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a 
The present invention Irelates to cold cathode 

electric discharge tubes of the type known asse 
quence discharge tubes. - 
A Sequence discharge tube is a cold cathode 

gas-filled tube comprising an ordered array of 

21 Claims. (Cl. 315-336) 

discharge gaps arranged to be fired in sequence, 
the discharge at one gap priming the next Suc 
ceeding gap. - . . . 
One arrangement of a sequence discharge tube 

is a multi-cathode tube having the cathodes in 
line or spaced around a circle and co-operating 
with a common anode. In normal operation, after 
the first cathode of the array is covered with 
glow from dischargethereat and the next gap is 
fired, glow also appears at the second cathode; 
the third gap then fires in its sequence so that 
now all three cathodes are glowing. The process 
is continued along the array until all gaps are 
discharging simultaneously. From the point of 
view of the circuit engineer it is sometimes a dis 
advantage to have all the earlier gaps in a se 
quence discharging, rather than that the dis 
charge be transferred in sequence from gap to 
gap, only one gap at a time being maintained in 
a state of discharge. In the case of a tube hav 
ing a common anode, if the discharge were to be 
transferred from gap to gap then the mean 
anode current for the tube would tend to remain 
constant, whereas in the first arrangement the 
mean anode current is continually increasing as 
first One and then more gaps are fired. Although 
it is possible to arrange that only gap of a se 
quence shall be discharging at any one time, there 
is then an ambiguity as to which gap shall be 
the next to fire. For example, support No. 3 gap 
to be discharging, the discharge having been 
transferred in some manner from gap No. 2 then 
at gap No. 2 there will be a residual ionisation 
from its own discharge and also ionisation from 
the discharge existing at gap No. 3, while at gap 
No. 4 there will be the ionising effect of the glow 
at gap No. 3. There is thus a very good chance 
of gap No. 2 firing next rather than the desired 
gap No. 4. 

It is an object of the present invention to pro 
vide a cold cathode sequence discharge tube in 
which discharge may be transferred by ionisa 
tion and field coupling from one gap to the next 
in sequence, without ambiguity as to the direc 
tion in which the transfer shall proceed along the 
array. This is accomplished by arranging that 
the ionisation and field coupling to a later gap 
in the ordered array shall be greater than that 
to an earlier gap. 
The term "ionisation coupling' is used in the 

10 

2 
present specification to denote the Sun total of 
the effects of discharge at one gap on the strik 
ing potential of another due to migration of 
charged particles of either sign or of photons 
from one gap to the other. The term 'field Cou 
ping' is defined as the influence of the electric 
field in a discharging gap upon the field of a 
neighbouring gap. - 
In one aspect, the invention provides a cold 

cathode gas-filled electric discharge tube char 
acterised in this that the electrodes of an ordered 
array of discharge gaps are so constructed and 
arranged as to favour a transfer of discharge 
from gap to gap in Succession along Said array 

5 in one direction rather than the other. The in 
vention will be described with reference to the ac 
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posal; 

companying drawings in which: - 
Fig. 1 shows, for purposes of explanation, a 

circuit arrangement according to a previous pro 

Fig. 2 shows a circuit arrangement similar to 
Fig. 1 but using a tube according to the present 
invention; 

Fig. 3 shows diagrammatically, the basic geo 
metrical arrangement of discharge gap electrodes 
according to the present invention; 

Fig. 4 shows a practical tube using the con 
Struction illustrated in Fig. 3. 

Fig. 5 shows a further embodiment of the in 
vention using a circular discharge array. 

Fig. 6 shows a cross-section through the elec 
trode assembly of Fig. 5 along the line B-B of 
Fig. 7. - 

Fig. 7 shows a cross-section of the electrode 
assembly along the line A-A of Fig. 6; 

Fig. 8 is a diagrammatic plan view of a modi 
fied electrode construction for the tube of Fig. 5; 

Fig. 9 is a fragmentary illustration of a fur 
ther modification to the construction shown in 
Figs. 6 and 7; 

Fig. 10 is a diagrammatic illustration, in part 
sectionalised, of a further embodiment of the in 
vention; 

Fig. 11 is a circuit diagram, illustrating an 
other embodiment of the invention; 

Figs. 12, 13 and 14 show the constructional fea 
tures of another embodiment, Fig. 13 being a plan 
view of the cathode array and Fig. 14 a section 
through the line A-A of Fig. 13; .. 

Fig. 15 is a circuit diagram illustrating the 
use of the tube of Figs. 12 to 14. - 
In order that the nature of the invention may 

be more fully understood, reference will first be 
made to the circuit shown in Fig. 1 in which a 
Sequence discharge tube is So connected that 
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the transfer of discharge may proceed along 
array 2 in either direction at Will. For this pur 
pose the cathodes are divided into two main 
groups, alternate cathodes being treated as stor 
age cathodes on Which discharge may be main 
tained for registering and counting purposes, the 
remainder being connected to act as transfer 
electrodes whose function it is to transfer the 
discharge from the storage Cathode on one side 
of it to that on the other side. In Fig. 1 the two 
sets of cathodes, which we shall refer to respec 
tively as "storage cathodes' and “transfer elec 
trodes,' are further subiiivided each into two 
groups. The two groups of storage cathodes are 
each connected to ground through the parallei 
combination of a resistance and a condenser to 
provide a charge Storing circuit. 
Thus in Fig. 1, Cathodes 3 form one group and 

and cathodes 4 another, cathodes 3 being con 
nected to ground through the resistance-capac 
ity circuit 5, Cathodes 6 through a similar cir 
cuit 6. Of the remaining cathodes, cathodes 
form. One group of transfer electrodes and cath 
odes 8 the other. The transfer electrode groups 
are connected to tapping points cn respective 
potential dividers 9 and 0 which shunt a biassing 
battery the negative terminal of which is 
grounded. 
At one end of the array an independent stor 

age cathode 2 is shown connected through its 
own time-constant circuit 3 and also through 
the primary is of a pulse transformer A which 
paSSes on to a further circuit infortination that 
a discharge is OCCuiring Or has occurred at Cath 
ode. 2. At the other end of the array an in 
dependent Cathode 5 is shown connected to 

