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The present invention relates to cold cathode
gas discharge tubes in which the initiation of a
discharge between a pair of electrodes is condi-
tioned by ionization coupling from another dis-
charge gap and is particularly congerned with
the construction of tubes employing several gaps.

It is characteristic of cold cathode gas filled
discharge tubes that the voltage reguired to ini-
tiate a discharge between two elgetrodes depends
upon the nature and pressure of the gas, its state
of ionization, the shape and material of the dis-
charge electrodes and. the distance between
them—the gap lenzth. At low intferelectrode
voltages, negligible current will flow if the gas is
initially deionized. As the voliage iz increased
slowly the molecules of the gas become ionized,
until eventually & discharge is set up with a rapid
increase in current flow which may typically
rise from microamyperes to milllamperes at a
critical voltage which is the sbatic “striking” or
“firing” voltage for the discharge gap. The dis~
charge is characterized by a glow which appears
at the cathode and may extend towards the an~
ode and beyond the immediate neighbourhood of
the gap, depending upon the degree of ionization,
and is associated with the migration of ions,
which term is taken to include &l lonization
products. ‘When once a discharge has been es-
tablished, a much lower voltage in gensral is re-
quired to maintain it. - The eritical voltage be-
low which the discharge dies away, neglecting a
slight rise just before extinguishing is called the
“maintaining” voltage. If the discharge current
he limited so that the whole cathode surface is
not covered with glow, the interelectrode voltage
tends .to remain constant, and independent of
the discharge current, at a value approximately
the same as the maintaining voltage. When
once the discharge current is increased beyond
the value at which the whole of the cathode
surface is covered with glow, the interelectrode
voltage rises again. In the-familiar neon tubes
used as voltage regulators and the like, the strik-
ing  potential may be designed of the order of
100 volts or. more, while:the maintaining voltage
may be arranged to ke in the region of 80 volts.

As mentioned above, ions tend to diffuse from
the immediste neighbourhood of the discharge.
This phenomenon has been extensively used to
lower the static striking potential of another dis-
charge gap in the same. tube envelope. In one
known device there is provided a main discharge
gap between a main anode and a trigger gap be-
tween an auxiliary anode and. the said cathode.
The auxiliary anode is’ miich-closer to the.cath-
‘ode than the main anode sothat the initial strik-
ing voltage of the trigger gap is considerably.be-
low that of the-main'gap. -The trigger gap. is
used to lower -the :striking . voltage' of, or to
“prime” the-main gap by ionization coupling.

These trigger- tubes are finding increasing.ap-
plication ' in -electrical - counting circuits, - for
‘sw1tchmg purposes. and-the like.and..in some.of
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these applications batteries of trigger tubes are
used in tandem. For many applications it would
ke of great assistance if, instead of being in sep-
arate tube envelopes, an array of discharge gaps
were placed in a single envelope so that the gaps
could be fired in sequence,.the ionizatidn cou-
pling between gaps performing the priming func-
tion of thﬁ trigger gaps of the ordinary trigger
tubes. It is the object of this invention to pro-
vide such a tube, which we propose to call a
“sequence discharge tube.”

In its more general aspect, the present inven-
tion consists of a cold cathode sequence dis-
charge tube comprising an array of three or more
discharge gaps so arranged that, upon. a dis-
charge being initiated at one of said gaps, ioniza~
tion from said discharge may lower the striking
y‘otentlal of its neighbouring gap, whereby said
gaps may be fired in sequence along said array.

Although other modes of operamon and use are
obviously possible, seéquence discharge tubes are
naturally particularly adapted for use in connec-
tion with pulse operated systems, and in the pres-
ent specification embodiments of the invention
will be described with reference to pulse opera-
tion.

From this aspect, the invention provides a cold
cathode sequence discharge tube comvrising an
array of three or more discharge gaps so- ar-
ranged that the first pulse of a train of voltage
pulses applied to said tube ‘may initiate a ‘dis-
charge at a given gap and subvequent pulses
may initiate dlgchalﬂeq at sueccessive gaps in se-
quence along said array. ‘Reference is hereby
made to applicant’s copending application, fited
even date herewith and bearing Ser1a1 Number
763,658 (now abandoned). ‘

The invention will now be more fully de-
scribed with reference -to  the accompanying
drawings in which:

U Fig. 1 is. a diagrammatic representation of a
tube. according .to the present invention which
may be used in a pulse.separator.circuit.

