absolute maximum rating system)

Cathode current I : EZ; 4(1) zﬁ
Starting current Ikp = max. 100 mA 3)
Negative peak anode voltage —Valp = max. 75V
= mi - 0o
Bulb temperature during operation thulb - 2:; 41 i;(S) o 4)
= _ o
Bulb temperature during storage thulb mn » C

= max. 470 °C

3) To be restricted for long life to approximately 30s once or twice in each 8
hours use.

4) Temperature rise of bulb above ambient approx. 50 °C at Ix = 40 mA.
The tube will operate satisfactorily at bulb temperatures up to 110 °C pro-
vided the tube is not used at either extreme of the current range. 772 5087




90C1

CIRCUIT DESIGN VALUES
Minimum voltage necessary for ignition

Shunt capacitor

DIMENSIONS AND CONNECTIONS

Base 7 pin miniature

l) This value holds good over life

<
©
1

min. 120 V1)
Cp = max. 0.1 uF

max 476
max54

<

7203222

772 5088
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150B2

VOLTAGE STABILIZING TUBE

150 volts gas-filled voltage stabilizing tube with a current range of 5 to 15 mA.

QUICK REFERENCE DATA

Regulation voltage (Ix = 5 to 15 mA) Vy = 3.5V
Incremental resistance (Ix = 10 mA) rg = 350 @
Temperature coefficient of maintaining volt-
eIa,kge: aix(gefrifed over the range =55 to +110 °C KA%I% - 10 mv/oC
CHARACTERISTICS AND RANGE VALUES at tamp = 25 °C. l)
Limits applicable to all tubes (initial values)
Ignition voltage Vign = max. 180 V
Maintaining voltage at Iy = 10 mA Vm = 146 to 154 V
Regulation voltage at Ik = 5 to 15 mA Vy = max. 5 V
Typical limits (initial values)
Incremental resistance at Iy = 10 mA rg = max. 400 @
Jump voltage at Ij = 5 to 15 mA Vj = max. 200 mV

Life performance

Typical maximum regulation voltage and range of variation in maintaining
voltage.

0 to 1000 hours AV = max. 1.5 %
0 to 10000 hours AVy = max. 2 %
Regulation voltage after 1000 hours Vy = max. 5 V
Regulation voltage after 10000 hours Vyr = max. 6 V
l) Thermal equilibrium is reached within 3 minutes of igniting the tube.
772 5095
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150B2

CHARACTERISTICS AND RANGE VALUES (continued)

0 to 1000 hours AV ¢ max.

Regulation voltage after 1000 hours Vyr = max.

0 to 5000 hours AVm = max.

LIMITING VALUES (Absolute maximum rating system)

Cathode current I i min.
= max.
Starting current Ikp = max.
Negative peak anode voltage —Vap = max.
Bulb temperature
during operation t - min.
& OP bulb = oy,
during storage - min.
g g tbulb - max.
CIRCUIT DESIGN VALUES
Minimum voltage necessary for ignition Va = min.
Shunt capacitor Cp = max.
DIMENSIONS AND CONNECTIONS
Base: 7 pin miniature max19
3
w
2y
&g
H 7203217 QL

I.C. 7202661

0.3

15
40
130

-55
+110

=55
+70

180
0.1

%

mA

mA 1)

oc 2)
oc

v 3
uF

l) To be restricted for long life to approximately 30 s once or twice in each

8 hours use.

2) Temperature rise of bulb above ambient approx. 50 °C at Ix = 15 mA

3) This value holds good over life.

7Z2 5096
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Counter-, Selector- and indicator tubes






COUNTER-AND SELECTOR TUBES
APPLICATION DIRECTIONS

CONSTRUCTION

The counter and selector tubes consist of 30 identical rod-shaped cathodes ar-
ranged in a circle concentric with the common circular plate anode. The 30
cathodes are devided 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 cath-
ode etc.

In both the counter tube and the selector tube all the guide A electrodes are con-
nected 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 out-
put 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 elec-
trical output may also be obtained from this cathode. The position of the dis-
charge 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.

772 5229
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BASIC CIRCUIT

The basic circuit is shown in Figure 1 on the individual data sheets and is es-
sentially the same for both counter and selector tubes. An h.t. voltage, nor-
mally 475 V, (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 volt-
age 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 k3: 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 k3, breakdown will always occur to
the adjacent guide A cathode GA4. Thedischarge to k3 will be extinguished 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 po-
tential 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 k4 voltage exceeds the ignition value the
discharge will move to k4 and the transfer has then been completed. This se-
quence results in rotation in the clockwise direction. Counting in the anti-clock-
wise direction can be obtained by applying puises to guides A and B in the re-
verse order.

772 5230




OUTPUT PULSE

A resistor is connected in series with kg (in Figure 1) so that an output pulse
can be obtained when the discharge rests on k,. This resistor must be chosen
so that when the glow rests on kg, the voltage on k, 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
(Vg + Vk - 10) Ry
Rkmax, =
(Vht - VM - Vg + 10)

and the output voltage for any value of Ry is

v =he = VM + Vi) Rk
out (Rk + Ra)

where V¢ is the supply voltage
VM is the maintaining voltage
VG is the positive guide bias
Vi is bias to kg (numerical value only)
Rk is the cathode resistor
R, is the anode resistor

SET ZERO

The discharge can conveniently ky by mom ily disconnec ting
all cathodes except k,. 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.

=

772 5231
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COLD CATHODE INDICATOR TUBES

TERMS AND DEFINITIONS

1. Indicator tube.
An indicator tube is a glow discharge tube designed to give a visual indica-
tion of the presence of an electrical signal.

Anumerical indicator tubeis one in which theindication is given in the form
of numerals.

In a point indicator tube the indication is given by the position of the glow.

2. Ignition.

2.1 Ignition voltage (symbol Vign)
The ignition voltage is the lowest direct potential, which when applied to a
particular anode-cathode gap ‘in the presence of some primary ionisation,
will cause a self sustaining discharge to start in that anode-cathode gap.

2.2 Ignition delay.

The ignition delay is the time interval between the application of a direct
potential (equal to or exceeding the ignition voltage) to a particular anode-
cathode gap and the establishment of a self sustaining discharge in that gap.

The figure quoted applies to a tube which has been inoperative for a time
long in comparision with the deionisation time. ‘

3. Maintaining voltage (symbol Vi)
The maintaining voltage is the voltage between an anode and that cathode
carrying the main discharge.

4. Extinguishing voltage (symbol Vext)
The extinguishing voltage is the voltage between anode and cathode below
which the glow discharge extinguishes and is equal to the lowest possible
value of the maintaining voltage.

5. "On" cathode.
The "on" cathode is the cathode (numeral) which is required to be displaid
and thus carries the main discharge.

6. "Off" cathode.
The "off" cathodes are the cathodes which are not required for display and
thus act as probes in the main discharge,

722 5232
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10.

11.

11.1

Cathode selecting voltage (symbol Vi)
The cathode selecting voltage is the cathode voltage difference which is used
for discrimination between the "off" cathodes and the "on" cathode.

Anode selecting voltage (symbol Vg3)
The anode selecting voltage is the anode voltage difference which is used to
select the "on" cathode out of a group of cathodes.

Anode to cathode bias voltage (bias voltage) (symbol Vbias)

The anode to cathode bias voltageis the anode to cathode voltage before any
cathode has been ignited. This voltage serves to reduce the required select-
ing voltage.

Shield voltage (symbol V)

The shield voltage is the voltage difference between the shield electrode
and the "on" cathode and is usedto prevent the penetration of the discharge
from one compartment into another which is separated from the former by
said shield.

Cathode current (symbol Iy)
The cathode current is the current flowing to the "on" cathode.

Minimum cathode current for coverage (symbol Ikmin.)
The minimum cathode current is the current necessary to ensure full cov-
erage of the "on" cathode by the glow.

11.2 Maximum cathode current (symbol Ikmax.)

12.

13.

14.

The maximum cathode current is the current at which the glow is still re-
stricted to the "on" cathode.

If this currentis exceededthe glow may spread to connecting leads or other
elements. )

Probe current (symbol Ikk)

A probe current is the current flowing to or from an electrode which does
not form part of the main discharge gap.

(The magnitude and direction of this current will be dependent on the posi-
tion of this electrode with respect to the maindischarge and on the external
circuit conditions).

Anode current (symbol I,)
The anode current is the algebraic sum of cathode current and all probe
currents.

Life expectancy.
End of life is reached when the characteristics of any one numeral surpass
the stated limits. 7Z2 5233




RATING SYSTEM

( in accordance with L.LE.C. publication 134 )

Absolute maximum rating system

Absolute maximum ratings are limiting values of operating and environmental
conditions applicable to any electronic device of a specified type as defined by
its published data, which should not be exceeded under the worst probable con-
ditions.

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device, taking no responsibility for equipment variations, en-
vironmental variations, and the effects of changes in operating conditions due to
variations in the characteristics of the device under consideration and of all
other electronic 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 device
under the worst probable operating conditions with respect to supply voltage
variation, equipment component variation, equipment control adjustment, load
variations, signal variation, environmental conditions, and variations in charac-
teristics of the device under consideration and of all other electronic devices
in the equipment.

772 5065
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OBSOLESCENT TYPE 2303C

COUNTER TUBE

Cold cathode gas-filled bi-directional decade counter tube.
This tube has ten main cathodes, nine of which are brought out together and one

separately. The Z303C gives visual indication and operates at speeds up to
4 kHz.

QUICK REFERENCE DATA
Maximum counting speed ‘ 4 kHz
Supply voltage 475 'V
' Output, current 340 uA
voltage 35 V
Indication position of glow; end viewing

DIMENSIONS AND CONNECTIONS
Base: Octal

275-295

55-65
r

max101.5

64 —69
<
t
\\ l
825-675

kl"j(Q - 7;3786 aC

7200675

Mounting position: any

For visual indication the tube is viewed through the dome of the envelope.

k, is aligned with pin 6 to within + 12 ©. The alignment of k, with pin 6 is de-
fined as the angular tolerance of the tip of the ky electrode with respect to pin 6

using the vertical axis through the centre of the socket as a reference. This
assumes that the tube base sits squarely in the socket.

772 8062
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Z303C

Accessories

Escutcheon type 56063

CHARACTERISTICS

Counting speed (sine or pulse drive)

Time difference between two successive input signals
Maintaining voltage at Ix = 300 uA

Pulse required for forced resetting to kg,

OPERATING CONDITIONS
Supply voltage

Bias voltage on kg,

Anode load resistance

Output cathode load resistance
Anode current

Resultant output pulse

Guide bias
Pulse amplitude

Pulse duration

Guide bias
Pulse amplitude

Pulse duration

For sine wave drive

Guide bias

Sine wave drive voltage (R.M.S.)

max. 4 kHz
min. 250 us
186 to 196 V
min. 120 V
475 'V
-12 Vv
820 k2
120 k2
340 upA
35V
+40 V
100 V
75 us
+40 V
see fig. 1
75 us
+10 V
40to 70 V
772 8063
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Z303C

LIMITING VALUES (Absolute max. rating system)

Supply voltage min. 350 V
Voltage between any two electrodes except anode max. 140 V
Positive guide bias for pulse drive and integrated

pulse drive at 4 kHz min. +35 V l)
Negative bias kg max. -20 V
Guide pulse duration min. 65 wus

max. 550 uA

Main and guide cathode current min. 250 WA

2o
I < 3 0300V £10% FS
4z as b q; bs N2 475V+10%
2= s3] £2 as g
= = & ez XS -3
o r S Q
Il . ) ®
82pF al 47k, -EB91
I|_‘ VVVVVY L
L Y g2 lgdA
= o
w4 $2 ' | B3 gdB
0 -2 ]
o r -
3\: To w O to coupling
+I:E = $:: 150pF == %:‘: a stage
Sz S g3 2
ST T 47kQ 87 S
AVAVAVAVAVAV
12k0.3 as ~12V+10%
+50,S> 025uF== |22 press to reset
8% ¢ T 83 to zero
O

- - " 7203151

All components + 10 % unless otherwise stated
FIG.1 INTEGRATED PULSE DRIVE CIRCUIT

Input pulse: Amplitude > 30 V: Rise time g%/ =108 v.s

l) At lower frequencies a lower value of positive bias can be used down to an
absolute minimum of +18 V. 772 8064
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Z303C

220k 300V 475V
3300pF +10% + +10%

820kN*5%

gdA

gdB
\J
udJ k1t09 output
o
8 —
Qo

%‘ =12V+10%

ko of previous
stage

All components + 10 % unless otherwise stated

FIG.2 INTEGRATED PULSE COUPLING CIRCUIT

In the above circuits where E88CC is specified the ECC81 may also normally

be used +25v
O ‘;7:5ll_ﬁgl7v

O
output

7203767

All components + 10 % unless otherwise stated

Frequency (Hz) 50 100 200 500 1000 2000 4000
Capacitor C uF) 0.1 0.05 0.02 0.01 0.005 0.002 0.00068

FIG.3 CIRCUIT FOR SINE WAVE DRIVE
l) Press to reset to zero. 722 8065
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OBSOLESCENT TYPE Z2502S

SELECTOR TUBE

Cold cathode gas-filled bi-directional decade selector tube.
This tube has ten main cathodes, all of which are brought out separately.
The Z502S gives visual indication and operates at speeds up to 4 kHz.

| QUICK REFERENCE DATA
Maximum counting speed 4 kHz
Supply voltage 475 'V
Output, current 340 uA
voltage | 35 V
Indication position of glow; end viewing

DIMENSIONS AND CONNECTIONS

31-33

2]

N
da ! g

r==t-n | W
L R
Y i | 5
IS
ko 7203768 a 7200673

1
Mounting position any

For visual indication the tube is viewed through the-dome of the envelope. k; is
aligned with pin 11 to within +12°. The alignment of k] with pin 11 is defined as
the angular tolerance of the tip of the k; electrode with respect to pin 11 using
the vertical axis through the centre of the socket as a reference. This assumes
that the tube base sits squarely in the socket.