O 

5 

ground through a separate biassing circuit 3. 
comprising a resistance i in shunt with the se 
ries combination of a Switch and biassing 
battery 9. 
The common anode 2 of the discharge gap 

array is connected through a resistance 2 to the 
positive terminal of battery 22, the negative ter 
minal of which is grounded. The anode and 
cathode resistances, together With the potential 
of battery 22 is so proportioned, that a discharge 
may be maintained at any One Storage gap once 
that gap has fired, but it is arranged that the 
potential fall across the common anode load 
Shall be Sufficient to extinguish discharge at the 
storage gap when a transfer gap is fired. The 
bias applied to the transfer electrodes is Such as 
to insure that the common anode battery shall 
not maintain a discharge at any of them. Ter 
minals 23 and 24 enable pulses to be applied 
through the respective blocking condensers 24 
and 25 to tapping points on potential dividerS 9 
or 0. 
ASSume now that a discharge is existing at 

one of the storage gaps. If a negative pulse of 
Sufficient magnitude is applied to one or . Otheir 
of terminals 23 or 24, then discharge will occur 
at the transfer electrode adjacent the discharg 
ing storage cathode on One side or the other ac 
cording to which terminal 23 or 24 has been acti 
wated. This transfer electrode has been primed 
by the discharge at the Storage gap and the pulse 
voltage must not be sufficiently large to cause 
discharge to occur at any other of the transfer 
electrodes. When the transfer electrode fires 
the anode voltage tends to drop to the aigebraic 
Sum of the negative pulse Voltage and the main 
taining voltage of the transfer gap; the anode 
Cathode Voltage of the storage gap is thus re 
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4. 
extinguished, the pulses Supplying sufficient volt 
age to maintain the discharge at the transfer 
electrode. The cathode potential of the gap 
which has just been extinguished is maintained 
positive with respect to earth due to the charge 
-storing circuit to which that cathode is con 
nected. On the other hand, the cathode poten 
tial of the gap on the other side of the transfer 
electrode now discharging is at or near earth po 
tential as its resistance-condenser circuit is, as 
yet, uncharged. When the pulse has passed, 
current ceases to flow in the anode circuit, so 
that the full battery potential appears across 
this next storage gap, which, under the influence 
of the ionisation and filed coupling from the 
transfer gap which has just gone out, now Starts 
to discharge. The cathode charges up expo 
nentially, so that for a time the anode current 
is greater than normal and this prevents any 
other storage gap firing; at the same time the 
cathode potential of the previously discharging 
storage gap continues to decay exponentially. 
If a further pulse is then applied to the Same 
transfer electrode terminal, transfer will take 
place back to the original Storage gap. On the 
other hand, if the pulse be applied to the other 
transfer electrode terminal, the discharge may 
be transferred to the next Succeeding storage 
gap rather than to the preceding One. Thus, to 
set up a discharge sequence in one direction 
along the tube, alternate pulses may be applied 
to alternate transfer electrode terminals. AC 
cording to the order in which the terminals are 
used the sequence may be made to proceed in 
either direction along the discharge array. The 
cathode 5 and its associated circuit 6 provides 
a “homing' facility for the circuit. If, When any 
storage gap is discharging, the Switch S be 
closed, it may be arranged that discharge Will 
occur at cathode 5 by reason of the negative 
bias from battery 9 and extinguish the dis 
charge at the storage gap. When SWitch 8 is 
reopened, discharge at cathode fS Will be main 
tained to prime the adjacent storage electrode 3. 

It will be appreciated that, for the above de 
scribed circuit if, as is ofen-and, in fact, usul 
ally-the case, it is desired to count in one direc 
tion only, more or less complicated circuit al 
rangement must be made to apply SucceSSive 
pulses to the alternate transfer electrode ter 
minals. It Will also be appreciated that the 
necessity for the use of alternate terminals arises 
due to the uniform coupling of a discharging gap 
to either Side. If we use a tube according to the 
present invention, in which the coupling is 
greater in one direction of the array than in the 
other, then, although we have lost the facility 
of being able to reverse the direction of Se 
quence discharge, only one pulse input terminal 
will be required. 
A Somewhat Similar circuit arrangement to that 

of Fig. 1, but using a tube according to the pres 
ent invention, is shown in Fig. 2, in which the 
tube envelope, represented by the circle 21, con 
tains a circularly arranged discharge array com 
prising an anode 28, a plurality of storage cath 
Odes, which are given reference numerals 29, 3 
or 3 according to their connections, and trans 
fer electrodes similarly identified by reference 
numerals 32 and 33 respectively. The storage 
cathodes are represented by arrows and the 
transfer electrodes by circles, the direction of the 
arrows indicating the direction of greater cou 
pling. The electrode constructions to effect this 

: duced below its maintaining voltage and it is 75 differentiation will be described later. Cathodes 
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29 are connected to ground through the resist 
ance-capacity circuit 34, cathodes 30 being taken 
to a similar circuit 35 and cathode 3 being con 
nected to a separate resistance-capacity circuit 
36 including the primary 37 of an output, pulse 
transformer 37A. The transfer electrodes 32 are 
all connected via resistance 38 to a bias battery 