Figs. 2 to 5 show. curves lllustrating the factors
influencing the operation of dhchal ge tubes ac-
cording to the invention.

-Fig. 6§ 1s a schematic diagram of . pulse re-
cording circuit using two. tubes accordmg to. thu
present invention.

Fig. 7 shows.a practical embodiment of an
eight point counting tube according to the pres-
ent invention.

Mg, TA is a view of the part of a tube of the
type shown in Fig. 7 slightly modified.

Tig. 8 is a diagrammatic view of the discharge
tube of Fig. 7 together with a circuit to 111usbrur
its manner of operation.

It may he stated. in. general, that the dw;
of a seguence discharge tube as’ "eﬂalds its gap

dimensions will depend very larzely. upon -the

dynamic operating characteristics required—thus
for the same gas wizture and elegtrode materials

closer. e‘.vectrode, shacings. are.required for gatis~




3
factory operation at higher pulse repetition fre-
quencies than for slow operation. These, and
other design factors will be better appreciated by
considering some examples in connection with
gpecific applications.

In Fig. 1, a sequence discharge tube is arranged
to divert positive pulses in a repeated pulse-train
applied to terminal { to individual circuits con-
nected to terminals 2. Sequence discharge tube
3 is represented as having a number of anode
wires or rods 4 and an equal number of cathode
rods 5. The cathode rods are connected through
current limiting resistances 6 and pulse trans-
formers T to ground. Only the first and last of
these resistances and transformers have been
shown on the drawing. One end of the second-
aries of transformers 7 is connected to ground and
the other ends are each connected to one of the
output terminals 2. All the gaps of tube 8 are
assumed to be of equal length, except the first
gap 8, which is slightly shorter than the others.
Thus, in the absence of ionization, all the gaps
except 8 will require the same static striking
voltage Vs to initiate a discharge. As stated
above, this static striking voltage is a function
of the nature and pressure of the gas, the gap
length and the electrode materials. As is well
known, by applying cathode coatings to reduce
the work function, the striking voltage may be
varied considerably. At the present time, how-
ever, to ensure long life and consistency of opera-
tion, I prefer to use cathodes of homogenous
material and usually I employ pure nickel for
both cathode and anode. The choice of gas mix-
ture not only affects the striking voltages but
also the maintenance voltage and, a very impor-
tant factor, the deionizing time. At the present
time for most applications I use a mixture of 92%
neon, 7% hydrogen and 1% argon at a total
pressure of 100 mm. of mercury. It should be
mentioned that this gas mixture has been chosen
to give a short deionizing time. With this gas
and pressure, the maintaining potential, Vm is
about 185 volts, and for 2 mm. gap lengths with
nickel electrodes the static striking potential Vg
is about 340 volts. Thus, assuming deionized
condition within tube 3, a pulse of amplitude
greater or equal to 300 volts with respect to
ground would fire any gap of the array (assum-
ing also the gas and gap lengths given above)
provided it is of sufficient duration, as will be
explained later. It will of course, be almost im-~
possible to ensure such uniformity that all the
static striking potentials are exactly the same,
so that even if gap 8 were not made shorter, the
gaps would not fire simultaneously.