Accessories

Escutcheon type 55064 7Z2 8066
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Z502S

CHARACTERISTICS

Counting speed- (sine or pulse drive)

Time difference between two successive input signals
Maintaining voltage at Iy = 300 pA

Pulse requined for forced resetting to any main cathode

OPERATING CONDITIONS
Supply voltage

Bias voltage on output cathode
Anode load resistance

Output cathode load resistance
Anode current

Resultant output pulse

Guide bias
Pulse amplitude

Pulse duration

Guide bias
Pulse amplitude

Pulse duration

For sine wave drive

Guide bias

Sine wave drive voltage (R.M.S.)

= max. 4 kHz

= min. 250 wus

= 186to 196 V

= min. 120 V

= 475 'V

= -12 V

= 820 k2

= 120 k2

= 340 pA

= 35V

= +40 Vv

= 100 V

= 75 us

= +40 V

see fig.1

= 75 uMs

= +10 V

= 40to 70 V
7Z2 8067




Z502S

LIMITING VALUES (Absolute max. rating system)

Supply voltage = min. 400 V
Voltage between any two electrodes except anode = max. 140 V
Positive guide bias for pulse drive and integrated

pulse drive at 4 kHz = min. +35 V 1)
Negative bias to any main cathode = max. -20 V
Guide pulse duration = min. 65 us

max. 550 uA

Main and gglde cathode current min. 250 WA

2
5 0300VE0% I R o
as ezt | ez F = 2L 475v+10%
2= L] & gz g
e =8| ez &3 3
© S s ]
1
a2pF al 1EB9
1
o lesw -
Prisietary g gdA
8

C

1M,
Vmmm=’

t—o to coupling
stage

AAAAAA
VVVVVV—

120k 5%
18k +5%
A

—/VWW

47k
AMAMAMA
VVVVVV

50 S 025uF=¢ |2 %
3 e

>—o—9
+ 7703158 prestg tzoe"_’gSE' —12vt 10%

All components + 10 % unless otherwise stated
FIG.1 INTEGRATED PULSE DRIVE CIRCUIT

Input pulse: Amplitude = 30 V; Rise timeg%-l = 108 V/s

1) At lower frequencies a lower value of positive bias can be used down to an
absolute minimum of +18 V. 7Z2 8068
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25025

2200, 300V ., 475V
o O
3300pF +10% g *+10%
] x
93 g3 8
2E88CC| 2= 82 <
‘: - r gdA
dB
iz
’ ss; w output
[ &L

—V¥YWV

0
= -12V£10%

All components + 10 % unless otherwise stated
FIG.2 INTEGRATED PULSE COUPLING CIRCUIT

In the above circuits where E88CC is specified the ECC81 may also be normally
used.
km refers to the main cathodes from which no output is required.
kn refers to the main cathodes other than kq, from which an output pulse
is required.

Each cathode is connected to the point L via a separate resistor.
ISy 47523y

0.5uF
1
I

gaBY

100k@, TO
F
%

$s 95 g8
8% 83 8
+
W10%
) ’%‘4’-
[- S———— —

7203154

All components + 10 % unless otherwise stated

Frequency (Hz) 50 100 200 500 1000 2000 4000
Capacitor C (uF) 0.1 0.05 0.02 0.01 0.005 0.002 0.00068
FIG.3 CIRCUIT FOR SINE WAVE DRIVE

1y Press to reset to zero

7Z2 8069




Z2504S

COUNTER AND SELECTOR TUBE

Cold cathode gas-filled bi-directional 10 output selector tube.
The Z504S gives visual indication and operates at speeds up to 5 kHz.

QUICK REFERENCE DATA
Maximum counting speed 5 kHz
Supply voltage Vpa 475 V
Output, current 340 wuA
voltage 35 V
Indication position of glow; end viewing

DIMENSIONS AND CONNECTIONS
Base: B13B

Ky is aligned with pin 7 to within £ 3°

Mounting position: any

This tube has been designed to close tolerances so that no individual adjustment
is necessary to align the bulb with the escutcheon.

Accessories
Socket type B870067
Escutcheon type 56062

General note

All voltages are referred to the most positive supply potential to which any
main cathode (not guide cathode) is returned. 772 7528
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Z2504S

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

(initial and during life)

IGNITION REQUIREMENTS

Anode supply voltage Vba 375 to 1000 V

Time constant rise of anode supply
voltage when switching on

Vi < 550 V 1.0 ms1)

Vpa > 550 V 6.0 msl)
DISCHARGE AT REST ON A MAIN CATHODE
Maintaining voltage of anode to main cathode See also page A

at Ig = 340 A, VgdB = 25to S0 V

maximum Vi max. 205 V

minimum Vi min. 185 V
Cathode current

maximum (except during reset) Ix max. 525 pA

minimum Ix min. 250 pA

recommended Ig 340 puA
Guide supply voltage

maximum Vb max. 60 V

gd

minimum ng d min. 25 V
Resistance between guides and

guide supply Rgd max. 220 kQ2
Cathode potential (except during reset)

Non conducting cathode -Vk max. 14 V

Conducting cathode Vg max. Vg, min. 10 Vv 2)

-Vk max. 0 Vv

For notes see page 5 722 7529




Z504S

STEPPING REQUIREMENTS
See also pages 6 and 7

Discharge dwell time
main cathode
guide A cathode
guide B cathode

Interval between trailing edge of
guide A pulse and leading edge
of guide B pulse (double rectangular pulse drive)

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

Voltage difference required to step the
discharge from a guide cathode tb the
adjacent guide cathode

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

Main cathode potential

Non conducting cathodes -Vi
Conducting cathode Vi
—Vk

For notes see page 5

min.

min.

max.

max.

75 us
60 wus
60 us

3 us

. 140 Vminu Sng

45 vV

.140 V
45 Vv 3)
50 V
25 V
14 vV

Vgq minus 10V 2)

max.

0 Vv

7Z2 7530
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Z504S

RESETTING REQUIREMENTS

Main cathode voltage
pulse duration > 1 ms
pulse duration > 200 us

Pulse duration

Reset cathode current

LIFE AND RELIABILITY

Reset to cathodes

7,8,9,0,1,2,3 14,5,

max.
min.
min.
min.

max.

6
240 | 140 V
120 | 120%) v
130 { - v
200 | - us
800 : 650  pA S)

With this tube an average failure rate of less than 0.5%/1000 h has been ob-
tained. When operated continuously this failure rate applies for a period in ex-
cess 0f 25000h, but the visual read-out may be impairedafter the first 15000 h.
These figures have been obtained under the following typical conditions:

Anode current
Positive guide supply voltage
Negative guide voltage for transfer
Output cathode (kg) voltage
non conducting
conducting
Guide A dwell time
Guide B dwell time
Counting speed

Ambient temperature

340 pA
40 Vv
80 V
-12 'V
0 Vv
110 us
250 to 650 us
0.2 p.p.h.to500 p.p.s.
20+£5 °C

A typical tube can be expected to count correctly with the above conditions after
standing on one main cathode for a period up to 4500 h.

For notes see page 5

722 7531




Z504S

LIMITING VALUES (Absolute maximum rating system)

Continuous main cathode current

(except during reset) Ix max. 525 uA
Reset cathode current

Cathodes 7, 8, 9, 0, 1, 2, 3 I max. 800 puA 9)

Cathode 4, 5, 6 Ix max. 650 pA d)
Voltage between any two main

or guide cathodes (except during reset) max. 140 V
Positive guide supply voltage ng d max. 140 V
Ambient temperature, operation

and stand-by _ tamb max. 50 °c9)
NOTES

1. If the power supply does not havea suitable time constant as one of its char-
acteristics, it can be conveniently obtained by inserting a resistor in series
with the supply voltage and a capacitor to earth (4.7 k2 and 0.25 uF for
1.0 ms, 6.8 k2 and 1.0 uF for 6.0 ms).

2. This value should not exceed 40 V.

3. The adjacent guide cathode (the cathode to which the discharge is being
transfered) must also be 45 V negative with respect to the most positive
main cathode supply voltage.

4. For cathodes 4, 5 and 6, the leading edge of the resetting pulse should have
a rate of fall not exceeding 140 V per ms. Resetting will occur within 1 ms
after the voltage has reached 120 volts.

5. The high current permitted during reset should not be allowed to flow for
more than a few seconds.

6. It is preferable to store the tube as near as possible to room temperature.

772 7532
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Z504S

Guide B dwell time (ngB) <120ps

Guide B dwell time (Tgqg) =120us

60l Guide A dwell time =50ps 60| OCuide A dwell time >60ps
Pos'_léive 3 - >
guide B _—— B V
supply 40 40
voltage - _ F /
201 This region 'may be 20
F used if ngB =80pus -
0 0
| This region may be used if the L
maximum negative voltage (Vi) on
—20 " any main cathode <5V —20f-
Negative i This region may be used if |
guide —40fF _ Vk_<3V_leE quB ?8_21.!_5»—40 -
voltage L r "\ I >
-60[- — =G0 |-
- e — — _’ -
—80} / This region —80}-
| may be used | -
if Tqdg=80us i
-00f | L S
| | ) L -7
[ | | M ———
—1201 This region may be used providing 120~ This region may be used providing
the total pulse amplitude does the total pulse amplitude does
nofi exceed I140V not exceed 140V
7206698 1

75us ims 1hour time>
Main cathode dwell time

1 1
75us ims Thour time
Main cathode dwell time

GUIDE OPERATING VOLTAGES
The shaded areas represent regions where the tube
may be used without restriction initially and during life

722 7555




Z504S

Double rectangular pulse drive
==

. —_— T T
Ay gl 3svE I
1 | GUIDE WAVEFORMS
B 1 I
L | S
F
[o D E
H o H
B Rectangular guide A and integrated guide B pulse drive
A _G]\ -3 _"—\= - S
- 25V 35V
o | =ovf T N _-
y N -~ N~ L~
220us
C e
D E >

' H . .
: Differentiated guide A pulse and integrated guide B pulse drive

7206699
|

H rr J H

A Positive guide supply voltage
B Negative guide voltage

C Guide A dwell time

D Guide B dwell time

E Main cathode dwell time

F Interval between trailing edge of guide A pulse and leading edge of guide B
pulse

G Potential of most positive main cathode supply voltage
H Discharge transfers from main cathode to guide A cathode
I Discharge transfers from guide A cathode to guide B cathode

I' Earliest instant for discharge transfer from guide A cathode to guide B
cathode

I"" Latest instant for discharge transfer from guide A cathode to guide B
cathode

] Latest instant for discharge transfer from guideB cathode to main cathode,
for a main cathode dwell time > 1 ms

J' Latest instant for discharge transfer from guide B cathode to main cathode
dwell time < 1 ms 7722 7533

September 1966 || ” 7

“HHI



Z504S
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Z505S

SELECTOR TUBE

Cold cathode gas-filled bi-directional decade selector and counting tube.
This tube has ten main cathodes, all of which are brought out separately.
The Z505S gives visual indication and operates at speeds up to 50 kHz.

QUICK REFERENCE DATA
Maximum counting speed 50 kHz
Supply voltage Vba 500 Vv
Output, current 800 A
voltage 24V
Indication position of glow; end viewing

DIMENSIONS AND CONNECTIONS
Base: B13B 27-30

)

~7Z03791

max4 (

K is aligned with pin 7 to within + 3°

Mounting position: any

This tube has been designed to close tolerances so that no individual adjustment is
necessary to align the bulb with the escutcheon.

Accessories
Socket type 2422 505 00001
Escutcheon type 55062

General note

All voltages are referred to the most positive supply potential to which any main
cathode (not guide cathode) is returned. 722 8421
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Z505S

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN
(initial and during life)
Ignition requirements

Anode supply voltage Vba 400 to 1000 V
Time constant of rise of anode supply voltage min. 2 ms l)

Discharge at rest on a main cathode

Maintaining voltage of anode to main cathode
atl; = 0.8 mA, Vpgq =55V

maximum Vm max. 275 V
minimum Vi min, 240 V

Cathode current,

recommended I 0.8 mA
maximum I max. 1.0 mA
minimum - Ix min. 0.6 mA

Guide supply voltage

maximum ngd max. 65 V
minimum ngd min. 40 V
Resistance between guides and guide supply Rgd max. 22 k2

Cathode potential (except during reset)

non conducting cathode -Vx ~ max. 14 Vv
conducting cathode, positive Vi max. 28V 2)
negative —Vk max. 0 V
Stepping requirements See also page 4

Discharge dwell time,

main cathode min. 8.0 wus
Guide A min. 6.0 us
Guide B min. 6,0 us

Interval between trailing edge of
guide A pulse and leading edge of guide B

pulse (double rectangular pulse drive) max. 0.3 us
Guide voltage to step the discharge from a main max 80 Vv
cathode to an adjacent guide cathode -ng min. 30 V
1,2
)?) See page 5 722 8422




Z505S

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN (continued)

Voltage difference required between a guide
and the adjacent guide in order to

step the discharge Vgd-gd

Guide supply voltage to step the discharge

from a guide to the next main cathode ngd

Cathode potential

non conducting cathodes -Vk
conducting cathode, positive Vk
negative . -Vk

Resetting requirements 4)

Cathode voltage -Vk

LIFE

max. 140 V
min. 30 V 3)
max. 65 V
min. 40 V
max. 14 V
max. 28 V2)
max. 0 Vv
max. 140 V
min.. 100 V 5)

A typical tube can be expected to count correctly with the following conditions after
standing on one main cathode for a period of approximately 4500 hours.