5 

39, the positive terminal of which is shown con 
nected to ground. Transfer electrode 33 is nor 
mally connected via key 40 to the junction 4 of 
cathodes 32 and resistance 38 to which junction 
negative going pulses may be applied via the 
blocking condenser 42 from terminal 43. Trans 
fer electrode 33 is alternatively connected by the 
key 40 to resistance 44 in series with a bias bat. 
tery 45. The circuit is completed by the con 
nection of anode 28 to battery 46 through re 
sistance 47, the negative pole of battery 36 be 
ing grounded. 
Although the mechanism of the unidirectional 

transfer of discharge is very different from that 
in the tube used in Fig. 1, the manner of opera 
tion of the circuit is similar, but only one trans 
fer pulse input is needed. As in Fig. 1, the time. 
constant circuits 34, 35 and 36 prevent a storage 
gap just extinguished by discharge at a transfer 
electrode from re-firing due to residual ionisa 
tion in the gap, while the directional nature of 
the coupling between storage and transfer gaps 
ensures that the discharge sequence operates in 
the direction indicated by the arrows. When the 
key 40 is operated discharge of transfer cathode 
33 extinguishes discharge at any of the storage 
cathodes so that when the key is released either 
the adjacent cathode 29 or cathode 3A is fired, 
depending upon the state of charge of the con 
densers in the respective circuits 34 and 36. Af 
necessary, a second operation of the key suffices 
to transfer the discharge to that one of cathodes 
29 or 3 it is desired to regard as the first storage 
cathode in the Sequence. 
The manner in which unidirectional coupling 

is obtained in the present invention can now he 
explained. In Fig. 3 there is shown diagram 
matically an array of four discharge gaps 7-58 
formed between a common anode 5, two storage 
cathodes 52 and 53 and two transfer cathodes 54 
and 55. Consider the three adjacent gaps A, 48 
and 49. By virtue of the geometry of cathode 52, 
gap 48 is formed of two portions namely that cor 
responding to the cathode “tail' 56 and that cor 
responding to the cathode plate 5. The tail has 
a Smaller available discharge Surface area than 
the plate but a considerably larger ratio of periph 
ery to the Surface area; furthermore it is fur 
ther away from the anode than the plate 5. In 
consequence, the tail portion passes into abnor 
mal glow at a lower current than the plate por 
tion, but requires a higher maintaining voltage. 
This higher maintaining voltage, though in part 
due to the increased gap length between the anode 
and the cathode tail, is predominantly due to the 
greater diffusion of Current from a Strip-like 
cathode than from One With a Smaller ratio of 
periphery to discharge Surface area. Since the 
tail 56 is nearer the gap 47 than is the plate 5i, 
when the gap 48 is primed by discharge at gap 
47, cathode glow starts on the end of the tail ad 
jacent to gap 47, and spreads OVer the Whole tail 
surface. From the point of view of spread of the 
cathode glow, the tail and plate can be con 
sidered as constituting cathodes of two discharge 
gaps, the vertical step between the tail and plate 
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discharge surfaces being equivalent to a small 
separation between the gaps. Due to the coupling 75 

6 
between these discharge gap portions, when the 
cathode glow reaches the step, the striking volt 
age of the plate-anode gap portion is reduced to 
its maintaining potential so that this gap por 
tion is now fired by the anode battery potential. 
Since the maintaining potential of the plate por 
tion is lower than that of the tail, and it is pos 
sible to limit the total discharge current through 
gap 48 to a value at which the gap voltage is 
lower than the maintaining voltage of the tail 
portion; the discharge on the “tail', is therefore, 
extinguished and conduction maintained only on 
the plate portion. Hence, during storage, cou 
pling from the discharge on plate 5T is much 
greater to the adjacent transfer gap 49 than to 
the preceding gap 47. 
AS is indicated in Fig. 3, the desired gap ge 

onnetry may be constructed by forming the stor 
age Cathodes from metallic strip mounted edge 
on to the anode, a portion of the width of the 
Strip adjacent the anode being cut away and the 
remaining portion being bent over to be broad 
Side to the anode. 
In Order to limit the discharge surface to the 

edge of the cathode tail, a convenient practical 
arrangement is to clamp the metallic strips 
shown at 58 and 59 between two sheets, 60 and 

, of mica, or other suitable insulating material, 
So that the top edges of the micas are flush with 
the cutaway edge of the strip, the said remain 
ing portion being a continuation of the strip bent 
Over at right angles to the said edge to form the 
plate 5 projecting at right angles beyond the 
edges of the mica, sheets. The transfer cathodes 
54 and 55 are also formed from strips of the 
Same thickness, and of width equal to the width 
of plate 5, Similarly bent over the edge of mica, 
Sheet i. The cathode assembly may then be 
held in position between sheets 6 and 6 by 
neans of rivets indicated at 62. The bent-over 
portions of the transfer electrodes and of the 
Storage Cathodes are made approximately the 
Same size So that the transfer gap and the ad 
jacent portion of the preceding storage gap have 
Similar electrical characteristics. The cathode 
tail 56 should be fiush with the top edge of mica 
sheets 6 and 6, the under Surfaces of the bent 
Over portions 57 and 55 should be slightly clear 
of the top edge of 6. It is preferred that the 
Spacing between adjacent gaps be small, the 
Separation between a transfer cathode and the 
Storage cathode to either side of it being of the 
Order of the length of the cathode fall for nor 
Inal glow discharge, in which case the striking 
Voltage for the gap adjacent a discharging gap 
is reduced by field and ionisation coupling to 
approximately the maintaining voltage of the 
prinned gap. W 

A simple practical construction on the above 
lines is illustrated in Fig. 4, in which the cathode 
assembly 63 is shown mounted on support rods 
6 from the press 65 of a conventional valve 
envelopes 66. The lower ends 6, of the metal 
Cathode Strips are allowed to project below the 
insulators between which they are clamped so 
as to enable lead Wires 69 to be Welded to them. 
An anode 0, in the form of a metal sheet placed 
edge-on to the roW of cathodes, the adjacent 
edge being turned over to provide a discharge 
Surface parallel to the plane of the cathodes, 
is mounted on rods 64. 