In order to appreciate the dynamic sequence
discharge conditions within the tube, we will
assume, for the moment, that the electrodes of
gap 8 are isolated from the remainder and that
a steady discharge is maintained at this gap.
Then charged particles which we shall refer to
generally as ions, will spread out from gap 8§
and will be effective in reducing the striking po-
tential of other gaps in the tube. When con-
sidering - the quantitative aspects of ionization
coupling it wiil be an advantage to think in
terms of energy levels, expressed in volls, at
varjous points in the tube. Thus, under static
conditions, the energy level for any gap must
be Vs volts before a discharge can take place;
the ionization due to a discharge at gap § will
confribute an energy of Vi, say. There will also
be a contribution due to the electric fields asso-
ciated with the electrodes which will provide an
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energy level contribution of Ve say. Thus, neg-
lecting any other contribution, and still assuming
static conditions, the voltage required to ini-
tiate a discharge at another gap is now

Vs—Vi+VE)

V1 will depend upon the number of ions produced
by the discharge at @, i. e. upon the discharge
current. It may be mentioned at this point that,
to control the discharge conditions, we ensure
that the cathode glow is confined to a definite
area on each cathode by coating part of the
cathode rods—and also any other electrode leads
which we do not want to act as cathodes—with a
discharge inhibiting substance such as alumina,
which may be painted or sprayed on or may be
applied by a colorizing process.

Eefore considering the dynamic conditions in
the tube, it is necessary to appreciate an appar-
ent variation of striking voltage which is en-
countered when the tube is operated under pulse
conditions. TFor any given ionization level in
a gap, in order to initiate glow discharge we
have observed that a discrete amount of work
must be performed to raise that energy to a criti-
cal level, which we call the striking point. Prom
this consideration, it can be seen that if the
work to initiate a glow is to be performed in a
limited amount of time, then the rate of work-
ing must be greater than when a longer time is
available. Hence for short pulses of 2 miecro-
seconds duration, the pulse amplitude required
to strike a glow is much greater than that re-
quired in a pulse of 10 microseconds duration.

The preceding discussion implies that on the
application of a given voltage across a gap, there
is a necessary delay before the glow is initiated.
These two effects are illustrated in Figs. 2 and 3
for a typical sequence discharge tube. Fig. 2
shows for a given ionization level the variation
in pulse amplitude (volts, Va anode to cathode),
with variation in pulse width (w microseconds),
in order that the striking point may be attained.
For the same conditions, and using a pulse width
of 10x secs., the variation in delay time, £, in
microseconds, is plotted in Fig. 3 as a function
of pulse amplitude V, superimposed upon a steady
potential of 185 volts, anode to cathode.

From what has been said above, it will be evi-
dent that the voltage required to initiate a dis~
charge at a given gap in a discharge tube oper-
ated under dynamic conditions may differ con-
siderably from the static striking voltage defined
earlier. Unless expressly stated otherwise, in
what follows it will be assumed that when the
term “striking voltage” is used, these other fac-
tors have been taken into account. 'Thus the
pulse voltage required to fire a gap may still be
written Vs— (Vi+VE).

Vi will naturally tend to vary with the dis-
tance d from the ionizing source, particularly
under dynamic conditions; the reduction of
striking voltage V volis, or different distances
from a priming gap is shown in Fig. 4 for diffused
values of priming current.

When the discharge of gap 8 is extinguished,
deionization sets in; furthermore, some time must
elapse before ionization reaches 2 given point in
the tube when gap 8§ is first fired. Hence Vi is a
function of time. The ionization diffusion time is
in general small compared with the deionizing
time. The variation of ionization coupling Vi
due to a 50 u sec. rectangular current pulse
through gap 8 as a function of time ¢ from the
leading edge of that pulse, may be represented
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by -ciirves of the.general form .shown.in Eig. 5,
in which curve A gives the wvariation.of Vi for
gap 9 while curve B shows the time variation
corresponding to gap 10.  In the case of the
‘sequence discharge tube-3-of Fig. 1, all'the anodes
‘are at the same potential, while, provided the
potential drops across resistances® are small, the
cathodes "are also approximately ‘at the same
potentials sothat the field term Ve in the energy
level may be made negligible compared to Vi.