Anode current Iy
Guide supply voltage ngd
Guide voltage for transfer Vgd

Output cathode (ky) voltage,
non conducting Vo
conducting Vo
Guide A dwell time
Guide B dwell time
Cathode dwell time

[ o PR
iemperaiure

2)3)4)5) See page 5

0.8 mA
60 V
-0 Vv
5.0 V
-5.0 V
6.0 us
6.0 wus
8.0 wus
20+5 °C
772 8423
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Z505S

LIMITING VALUES (Absolute max. rating system)

Anode supply voltage Vpa max. 1000 V
Cathode current (except during reset) Ix max. 1.0 mA
Voltage between any two main or

guide cathodes (except during reset) max. 140 V
Guide supply voltage ‘ Vbgd max. 65 V
Reset voltage, negative max. 140 V
Ambient temperature tamb max. 50 °cl)

GUIDE WAVEFORMS

Double rectangular pulse drive

Al sovi

H J H

Positive guide supply voltage

Negative guide voltage

Guide A dwell time

Guide B dwell time

Main cathode dwell time

Interval between trailing edge of guide A pulse and leading edge of guide B pulse
Potential of most positive main cathode supply voltage

Discharge transfers from main cathode to guide A

Discharge transfers from guide A to guide B

= =" I Q" muUuQqQw >

Latest instant for discharge transfer from guide B to main cathode, dwell time
< 500 us.

l) It is preferable to store the tube as near as possible to room temperature.
772 8424




Z505S

NOTES

1) If the power supply does not have a time constant of 2 ms as one of its charac-
teristics, it can conveniently be obtained by inserting a resistor in series with
the anode supply and a capacitor to the negative return.

(4.7 k2 and 0.5 uF for 2 ms).

2) The maximum voltage difference between any two main cathodes except during
reset must not exceed 28 V.

3) The adjacent guide (the cathode to which the discharge is being transferred) must
also be 30 V negative with respect to the most positive main cathode supply volt-
age.

4) The high current which passes during reset should not be allowed to flow more
than a few seconds.

5)If the cathode current falls below 0.7 mA when the guide voltage applied to the
tube approaches the minimum value of 40 V the negative voltage required for
resetting may rise to 110 V.

7722 8425

wn
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Z505S

7202490 ~26.eje.l9

0 T T T T I T T
Vga HENEEEEEEEEEEE R EEEE
v) ko negative supply voltage =14V
ko resistor =33 kuJu
guide A and guide B
conduction periods >6ys
=20
—40
—60 Vlpositive guide | |
,/ supply voltage
40V ]
60V
-80
Y
=100
600 800 1000 Ig4 (pA)

Guide voltage to ensure stepping.
The area of operation is increased with the use of larger pulse periods

772 5306




Z505S

The shaded areas represent regions where the tube
may be used without restriction initially and during life

2

80
Positive 3
guide  gol
supply
voltage
20+
0
. —20f
Negative
guide
voltage =401
_so -
—80}

1 1 1
8us 500us 5h Main cathode dwell time

[ This region may be used if the maximum

negative voltage (V) on any main cathode <5V
r-——r————-"——"———— —;_[This region may be

used if V<5V

1) This region may be uged providing the total pulse
amplitude does not exceed 140V and the anode
current <900pA

or 2) This region may be used providing the total pulse

amplitude does not exceed 140V and each guide

dwell time =20us
7207535

Guide operating voltages

7722 8427
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ZM1020

INDICATOR TUBE

Long life cold cathode ten digit numeral indicator tube for top viewing.

QUICK REFERENCE DATA
Numeral height 15 mm
Numerals 1234567890
Supply voltage min. 170 'V
Anode current 2 mA
GENERAL

The numerals are 15 mm high and appear on the same base line allowing in-
line read out. The ZM1020 is provided with a red contra

PRINCIPLE OF OPERATION

The tube contains ten cathodes in the form of ten figures and one common
anode. By applying a suitable voltage between the anode and one of the ten
cathodes the corresponding numeral will be covered by a red neon glow.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B
, 26515
this part < I R=
of the bulb 7 |
1 is Filter
n ¥ coated C'-([‘\?_ - ,_2
e 10! By
©o @ H
y © ' ™ N
’ 5
[UU’ 111
Ly
Ut £y
7{“‘ V max45%  ©
7Z2 8033
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ZM1020

Mounting position: any

The numerals are viewed through the dome of the envelope. The numerals will
appear upright (within 1.5°)when the tube is mounted with the line through pins
1 and 8 vertical, pin 8 being uppermost.

Accessories - \

Socket typé 2422 505 00001
or
2422 505 00002

CHARACTERISTICS. AND OPERATING CONDITIONS
(Valid over life and full temperature range)

Ignition voltage Vign max. 160 V
Maintaining voltage Vi see sheet A
Anode current for coverage,

average during any conduction period Iy min. 1 mA

Anode current,

average (Tay = nrax. 20 ms) I, max. 3 mA

peak Ikp max. 6 mA
Cathode selecting voltage Vikk see sheet B
Extinguishing voltage Vext min. 118 V

Typical operation 1)

D.C. operation

See sheets B and D

1)y Bulb temperatures below 10 OC result in a reduced life expectancy and
changes in characteristics (see sheet A).
In designing equipment to be used over a wide temperature range the use of
"constant current operation” (high supply voltage with a high anode series
resistor) is recommended. 772 8034




ZM1020

LIFE EXPECTANCY AND RELIABILITY (under recommended operating condi-

tions)
Continuous display of one digit 10.000 h
Sequentially changing the display from one
digit to the others every 100 h. or less 50.000 h

The reliability has been assessed in a life test programme totalling 4.5 x 106
tube hours. The longest test period was 50.000 hrs on 47 tubes. No failures
have been found. The Mean Time between Failures is better than 100 hrs which
corresponds with a failure rate of less than 0.1 % per 1000 hrs at a confidence
level of 95 %.

LIMITING VALUES (Absolute max. rating system)

Anode voltage necessary for ignition Va min. 160 V

Anode current, D.C. I, min. 1 mA
rectified A.C. and pulse Iap min. 2 mA
average (Tay = max. 20 ms) I max. 3 mA
peak la, max. 10 mAl)

Cathode selecting voltage Vkk ziesllfgésBN and W

Bias voltage between anode and

"off" cathodes (see sheet B) Vbias max. Vfloating

min. -50 ©C

Ambient temperature t
p amb max. +70 ©C

1) Above I, = 6 mA the connecting wires and eyelets may be covered by the

glow. 772 8035
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ZM1020
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, -~ ZM1020

Ixk individual and =gk versus cathode selecting voltage Vig at I; = 2 mA.
Ixk and =Iyk are proportional to anode current in the range Vgg = 0 to 100 V.

The range of V] (Ikk =0) shifts to the right/left at increasing/decreasing anode
current (8 V/mA). ’

The curves are valid for instantaneous and for average values of anode current.

7207257
1 PRI A s
(WA H- fo 2 i
1000
|
S I T S
- £y I 1 ) v Tk
:51—\\;,; AN 1“‘— Thk
F ™A N )
RS S 0 Vk I,=L+ZIy
] ‘\ ggfﬁa— ‘ !
R T
. . nomina
min Ixk /n[d AY Sl operation
17 B A
T - &
0 == T
0 50 NEmm 200 ik (V) (1250
1
1/,
Ve min Vey max
o HF

For low cathode selecting voltages the current Ixk to the "off" cathodes will
increase and the readability of the "on" cathode will be affected. It is there-
fore recommended to use a nominal operating point to the right of line N.
Under the worst operating conditions the operating point should never reach
the area left of line W.

January 1967 H || B



ZM1020

500 T e
| HEREEEEE
Iq =2mA (nom,
Ve Io< 3mAT2 (nom) I, = 1mAH
v) TTRI T TG LA
[l &’——(8 - L4
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Q Y4 A
400 T X
4 /
Y.
y 4
.
4 y.
A //
1 300- y
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300 y.
Z Ra
;L —AWWWWW—V/5c
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L y A ( )
1] .4 °
L] y d O ————
] y
200> -
A
l'
/4 Ve rmax=Vr1
See sheet B
100 :
ng:-gh 0 Example: u
3its 3 Supply Vyo =300V +10%]
513 S Ry nominal =79 k&[]
Rq maximum = 124 kd)
Rg minimum = 66 k£ [
H IEEEEEEEREEARN
0 H T T T TTT
0 ‘ 100 200 Rq (kL) 300

Graph denoting the relationship of D.C. anode supply voltage and required
anode resistor to remain within the recommended operating region.




ZM1020

7207258
500 Top=6m 111
irimmi Lap>2mA
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G
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Graph denoting the relationship of the peak value of full-wave unsmoothed rec-
tified A.C. anode supply voltage and the required anode resistor to remain

within the recommended opera
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ZM1021

INDICATOR TUBE

Cold cathode character indicator tube for top viewing.

QUICK REFERENCE DATA
Character height 15 mm
Characters ' AV, @, %~ 1+, -,

Supply voltage ' min. 170 'V
Cathode current 2 mA
DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: B13B
265*15

of the bulb
is filte‘r/F

_ coated

this part <T—’1 R=7
I 3

165

7¢AU‘  ymax4.5%

7203464

Mounting position: any

The characters are viewed through the dome of the envelope. The characters
will appear upright (within 1. 5%) when the tube is mounted with the line through
pins 1 and 8 vertical, pin 8 being uppermost.

Accessories

Socket type 2422 505 00001 or
2422 505 00002

GENERAL

The characters are 15 mm high and appear on the same base line allowing in-
line read out, The ZM1021 is provided with a red contrast filter.
772 8052
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ZM1021

PRINCIPLE OF OPERATION

The tube contains seven cathodes in,the form of seven characters and one com-
mon anode.

By applying a suitable voltage between the anode and one of the seven cathodes
the corresponding character will be covered by a red neon glow.

CHARACTERISTICS AND OPERATING CONDITIONS
Ignition voltage Vign max. 160 V
Maintaining voltage Vm ~ see sheet A
Cathode current for coverage‘,
average during any conduction period I min. 1 mA

Cathode current,

average (Tgy = 20 ms) Ik max. 2.5 mA

peak Ikp max. 10 mA
Cathode selecting voltage Vkk see sheets A and B
Extinguishing voltage Vext min. 120 Vv

Typical operation at temperatures tamb =10 to 50 oC

D.C. operation with or without Vkk

(See fig.1 and 3 and sheets A and B)

Anode supply voltage Vba 1704+3% 250 300 350 V
Maintaining voltage Vm 140+10 140+10 140+10 140410 V
Anode series resistor Ry 15 56 86 100 k@
Cathode selecting voltage Vik min. 60 v

A.C, half-wave rectified operation with or without Vki

(See fig.2 and 4 and sheets A and B)

Secondary transformer voltage Vi, 170 220 250 300 V
Anode series resistor Ry 10 22 30 47 kQ
Cathode selecting voltage Vkk min. 60 V 1)

1y With low cathode selecting voltages the current Iy to the "off" cathodes will
increase and the readability of the "on" cathode will be affected.
It is therefore recommendedto use a voltage Vkk in excess off the stated min-
imum value, 772 8053




ZM1021

LIFE EXPECTANCY under recommended operating conditions.
Continuous display of one character 5000 h

Sequentially changing the display from one character
to the others every 100 hours or less 30000 h

LIMITING VALUES (Absolute max. rating system)
Anode voltage necessary for ignition Va min. 160 V

Cathode current,

average during any conduction period I min. 1 mA

averzige (Tay = 20 ms) Ik max. 2.5 mA

peak Ikp max. 10 mA
Impulse duration of cathode current Timp  min. 80 s
Cathode selecting voltage Vik min. 60 V1
Bias voltage between anode and

"off" cathodes Vbiag max. 120 V¥
Bulb temperature thulb E:; ;gg Zg 2)

1) With low cathode selecting voltages the current Iy to the "off" cathodes will
increase and the readability of the "on" cathode will be affected.
It is therefore recommendedto use a voltage Vi in excess off the stated min-
imum value.

2) Bulb temperatures below 10 °C result in a reduced life expectancy and changes
in characteristics (See sheet C)
In designing equipment to be used within a wide temperature range the use of
"constant current operation” (high supply voltage with a high anode seriesre-
sistor) is recommended. 779 8054
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ZM1021
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ZM1021
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ZM1022

INDICATOR TUBE

The type ZM1022 is electrically identical with type ZM1020 but has no filter

coating.
The use of a separate blue absorbing e.g. circular polarized amber filter is
recommended.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B
265*15
1 =7
I [
I ;7\? l£
— {Q tjl
8 : o ]
@ S
Y oo i oSy E \ 4
i [M U T )
U bt
Li.lvzovm ’ 7&1‘ 4Max4.5%
7Z2 8362
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ZM1023

INDICATOR TUBE

The type ZM1023 is electrically identical with type ZM1021 but has no filter
coating.

The use of a separate blue absorbing e.g. circular polarized amber filter is
recommended.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B

265*15

[‘/———‘lL =7

' 7203464

772 8363

—
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ZM1024

INDICATOR TUBE

Cold cathode character indicator tube for top viewing

QUICK REFERENCE DATA

Characters ¢/s, Kc/s, Mc/s, us, ms, ns, s

This tube is mechanically compatible with type ZM1020

DIMENSIONS AND CONNECTIONS ) Dimensions in mm
Base: B13B
+
this part 28j_7.5 =7
i of the bulb }

Kps IS _kns is filter _— K ‘ " r
Kiels 7 89 KMc/s coated —----- '4/\,_ - )
kels/ g = o, 10 ) 'Q/ 5

ic. ic. 3]
K ,/d13 Kk N J &l v
ms s wu T T )
a YUt ot
iC. 200066 7207818 793“‘ " 4Max4.5¢
CHARACTERISTICS , OPERATING CONDITIONS AND LIMITING VALUES
These are essential the same as of type ZM1020.
772 5244
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ZM1025

INDICATOR TUBE

The type ZM1025 is electrically identical with type ZM1024 but has no filter
coating.
The use of a separate blue absorbing, e.g. circular polarized, filter is recom-
mended.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B

285%15

1c. 7203466 7207615

722 5245
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ZM1030

INDICATOR TUBE

Cold cathode gas-filled biquinary numerical indicator tube for side viewing.