In an experimental tube made up on the 
above-inentioned principles, the storage Cathodes 
were formed from 3.5 mm. Wide nickel strip, a 
portion being cut away at one end to leave a 
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Cathode plate 1.5 min. Square. The transfer elec 
trodes were made from 1.5 mm. wide nickel strip. 
So that, When bent over, a tab Similar to the tab 
On the Storage Cathodes Was formed. The natu 
ral bend of the strips provided a sufficient differ 
ence in gap length between the edge-on and 
bent-over portions of the storage cathodes. Suc 
cessive strips were mounted edge to edge with 
a separation of about 0.38 mm. between adjacent 
Strips. The anode Was also constructed from 
nickel strip. After assembly of the electrode 
Structure and completion of the envelope, the 
tube was filled with a neon, hydrogen, argon mix 
ture consisting 92% Ne, 7% H2 and 1% A at a 
preSSure of 100 mm. of mercury. 
With the above Construction and gas filling 

the tube had a static Striking Voitage of about 
240 volts for all gaps, the maintaining Voltage 
between the bent-over tabs and the anode being 
about 164 volts, the edge-on portions of the 
storage gaps having maintaining voltages about 
10 volts higher, about 1 volt being due to the dif 
ference in gap length and the remainder due to 
the difference in shape of the discharge surfaces. 
The reduction of Striking Voltage (or coupling 
voltage) for different transfer electrode currents 
in the adjacent storage gaps to either side of a 
transfer gap is shown below. 

olts 
66 
79 
86 

where G1 denotes the adjacent gap earlier in the 
desired direction of Sequence discharge and G2 
the adjacent later gap. It is seen that Some 
40-50 volts difference between couplings in the 
two directions was obtained. 
Although a simple linear array Such as just 

described may be of value in certain circuit ap 
plications, for use in a circuit such as described 
with reference to Fig. 2, a circular array con 
struction is to be preferred. A further embodi 
inent of the invention is illustrated in FigS. 5, 
6 and 7. In this arrangement the storage 
cathodes (Fig. 6), and transfer electrodes 2 
are constructed from metallic Strip, and are ar 
ranged radially, being sandwiched between an i5 
annular insulating plate 3 and a further pair 
of circular insulating piates is and 5 (Fig. ) ti 
edges of the plates being aligned and the pre 
viously mentioned edge-on portions of the stor 
age cathodes projecting beyond the peripheral 5. 
edges of the insulating plates. All but one of 
the transfer electrodes are formed as a plurality 
of fingers radiating from a central metallic 
member to form a spider 76. (Fig. 6), the edges 
of the fingers being bent over to form the ex 
tended cathode surfaces previously mentioned. 
The remaining transfer electrode is similar to 
one of the above-mentioned fingers but is in 
sulated from then. Separate Storage Cathodes 
are placed between adjacent transfer electrodes 
and the cathode assembly is in its turn Sand 
wiched between a pair of annular metallic discs 
8. and 79, having upturned rims directed away 
from one another, the bent-over portions of the 
storage cathodes and transfer electrodes extend 
ing over one of the rins, the clearance between 
the cathode surfaces and the discS being Such 
that the discs may function as field control plates 
confining cathode glow to the desired surfaces of 
the Cathodes. With this: construction the-anode 
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tential for normal glow discharge. 

8 
takes the form of an inverted cup-shaped elec 
trode 88 secured to the cathode and control plate 
assembly, the Wall of the cup Surrounding the 
assenbiy So as to form with the storage cathodes 
and transfer electrodes a circular array of radial 
discharge gaps. It will be appreciated that a 
similar type of construction could be adopted 
in which the anode was internal rather than ex 
ternal to the cathode array. 

For a circular array with external anode, in 
One eabodiment of the invention the transfer 
electrode spider coln prises nine fingers Stamped 
out of sheet retal. With the edges of the fingel's 
turned over at right angles as shown in Figs. 6 
and 7, the resulting spider being approximately 
14 intin. in radius. The Spider is located on the 
annular mica, sheet 3 by means of rivetS 8? on 
the fingers. The Separate Storage Cathodes and 
the remaining transfer electrodes are then sini 
iarly located on the Inica by means of rivets 82 
stamped out fro; the metal of the electrodes. 
Tie bent over tag portions of storage cathodes 
and transfer electrodes are each 2.5 mm. long, 
the edge-on portion of the storage Cathodes being 
approximately 3.19 mm. long, while the gaps be 
tween adjacent electrodes are approximately 0.31 
innin. The innica. Sheet 3 is placed over the cath 
ode electrodes, and the third annular mica sheet 
25 under sheet if, the assembly being clamped 
between the annular field-control pates 18 and 
is so that While tine rin of 8 is flush with the 
catinode tags that of plate 9 lies underneath 
then and is Spaced therefron approximately 
0.125 na:n.--the langth of the cathode fall of po 

The field 
control plates and the three mica, sheets are riv 
eted together by eyelets 83, which, together with 
other eyelets 33 passing through clearance holes 
in the cathode-camp the control plates together 
and form a rigid cathode, transfer electrode and 
control plate sub-assembly. A pair of circular 
nica sheets 83 and 86 is used to locate the anode 
S.S. he inica. Sheet 35 fits inside the rim of the 
upper field-control plate 8 and is riveted by 

