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COLD CATHODE GAS-DISCHARGE TUBES.

Report "Magnet Int. 11" described the general outline of the programming system for
the magnetic lenses. In the 3 counters and the 160 relay units mentioned there, cold
cathode tubes will be used because of their reliability. This report gives a brief
general description of the principles and the properties of the tubes. Only frigger-
and scaling tubes, and no diodes, sare considered. Tables with data of existing types

are included.

In the second part of this report the relay unit and the choice of scaling tubes
for the counters are described. Some other applications are given.

report contains follo 8 $

1. 1, Principles of trigger tubes
2. Reliability and life
3. Characteristics
4. Some remarks about basic circuits
5. Summary of properties
6. Table of cold cathode trigger tubes
7. Principles of scaling tubes
8., Table of cold cathode acaling tubes

11, io The relay unit
2. Some other applications

3. References
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X, Principles of Tr r Tubes.

The cold cathode trigger tube is a three-electrode tube, the three electrodes being
anode,cathode and trigger electrode. The glass bulb is filled with a gas having a
pressure of some mm Hg to some tens mm Hg. As gas mostly neon, argon or a mixture of
both is used, and sometimes hydrogen is added.

In principle the tube works in the saue way as the thyratron. The difference is
that in the cold cathode tube the current is formed by positive-ion bombardment on the
cathode instead of by thermionic emission.

We consider in fig. 1 (page 18) the main gap (anode - cathode) with the current
limiting resistance Ra in series. The current-voltage eharacteristic for this gap
is given in fig. ¢, curve I; vab being the voltage for whichthe gap is fired. If the
same charucteristic is measured with a small biasing current in the tube curve I7 will
be ottained with the much lower breakdown voltage V o This effect is used in the
trigger tube in such a way, that when the anode supply voltago&is fixed somewhere between
vab and vab » the tube is fired only when a biasing current is introduced in the
tube, big enough to bring the breakdown voltage point below Vo.. This biasing current
is generated by firing the trigger-cathode gap. The trigger is placed much closer to
the cathode than the anode snd will discharge for much lower voltages according to
Paschen's Lav ™) The required current i, in the trigger gap is 10° to 10* times

saallor than the anode current ia » which gives tho tube power amplifying properties.

To fire the trigger gap, sufficient free electrons are needed in the gas,because
otherwise tlie gas behaves as an insulator. Some electrons are always present from the
ionization caused by cosmic rays in the gas, but this is not always sufficient and
fluctuates strongly 52 In many tubes cathode materials have been used with low work
functions from which electrons are liberated by photo-emission. These tubes need scme
light on the dathode but too much (e.g. direct sunlight) must be avoided, because it
could trigger the tube immediately. Generally the tubes are more or less blackened to
suppres too strong light. As materials for these cathodes nickel or iron are used, coverod
with a layer of potassium or barium-oxide (covered cathode). Tubes with these cathode-
materials have fairly low breakdown and maintaining voltages (see Table I$Z50T, 29007,
G 150.2D ete.)

x) v, =f {p - D) P = pressure, D = distance electrodes.

See for general theory of breakdown processes in gases ref. 1) and 2).
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A sacond method to get some ionization in the gas is to build a very weak radio-
active source in the tube. Tritium z) and uranium~oxide =) are used for this purpose,
Tritium is used in Z804u and 2Z900T.

The third method makes use of a very small priming discharge (1 - 10 ph) between
a fourth electrode and cathode (fig. 9) or anode (fig. 11). This system is often
used in tubes with pure metal cathodes because of their higher work functions.

2o Reliability and Life.

Because there are no heaters, reliability and lifetime must be judged in terms of
changes in tube characteristics. These changes depend on the following 3 factors:

a) shocks

b) the value of the cathode current

¢) the mean value of the ratio "gtanding period" over '‘turrent flowing period%
The higher this ratio, the longer the tube life.

Shocks can generally be avoided, so tube life depends mainly on b) and c).