QUICK REFERENCE DATA
Numerical height 15.5 mm
Numerals 0123456789
Supply voltage Vba >170 V
Anode current I, 4 mA
Cathode selecting voltage Vkk 50 V
Extinction voltage Vext 110 Vv
Screen supply voltage Vbs 50 V
"Off" anode supply voltage Vba "off" 100 V
GENERAL

The numerals are 15.5 mm high and appear on the same base line allowing in-
line read-out. The ZM1030 is provided with a red contrast filter.

PRINCIPLE OF OPERATION

A transparent screen divides the tube into two sections:

- The front section, containing the front- or "odd" anode ‘and the cathode nu-
merals 1-3-5-7-9.

- The rear section, containing the rear- or "even'" anode and the cathode nu-
merals 0-2-4-6-8.

The cathodes are internally connected in pairs: 0-1, 2-3, 4-5, 6-7, 8-9.

By applying a suitable voltage between a cathode pair and the "odd" anode the

"odd" cathode of that pair will be covered by a red neon glow.

Switching from one number of a pair to the other of that pair is accomplished by

decreasing the voltage on the operating anode and simultaneously increasing the

voltage on the other anode. l)

1y When mechanical or low speed switching is used, a "make before break" ar-
rangement is preferred. During switching the shield connection and the shield
supply should be maintained. 772 5246

January 1966 “ ” 1



ZM1030

DIMENSIONS AND CONNECTIONS Dimensions in mm
max 22

direction a s Qay

lof viewing | KL\\
| oz?ss‘ '
E?T P*’I’

55

max 49.2
max55.6

135
4
[

7203689

0 | 7zoe43

Mounting position

When mounted with the base down the viewing direction will coincide with the
line from pin 8 throught pin 3 (+5°).

CHARACTERISTICS, RANGE VALUES AND OPERATING CONDITIONS

Reference point for all electrode voltages is the "on'" cathode.
During operation no electrode should be left floating. See fig.1

Ignition voltage Vign < 170 V
Maintaining voltage Vi See page A and B
Anode current for coverage,

average during any conduction period I > 3 mA

Anode current,

average, Tyy = 20 ms I, < 5 mA

peak, 50 to 60 pps Iap < 12 mA

2

Cathode selecting voltage 1) Vkk : 1?8 z )
wpen . . ; . > 8 V
Off" anode supply voitage Vba "off" < 115 V

Screen voltage Vg See page D

Extinction voltage Vext > 110 V

1) The cathode selecting voltage is the voltage difference Vik used for discrimi-
nation between the "off"" cathodes and the "on" cathode.

2y At low values of Vkk, the contrast of the display will be reduced due to glow
on adjacent numerals. This will not affect the life of the tube. 772 5247




ZM1030

Operating conditions

. Vba 200 220 250 300 A%
D.C. operation Ry 15 20 27 39 K
A.C. operation Vpa | 170 | 220 | 250 | 300 | v
half wave rectified R 10 18 24 33 Q
50 to 60 c/s a
full wave rectified Vba 170 220 250 300 A"
100°to 120 c/s Ra 15 27 33 47 k2

LIFE EXPECTANCY

Sequentially changing the display from one
digit to another every 100 hours or less

Vbaoff

Vbs o

Ra

AAAAA

Ia

Vbuc»—M/WW\—I——-
aoff

o——— W20t
kA to 100kd UP__,

Is

Vkk

Fig.1

VVVVVV

10k £20%

£ I

1k to 100kl

MMMA
v

=

VVVVV
AAAAAA

VVVVVV
AAAAANA

VVVVVY
MMM

VVVVVY
AMAAMA

VYYYYY

I

7203687

(tf

20000 hours

7722 5248
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ZM1030

LIMITING VALUES (Absolute max. rating system) See fig.l

Anode voltage necessary for ignition
Anode current,
average during any conduction period
average Ty = max. 20 ms

peak

Cathode selecting voltage 1)
"Off" anode supply voltage

Screen voltage
Bulb temperature,

storage

operation

REMARK I, = Ig + Igx + Ig

Vba "off"

Vs

tbulb

thulb

min.

min.
max.
max.
min.
max.
min.
max.
min.
max.

max.
min.

max.
min.

170

12

40
110

85
115

40
80

+70
=55

+70
+15

v 4

N
~

<< << <<

oc 3)

L) The cathode selecting voltage is the voltage difference Vi) used for discrimi-
nation between the "off" cathodes and the "on" cathode.

2) At low values of Vi, the contrast of the display will be reduced due to glow
on adjacent numerals. This will not affect the life of the tube.

3) Bulb temperatures below 15 °C result in a reduced life expectancy, larger

spread and changes in characteristics. See also note 4).

4) The minimum supply voltage should be as stated. However the use of the
highest voltage available with the appropriate series resistor to maintain the
anode current within the specified limit is recommended. The use of "con-
stant current operation"” (high supply voltage with high resistor) is recom-
mended when designing equipment operation over a wide temperature range.

772 5249




ZM1030

200

N
Vo g
(v) Tomb=25°C 3
180 S:
I'T‘Eé::
160 . T pun
1 _‘_l}..‘
40 -
!

%

1
1205 2 4 6 8 10 I,(mA) 12
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ZM1030

Iogr9e-599€0ZL

Vm
v)
180 Tormb =25°C
160
= MaX
%40 ——
—{min
120.
3 35 45 5 I,(mA)




7203683-26.13.0jcj
1000 03 6.13.ajcj

=L
(LA) Iqg =4mA

800

600 ]

400 :

Operating area

200

0 50 100 Ve (V) 150

The max. value of Ikk to any one pair of numbers will be 55% of Ixk-

l) The values of Iy varies with anode current. Each mA increase or decrease
of I, results in max. 40% increase or decrease respectively of Ixk.
772 5250
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ZM1030

7203684-26.13.0jcj

I
(LA) Vps=50V
s =10k
800
\
I, =4mAY
\
600
400
A
AN
N
perating
area
AN
200 N
\
N
|
0 L
0 50 100 Vs (V) 150

1y The value of I varies with anode current. Each mA increase or decrease of
I, results in max. 30% increase or decrease respectively of Ig.
772 5251




ZM1031/01

INDICATOR TUBE

Cold cathode sign indicator tube for side viewing.

QUICK REFERENCE DATA
Sign height 15 mm
Signs + -~
Supply voltage Vpa min. 170 'V
Cathode current Ix 4 mA

GENERAL

This tube has the same physical dimensions as the biquinarynumerical indicator
tube ZM1030., The ZM1031 is provided with a red contrast filter.

PRINCIPLE OF OPERATION

The tube contains two anodes and two cathodes separated by a shield. The rear
compartment contains the minus (-) sign and the rear anode, the front compart-
ment contains the plus (+) sign and the front anode.
By applying a suitable voltage between the required sign and the corresponding
anode, the sign will be covered by a red neon glow.

DIMENSIONS AND CONNECTIONS Dimensions in mm

Base: Noval

max 222

direction
lof viewing

N

a s a 4 28

2 —-l— 5%

ElE

o0
|\ ) .
k+ ko k— v

i C 7207604 7207603 7203617

Mounting position: any

The signs are viewed through the side of the envelope.

772 8055
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ZM1031/01

CHARACTERISTICS AND OPERATING CONDITIONS
Ignition voltage ) Vign
Maintaining voltage at I = 4 mA A%
Anode current,

average during any conduction period for coverage I

a
average, Tyy = 20 ms I,
peak Iap

Incremental resistance T,

LIMITING VALUES (Absolute max. rating system)
Anode voltage necessary for ignition vV,

Anode current,

average during any conduction period I

average (T,y = 20 ms) I

peak Iap
Bulb temperature thulb

1) Below 10 OC the life expectancy is substantially reduced.

min.

min.
max.
max.

min.
max.

170 'V
140 V
2 mA
S5 mA
10 mA
4.5 kQ
170V
2 mA
S mA
10 mA
-55 OC 1)
+70 ©C
722 8056




ZM1032

INDICATOR TUBE

The type ZM1032 is electrically identical with type ZM1030 but has no filter

coating,
The use of a separate blue absorbing e.g. circular polarized amber filter is
recommended.
DIMENSIONS AND CONNECTIONS Dimensions in mm
max 22
direction q sl az y
lof viewing A
13579'02468' Nl o
299921997 - 3
1 = g3
1 E
H ]
Q v
7203689
k23 k6,7 7201843
ko ka5 Kag

772 5255
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ZM1033/01

INDICATOR TUBE

The type ZM1033 is electrically identical with type ZM1031 but has no filter coating.
The use of a separate blue absorbing e.g. circular polarized amber filter is recom-

mended.
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: Noval rﬁax 228
direction
of viewing
Nl
i.c. a s a 28
o -1 |33
| £
0
k4 ka k— )
i'c~ 7207604 7207603 7203617
772 8368
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ZM1040

INDICATOR TUBE

Cold cathode ten digit numeral indicator tube for side viewing.

QUICK REFERENCE DATA
Numeral height 30 mm
Numerals 1234567890
Supply voltage Vpg min. 170 V
Cathode current Ix 4.5 mA
GENERAL

The numerals are 30 mm high and appear on the same base line allowing in-line
read out. The ZM1040 is provided with a red contrast filter.

PRINCIPLE OF OPERATION

The tube contains ten cathodes in the form of tenfigures and one common anode.
By applying a suitable voltage between the anode and one of the ten cathodes the
corresponding numeral will be covered by a red neon glow.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B 285%15
19
1n
5 2 \
|
On |3
3
direction N | S
of viewing | o ]
3 b
E “w
] 1
[Tel
g ol N
- ¥ o ! o
: 9 ‘ELY T UUJ g
N ¥
@ e 0ses O rzooses 1§ dn J& max 4.5 ¢

772 5256
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ZM1040

Mounting position: any

The numerals are viewed through the side of the envelope. The numerals will
appear upright (within 1, 59) when the tube is mounted vertically.

Accessories 2422 505 00001
Socket type or 2422 505 00002

or 2422 505 00003
CHARACTERISTICS AND OPERATING CONDITIONS
Ignition voltage Vign  max. 160 Vv
Maintaining voltage Vm see sheet A
Cathode current for coverage,
average, during any conduction period Ix min. 3 mA

Cathode current,

average (Tyy = 20 ms) Ik max. 6 mA

peak Ikp max. 20 mA
Cathode selecting voltage Vik see sheet B
Extinguishing voltage Vext  min. 120 VvV

T'ypical operation at temperatures tamp = 10 to 50 °c

(See fig.1 and 3 and sheets A and B)

Anode supply voltage Vba 200 250 300 350 V
Maintaining voltage Vm 140410 140410 140410 140+10 V
Anode series resistor Ry 15 27 39 47 kQ
Cathode selecting voltage Vkk " min. 60 V1

A.C. half-wave rectified operation with or without Vkk_

(See fig.2 and 4 and sheet A)

Secondary transformer voltage Vip 170 220 250 300 VvV
Anode series resistor R, 5.6 12 18 27 k2
Cathode selecting voltage Vkk min. 60 V 1)

1y With low cathode selecting voltages the current I to the "off" cathodes will
increase and the readability of the "on" cathode will be affected. It is there-
fore recommended to use a voltage Vig in excess off the stated minimum
value. 772 8057




ZM1040

LIFE EXPECTANCY under recommended operating conditions

Continuous display of one digit 3000 h
Sequentially changing the display from one digit ’
to the others every 100 hours or less 20000 h
LIMITING VALUES (Absolute max. rating system)
Anode voltage necessary for ignition Va min, 170 'V
Cathode current,
average during any conduction period Ix min, 3 mA
average (Tyy = 20 ms) Ik max. 6 mA
peak Ikp max. 20 mA
Cathode selection voltage Vkk min. 60 V .
Bias voltage between anode and "off" cathodes Vbias max. 120 V
Bulb temperature tbulb 2:; +7g 22 1y

1y Bulb temperatures below 0 °C result in a reduced life expectancy and changes
in characteristics (see sheet C)
In designing equipment to be used over a wide temperature range the use of
"constant current operation" (high supply voltage with a high anode series re-
sistor) is recommended. 772 8058

April 1967 “ “ 3



ZM1040

Fig.1 Fig.2
7203603 7203605
4
Rq
+
K, k,
é%oo Q9 08
Fig.3 tba
ll i ué&oboioo$
00000000
4 e
Vie
IM 7203604 +
Rq
. k.
Fig.4 l:%’ 00000000° Ver é’ l%
[
glo oobo&o
Ll LiLLli] -
View
7203606 +
722 5259




ZM1040

7203600-26.12.qjdj

11T
1
1

max.

6 Ix(mA)

.55

45

E

Ead

Pl

—r

35

160
Vin

(v)

150

140
130

120

1
703

7203601-26.13.0jdj

max

25 Ik (mA)

+==min

-

20

Lt

-

-

gt

15

10

P4

pd

200

(v)

180

160t

140

120 )
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ZM1040

15 7200955
Lk
(mA) OC. operation
Limits during life

05-
0, s
30 5 70 110 130 VilV)
as
15 <
] 5]
Lk f %
(mA) DC. operation 5
Limits during life é
; Io =45mA g
as
0 =k
30 pol¥) 70 190 770“%(! (V)
05




ZM1040

180

w)
160

Iplo€1'92-209€02L

140 T : 0°C

120

100

3 35 4 45 5 55 6 Iy(mA)
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ZM1041

INDICATOR TUBE

Cold cathode sign indicator tube for side viewing.