5. eyelets 82 and 88 to the Innica, sheet 86 which pro 
jects beyond the rin of the plate and fits inside 
the anode 88 so as to ensure the exact location 
Cf. the latter. The eyelets 8 also secure the an 
'Ode 83, but the anode has clearance holes around 
eyelets 88. The anode assembly is secured by 
two rods 83 welded to eyelets 87 in tha anode 
assembly and S4 in the cathode assembly. A 
pair of rods 9 and 3, welded respectively to an 
eyelet 83 on the cathode assembly and to an 
eyelet 88 (on the ancde assembly), are used as 
Support r3ds for the complete electrode assembly 
and are Sealed in the press (Fig. 5) of a con 
ventional valve base. Rod 9 serves as a lead to 
the field control plates 78 and 9. Leads 93 to 
the storage cathodes and transfer electrodes are 
Welded to these mennbers and pass through the 
central hole of the lower field-control plate to 
the press. The anode is taken by lead 94 to a 
top cap 35 on the envelope 98 of the tube (Fig. 5). 
Before Saling off, the tube envelope is evacuated, 
heat-treated and filed with the neon-hydrogen 
3rgon mixture inhentioned previously. With an 
aircde-Cathi) de Spacing cf 1 mm., the above tube 
has a static striking voltage of approximately 230 
Voits, the maintaining voltage to the storage 
cathodes and transfer electrodes being about 150 
volts. The difference between forward and back 
Wald ionisation coupling is of the same order as 
for the linear array quoted above. 

In operation in the circuit described above 
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with reference to Fig. 2, the transfer electrodes 
are biased 60 volts above earth and it is arranged 
that the cathodes, when they are conducting, 
shall be 50 volts above earth, the steady anode 
potential between pulses being 200 volts. Nega 
tive-going pulses of 25 microseconds wide and 80 
volts amplitude are applied to the transfer elec 
trodes. 
As a result of experience gained in the use of 

the tubes described above with reference to Figs. 
5, 6, and 7, it is now preferred to use a slightly 
modified construction with a view to increasing 
manufacturing and circuit tolerances. In the 
first place, it is preferred to shape the transfer 
electrodes so as to obtain some degree of direc 
tional coupling from these. To this end, the 
bent over portions of the transfer electrodes are 
cut to triangular shape as shown diagrammati 
cally in plan in Fig. 8, where two storage cath 
odes 7 are depicted on either side of a modified 
transfer electrode 9. The bent over portion of 
the transfer electrode is shaped as a right angled 
triangle with its hypotenuse opposite the cath 
ode plate 98, the right angle being adjacent the 
cathode tail 99. This construction decreases the 
coupling from glow on 97 to the plate 98, while 
leaving the coupling to the tail 99 unaltered; the 
construction also allows a reduction in the trans 
fer electrode discharge current with a consequent 
increase in the input impedance of the tube. 
Another important improvement concerns the 

restriction of cathode glow to the desired dis 
charge surfaces, particularly in the case of the 
cathode tail. As shown on Fig. 7, metal field 
control plates 78 and 79 are employed, surfaces 
of the control plates being spaced from the rear 
of the cathode plates and transfer electrodes and 
from the sides of the cathode tail by a distance 
less than that of the cathode fall of potential 
for normal glow. It will be seen, however, that 
the corners 9 of control plates 8 and 9 are 
somewhat rounded and this reduces their effi 
cacy, particularly to either side of the cathode 
tail. It is therefore preferred to adopt the Con 
struction shown in the fragmentary drawing of 
Fig. 9 in which parts common to the construction 
of Figs. 6 and 7 have been given like reference 
numerals. In Fig. 9, the lower control plate Of, 
which replaces the member 9 of Fig. 7, is slotted, 
having bent over castellations (2 lying behind 
the transfer cathodes and the plate portions of 
the storage cathodes, the portions between the 
castellations being cut away So as to form pro 
jections between them, as indicated at 03, paral 
lel to the cathode tails 99. The member 78, for 
merly the upper control plate, now serves merely 
as an anode locating cup, while a further member 
04, sandwiched between it and the mica disc 23, 

functions as upper control plate. By this means 
the effect of the rounded corners 09 is elimi 
nated and it can be ensured that cathode glow is 
Confined to the desired Surfaces. 
No mention has so far been made of connec 

tions to the field control plates. In the interests 
of supply voltage tolerances it is preferred that 
they be given a positive bias of some 80 volts 
nominal, the actual value being chosen to achieve 
the widest operating voltage limits. 
With the above Inentioned modifications to 

the construction described with reference to Figs. 
5, 6 and 7, typical D. C. characteristics are as 
follows: 

D. C. breakdown voltage, storage cathode 
anode --------------------------- volts. 230 
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D. C. breakdown voltage, transfer cathode 
anode ----------------------------- WOItS 230 

Maintaining potential (anode-cathode plate) 
VoltS 155 

Maximum steady current -----na. D. C. - 5.5 
Differential coupling --------------- volts 40 
Saturation current of cathode tail mall 0.5 
Coupling between adjacent storage cathodes 

WOltS. 30 
Maximum plate current before glow spreads 
from Cathode plate to cathode tailina, 5.5 

Typical Operation conditions selected for a fre 
quency range of 0-3 kc./s. over which the pulse 
Output from the output cathode may approximate 
to Square wave are as follows: 
Anode Supply voltage ------ 320 volts - 30 volts. 
Transfer cathode bias ----- 55 volts. 
Control plate bias --------- 80 volts, 
Anode load ---------------- 18 kS fixed 

--50 kS2 variable 
Storage cathode time con- - 
Stant circuit (networks 
34, 35, Fig. 2) ------------ 10 k$2, 0.01 af. 

Pulse amplitude------------- -80 volts. 
Pulse Width --------------- 25 useCS. 

It should be noted that the tube will operate with 
a Cathode time constant circuit as given above at 
frequencies higher than 3 kc./s., but the pulse 
output will no longer be square. 
Another form of construction of a radial type 

of tube according to the invention is shown dia 
grammatically in Fig. 10. In this construction 
the bending over of electrodes is avoided, the 
electrodes being formed as plane or substantially 
plane discs with but shallow cup like depressions 
for locating purposes. The cathodes are formed, 
as in the nanufacture of these members for the 
pieceding embodiments, with a stepped edge to 
provide a cathode plate projecting beyond the 
cathode tail, but the plate is iot bent over. In 
Fig. 19 a cathode tail is shown at 5 and a 
cathode plate at 6 and . The transfer 
electrodes are shaped similarly to the Cathode 
plates and are not bent over. The field control 
plates 3 and 9 are circular, without serra 
tions, the upper one, 9, projecting flush with 
the edges of the cathode tail and the lower one, 

8, fiush with the edges of the cathode plates. 
The anode is also Substantially fiat. Dis 
charge at the cathode tail can occur only along 
its Outer edge while discharge at the cathode plate 
is limited to its upper surface, which, of course, 
is still slightly closer to the anode than the edge 
portion forming the tail. 