With the covered cathodes, the coating is deteriorated by the positive ioms, especially
for higher tube currents. Philips gives for example for Z50T )4 a life of 6000 hours
at 6 mA d.0. (= max. rating). If this tube is used at a mA (ad 6),tube life will be
shortened by a factor (6/&.)3 to (6/3)4., For a = 7 mA already 50 o/0. Smaller
currents on the other hand will increase life oonsiderably. For the pure metal
molybdenium cathodes of the Cerberus and Elesta tubes 25000 hours of operation are giw:
by normal current,

In telephone equipment cold cathode tubes are used more and more, and the expected
tube life 1= hoped to be 40 years )5..,

Philips and Mullard brought some tubes on the market (Z 70 u, Z 803 u, 2 804 1\1)
vith cathodes of molyblenium prepered to the so-called "pputtering technique /4 /6,
vhich have very little change in properties. The same material is also used in the
85 A 2 reference diode. For the 2Z 803 u, whiéh we intend to use in the relay unitx,
the following stability figures are given in ref. 7: Five tubes were contimuousiy
operated during the first 5000 hours; the maximum change in th found was 1,3 V,
the minimum 0,3 V. Thirteen other tubes were switched on and off with a frequency of

50 x per sec.; mean value of iar:.BnA(smaxo rating), peak value i, = 50 mA,

)

=)

Half-life = 12 years

Half-life ®§ oo
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After 10,000 hours of operation the maximum change im V b was + 1,2 volte

t
The 2 803 u has a specially rigid construction to avoid change in characteristics
as a result of shocks,

a) Breakdown characteristics.

PFig. 3 demonstrates the general form of the trigger tube breakdown characteristic.
Point P represents the "standby" point where Va = Vo and Vt = vbias" As soon a8 P
passes the charucteristic somewhere, breakdown takes place between the electrodes, as
indicated in figure 3. Spread in tubes and changes as a result of sgeing may be indic-

ated bythe dotted linmes.

Tubes for d.c. mostly work in the Ist quadrant with Va and Vt positive. As can

be seen th is very constant over a wide range of anode voltage Vao th
TO - 90 volis for tubes with covered cathodeg and 100 - 150 for pure metal cathodes.

see table I on page 9  We measured th for eight 2 803 u tubes

ia mostly

F,
or spread in V tb

and found a spread o + 1 volt,

Vo for deco tubes is mostly > 300 V, and for 220 volts a.c. tubes > 350 volts.

Tubes made for 117 volts a.c. can ke used for very low d.c. voltages.

If at the inside of an a.c. tube the anode is properly shielded, and the cathode
has a lower work function than the anode, then the tube has rectifying properties
D.s. relays may now be used in the anode circuit (GR 16, GR 17, Z 804 u). A.c. tubes
are mostly operated with positive trigger voltages, some are specially constructed
for use with negative pulses (GR 17, 2 804 u).

b) Transfer characteristic.{l, = £(V,))

This charascteristic gives the minimum required trigger ctrrent to #ire the main gap,
as a funotion of the anode supply voltage (fig. 4). This current,called the tranafer
current, is needed just for a moment, shorter than e ionization time.

c) Ionization time Tio (20 ~ 100 meco)

Ionization time is defined as the time between the pegimning of the trigger pulse
and moment in which the main gap breaks down; and consists of two parte.

i time to build up the t -> ¢ discharge.
i1  time to transfer this discharge to the mein gap (transfer time).
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7 ¢ 1, Gas filling and constructkon
i depends on ---|-.{ 2. Overvoltage on trigger
3o Priming current io

4. Anode voltage Vo
5« Trigger current 11:

Fig. Sagives '1‘1 as a function of the trigger overvoltage. Curve I for a trigger
impedance of 5,6 k , curve II for the input circuit used in the relay unit.

ii depends on

d) De~ionization time Tpo (200 psec ~ 2 msec. )

De-~icnization time is defined as the time after which no breakdown takes place if
normal plate voltage Vo and normal trigger voltage vbias are re-applied. TD is

mach longer than 'J;"i and limits the maximmm speed of operation of the tube,

TD depends on the following points:
1, Construction,
2. Gas filling (Hydrogen is often used as an agent to decrease ‘I‘D).
3o Tube current before de-ionization (the smaller i, the emaller Ty)
4. Re-appled anode voltage during de-ionigation.
(for Z 803 uw the relation is given in fig. 6
a minimom T, is found for V_ 7S 45 volts,)
5o Remaining i
Standard Telephones and Cables Ltd. have developed a very fast trigger tube
(G1-371K) having a T, as low as 30 psec. The tube is constructed in such a way that

D

a continuously glowing gap a, - o, (see fig. 7) absorbes the positive ions from the

a, - o, gap, immediately after the voltage over this gap is smaller than the sus-

taining value.
e) Current ratings.