QUICK REFERENCE DATA
Sign height 20 mm
Signs + -
Supply voltage 160 V
Cathode current 4.5 mA
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B 285415
"
« 20 |
!
]
d | ™
| 2
direction ~ 1 §
of viewing Clo t‘
o|N| 4 _‘9
E M4 [
3 ° |
[Te} Mimn l
§' 5 | —
3 %E NN N le
% [T UUJ 2613.ajda
a o r U
1. 50580 164k Li—max 4592

GENERAL

The tube has the same physical dimensions as the ZM1040 numeral indicator
tube. The ZM1041 is provided with a red contrast filter.

7722 5260
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ZM1041

CHARACTERISTICS

Ignition voltage Vign max.
Maintaining voltage Vi see sheets A, B
Extinguishing voltage Vext  min.

"Off" cathode probe current characteristic see sheet B

PRINCIPLE OF OPERATION

160

V.

120 Vv

The tube contains two cathodes, in the form of the signs +and -, and a common
anode. By applying a suitable voltage between the anode and one of the cathodes

the corresponding sign will be covered by a red neon glow.

ACCESSORIES

Socket 2422 505 00001, 2422 505 00002 or 2422 505 00003

MOUNTING POSITION
Any

The signs are viewed through the side of the envelope.

LIMITING VALUES (Absolute max. rating system)

Anode voltage necessary for ignition Va
Cathode current,
average during any conduction period I

average (Taqy = 20 ms) I
peak Ikp

Impulse duration Timp

Cathode selecting voltage Vikk

Bias voltage between anode and "off" cathode Vbias

Bulb temperature thulb

min.
max.
max.

min.

min.

160

20
80

120
+70

[7a)
—Juv

mA
mA
mA

HS

1) Bulb temperatures below 10°C result in a reduced life expectancy and changes

in characteristics (see sheet B).

In designing equipment to be used within a wide temperature range the use of
"constant current operation' (high supply voltage with a high anode series re-
772 8059

sistor) is recommended.
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ZM1041
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ZM1042

INDICATOR TUBE

The type ZM1042 is electrically identical with type ZM1040 but has no filter
coating.

The use of a separate blue absorbing, e.g. circular polarized amber filter is
recommended.

DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B
26515
19
11
ol
' d : \
; |
direction EE .
of viewing x| ™
3]
&
ol 1
¥ g '
NI N
Q I
S S
a e 16 b Le—max 45¢

7203468 7203469

772 5282
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TENTATIVE DATA ZM1043

INDICATOR TUBE

The type ZM1043 is electrically identical with type ZM1041 but has no filter

coating.
The use of a separate blue absorbing, e.g. circular polarized amber filter is
recommended.
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B
285415
20

o

y
direction a
of viewing x|©
A o 4
E Y
3 o [
[Te] MmN I
[7e] x
0| g |
3 ' ‘ El e J
G- A 1 - o
o o t i U
1C. 7203470 19 - & max 4.5”

772 5283

p—
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ZM1050

INDICATOR TUBE

Cold cathode numerical indicator tube for top viewing. Formely Z550M

QUICK REFERENCE DATA

Numeral height 3 mm

Numerals 1234567890

Supply voltage Vpa 90 - Va.c.

Cathode current I 3 mA

Starter selecting voltage 5 Vv
DIMENSIONS AND CONNECTIONS Dimensions in mm
Base: B13B

28515

1665

GENERAL

The 3 mm high numerals are displayed in radial form.
The tube is primarily intended for use in circuits with transistor control.

PRINCIPLE OF OPERATION

The pulsating d.c. supply voltage (preferably half sine waves) causes one of the
ten pure molybdenum cathode positions to glow. This position will be determined
by the voltage level of corresponding starter being a few volts above the level of
the remaining starters. 772 5284

[
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ZM1050

ACCESSORIES
Socket 2422 505 00001, 2422 505 00002 or 2422 505 00003

MOUNTING POSITION
Any

The numerals are viewed through the dome of the envelope.

The numerals appear upright when the tube is mounted with the line through pins
1 and 8, vertical pin 1 being uppermost.

Number O is aligned with pin 1 to within 3°.

CHARACTERISTICS AND OPERATING CONDITIONS

Recommended circuit

R .
2
I Vir l
mains :
! Ver Ry Eg Sto Sf] St
fimnCal Loy [
% N
o
L1 Transistor circuit
L—__—__—--_‘Tzu_iao_;:
Transformer secondary voltage Vir 110 VvV +10% 1)
Cathode resistor Rk 10 k2 + 5%
Starter series resistor Rst 330 k@ 2)
Shunting capacitor Ck 33 nF )
Starter selecting voltage Vst-st See sheet A
and 2) on page 3
Starter current S0 uA
Maintaining voltage Vm 84 Vv
Recommended cathode current Ix 3 mA

1) The rectified a.c. voltage should be free from spikes.
A shunting capacitor Cg of 33 nF serves this purpose.

2) This resistor should be mounted close to the tube socket. 7Z2 8060




ZM1050

LIFE EXPECTANCY at recommended operating conditions and room temperature

Continuous display of one digit

Sequentially changing the display from one
digit to the others every 100 h or less

min.

1000

20 000

h 1y

h

The criterium for the end of life point is given by the minimum value of starter

selecting voltage Vgt-g¢ shown on sheet A.

LIMITING VALUES (Absolute max. rating system)

A.C. supply voltage Vir
See also sheet B Vir
Frequency of mains supply f
Cathode current (average) Ik
Starter selecting voltage Vst-st
Starter circuit resistance Rst
Envelope temperature thulb

min.

max.

min,

max,

min.

max.

min.

max.,

min.

max.

90
150
40 to 100

2
4

see sheet A
30

2)

)
e

o0
aQ

1) Under conditions of longer continuous display on one digit it is recommended
to apply a starter selecting voltage Vgi_g greater than the minimum value,

as indicated on sheet A,

2) The common starter bias potential may deviate by a maximum of + 5 V from

the anode potential.

7Z2 8061

April 1967 ”
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ZM1050

7207610
H Voltage sensrtivity curve (valid over life)
Vst-a The line M-M! represents the minimum necessary
V) value of starter selecting voltage Vi_st
6 area of transfer -
M'H
4gM average
=
2r
1
area of no transfer-
=== [TTTIIITTITT]
90 100 110 120 130 140 150

Vyy (Vrms » 50Hz)
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ZM1080

INDICATOR TUBE

Cold cathode ten digit side viewing numeral indicator tube

QUICK REFERENCE DATA
Numeral height 13 mm
Numerals 1234567890
Supply voltage Vb min, 170 V
Cathode current I 2 mA
Distance between mounting centres min, 19 mm
GENERAL

The numerals are 13 mm high and appear on the same base line allowing in-line
read out. The ZM1080 is provided with a red contrast filter.

PRINCIPLE OF OPERATION

The tube contains ten cathodes in the form of tenfigures and one common anode.
By applying a suitable voltage between the anode and one of the ten cathodes the
corresponding figure will be covered by a red neon glow.

DIMENSIONS AND CONNECTIONS Dimensions in mm
max19
: [
Q
a 9
3
of viewing 7203784 7202002

772 5287
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ZM1080

Mounting position: any

The numbers are viewed through the side of the envelope. The numbers will
appear upright (within + 3°%) when the tube is mounted vertically.

Care should be taken not to bend the leads nearer than 1.5 mm from the seals.
The leads are tinned and may be dip soldered to a minimum of 5 mm 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.

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN

Initially and during life at 20 °C to 50 °C unless otherwise stated.

Ignition

Anode voltage Va >170 V
Ignition delay time See page A 1y
Conduction

D.C. operation

Cathode current l) Ig < 3.5 mA
Cathode current for coverage Ix >1.5 mA
Maintaining voltage at Ix = 2 mA (See also page B) Vm 140 Vv
Probe current to individual non-conducting cathodes Igk See page C

Pulse operation

Cathode current, peak Ikp < 12 mA

average, T,y = 20 ms I < 2.5 mA
Average cathode current for satisfactorily display Ix >0.8 mA
Pulse duration Tirnp i 1(2)8 EISS
Maintaining voltage Vm See page B
Probe current to individual non-conducting cathodes Iy See pages C

and D

EXTINCTION
Anode voltage to ensure extinction vV, <15 Vv

1) For reduced ignition delay times, a small continuous priming current may be
taken from lead 4. This can be obtained from a supply voltage of -180 V with
respect to the "on'" cathode via a resistor of 18 MS2. 772 5288

N



ZM1080

LIFE EXPECTANCY
Under recommended operating conditions and tamp = room
Continuous display of one digit 1) > 5000 h

Sequentially changing the display from one digit
to another every 100 hours or less > 30000 h

LIMITING VALUES (Absolute max. rating system)
Cathode current (each digit)

average, Tay = max. 20 ms I max. 3.5 mA
peak Ikp max. 12 mA
average during any conduction period Ik min. 1.5 mA
max. +70 ©C
Bulb temperature thulb min. 50 ©oC 2)
Anode voltage necessary for ignition Va min. 170 'V

1) The life expectancy figures given above relate to operation with d.c. cathode
currents between 1.5 mA to 2.5 mA and at all permitted pulsed cathode cur-
rents.

When a d.c. cathode current range of 1.5 mA to 3.5 mA is used, the lifeex-
pectancy exceeds 3000 hours with continuous display of one digit.

2) For bulb temperatures below 0 °C the life expectancy of the tube is substan-
tially reduced. 772 5289
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CUMULATIVE DISTRIBUTION OF IGNITION DELAY TIME

This curve shows the probability that a tube will ignite in less than the time
shown after a non-conduction period of a few seconds. The ignition delay time
will be appreciably reduced when the interval between conduction periods is less
than 100 milliseconds. In general, an increase in the supply voltage will reduce
the ignition delay time. 7Z2 5290
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PROBE CURRENT CURVES

The boundaries A-A and B-B of the graphs represent, for the shown anode cur-
rent ranges, the range of probe currents to individual non-conducting cathodes
plotted against the voltage difference between the non-conducting cathodes and
the conducting cathode.

For optimum display, the probe current to any non-conducting cathode should be
as low as possible. In addition, reverse probe current should not be permitted.

These conditions can be satisfied in two ways:

(1) With a low impedance voltage source connected to the non-conducting cath-
odes. For example, when using a current range of 1.5 to 2.5 mA and a volt-
age between 50 and 115V is required.

(2) With a separate high impedance connected to each non-conducting cathode
and returned to a voltage source of less than 115 V. In this case the load line
of the voltage source must lie to the right of boundary C-C. 772 5291
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TENTATIVE DATA

ZM1081

INDICATOR TUBE

Cold cathode side viewing character indicator tube.

———
o
——
QUICK REFERENCE DATA S—
Character height 10.5 mm
Characters -+~
Supply voltage Vp  min. 170 V
Cathode current I 2 mA
GENERAL
The ZM1081 is provided with a red contrast filter
PRINCIPLE OF OPERATION
The tube contains 3 cathodes in the form of the characters -, + and ~ and one
common anode.
By applying a suitable voltage between the anode and one of the three cathodes
the corresponding character will be covered by a red neon glow.
DIMENSIONS AND CONNECTIONS Dimensions in mm
max 19
FA\ f
Te)
3
I 1 #
o] 5
- E
105 |5
i.c.
l a - }k
kn, K+
®©
. . (32}
i.c. ic. .c
E
k= k= ek ‘rﬁJ[
7203760 k+ "7’103761 OA-L’__ 7203788 77,2 5292
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ZM1081

Mounting position: any

The characters are viewed through the side of the envelope.
The characters will appear upright (within +20) when the tube is mounted verti-
cally.

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

The leads are turned and may be dip soldered to a minimum of 5 mm from the
seals at a solder temperature of 240 ©C for a maximum of 10 seconds.

CHARACTERISTICS AND OPERATING CONDITIONS

Ignition voltage Vign max. 170 V
Maintaining voltage at Iy =2 mA Vm See page A
Extinguishing voltage Vext min. 115 V

Typical operation

D.C. operation with or without Vi . See fig.1 and 2

Anode supply voltage Vpa 250 300 350 V
Maintaining voltage Vm 140 140 140 V
Anode series resistor R,y 56 86 100 k2
Cathode selecting voltage Vikk min. 60 A

LIMITING VALUES (Absolute max. rating system)

Anode voltage necessary for ignition Va min. 170 V
Cathode current,
average Tgy = max. 20 ms Ix max. 3.5 mA
peak Ikp max. 12 mA
instantaneous for coverage Ik min. 1.5 mA
Bulb temperature t max. +70 9C
uib tempe bulb min. -50 ocC l)

LIFE EXPECTANCY

This tube uses the same techniques as other established tubes in the same range
and it is confidently expected that the life is substantially similar).

1) For bulb temperatures below 0 °C the life expectancy of the tube is substan-
tially reduced. 7722 5293
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4662

INDICATOR TUBE

DIMENSIONS AND CONNECTIONS Dimensions in mm
13
[
Y
0
w
ap =
y
a k ]
~
o
7206702 15_‘2. 7206701
OPERATING CHARACTERISTICS
Ignition voltage of auxiliary anode Vign 165 to 190 V
Auxiliary anode current Iay 40 to 50 uA
Maintaining voltage of main anode Vm 150 to 170 V
Main anode current Ia max. 2 mA a-—

772 7668
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Trigger tubes and switching diodes






RATING SYSTEM

( in accordance with 1.E.C. publication 134 )

Absolute maximum rating system

Absolute maximum ratings are limiting values of operating and environmental
conditions applicable to any electronic device of a specified type as defined by
its published data, which should not be exceeded under the worst probable con-
ditions.