For some circuit arrangements it ray be an 
advantage that the transfer electrodes as well 
as the storage cathodes shall be constructed to 
provide maximum Unidirectional coupling. On 
the other hand, in a tube in which all the 
cathodes are constructed on the unidirectional 
principle, the use of separate transfer electrodes 
may be eliminated. As shown in the circuit dia 
grams of Fig. 1, the cathodes may be arranged 
in two groups, alternate cathodes being connected 
to respective resistance-capacity networks 
and 2 through which the cathodes are 
grounded. A common anode resistance 3 con 
nects anode 4 to battery 5. The cathode 6 
(being the last cathode in the array) is shown 
connected independently through the primary 

I of a pulse transformer A and to a separate 
resistance-capacity network 8. The component 
values of the circuit may be arranged so that but 
One cathode at a time may remain conducting, 
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while negative extinguishing pulses are applied to 
the common anode via blocking condenser 9 
and resistance 23. Each of these plilses carries 
the anode-cathode voltage below the maintail 
ing potential of any gap in the array SO that, dis 
charge is extinguished. After the pulse 
passed, the same cathode is prevented froi fit 
ing again due to its cathode potential being main 
tained positive by means of its resistance 
capacity circuit, while the coupling to the next 
cathode in the array is sufficient to cause that 
cathode to fire. In this way, the circuit can be 
arranged to count negative pulses. It is evident 
that with such a design, and using a circular 
array, the circuit may be arranged to have a 
simple homing feature, so that the circuit may 
be set up with a predetermined gag discharging 
whereby the count may always cominence at tie 
same gap. In Fig. 11 this facility is provided by 
the battery 2 and key .22 shunted acrgSS the 
network 8. 
The circuits so far described all require the 

ise of time-constant circuits. Thus, if in the 

o 

s 

circuit of Fig. 11 the time-constant circuits il, . 
2 and 8 were omitted, it is probable that after 

passage of an etxinguishing pulse the cathode 
which has just been extinguished Would fire 
again-due to the residual ionisation in that 
gap-before ionisation coupling had enabled a 
discharge to be established at the next gap. In 
the circuit at Fig. 11, this is prevented, of course, 
by the cathode that has just been fired, being 
maintained positive for a time by its resistaince 
capacity circuit. We have found, however, that, 
it is possible to eliminate the time-constant Cir 
cuits if we reintroduce the transfer electrodes, 
but shape these similarly to the storage cathodes, 
so that every cathode, not only the storage 
cathodes, but also the transfer electrodes pro 
wide unidirectional ionisation and field coupling. 
An embodiment of the invention using fully di" 

rectional transfer electrodes is illustrated in Figs. 
12, 13, and 14 in which the electrode structure of 
the tube (23 comprises a central sheet 2 of 
mica, or other suitable insulating material, hav 
ing the cathode electrodes 25 eyeletted to it on 
either side so as to form in effect, two arrayS, 
the direction of sequence on one side being the 
opposite to that on the other side. A pair of all." 
odes 26, suitably connected together, is notint 
ed on the insulating sheet over the respective lities 
of cathodes and it is arranged that the cathodies 
at one or at both ends protrude from beyond the 
edge of the mica sheet 24, as shown in iig. 13, 
so that coupling may occur between the last gap 
on one side and the first gap on the other Side 
of the sheet. In this Way, the equivalent of a ci 
cular array is obtained, the discharge Sequence 
going down one side of the sheet and up tie 
other. Field control pates 2i to limit the Spread 
of cathode glow to the desired cathode areas are 
also shown fixed to the raia Supporting sheet. 
The assembly is incorporated in a noi'nal Vaive 
envelope as shown in Fig. 12. A circuit for use 
with this tube is shown in Fig. 15. 

In Fig. 15 the transfer electrodes 28 are bi 
assed positively by battery 23 SO that they Wii 
only maintain a discharge in the presence of a 
pulse applied to terminal 33. The remaining 
cathodes, the storage cathodes, are connected to 
ground-preferably through a resistance 3i SO 
as to equalise the load for all cathodes, as one of 
the cathodes, indicated at 32, is connécted to 
the primary 33 of a transformer 33A providing 
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cuit. The common anode lead 34 is arranged 
as in previous examples and negative-going 
pulses are applied to the transfer electiodes via 
terminal 39. These pulses must be Sufficientis' 
long for the residual ionisation to decay in the 
gap which is extinguished by firing of the trans 
fer gap. Due to the uinidirectional ionisation Cou 
pling feature, the coupling from the trainSfei gap 
is greater to the next succeeding Storage gap than 
to the gap which has just been extinguished. 
Similarly, during the inter-pulse interval, Wheil 
one of the storage cathodes is glowing, the Cou" 
pling to the succeeding transfer gap is great31 
than tC the preceding transfer gap. 
A device manufactured on the lines of the en 

bodiment of Figs. 12 and 5 and having Substian 
tially similar electrode dimensions to those quiet 
ed above has been found to count at a puise 'eps 
tition rate of 30 kc./S, 
In some embodiments So far described, where 