Assume now that a pulse-train is applied to
terminal { of Fig. 1, each pulse being of ampli-
tude Vp, between Vs and Vs—Vi. The first gap 8,
being shorter, has a striking voltage Vs, assumed
less than Ve. Gap 8 is thus the only gap to fire on
application of the first pulse; the discharge cur-
rent through associated transformer T sends a
pulse-out from the corresponding terminal 2. The
next-gap 9 will be energized by ionization from
8 by-an amount Vi which varies with iime as
shown in curve A of Fig. 5. ‘At gap 8 the residual
‘jonization after the passing of the first pulse will
contribute -an energy Ve which will decay with
-time similarly to the falling portions: of -curves
Aand B of Fig. 5, but starting at a higher level.
The spacing between .gaps must be chosen in
conjunction with the pulse repetition frequency
.50 that when the next pulse is applied, gap 9 still
has an energy level greater than Vs—Vr, while
eap {0, which hasan energy level variation corre~
sponding to curve B of Fig. 5 will not fire. Gap- 8
will fire again.on the second pulse, due both to its
:smaller initial striking potential and to its residual
jonization energy Vr. . When the third pulse
arrives, ‘gap 19 will be able to fire as its energy
is now raised by ionization from both the preced-
ing gaps.  Gaps 8 and 8 will also be fired. Thus,
at each successive pulse one more gap will fire
until, finally, all gaps are fired. It may easily be
:arranged, by means well known in the art, that
the circuits connected to.the individual terminals
2:will pass on only the first pulse received at that
-particular terminal during a time equal to the
pulse-train repetition time. Thus, the individual
pulses: of .a pulse-train applied fto terminal f,
-which may be modulated in width or time, are
effectively passed on to separate circuits.

When all gaps-of the array in tube 3 have been
fired, the energy level at each gap will tend to be
the same, s0 that before any further pulse-train
is applied, time must be allowed for deionization
to set in. - Arrangements using two tubes may
bhe made, in similar manner to that to be described
later, whereby during alternate pulse-trains, one
tube may remain idle while the other is operating,
-so-as to provide time for the deionization process.

Tt will be eviden$ that in tube 8 of Fig. 1, the
connections between anodes:4 could be made
internally, and in practice I find it convenient to
replace the separate anodes by a single wire, plate
-or-strip.

In the circuit of Fig. 1, the discharge at each
gap of tube 3 is extinguished between successive
pulses. For many aspplications it is preferable
that a maintaining battery be included in the
circuit so that each gap, after being fired, remains
«discharging until the battery voltage is removed.
Ingeneral the tube design is simplified. and the

-tolerance enlarged if this be done, as we are not
then concerned with the falling portions .of the
Vi curves of Fig. 5; the contributions from any
one gap tending to remain constant, T am able to
base the design more on the Fig. 4 curves, taking
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préferable, where possible, ‘to stabilize the mini-
muin level of ionization in sequence discharge
tubes by providing an auxiliary discharge gap, &

“priming” .gap, which may be separate from the
main array, s0-avoiding trouble due to random
external ionizing Sources such  as cosmic rays,
sunlight or the like. If desired, the array gap
spacings might be adjusted to equalize ‘the fall-
off of the ionization coupling-distance curve, or,
preferably, the array gaps may be arranged sym-

Ietrically. In practice, however, I may use a

priming gap to give an asymmetrical ionization
distribution so that the nearest array gap may
function as a'starting.gap.

In Fig. 1, tube 3 has been shown with starting
gap § of shorterlength than the others.: Besides
proximity to a priming gap, there are other possi-
bilities such as by providing the starting gap with
its cathode coated with or Tormed from material
of lower ‘work function than the others in the
array. -Alternhatively,-a.small D. C. bias may be

-applied to the starting gap.

In Fig. 6, a circuit is shown to illustrate other
aspects of the present inverition in a ptlse record-
Sequence discharge tube 10 .is repre-
sented as havihg an .anode. 11 in the form of a
wire, strip or.plate, and a cathode array 12 with
individual cathodes in the form of rods mounted
on a common busbar 13:to form a comhb. All'the
array gaps are of equal length and a separate
vriming gap 4 consisting of auXiliary cathode
{84 and auxiliary anode Ii1A is included in the
tube for stabilization and to control the ioniza-
tion level of the tube and is adapted to prime a
starting gap 15 at theleft~hand end of the array.
A separate cathode 16 is provided at the other
end and is spaced similarly to the other array
gaps as regards both gap length and separation
from its neighbor. “The gas filling - may be the
neon, argon, hydrogen mixture previously men-
tioned; the gap dimensions then depend upon the
required operating conditions ‘and will be sug-
gested later on. ‘Tube 11, is similar in function
to tube 18, but rather different electrode arrange-
ments are shown. Anode 18 is'again a wire, strip
or plate, but cathode array 19 is comprised of a