These values are chosen by the device manufacturer to provide acceptable serv-
iceability of the device, taking no responsibility for equipment variations, en-
vironmental variations, and the effects of changes in operating conditions due to
variations in the characteristics of the device under consideration and of all
other electronic 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 device
under the worst probable operating conditions with respect to supply voltage
variation, equipmeént component variation, equipment control adjustment, load
variations, signal variation, environmental conditions, and variations in charac-
teristics of the device under consideration and of all other electronic devices
in the equipment.

772 5065
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Z70U

\

TRIGGER TUBE

Subminiature cold cathode trigger tube with electrical priming. The tube has a
molybdenum cathode and is designed for operation with positive voltages on its
anode and starter in applications as counters, shift registers, pulse generators,
general relay service and timers.

During conduction a red neon glow is visible through the base.

‘QUICK REFERENCE DATA
Anode supply voltage vba = 250 V
Anode to cathode maintaining voltage Vm = 116 V
Maximum average cathode current Ip = 5 mA
Starter to cathode ignition voltage VStign = 145 V
Min. starter capacitance required for transfer Cst = 100 pF
Max. counting speed in decade counter = 5 kHz

DIMENSIONS AND CONNECTIONS
max 10,16

AN

Ny ——

wy

max235

AL

pra st

k 0439 T
7202879 5701609 ) ’

min33

MOUNTING

1. Directly soldered connections to the leads must be at least 5 mm from glass
and any bending of the leads must be at least 2 mm from the glass.

2. When soldering into the circuit the heat conducted to the glass should be kept
to a minimum by the use of a thermal shunt on the leads.

3. The leads may be dip-soldered to minimum 5 mm from the glass at a solder
temperature of 240 °C during maximum 10 seconds. 772 8396
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Z70U

MOUNTING (continued)

4. The starter and priming cathode circuit resistors and capacitors should be

mounted close to the tube.

5. The tube may ignite spontaneously when mounted in an electric field, the
probability of igniting being dependent on the field strength (direction and
magnitude) and its rate of change. Touching the envelope by live components
should be avoided, and it is recommended to maintain a distance between
components or electrostatic shields and any part of the envelope of at least

some mim.

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN
(over life and full temperature range unless otherwise stated)

All values quoted assume the presence of a priming discharge which should be
ensured during stand-by and conduction. This discharge has a typical max. igni-

tion delay of 0.1 sec at Vba-pr =200 V.

Stand-by (main gap non conducting)

Anode to cathode voltage
positive (Vgt >0V, Ig <0.5 uA)
See also sheet D

negative (Vg = 0 to 100 V, Ig = 0 mA)

Anode to primer supply voltage
Primer current

Primer maintaining voltage
Starter to cathode voltage to ensure non
ignition
positive, at Vp, =300 V, see also sheet A
negative, at Vi, = 300 V
atVpa =200 V
Starter current
positive
negative

Starter to cathode maintaining voltage
(It = 30 A, I, =0 mA, see also sheet D)

typical minimum

A = max. 310 V1)
-V, = max. 50 V
Vba-pr = min. 200 V
1 = min. 1 uA
pr = max. 12 uA
See sheet F
- 35 v 2
Vst = max. 1 )
Vgt = max. 30 V3)
Vgt = max. 50 V3)
See sheet D
= 0 mpA
Vst = min. 105 V
7Z2 8397




Z70U

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN (continued)

Ignition 4)
Anode to cathode voltage Va = min. 200 V
. 1 = min 1 pA
Primer current pr = max. 12 WA
D.C. triggering
Starter to cathode voltage above which all
tubes ignite (V},, = 250 V) (See sheet A)
initially VStign = min. 153 V —
typical over life VStig‘n = min. 155 V7) E
Typical max. change over life Avstign +3 V7) —
Typical max. temperature coefficient of AVgt.
starter ignition voltage —ﬂ = -25 mV/°C
Alpulb
Starter to cathode capacitance to ensure 8
transfer (See sheet A) Cst = min. 100 pF 7)
Starter to cathode maintaining voltage
(Ist =30 uA, I; =0 mA, Seealsosheet D)
typical max. Vmst = max. 128 V
typical min. Vmst = min. 105 V
Pulse triggering
Starter to cathode pulse + bias voltage
above which all tubes ignite (Vpg = 250 V,
Timp = 20 us)
initially Vstp = min. 172 V 2)3)
typical over life See sheet G
. . . A .
Typical max. temperature-coc_af‘fwlent of Vst en - 25 mv/°C
starter ignition voltage Atpulp
Starter coupling capacitance to ensure
transfer Cgt = min. 100 pF 9)
Typical anode breakdown delay = 5 us 5)
52999989 See page 5 722 8398
April 1967 “ H 3



Z70VU

CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN (continued)

Main gap conducting

During conduction a neon glow is visible through the base.

Static anode to cathode maintaining voltage
at Iy = 3.5 mA (See also sheet B)
initial max.
typical over life

Min. cathode current during any conduction
period

Max. average cathode current (Tay max.
=5s)

Max. peak cathode current (See also sheet
F)

Starter current
positive average (Tay max. = 5 S)
positive peak
negative when d.c. triggering is used
negative when pulse triggering is us&d

Rise in bulb temperature

Extinction
Forced extinction

Anode circuit recovery time constant

Self extinction

Typical minimum component values to ensure
self extinction of the main discharge

Vm
Vm
Vm

Ix

Iy

= min. 111
= max. 120
= max. 122
= min. 2
= max. S
= max. 200
See sheet E

= max. 3
= max. 100
= max. 10
= max. 120
= approx. 8
= min. 200
= 100
= 1.2
= 330
= 1.8

v
\2)
v 4)
mA

mA

mA

mA
mA

ua 7)
A7)
°C/mA

us

MQ
pF
MQ

7Z2 8399




- Z70U

LIFE EXPECTANCY 7)

Provided the operating recommendations are observed a life in excess of 30.000
operating hours may be expected with a failure rate of 0.1 % per 1000 h.

1) This value for maximum anode voltage holds for cathode currents up to 6 mA.
At cathode currents above 6 mA the maximum anode voltage is reduced with
4 V per additional mA. The normal value of 310 V will be restored within
30 s after cessation of conduction.

2) At anode supply voltageshigher than 270 V, spurious ignitions may occur if a
large amplitude pulse (higher than 100 V) with a steep leading edge which is
not intended to ignite the tube reaches the starter.

3) In some circuits differentiation may give rise to negative pulses on the star-
ter. Care must be taken not to exceed the limiting value for “Vge-

4) Immediately after ignition a voltage considerably lower than the published
maintaining voltage may occur across the tube. Thus the output pulse may
be higher than the difference between the supply voltage and the static main-
taining voltage. Care should be taken to sustain the priming discharge.

5) The anode breakdown delay is given under the following conditions: Starter
overvoltage 50 V, Rgt = 1.2 MQ2, Cg = 100 pF, Vpa = 200 to 300 V.

6) The anode recovery time is the time required after interruption of the anode
current for the starter to regain control. The figure quoted is the minimum
required value of the time constant RC determining the rate of rise of the
anode voltage.

7) To achieve the maximum stability over life the following operating notes

should be observed:

a) Repetitive ignition via the starter to cathode gap is recommended.
The frequency of these ignitions should preferably be higher than once per
minute.

b) Negative starter current should be kept to a minimum,

c) Periods during which negative starter current is drawn shall be kept as
short as possible.

d) It is recommended that peak currents should be allowed to flow immedia-
tely after ignition. This can be done by the use of by-pass capacitors.

e) In general pulsed cathode currents are preferable to d.c.

8) It is recommended to use higher values of Cgt at low anode supply voltages
e.g. 1 nF at Vpy =200 V.

9) Where possible (at low frequencies) a larger starter capacitor than the spec-
ified minimum should be used.

10) Adequate cooling should be provided. Envelope temperature rise above am-
bient at Iy = 20 mA is abt. 160 °C. 7722 5277
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Z70U

LIMITING VALUES (Absolute max. rating system)

Anode voltage .
negative (Vg = =50 to +100 V, Ig; = 0 pA)
(Ig > 0 pA)
Starter voltage
negative at Vpy = 300 V
at Vg =200 V

Cathode current, average during conduction
period

average (Tay max. = 5 s)
peak (See also sheet F)
Starter current
positive average (Tay max. =5 S)
peak
negative, main gap conducting
when d.c. triggering is used
when pulse triggering is used

main gap non conducting

Primer current
Envelope temperature

tube conducting

storage and stand-by

- Va

-Vst
- Vst

Iy
Ix
Ikp

Istp

-Ist
-Ist

-Ist

Ipr

thulb _

thulb -

max.

max.

max.

max.

min.
max.

max.

max.

= max.

max.

max.

max.

max.

max.

min, .

max.
min.

50

30
50

200

100

10
120
0

12

100
-55

70
=55

mA
mA
mA

mA
mA

UA
HA
MA

UA
°c
oC

°c
oc

LIMITING VALUES (Absolute max. rating system) for reduced life expectancy
(4000 operating hours)

If reduced life expectancy can be tolerated the following limiting values apply:

Cathode current
d.c.
half-wave rectified a.c., average
peak (Tpyax. = 20 ms)

Envelope temperature

Ik
Iy
Ikp

thulb =

max.

max.

max.

max.

20 mA

8 mA

32 mA
200 ©°cl0)
7Z2 8400
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Z70U

v Oscillations in the order of 10 V peak to peak may occur depending on the §
({;’; peak current and circuit conditions. When drawing this curve these oscilla- 5
tions have not been taken into account. :.:
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Starter transfer characteristics (initial and
during life)
Ist Region I : No tube will transfer
(uA)| Region II : ignition may occur. To ensure ignition
of all tubesan apprecially higher cur- —
20 rent will be necessary. Any stray ca- —
pacitance between starter and cathode —
should be kept to a minimum. ) —
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150 7203400~ 26.9i 21
I
Vst \
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starter probe N I,=0mA
current characteristic =
2mA
100 -
Vo 5mA
Y,
o 50
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|
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currentin aparticularap-
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OBSOLESCENT TYPE Z70W

TRIGGER TUBE

The type Z70W is electrically identical with type Z70U but has two independent
starter electrodes

DIMENSIONS AND CONNECTIONS Dimensions in mm
max10.16
a
k
2 Priming
< cathode
g
E starter 2 starter
o] k 13 —&b‘ l
£ 2.8 —2.2
E
“7Z07001
MOUNTING

1. Directly soldered connections to the leads must be at least 5 mm from the
glass and any bending of the leads must be at least 2 mm from the glass.

2. When soldering into the circuit the heat conducted to the glass should be
kept to a minimum by the use of a thermal shunt on the leads.

3. The leads may be dip-soldered to minimum 5mm from the glass at a solder
temperature of 240 0C during maximum 10 seconds.

For electrical data please refer to type Z70U

772 7911
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Z71U

TRIGGER TUBE

Cold cathode trigger tube with two starters designed for operation with positive
voltages on anode and starters. The tube is intended for use in counting circuits,
switching circuits and speechpassing circuits in telephone exchanges. When con-
ducting, the tube has a low noise level and a low impedance to speech frequen-
cies.

QUICK REFERENCE DATA

Anode supply voltage Vba 150 V
Maintaining voltage Vm 60 V

Cathode current,

continuous I 7 mA
intermittent Ik 9 mA
Starter ignition voltage (either starter) Vstign 80 V
Starter transfer current (either starter) Igt 40 uA
DIMENSIONS AND CONNECTIONS Dimensions in mm

MOUNTING

The tube may be soldered directly into the circuit but heat conducted to the glass
should be kept to a minimum by the use of a thermal shunt.
The leads may be dip-soldered to minimum 5 mm from the glass to metal seals
at a solder temperature of 240 °C during max, 10 seconds.
Care should be taken not to bend the leads nearer than 1.5 mm from the seals.

772 5318
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Z71U

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT‘DESIGN

These values apply only when the tube is exposed to some light (10 lux, 1 foot-
candle). Direct exposure to bright sunlight may affect the anode hold-off and

should be avoided.

Starter ignition voltage Vstign

at Vy = 130 V, see fig.1 page A Vstign
Starter transfer current at Vo = 130 V Ist

see fig.2 page A Ist
Starter maintaining voltage Vmgt
Anode supply voltage range Vpa
Anode ignition voltage with starter Vi

connected to cathode. see page B gn
Anode maintaining voltage . Vm

at Ix = S mA, see fig.3 page A Vm
Preferred current range I
Preferred current range in counting circuits I
Preferred current range for use as speech

passing device (intermittent service) I
Impedance at Iy = 8 mA d.c. + 1 mAy m,s., z

frequency 300 Hz to 3.300 Hz z

TYPICAL DYNAMIC CHARACTERISTICS

The dynamic starter ignition voltage depends
on the pulse shape and the circuit components

Recommended value of the sum of pulse and

bias voltage (circuit see page 4)
Anode voltage operating range in a

pulsed circuit Va
Anode delay time (circuit see page 4)

Max. frequency in a counter
(circuit see page 4)

Typical components in a self-quenching
pulse forming circuit

9 v
> 73 V
30 uA

< 100 upA

see fig.4 page A

120 to 165 V

200 V

> 175 V

58 V

< 66 V

> 55 V
3to 7 mA

1.5to 7 mA

7to 9 mA
400 @
< 800 €
see page C
120 vV
ii0 to 165 V
S5 us
see page D
see page 4)
7Z2 8401




Z71U

LIMITING VALUES (Absolute max. rating system)

Anode supply voltage Ix <9 mA Vp, max.
Ixk < 5 mA Vpg max.

Cathode current,

average, continuous Iy max.
average, intermittent Ix max.
peak T =max. ls Ikp max.

Starter current, negative

tube conducting Igt max.
tube non-conducting -Ist max.
max.