the storage cathodes and transfer electrodes COin 
prise bent-over portions of inetallic Strip, it would 
be possible and advantageous from tire point of 
view of still further reducing backward couping to 
arrange that these tabs were not all belt. Over 
in the Sanne direction. For example, in the ein 
bodiment described With reference to Fig. 3, each 
storage catinode tab and its adjacent t:3. Insfer 
electrode tab can be bent over in the Salae di 
rection, the next pair of taps being beint over in 
the opposite direction. With the othel arraySt. 
electrode assembly arrangements may require 
modifications, such as Will be evident to those 
Skilled in the art, in order conveniently to ill 
ciude this feature of increased spacing between 
cathode tabs. 
While the principles of the invention have been 

described above in connection. With Specific en 
bodimetS, and particular nodifications thereof, 
it is to be clearly understood that this description 
is made Oily by Way Of example and not as a lini 
tation. On the Scope of the inventicin, in pair 
ticular it should be pointed out that, while for the 
circuits which have been illustrated, embodi 
mentS of the invention have required only a sin 
gle Conannon anode, Sub-division of the anode, 
pOSSibly With a Separate circuit connection suc 
as Will occur to those skilled in the art, need 
not effect the linidirectional coupling features of 
tubeSaccording to the invention. 

the embodiments of the invention in which 
an exclusive property or privilege is claimed are 
defined as follows: 

I claim: 
1. A cold cathode gas-filled electric discharge 

tube comprising electrode means defining an ar 
ray of Separate glow discharge gaps thereamong, 
given of said electrode means having two por 
tions, the first portion presenting a larger Surface 
area to the gap than the Second portion, each Said 
first portion having a larger discharge current 
and lower maintaining Voltage characteristic than 
Said Second portion, the first portion of each Of 
said given electiode means adjacent to the Sec 
ond portion of a different of Said given electrode 
means, whereby ionization and field couping be 
tween said given electrode means takes place, 
and the priming of a Second portion of a given 
electrode means is transferred to the first poi'- 
tion thereof resulting in Linidirectional SucceS 
sive gap discharges, aeans for causing the dis 
charge of the gaps in said array and 282ns foi' 
deriving an output fron Said tube ior utiliz2ticin. 

2. A cold cathode gas filled electric discharge 
tube comprising a piurality of electiodes defining 

means for passing intelligence to a further cii'. 75 an intermediate discharge gap positioned between 
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a first and a third gap, the three gaps being ar 
ranged so that a discharge at the first gap shall 
prime the intermedaite gap and discharge at the 
intermediate gap shall prime the third gap, char 
acterised in this, that the said interimediate gap 
has two portions, the first portion, adjacent the 
Said first gap, being constructed to pass into a 
condition of abnormal glow discharge at a lower 
discharge current than the remaining portion, 
adjacent the Said third gap, and to have a higher 
maintaining voltage than the said remaining por 
tion, in order that when primed by discharge at 
said first gap, discharge at the said intermediate 
gap may start at the said first portion and trans 
fer to the said remaining portion. 

3. A discharge tube according to claim 2 con 
prising an ordered array of electrodes defining dis 
charge gaps arranged So that the gaps may be 
fired in succession along the said array with a 
discharge at one gap prinning the next gap, char'- 
acterised in this, that all the gaps between the 
first and the last gap in Said array are arranged 
as specified for the said intermediate gap. 

4. A discharge tube according to claim 2, corn 
prising an ordered array of electrodes defining 
discharge gaps arranged so that the gaps may be 
fired in Succession along the said array with a 
discharge at One gap priming the next gap, char 
acterised in this, that alternate gaps in the said 
array are arranged as specified for the said in 
termediate gap. 

5. A discharge tube according to claim 2 where 
in said electrodes comprise a plurality of cath 
odes and a common anode, and each cathode of 
the said intermediate gap is formed of two por 
tions a cathode tail and a cathode plate, the ra 
tio periphery to area of discharge surface being 
greater for the said tail than for the plate, where 
by the rate of diffusion of current during dis 
charge between said common anode and the tail 
is greater than the corresponding rate during dise 
charge betWeen the Said anode and the Cathode 
plate. . . . S. 

6. A discharge tube according to claim. 5 in 
which the discharge surface of the cathode plate 
is closer to the said anode than that of the cath 
Odetail. 

7. A discharge tube according to claim 6 in 
which the said cathode is formed from metallic 
strip mounted edge-on to the said anode, the 
end of the strip adjacent the anode being made 
with a tag forming the said cathode plate, project 
ing beyond an edge portion forming the cathode 
tail. 

8. A discharge tube according to claim 7 in 
which the said tag is bent over so as to be at an 
angle to the remaining portion. 

9. A cold cathode gas-filled electric discharge 
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tube comprising a plurality of electrodes defin 
ing an array of Separate glow discharge gapS 
thereamong, a first of said electrodes Connon to 
each of said gaps, a plurality of Second electrodes, 
each having two portions in gap relation to Said 
first electrode, the first portion of each of Said 
Second electrodes presenting a larger Surface area, 
to Said first electrode than the second portion of 
each of Said Second electrodes, each Said first 
portion having a larger discharge current lower 
maintaining voltage characteristic than said sec 
ond portion, a plurality of third electrodes in 
gap relation to said first electrode, one of Said 
third electrodes disposed alternately between said 
Second electrodes, each of Said third electrodes 
being adjacent to the first portion of one of 
Said Second electrodes On One Side thereof and 
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adjacent to the Second portion of a different of 
said second electrodes on the other side thereof, 
whereby ionization and field coupling between 
successive of said third electrodes and the sec 
ond portion of an adjacent Second electrode takes 
place, and the pinning of Said second portion is 
transferred to the first portion of said adjacent 
electrode thereby resulting in unidirectional Suc 
ceSSive gap discharges. 

10. A cold cathode gas-filled electric discharge 
tube as claimed in claim 9 further comprising a 
fourth electrode disposed between a pair of Said 
Second electrodes in similar manner to Said third 
electrodes, and in gap relation to said first elec 
trode, said fourth electrode adapted to be con 
nected to a utilization means. 