serrated metallic strip, coated with alumina or

similar substance except ‘at ‘the tips-of the saw

‘teeth. At one end, the first tooth 18A on 19 co-~

operates with a' separate anode ‘[8A “to provide
a priming zap 20 .and which 'gap controls ‘the
ionization level of the tube and primes the start-
At the other end, a separate eathode
22is provided, similarly to 18in tube 19. Cathode
arrays 12 and 19 are shown connected to ground
and anodes {1 and 18 are connected via separate
leads 23 and 24 to the respective side contacts of
2 non-biased bank ¢l of polarized relay A which
has opunosed windings.  Ieads 23 and 24 are also
connected throtgh  individual . pulse Blocking
chiokes 28 and 25’ to the side contacts of bank
a2 of relay A and through leak resistances 28, 28’
to ground.  With the armatures of af and ¢2 .in
the position shown, anode 11 is.conriected through
condenser 21 to pulse input  terminal 28 and
through choke 25" 1o the positive pole of battery
28, the negative pole.of which is grounded.
Anode 18 of tube 17 is open circuited. except for
its leak connection  via resistor 26 to ground.
Priming gaps' (4 and 20 are. connected through
variable resistances 30 and 31 respectively across
batieries 32 and 33. . The output cathodes 16 and

22 are connected through the opposing windings

of relay A to a.message register 34. "It should be
emphasised that relay A and message registér
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34 are merely convenient designations for cir-
cuits having similar funections which would in
practice be electronic in nature, or comprise cir-
cuits employing further sequence discharge or
other cold cathode tubes. Similarly the battery
28 is to be regarded as symbolic of any convenient
voltage regulated source and should include dis-
charge current limiting means.

The operation of the circuit is as follows. Bat-
tery 29 should supply sufficient and constant volt-
age to maintain discharges at the array gaps of
tubes 18 and 17 without, however, causing any
gap to fire other than the starting gap, except
when pulses from terminal 28 are applied to the
respective anodes and then only if gaps 14 and
29 are discharging by reason of the potentials
thereacross furnished by batteries 32 and 33,
respectively. Resistances 30 and 3! may be ad-
‘justed to control the priming currents of gaps
t4 and 20. Assume now, that positive pulses are
applied to terminal 28, the relay contacts at a;
and a2 being in the condition indicated in the
figure. The first pulse will fire gap 5, which will
remain discharging under the influence of the
maintaining voltage from battery 29 after the
pulse has passed. By the time the second pulse
arrives, the energy level at the next gap is that
due to the sum of the ionization potentials from
the priming discharge at 14, the discharge re-
cently started at gap 19, together with the voltage
from battery 29; the spacings hetween gaps must
be arranged so that either the ionization from
gap 15 has not had time to be fully effective at
the third and subsequent gaps. These gaps are
sufficiently far removed for the ionization cou-
pling from gap 15 to be too small to prime them;
this matter will be discussed again further on.
The gap spacings, then, being suitably arranged,
the second pulse will fire the gap adjacent to (8§,
the third pulse will fire the next gap, and so on
until discharge occurs at cathode 16. The dis-
charge current through cathode (6 actuates relay
A and also message register 34 so that the com-
‘pletion of the first discharge sequence is recorded.
Due to the operation of relay A, anode 11 is dis-
connected from terminal 28 and battery 29; dis-
charges at all gaps of tube 10, except the priming
gap 14, will thus collapse, but some time must
elapse before the ionization levels have returned
to their initial values prior to the discharge se-
quence.  To allow for deionization in tube 10
without interruption of the pulse recording
process, tube 17 takes over until the discharge
reaches cathode 22, when relay A will operate
to isolate tube 1T and to reconnect tube 19 and
at the same time message register 34 will be ad-
vanced one count,