Bulb temperatu
. P e bulb  ip,
Starter pulse voltage (20 us) (circuit see fig. 6) max.
Starter circuit resistance Rgt  max.

LIFE EXPECTANCY

at Iy = 9 mA
at Iy = SmA
REMARK

The starter resistors and capacitors should be mounted close to the tube.

165
170

12

200

+70
-50

80

2000
10000

mA
mA
mA

hours

hours

1) In capacitive starter circuits the starter-to-cathode capacitor shall have a
value of 1 nF to 10 nF the higher value to be used at the lower anode voltage.

2) Higher values of Rgt are permitted but a value of the starter pre-strike cur-
rent during life of max. 5 uA has to be taken into account. The starter pre-

strike current causes a virtual increase of the starter ignition voltage.

7Z2 5320
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Z71U

TYPICAL SELF EXTINGUISHING PULSE FORMING CIRCUIT

1N
R.l=5.6 k2 C1=10 nF

Ry =470 kQ (> 350 k)

o

I

I P
AAMAAA
WWW
)

In this type of circuit the required starter voltage is > 100 V

TYPICAL DECADE COUNTER CIRCUIT See also page D
reverse L starter pulse 60V, 25u sec _
*’ L L
forward _kl - _IL T ’va
-
W= == “AMWWWAA

56 nF to 6.8 nF
nF to 220 pF

R;= 10 k@ to 33 k@ with Cj
R2=0.2 MQto 1.2 MQ with Cj
Rz =6.8 k@ to 22 k@

Rj.C1 > 200 us

1]
V]

STARTER CIRCUIT
Rq =56kJS)

Cst=1000pF R“WWW‘_° +lbo
Qf
N —dbk
L :
Tmp = Vbias
20psec Rst=12M.L
o ]

7203796 l

772 8402
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Z71U

100 T T T T T T T T T A
-
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TRIGGER TUBE

Gas-filled cold cathode trigger tube with electrical priming, and stable ignition
characteristics, designed to be ignited only with positive voltages on the anode
and starter intended for voltage control, sensitive relay applications, timers.

QUICK REFERENCE DATA

Anode supply voltage Vba 240 'V
Anode maintaining voltage Vin 105V
Max. average cathode current I 40 mA
Starter to cathode ignition voltage Vst ign 132 Vv

Starter transfer requirements

capacitance Cst 500 pF

current Igt 45 uA
DIMENSIONS AND CONNECTIONS Dimensions in mm
max 22,
b
Gl
IS
I
I A

CHARACTERISTICS AND RANGE VALUES FOR EQUIPMENT DESIGN
(Initial and during life)

All values stated assume the presence of a priming discharge unless otherwise
stated. This priming discharge can be established as follows:

. 29
Primer supply voltage 7) Vbpr 2?: fsg :/]
Recommended primer resistor 8) Rpr 10 MQ
Primer to cathode maintaining voltage Vmpr 100 V
Primer current Ipr 2to 25 uA
7)8) See page 5. 7722 5322

§
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A. STAND-BY (Main gap non-conducting)

Anode voltage, 1)

positive at Igay < 25 mA, Ixp < 100 mA 2y Va max. 290 V
at Iy > 25 mA and/or Igp > 100 mA 3)  V, max. 250 V
negative -Va max. 90 V
Starter to cathode voltage,
positive Vst max. 125 V
negative -Vgt max. 75 V
Anode to starter voltage,
positive Va st max. 290 V
negative -Va st max. 140 V
Starter pre-ignition current, 6)
at Tpr = 2 to 25 uA Ist 4x'1078 A
at Ipy = 0 uA Igt 5x10710 A
B. IGNITION
Anode voltage Va min. 170 V
Starter to cathode ignition voltage (V4 = 280 V) .
Initial 5) Vstign o 3; X
Max. variation during life AVgt jgn  max. 2 %
Max. decrease of starter-to-cathode ignition
voltage (V4 changed from 170 to 290 V) AVgt jgn  max. 1.5V
Starter to cathode maintaining voltage Vst m 95 V
Starter series resistance (Ipr = 2to 25 uA) Rge max. 100 MQ
(Ipr = 0 uA) Rgt max. 1000 MR
1)23)5)6) See page 5. 772 5323
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B. IGNITION (continued)

Transfer requirements

Starter -to-cathode capacitance for transfer

(limiting resistor = 0 to 2.2 k) 9)

Va=170V Cgt min. 2700 pF

Va=200V Cgt min. 1000 pF

Va=240V Cst min. 500 pF
Starter limiting resistor 9)

Cst < 4700 pF Rst min. 0 Q

Cgt = 4700 to 15000 pF Rt min. 2.2 k2

Cgt > 15000 pF Rst min. 5.6 k@
Starter current required for transfer

Va=240V Ist min. 25 uA

Va=170V Ist min. 500 upA
Ignition delay (Ipy = 2 to 25 uA; Vst = Vgt ign + 0.5V) 2 ms

(see curve) (Ipr = 0 1uA; Vg = Vs ign+ 4 V) 5 s
C. MAIN GAP CONDUCTING
Anode maintaining voltage (Ix = 10 mA) 4) and page B Vp 105 V
Cathode current,

average (Tay = 15 s) Ik max. 25 mA

(Tay = 20 ms) I max. 40 mA
peak (50 Hz duty or repetitive operation) Ikp max. 200 mA
(max. duration = 1 ms) Ikp max. 1 A

average during any conduction period Ix min. 8 mA
Starter -to-cathode maintaining voltage Vm st 9% V
Starter current,

positive peak Istp 8 mA

negative 10y Igt 0 mA
419)10y gee page 5. _ 772 8403
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D. EXTINCTION

Components for self-extinguishing circuits (Vpg = 290 V)

Ca-k = min. 2700 pF  (Rlim = 1 kS2)
Cgt-k = min. 500 pF
Ra = min. 1 M@
Rgt = min. 1 MQ
Recovery time (at Ikp = 8to 20 mA)
(at Ikp =20 to 100 mA)

LIMITING VALUES (Absolute max. rating system)

Anode voltage,
positive
negative (Ist = 0 mA)
Cathode current,
average (Tav = max. 15 s)
(Tay = max. 20 ms)
peak (50 Hz duty or repetitive operation)
(max. duration = 1 ms)

Average cathode current during any
conduction period

Negative starter -to-cathode voltage
(I = Ig¢ = 0 mA)
Peak starter current,
positive
negative (Ix = 0 mA 10)
Anode-to-starter voltage, (Iy = 0 mA)
anode positive

anode negative

10) See page 5.

Ix

-Vst

Istp
—IStp

Va-st
~Vaest

3.5 ms
12 ms
max. 290 V
max. 90 V
max. 25 mA
max. 40 mA
max. 200 mA
max. 1 A
min. 8§ mA
max. 75 V
max. 8 mA
max. 0 mA
max. 290 V
max. 140 V
772 8404
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NOTES

1. In applications where a high alternating voltage exists between the cathode
and the tube surroundings, it is recommended that the tube be enclosed in a
screening can which should be connected to cathode.

2. With an average current of the order of 15 mA or above-and the tube con-
ducting for a period in excess of 5s, the anode ignition voltage may be tem-
porarily reduced to below 290 V and will not return to the initial value until
after a recovery period of 20 s.

w
.

In self-extinguishing circuits with currents up to 200 mA, the max. supply
voltage may be 290 V d.c.

4. In this tube, oscillations of up to 10V peak-to-peak are superimposed on the
maintaining voltage. Due to this effect the measured value of maintaining
voltage will depend on the circuit conditions. These oscillations are of no
significance in normal applications.

wn

After a period of conduction, the starter ignition voltage is depressed: how-
ever, the effect isreversible and the ignition voltage will return to its initial
value after a recovery period with the tube non-conducting.

The magnitude of the final depression is dependent on the cathode current
during the conduction period, and is reached in an exponential manner. The
curves on sheet C give the formation and recovery of the depression at var-
ious cathode currents for a nominal tube.

In a repetitive circuit where the non-conducting period is short compared
with the recovery time constant (e.g. 50 Hz operation), the depression can
be obtained from the curve by using a direct current equal to the mean cur-
rent passing through the tube.

6. In applications where pre-ignition current 4x10~8 A is required the primer
should be left disconnected. In this case, the starter-to-cathode gap ioni-
sation time may be of the order of seconds.

7. A period of the order of several seconds may elapse between the application
of supply voltage to the primer and the establishment of a priming discharge.

8. The resistor between the primer and the supply voltage must be soldered
directly to pin 6 of the tube socket. Stray circuit capacitance at the primer
must be kept to less than 4 pF.

9. This is the sum of any resistors in the capacitance discharge circuit and.
may include a cathode resistor.

10. Negative starter current will flow during anode-to-cathode conduction in any
circuit in which the starter is returned via a resistor to a potential with re-
spect to cathode whichis less than the starter -to-cathode maintaining voltage.
It is preferable that the circuit should be designed to avoid this condition by
keeping the starter supply voltage greater than the starter maintaining volt-
age. In those applications where this cannot be achieved, the maximum anode
supply voltage must be reduced from 290 to 250 V and the magnitude of the

negative starter current must be less than 1% of the cathode current.
7Z2 8405
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The curves show the life expectancy when the tube is run continuously at room
temperature.

During periods of non-operation at room temperature the characteristics of the
tube remain substantially constant. The total life expectancy in any given appli-
cation is the sum of the non-operating periods and the operating life obtained
from the curve. A

For a given value of cathode current, it is estimated that 80% of all tubes will
remain within the end points concerned for longer than the time shown.

The time during which the starter ignition voltage will remain within +2% of its
original value, when the tube is operating continuously at room temperature
from a half-wave rectified supply, is dependent on the peak cathode current
passed. Curve A shows the relationship between the peak current and the ex-
pected time for which the starter ignition voltage will remain within these limits.
After this time the starter ignition voltage will fall steadily and the times at
which it can be expected to have fallen by 4 and 8% are shown by lines B and C
respectively.

Curve B shows the estimated length of time for which the change of starter
ignition voltage can be expected to remain within +2% when passing direct cur-
rent at room temperature.

In self-extinguishing circuits with Ikp < 200 mA and Iy < 0.8 mA, the change of
starter ignition voltage can be expected to remain within +2% for more than
30000 hours. 772 8406
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SWITCHING DIODE

Cold cathode gas-filled subminiature switching diode with a constant difference
between ignition- and maintaining voltage intended for use as relaxationoscil -
lator tube e.g. in electronic musical instruments.

This tube is shock and vibration resistant.

QUICK REFERENCE DATA

Ignition voltage Vign = 128 'V

35V

Difference between ignition and maintaining voltage

OPERATING PRINCIPLE

The tube contains two electrodes : a rod shaped cathode and a concentric anode.

In a suitable circuit with a series resistor and a parallel capacitor a sawtooth
voltage becomes available.

DIMENSIONS AND CONNECTIONS

Colour code type indication on pinch : brown dot

7203146

1y This part of the leads is not tinned.
MOUNTING

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 athermal shunt.
The leads miay be dip-soldered to a minimum of S mm from the seals at a sol-
der temperature of 240 °C during max. 10 s.

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

772 5280
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

Typical limits (initial values)

Ignition voltage, static conditions
Ignition voltage, dynamic conditions
Maintaining voltage at I = 1.5 mA
Maintaining voltage, dynamic conditions
Insulation resistance

Temperature coefficient of ignition voltage
averaged over the range -55 to +70 °C

Temperature coefficient of maintaining volt-
age averaged over the range -55 to +70 °C

Life performance

Vm

Tins
AVign
Atpulh

AV
Atgyylp

= 120 to 135
see sheet A
= 91to 95
see sheet B

= min. 300

tamb = room

M2

mV/°C

mV/°C

Variation of the difference between ignition- and maintaining voltage (inarelax-

ation oscillator)

0 to 5000 hours

CIRCUIT DESIGN VALUES
Ahode supply voltage
Shunt capacitor

Shunt capacitor with min. 4.7 k2 in series
with this capacitor

Relaxation oscillator frequency

Relaxation oscillator frequency
(without sync signal)

Minimum resistance and capacitance values
for self extinguishing circuits

LIMITING VALUES (Absolute max. rating system)

Negétive anode peak voltage

Bulb temperature

-V
ap

hulb

= max. 6 V
= min. 140 V
= max. 6.8 nF
= max. 30 nF
= min. 65 Hz
= max. 5 kHz
see sheet C

max. 100 V
= min. -55 ©C
= max. 470 °C

772 8436
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The potentiometers only serve for initial trimming of the circuit and need not be reset during life

also may be replaced by suitable fixed resistors. Required insulation level min. 50 MQ.

The semiconductor diodes should have a leakage resistance of min. 10 M at =10 V.

772 8441




ZA1001

0€€S TZL

AU 08T LD
du 081 gu 081 Ju 081 9D
Ju 00T AU 0ST AU 0ST SO
Ju g¢ Ju Ly Ju 89 FO
JU "8 du g1 AU 8T £D
AU g8 9 ELNAR AU 0T y40)
O Ly U1 9% U 89 (4!
AU Z1 LD
dJu g8 9 AR AU 0T 9D
dqu L°C Ju6°¢ AU L°S SsD
Ju G 1 AU g8°1T AU ¢ 7o
AU 89°0 duZ8°0 L €D
78970 gu ¢80 Ju T [48)
UON T UONT'T UNS'T T4

b} s18 E]

q 3 s1p

ste S1¥ P

S10

A LIEHS 1INDYID Y04 SHNTVA INHNOIJNOD

January 1967






ZA1002

SWITCHING AND LIGHT DIODE

Cold cathode neon filled subminiature switching and light diode with a large
and stable difference between ignition and maintaining voltage intended for low
speed switching and counting e.g. in combination with CdS photo sensitive de-
vices. The tube is shock and vibration resistant.