11. A cold cathode gas-filled eiectric disicharge 
tube as claimed in claim 9 wherein Said. Second 
electrodes are formed of metallic strip nounted 
edge-on to said first electrode, the ends of the 
strips being bent over to be broadside to said 
first electrode. 

12. A cold cathode gas-filled electric discharge 
tube as claimed in claim 10 further comprising 
a set of pates of insulating material and where 
in said metallic strips are sandwiched between 
Said insulating plates, aligned edges of Said plates 
being Substantially flush with the edge-on Sur 
faces of the Second portions of Said Second elec 
trodes, Whereby Said plates limit Cathode glow to 
the Surface of Second portions of Said Second elec 
trodes adjacent said first electrode. 

13. A dishcharge tube according to claim 12 in 
which the said plates are Secured to Support rods 
sealed in a glass press forming part of the en 
velope of Said tube. 

14. A discharge tube according to claim 13 in 
which a common anode is secured to the Said 
Support rods. 

15. A discharge tube according to claim 14 in 
which the Said anode is in the form of a metal 
sheet having a bent-over edge portion. Substan 
tially parallel to the bent-over portions of the 
cathode assembly. - 

16. A cold cathode gas-filled electric discharge 
tube as claimed in claim 9 wherein Said array is 
radially arranged and further comprising a pair 
of circular field control plates, each of Said Sec 
Ond electrodes Sandwiched between but insulated 
from Said control plates, a first of said control 
plates having a down-turned castellated rin, Said 
third electrodes having portions constituting their 
respective discharge Surfaces turned over said 
rim, the said second electrodes intermediate the 
Said third electrodes intermediate the said third 
electrodes each having its second portion sub 
stantially flush with the parallel portion of both 
Said control plates and its first portion turned 
Over the rim of Said first control plate, the Spacing 
between said second electrodes and said control 
plates being Such that the gap between any dis 
charge Surface of a Second electrode at Which 
discharge is not desired and an adjacent control 
plate surface is less than the length of the cath 
Ode fall of potential for normal glow discharge at 
such cathode discharge surfaces, said first elec 
trode Surrounding all of Said electrodes and said 
control plates and forming radial discharge gaps 
With respective of Said electrodes. 

17. A discharge tube according to claim 16 in 
which said second electrodes comprise cathodes 
and are secured to the said field control plates 
With insulating Spacing and locating washers to 
form a unitary Structure and said first electrode 
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comprises a cup-shaped anode within which the 
said unitary structure is mounted. 

18. A discharge tube according to claim 16 in 
which the unitary structure of the cathode array 
comprises a cup-shaped member having the 'in 
of the cup upturned (i. e. oppositely directed to 
the rim of the lower control plate) the anode be 
ing mounted on insulating washers located by the 
rim of the Cup. 

19. A discharge tube according to claim 16 in 
which said third electrodes comprise transfer elect 
trodes and whose bent-overportions are triangular 
in shape, the angles of the triangle being Such that 
the centroid of the triangle is closer to the S&C- 
ond portion of a second electrode of the next ad 
jacent gap on one side of a third electrode than 
to the first portion of a second electrode of the 
adjacent gap on the other side in the Ordered 
array. 

20. A discharge tube according to claim 16 con 
prising a radially arranged unidirectional dis 
charge gap array in which the cathodes are Saind 
wiched between, but insulated from a pair of cir 
cular upper and lower fied control plates having 
Substantially planar edges, the lower plate hav 
ing a larger diameter than the upper; alt&riate 
cathodes (transfer electrodes) having co-planal 
discharge Surfaces the Outer edges Of Which are 
substantially flush with the outer edge of the 
lower field control plate the remaining cathodes 
(Storage cathodeS) each having a circumferal 
edge portion (the cathode tail) substantially fiush 
with the edge of the upper field control plate 
and a radially extending portion (the cathode 
plate) having its circumferal edge substantially 
flush with the lower field control plate and a ra 
dially extending portion (the cathode plate) hav 
ing its circumferal edge substantially fush with 
the lower field control plate; the spacing between 
the cathodes and the control plates is Such that 
the gap between any cathode surface at Which 
discharge is desired and an adjacent control plate 
Surface is leSS than the length of the cathode 
fall of potential for normal glow discharge at 
those cathode surfaces; and in which an anode is 

20 

25 

30 

35 

16 
mounted above the Said upper field control plate 
to form a discharge surface Substantially parallel 
to the upper Surfaces of the Cathode projecting 
beyond the upper field control plate. 

21. A cold cathode gas-filled electric discharge 
tube comprising a sheet of insulating material, a 
plurality of electrodes mounted in line on said 
Sheet, a first of Said electrodes common to each 
of said other electrodes and defining an array of 
Separate discharge gaps therewith, said other dis 
charge gaps having two portions in gap relation 
With Said first electrode, the first portion of each 
of Said other electrodes presenting a larger Sur 
face area to Said first electrode than the second 
portion of each of Said other electrodes, each said 
first portion having a larger discharge current 
and lower maintaining voltage characteristic than 
Said Second portion, said first portion being bent 
over, transverse to a plane of said insulating 
Sheet, a similar discharge array mounted on the 
reverse side of Said insulating sheet back-to-back 
With Said first array, the said other electrodes 
in the two arrays being oppositely divided so that 
the discharge Sequence on one side of said sheet 
is opposite to that on the other, the arrays being 
positioned on said sheet so that at one or both 
ends. the other electrodes at the end df each 
array projects beyond the edge of the said sheet 
to provide ionization and field coupling between 
each array, whereby a discharge sequence may 
be propagated along the array on one side of 
Said sheet and may proceed back along the array 
On the other Side, means for causing the dis 
charge of the gaps in said arrays and meains for 
deriving an output from said tube for utilization. 
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