Tube currents are limited to a maximum of about 50 ma because of deterioration of
the cathode surface (see also 2)° Too amsll tube currents, however, cause instability
by increase in the maintaining voltage (region b, fig. 2) and should be avoided.

=) Figures 5 (curve I), 6, 12 and 14 have been copied from ref. 7.
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4) Some remarks gbout basic cirggﬂ) z)

Figure 8 shows the basic trigger tube circuit. The conditions are:

vo < vab

Vin >V » 2T

V =V
R & —-—g—i—n&
a
vin -V .
R, < T y i, = required transfer current.
t
Rt min is determined by the max. allowable trigger currentk.

In figure 9 a circuit is given with high input current semsitivity. This sensitivity
is obtained by connecting trigger and cathode with a small condensor cto When the tube
is triggered, the input current is supplied by the discharge of C t
to a voltage a little lower than th after which this gap extinguishes. The duration
of the discharge must be longer than the transfer time,and o, therefore must not be
too small, Ct is re-charged to the trigger bias voltage, some volts below vtb,
through Rt- which may be very high. The limit for Rt is determined by the d.c. resist-
ance of the condensor, the insulation resistance of the trigger electrode, or the
pre-breskdown current in the tube. For these high sensitivities special tubes are made;
e.g. CR 19 for which an insulation resistance of 10°% ). and a current sensitivity
of 10™*“ Amp are given in the data. The pre-breakdown currents in the t-c gap depend

on various factors.

over the t-c gap,

=) -] \
For the Z 803 u the pre-breakdown current is of the order of 10 9 - 10 8 A_np.7"

wiich limits Rt to & 108.0-0

“ometimes C t is fairly high. In this case a resistance Rc is required to himit

the peak current. The circuit demonstrated in Fig. 9 gives some delay, which may be
a di-advantgge.

Figure 10 gives the required C_ as a function of the anode supply voltage vo.

t

In figo 11 a circuit is demonstrated for pulse coupling. Ho delay is obtained wi th
this circuit, and Rt may be extremely high. After the breakdown some time is needed
to re-establish cTuRT. The minimum pulse width required depends on the overvolitage
(rig. 12).



Extinguishing.

To extinguish the tube the maintaining voltages must be reduced below the sus-
taining values during a time longer than TD-“ Relay contacts may be used to break off
the cathode 1sad, or negative pulses may be applied to amode and trigger. Besidea,
pulsed power supplies are used 8)0 Fig. 13 shows a circuit where extinguishing takes
place automatically. ca is charged normally to Vo but discharges Jjust below Vm
when the tube is fired.(like C, in fig. 9). R must be large enough in order to get &
current which is too emall to maintain the discharge and the tube is extinguished. ca
recharges again to Vo. Raca st be longer than the de-ionization time of the anode
gap. From Rl, a positive and from R2 a nefative pulse may be obtained, and both
resistors may, at the same time, limit the peak currents. The maximum trigger frequency

is about 600/sec.

Some remarks about other types of possible circuits are found in 10).

a)  long life

b)  Directly ready for operation
¢) No power consumption during standby periods
d)  Hygh input impedance

e) High curremnt gain.

f)  Stajle characteristics

g)  Low price

2)  Little temperature effect

i)  Visual "on" indication

J)  Wide anode voltage range.

k)  Low operating frequency.

1)  Limited current capacity.

m)  Extinguishing is complicated.
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All fundamental gas discharge phemomensa applying to trigger tubes apply also to
cold cathode scaling tubes. A decatron scaling tube consists of a oylindrical anode
placed in the centre of the tube with 20 cathodes placed symmetrically around it (Pig,15)
Ten of the cathodes, (b),b,, oce blo) namely the transfer cathodes, are commscted to-
gother and serve as the trigger input. All cathodes are asymmetric in order to let the
discharge teke place at the extremities y,s etc (fig. 16) of the cathodes. Supposed,
that *he discharge takes place between the anode and cathode 01, an incoming trigger
pulse will take all the transfer cathodes 80 volts down, but only 3Pb1 fires because
the gas there is more ioniged than near the other cathodes. The extra ocurrent causes
the anode voltige to fall down and the a-clsaphextingnishodo The discharge on bl
is meanwhile displaced to point Z and ionizes there more gas arcund °, than around
e At the end of the pulse Va increases about 80 volts and firea now & - e, wvhich
immediately extinguishes a - bl and 80 on. It is clear that the pulse width must be
long enough. At higher frequencies pulse height and width are coritical. For better
stability, sometimes suitable capacitors across the cathode resistors are needed to hold
the foregoing cathode a little higher in potential for a mowent. However, these con-