QUICK REFERENCE DATA
Ignition voltage Vign 170 VvV
Maintaining voltage Vm 109 Vv
Cathode current I 3.5 mA

OPERATING PRINCIPLE

The diode contains a rod shaped molybdenum cathode and a concentric gauze
anode. By applying a suitable voltage between the electrodes, a glow discharge
occurs and its red light is available outside the tube.

DBIMENSIONS AND CONNECTIONS Dimensions in mm

Colour type indication on pinch: red dot.

7203146

MOUNTING

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 useof a thermal shunt.
The leads may be dip-soldered to a minimum of 5 mm from the seals at a sol-
der temperature of 240 °C during max. 10 s. Care should be taken not to bend
the leads nearer than 1.5 mm from the seals.

1) This part of the leads is not tinned. 7722 6477
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CHARACTERISTIC RANGE VALUES FOR EQUIPMENT DESIGN

(Valid over the first 15000 hours operation within the preferred current range
and at tamp = room. The electrical characteristics are independent of ambient
illumination)

Non conduction

Anode voltage below which ignition

will not occur in any tube Vign min 163 V
Insulation resistance . Tisol > 300 MSQ
Ignition
Anode voltage to ensure ignition Vign max 178 vV
Ignition delay See page A and B

Typical max. individual variation
of ignition voltage during life Avign < 5V

Typical temperature coefficient of
ignition voltage, averaged over

the range -55 °C to +70 °C AVign < 415 mV/°C
thulb
Conduction
Cathode current, average during any
conduction period I > 2.2 mA
average (Tyy = max. 1 s) Ix < 4.5 mA
peak (See "Reliability and
life expectancy) Ikp < 50 mA
. C Atpylb o
Typical rise in bulb temperature Ay 10 °C/mA
Maintaining voltage See page A
Typical max. individual variation 42
of maintaining voltage during life AV, < _ 4 v
Typical max. temperature coefficient
of maintaining voltage, averaged over AV
the range -55 °C to +70 °C m < +15 mV/°C
& Atpy1p -
Light intensity 1)2) E > 20 lux/mA
Typical variation of light intensity AE < =3 %/1000 h
1y2) see page3 772 8407

N
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Extinction

Typical min. RC components to ensure self extinction at V =250 V for differ-
ent values of current limiting resistance Rqg.

Vb
R Rq | o 1| 10]47]100| ke
c Ry | 1| 1|1.5] 2| 3|me
Ra c | sf22| 22|22| 22|nF

7204769

RELIABILITY AND LIFE EXPECTANCY

Reliability has been assessed in a life test programme totalling 5.100 tube
hours on 400 tubes. The longest test periode being 15000 hours on 100 tubes.
A total of 7 failures result in a failure rate of better than 0.15% per 1000 h.
This failure rate is not expected to increase over the next period of 15000 h.
Life expectancy: 30000 operating hours within the preferred current range
or
2.4x100 ignitions discharging a capacitor of max. 16 uF with
suitable series impedance to limit the peak current to max.
50 mA.

1) Light intensity measured over an angle of 70° at a distance of 3.6 mm from
the tube axis opposite the anode cylinder.

2y Measured with a Standard Weston Cell adopted to eye sensitivity.
Because the light emission of the neon discharge is mainly contained in the
red region, the illumination resistance of a CdS cell will be 1.5 to 2 times
lower than in case of irradiation by a 2700 °K incandescent light source. The
exact conversion factor depends on the type of CdS cell used. 772 6479
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LIMITING VALUES (Absolute max. rating system)

Cathode current, average for continuous conduction Ik min. 2.2 mA l)
average (T, = max. 1 s) Ik max. 4.5 mA 1l
peak Ikp max. S50 mA

Anode voltage, negative peak -Vap max. 200 V

min. -55 ©°C

Bulb temperature ulb ax. 470 OC

Altitude h max. 24 km

SHOCK AND VIBRATION RESISTANCE

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

Shock resistance 500 g

Forces as applied by the NRL impact machine for electronic devices caused
by 5 blows of the hammer lifted over an angle of 300 in each of 4 positions of
the tube.

Vibration resistance 2.5 g(peak)

Vibrational forces for a period of 32 hours at a frequency of 50 Hz in each of
3 directions.

1) Current excursions down to 1 mA and up to 5 mA are permitted under con-
ditions of e.g. extreme supply voltage variations. The excursion times

should preferably be as short as possible but never exceed 24 hours.
772 8442
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GAS FILLED INDICATOR DIODE

Shock and vibration resistant cold-cathode gas-filled subminiature diode with
visible glow-discharge for read-out purposes.

The tube contains two electrodes, a rod shaped molybdenum cathode and a con-
centric gauze anode.

APPLICATION
Indicator in low voltage transistor circuits. The diode can be used in combina-

tion with CdS photoconductive cells and it can be controlled by voltage signals
down.to 3 V.

QUICK REFERENCE DATA

Ignition voltage Vign = 0 V
Extinction voltage Vext > 83.5 V
Cathode current Ik = 1 mA
Light intensity at Ix = 1 mA E = 60 lux

MECHANICAL DATA Dimensions in mm

%8
w
Type indication on min18 |
; 2I4———> W E
pinch: yellow dot. 3

MOUNTING

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

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

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

1y Not tinned 772 5307
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SHOCK AND VIBRATION RESISTANCE

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

Forces as applied by the NRL impact machine for electronic devices caused by
5 blows of the hammer lifted over an angle of 30° in each of 4 positions of the
tube.

Vibrational forces for a period of 32 hours at a frequency of 50 Hz in each of
3 directions.

CHARACTERISTICS

Valid over 15000 operating hours within the preferred current range and at room
temperature unless otherwise stated.
The electrical characteristics are independent of ambient illumination.

Non conduction

Anode voltage below which ignition

will not occur in any tube Vignmin., = 88 V
Insulation resistance Tisol > 300 MQ
Ignition

Ignition voltage,
upper limit Vignmax. = 93 VvV 1)
individual variation during life AVign < 2.5V
Ignition delay at Vpg = 93 V Tdelay = 0.05 s 2)
Temperatue ecicen o fm o s myed
Reigni“c)ivon voltag'e. in case of full Vreign < 101 'V i)

ave rectified a.c. supply > 96.5 V )

1y The ignition and extinction voltage depression (hysteresis) is max. 0.75V

per mA prior current measured 50 ms after cessation of conduction.

2y Due to the statistical nature of ignition delay values of delay time > 1 s may
occasionally occur.

) Characteristic range value for equipment design.

4) These values apply to 220 V (+10 %, =15 %), 50 Hz to 60 Hz full-wave rec-
tified unsmoothed supply and assume conduction in the course of the preceed-
ing half cycle, so that residual ionization eliminates delay of the following
ignition. 7Z2 8408
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CHARACTERISTICS (continued)
Conduction

Cathode current,

preferred range Ik = 0.4 to 2
peak Ikp = 3
< .
Maintaining voltage "Vm > :g X :4222
Individual variation during life AV < 1.5
Temperature coefficient of AVm < -15
maintaining voltage Atbulb
Rise in bulb temperature Apulb 10
Alg

Light intensity, E > 30
individual minimum, measured over
anangle of 70° averagedover the full

circumference of the tube  Eay > 60

Extinction

Extinction voltage Vext > 83.5

Vm pr—
—Vign—075V/mA

Vext —0.75V/mA

120337 | ¢_O0MS >

See note 1) page 2

mA 5)

mA

V/mA 6)
v/mA 7
v

mv/oc 3
OC/mA
lux/mA 8)9)

lux/mA 8%

v 1

5) Current excursions during ignition and extinction are not taken into account.

6) Valid within the range 0.1 mA to 3 mA.

7y Valid within the range 0.2 mA to 3 mA. Between 0.05 mA and 0.2 mA

Vmmin., = Vext = 83.5 V.

8) Light intensity at a distance of 3.6 mm from the tube axis opposite the anode
cylinder, measured with a standard Weston cell adopted to eye sensitivity.
Because the emission of the neon discharge ismainly contained in the red re-
gion the illumination resistance of a CdS cell will be 1.5 to 2 times lower
than in case of irradiation by a 2700 °K incandescent light source. The exact

conversion factor depends on the type of CdS cell used.
9) At least 90% of the tubes will meet the figure stated.

772 5309
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RELIABILITY AND LIFE EXPECTANCY

The electrical charactenstlcs have been assessed in alife test programme, to-
talling 3.0x 100 tube hours with no failures, denoting a failure rate of better than
0.1 % per 1000 hours. The maximum test period was 19000 hours on 22 tubes.
This failure rate is not expected to increase over the first 25000 hours of con-
tinuous operation within the preferred current range.

LIMITING VALUES (Absolute maximum rating system)

Cathode current, averaging time = 5 s Ix = max. 2.5 mA
Cathode current during conduction Ik = min. 0.1 mA )
Cathode current, peak Ikp = max. 3 mA
Anode voltage, negative peak ~Vap = max. 70 VvV

= mi _sg O
Bulb temperature Y%ulb . 5 C

= max. 70°C + 10 ©°C/mA
Altitude h = max. 24 km

READ-OUT CIRCUIT BISTABLE MULTIVIBRATORS

Principle of operation

Thefigures 1 and 2 show equivalent circuits for bistable multivibrators, equip-
ped with p-n-p- and n-p-n transistors respectively, to which a read-out circuit
has been added. The transistors are replaced by ideal switches, the voltage
source VT represents the available voltage that controls the diodes 2) and R
is the output resistance as measured at the collector of the cut-off transistor.

read-out
circuit

read-out
circuit

3 I Ry + Ry J;
bistable
Rs S vi S2 multi-
I - vibrator
. o

Vem 720327
S 7203373

Fig. 1 Fig. 2

A

l) Current excursions down to 50 uA with a duration < 1 s are permitted.
2) VT = Ve o, - Vgar (V) in which
V¢.o. = voltage between collector of the cut-off transistor and the common
terminal (absolute value).
Vgat = voltage across the bottomed transistor (absolute value). 722 5310
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READ-OUT CIRCUIT BISTABLE MULTIVIBRATORS (continued)

Correct read-out is obtained when only the diode corresponding to the bottomed

transistor conducts. For this the following conditions must be met: l)

(I) Ignition of the correct diode, corresponding to the bottomed transistor,
when the other diode is conducting.

Thus: Vmmin. +IkRT + VT > Vignmax,

10 -Vr V)

o >
resulting in Iy RT+2.5 (kQ)

for Ix > 0.2 mA

(II) Extinction of the diode corresponding to the cut-off transistor, when the
correct diode is conducting.
Thus: Vmmax. - VT < Vextmin,

Vg - 2.5 (V)
5 &)

resulting in Ix < for Iy > 0.1 mA

(III) Non-ignition of the diode corresponding to the cut-off transistor when the
correct diode is conducting.

Thus: Vmmax. - VT < Vignmin, !

vVvr+2 (V)
5 &)

These conditions are shown graphically on page A below.

resulting in Iy < for I > 0.1 mA

Condensed instructions for designing the read-out circuit. 2)

The following directives are based on the requirement that correct read-out

- shall be ensured under worst case conditions, after the instant that the bistable
circuit has reached its final stationary state. It is irrelevant whether the read-
out diodes follow the changes of state of the multivibrator during its dynamic
operation or not.

A choice can be made between the following modes of operating the diodes,
namely by means of:
(A) a constant direct current
(B) a constantdirect currenton whicha pulseis superimposed prior to reading-
out. Three kinds of pulses are possible:
a) a positive going pulse;
b) a negative going pulse;
¢) a positive going pulse followed by a negative going one
(C) an unsmoothed current supplied by a full wave rectifier.

1y It is assumed that the supply voltage Vg exceeds the ignition voltage of the
gas diodes, so that ignition of at least one diode is ensured; the most ad-
verse situation being that only the wrong diode conducts.

2) For a detailed analysis of the design procedure please apply to the manufac-
turer. 772 8409
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READ-OUT CIRCUIT BISTABLE MULTIVIBRATORS (continued)

In fig. 3, schematically representing these waveforms, the required minimum
duration of the superimposed pulses is indicated;
tg denotes the instant at which the bistable circuit reaches its final state.

A B C

s
>1s
a
Fig. 3
The conditions to be obeyed by the current Iy are specified in the table below :
' Values of Iy
Mode of operation lower | upper VT
limit | limit
(A) constant direct current (D (I > 5V
(B) direct current with superimposed: _
(a) positive going { steady state current - (I f} >4.5V
pulses pulse current ) - ’
(b) negative going  steady state current (1)) (11n) } > 3V
pulses { pulse current - (I
(c) positive and steady state current - I |?
negative going { positive going pulse I - i > 3V
pulses negative going pulse - (1) ,
(C) rectified alternating current,
peak value of I 6)) anp | >4.5vY
This table should be read in conjunction with the specified recommended
operating conditions and limiting values.

1y Since both diodes are extinguished at the end of each half cycle of the supply
voltage, condition (II) is not required, and is replaced by the condition that
only the correct diode will reignite. The lower limit is thus given by the
spread of the reignition voltage (e.i. 4.5V). 772 8443
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READ-OUT CIRCUIT BISTABLE MULTIVIBRATORS (continued)

The minimum available value of VT being known, the points of intersection with
the curves I, II and III on page B, and hence the limits of Ik (Ik], Iy and Ixgp
can be determined. This having been done, the required values of Vgmin and
Rgs can be evaluated from the following expressions: 1y

VSmin - Vignmax

RSmax = Ik 1)
VSmax - Vextmin - VT

=1 2

RSmin kit ( )
VSmax - Vignmin - VT

RSmin = Dl &)

In these expressions the suffices min and max denote the worst case limits of
the quantities concerned.

For mode of operation (C) the peak value of the supply voltage must be substi-
tuted for Vg in the above expressions.
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