As stated above, the spacings between gaps
must be arranged to suit the pulse repetition rate.
For a high counting rate, if the gaps are too far
apart, the ionization from one discharge will not
have had time to reach the adjacent gap before
the arrival of the next pulse. On the other hand,
if the spacings are too close it is possible for the
total gap energy to build up to a value such that
the battery voltage is sufficient to fire gaps with-
out any added pulse voltage. In general, I may
say that, for a given gas mixture and pressure,
for a given gap spacing, and with rectangular
pulses of given width, a tube can be made to
function satisfactorily for all counting rates up
to a certain maximum, but if the inter-pulse
interval is never more than a given time, then
the counting rate may be increased to a higher
maximum which depends upon that given time.

o
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.. Using nicke] electrodes and the gas mixture and

pressure mentioned above, I find that the design
data given below results in optimum tube and cir-
cuit tolerances. :

________________ 2 mm,
Striking voltage Vs=300 volls
Maintaining voltage Vu=185 volts
Maximum pulse repetition ... 100 ke./s., 60 kec./s.,
frequency 40 kc./s.
Cathode-cathode spacing (in- __ 2 mm., 3 mm.,
cluding priming cathode) 5 mm,

Anode-cathode spacing

These counting rates were obtained using a
stabilized maintaining battery voltage of 195
volts measured between anode and cathode, rec-
tangular pulses of 1 ux sec. duration and 40-50
volts amplitude, and discharge currents of 1 ma.
per cathode, including priming cathode.

It will be evident that several alternative elec-
trode arrangements besides those so far specifi-
cally mentioned are possible in sequence dis-
charge tubes. Furthermore, although the tubes
represented in Figs. 1 and 4 are shown with 10
counting gaps, many more gaps may be provided.
It is envisaged that tubes having one hundred or
more gaps in an array will be used, possibly
with smaller gap spacings and higher gas pres-
sures, to enable the electrodes to be fitted inte
envelopes of sizes comparable with ordinary radio
receiving tubes.

In Fig. 7 a practical embodiment of an eight
point counting tube with separate cathodes is
shown. The tube 38 comprises o normal glass en-
velope 3§ sealed to a conventional 8-pin glass
base 37 and is filled with the neon, argon, hydro-
gen mixture previously mentioned. The elec-
trodes are carried on an insulating member 38
made of lavite or other suitable material. Mem-~
ber 38 comprises a central cylindrical rod 39
joining parallel circular discs 40 and 41 at their
centers. The electrodes comprise a set of eight
nickel wires forming cathodes 42 secured perpen-
dicularly through disc 4i around & circle near the
circumference of the disc. Except for one slightly
wider spacing, separating the first and last cath-
odes of the array, the cathodes are all substan-
tially equally spaced. Disc 40 carries a similar
set of wires forming anodes 43. Corresponding
anode and cathode wires are in line with each
other and form an array of gaps of egual
length. Cathode wires 42 are secured on the
lower side of the disc 41 to supporting wires 44
securing them to respective contact pins 45
sealed in the glass base 37 and serving to support
the whole electrode structure and member 38.
The anode wires 43 are joined together on the
upper side of disc 40 by a common bus lead 43A
which is connected by lead 46 to the top cap 47 of
the tube. To restrict discharges to the ends of
wires 42, these wires are coated with alumina ex-
cept at the tips.

One mode of operation for tube 3% is shown in
Fig. 8 in which the individual cathodes 42 of Fig.
7 are represented by the circles 598, 51 ... 51, the
corresponding anodes by the circles 43 drawn for
convenience in the same plane. Anodes 43 are
connected to a stabilized voltage supply repre-
sented by battery and choke 58, and also through

‘a resistance 58, and blocking condenser 80 to

pulse input terminal §f. Cathode 88 is connected
as a priming cathode through variable resistance
62 to a source of potential represented by battery
63.

The cathode-cathode spacings 50—51—52 . . .
51 are all substantially equal, but the spacing