densors give bad output pulses.

In tig. 17 the Ericsson type of triggering is demonstrated. Two transfer cathodes
are placed between each pair of main cathodes. Triggering is obtgined by applying
sucoessive negative pulses t0 inputs b and b°. The direction of scaling can be
reversed (subtraction) by interchanging b and b' with respect to the input pulses.
Capacitors in the cathodes are not needed here.

For using more stages in series ihe positive pulse of the last cathode must be
amplified, shaped and reversed in phase. For this purpose the trigger tubes GTE 175 M
and G1-371 k have been designed. An input stage with G1-371 k is described in ref. 9.

In table II most of the existing tubes are gathered.

Bype 6167 has & second anode’® from which immedistely the input pulse for the

following stage may be obtained. Unfortunately the tube is not obtainable for civil
use.

In the new E2-10 hydrogen has been used to get a very low de-iomization tims. In
the data a max. frequency of 50 ko is given, but 100 kc may be obtained by very
accurate adjustment of circuit conditions.
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If the discharge takes place during a long time at & fixed cathode, the breakdown
voltage for this gap may chasnge. In applications where this happens often the fatal
consequence mnay be that the scaler sticks to such a cathode. The effect appears

especially in high current tubes such as DZ.10 and Gl0.241B., A remedy for this effect
is described in ref. 1l.

More detailed descriptions of scaling tubes will be found in ref. 12.



13 ~
TABLE

II

cold cathode acaling tubes

uatjonpoad jo 3no sy xxx(
DOPUSUIOOSI ©q 30U UB) yx
Aruo esn Are}TTTW J0F ST X

869

091 ove ot Gy 0sT- 0002 T WVIVHD Goo LPOT HD

08T (4] ¢4 ot L'cl ob (974 &f 00002 1 *0°L°S vz 0T

082 006 ot LT oz (174 00005 T VISIT oL °zd

gtt 02z ot 8 (74 0s - 0002 T SANFYAD G OT °2a

ot ¢ 0000T T *Te5°TTeg (x L919

802 ovv ot 60 49 (074 & 00002 2 “ aot sd

T61 oob 2t 6o (74 08 - (04104 2 0 aztsd

26T ooP ot 6640 44 08 - 000V 2 " 0 0T 89

47 o2v T 2‘t (119 of 00002 2 “ a ot 0

061 0%¢ 14 660 oy 08 - 000 2 u av 2T 09

061 (1]44 4 G6'0 ob 08 - 000 2 “ g OT 09

061 0s¢ T 660 Ge 08 - 000} 2 00TaLd € 0T 0D
83 TOA XV *g*d-d

83104 “urm Jequmu 83TOA 8370A g BUOT} 03I T(q * Jnusy edfy,

“eA N 103100 i5s "XVH




-4 -

18] o

In fig. 18 a relay unit with coincidence circuit and the first stege of the counter
are demonstrated. We have chosen for the counter stages the GS-10c scaler (see table I )
beocause more reliable operation may bo expected with this tube than with the other types
considered. The low cathode current rating is a disadvantage for our purpose as will be
seen hereafter. As described in report MM-Internal 11, the counter is in principle a
timer, and the coincidence circuit is used to obtein from the cathodes of the scalers
& trigger pulse at a defined instant. The minimum interval in which trigger pulses in
this way can be obtained is about 0,8 msec. They are used to trigger the relay umit,
of which we expect an opemating precision of about 0,2 msec.

We consider now figure 18. With 0,4 mA tube current, the GS-10c requires 82 k
in the cathode in order to obtain output pulses of 30 volts. This fairly high value of
RK fixes R. in the coincidence circuit to very high values in order to avoid too
high biasing of the scaler cathode potentials by the currents idl , & do ang i a3
The maxinum valus of R, is determined by the input cirouit of the 2803 U, which
is a combination of the input circuits we discussed in the figures 9 and 11,

Acoording to the tube d:ta the minimum C, required is 1 kpF, To get fast enough

t
ionization we want at the trigger a voltage rise of at least 50 V/msec. This r.'itae is
determined by the apeed by which Ct can be charged through R‘l’ So ‘%‘I" &= c: °

With the figures given 1, =50 pA fixing R, to a maximm of (300 ¥/50 pa) = 6 Ka.
With thess circuit conditions we found the ionigation curve of Fig. 5 {Fo II).

To meet the requirements of our operating precision it is safe to decide for an
overvoltage on the trigger of at least 6 volts. The change in trigger time resulting
from 14 1if trigger pulses of varying amplitude dre used is smaller than 150 psec in
that case. By fixing the trigger bias voltage 5 volts below the breakdown level a
pulse on the trigger electrode of 6 + 5 = 11 volts is required, which means 14 volts
at the input terminals because of 25 o/0 attenuation.

With a value of 6 .0 for Rl the current through the diodes idl#id2+id3

equals 50 pA. We consider the situation in which there are 30 wvolts input pulses at
the inputs b and ¢ but not at input a. The currents :l.‘12 and :I.‘13 are them gero,
and 16,1 = 50 pA. If Germanium diodes are used, which have a back resistance of about
1 MNQ , a back current of 2 x 30 pA is still added to idl' causing about a 10 volt

bias at the cathoda 08’ which might disturb the operation of the counter end which



=15'=-

lowers the effective trigger pulse by the same order of magnitude., It is clear that

the system is not reliable if more relay units are operated from the same cathode, also
not if about a factor of two in improvement is obtained by using silicon di odes wi th
50 MO~ back-resistance. Cuthode followers therefore will ke used to transform the
cathode impedances to about 500 <%,

To meet the stated pracision in time, also the closing time of the relay in the
plate circuit must be accurate enough. We have made tests on closing time and bouncing
vith different marks of inexpensive high speed relays. The Siemens tye rls 154 seems
to suit best ocur wishes. A high inverse voltage selenium rectifier is ueed to suppress
the ipduction peak as the high voltage V of the unit is broken off at the end of each
cycle of the machine. The series resistance of the relay is 6 times higher than the
d.c. resistanze of the relays, causing constant pull in current and a minimum closing
time of 3 msec, This closing time may be expected to b® constant within 4 0,15 msec
during at leaat 50 million operations.



g) Applications.

A brief survey will be given of the main fields of applications of cold cathode
trigger and scaling tubes.

Relays are advantageously operated in a great many applications with trigger tubes,
supplied either with A.C. or D.C. voltagea. For triggering only small signals are

needed 4)¢

In timing circuits: Simple timers with onme trigger tube having a maximum precision
of about 3 o/c and maximum delays of 3 hours can be used in applications such as motor
starting circuits, in photographic work etc. Decatron tubes are used in more complicated
timing circuits such as the Linac timer (2 DD 132), the counters in our programming
system and the precision Tachometer fir speeds up to 80000 R.P.M. described in

reference 13,

In Protection and Contro) circuits. Because of the 3 properties: long life, no
power consumption during standby and immediately ready for operation, the trigger tube
is very suitable for these circuits.

Examples are: Protection of power distritution lines, big transformers and electric
T » Overvoltage protections. A.C, 7) and D.C, 3) voltage control, Touch control,
control from light sources, remote control etc.

dn_telephous equipment: See referemces 4, 14 and 15.

1 ci ta: Astuble, monostable and bistable binary circuits
relaxation oscillators etc. with low time response have been described 7) e)o Besides
"and” and "or" gate circuits as well as shift registers 8), Sutminiature trigger tubes
in printed circuit ring counters with maximum frequencies of 10 kc/s 4) 16), or forwein
scgles other tham 2 and 10,

motors

Decatron scaling tubes are used in computing cirouits, industrial counters, batching

ootmterals) 17), nucleonics counting, etc.

Trigger tubes may be useful in battery operated equipment, such as for example the
fence controller demonstrated in reference 4.
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