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This invention relates to -electron switching
and counting devices and more particularly to
multi-gap cold cathode discharge tuoe for use
in such devices.

In multi-gap tubes heretofore proposed for
switching and counting devices, one anode and
several cathodes are provided to form a num-
ber of cathode-ancde gaps. In the use of these
tubes it is desired that the gaps discharge in
a, given order. It is also desirable that the dis-
charge  transfer reliably from one gap to an-
other particular gap, in some definite prescribed
sequence. Heretofore attempts have heen made
to accomplish desired sequence of discharge by
providing intermediate cathodes or spécial trans-
fer electrodes together with external circuits or

by shaping the cathodes to include transfer elec-

‘trodes for unmidirectional counting operation.
Where the cathodes are specially shaped to ef-
fect directional transfer from gap to gap, such
shaping tends to slow down the operation since
special shaping increases de-ionization time or
‘requires progression of the glow from the initial

point of discharge to a point adjacent the next

gap to be discharged. If rapid counting op-
eration is not desired, then the slow shift of
the glow across the shaped cathode is not trou-
blesome. Howeper, if rapid count is import-
- ant, then special shaping of the cathode impedes
the operation and is, therefore, undesirable.
Where additional cathodes or transfer electrodes
-are provided between counting cathodes, such

arrangements add complications to the tube

structure and the associated circuitry, and the
time element required for each transfer again
slows down the operation of the tube.

One of the objects of this invention is to pro-
vide a multi-gap cold cathode gas filled tube
which avoids the use of specially shaped elec-
trodes and/or the addition of transfer electrodes.

Another object of the invention is to pro-
vide a multi-cathode counting and switching de-
vice for use with a cathode biasing circuit ca-

pable of high speed counting and switching op--

eration.
One of the features of the invention is the
simplicity of construction of the tube, the cath-

odes being of simple rod or pin shape and sub-
stantially equally spaced from a common anode.
By providing a biasing circuit network for the.
cathodes there is no-need for specially shaped.
cathodes or the adjuncts of intermediate cath-

odes or transfer electrodes. Instead, I have
found it preferable to have all cathode-anode
gaps as simple and as nearly identical as pos-
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sible and to rely on circuit biasing and adjacent -
gap priming for unidirectional operation.
Another feature of the invention is the pro-

~vision of means for controlling or limiting the
- cathodes so that they have substantially - equal

active areas. I accomplish this by placing a
barrier, which may comprise 8 shield or control
electrode -extending over adjacent: the part of
the cathode to be maintained inactive. .The
active portion of the cathcde is then the end
portion that protrudes beyond this barrier.
Where an apertured shield or. control electrode
plate is used as a. barrier, ancther feature in-
volved is the manner and method employed to

- support and align the cathodes in spaced ax-

ially extension through such apertures.

The above-mentioned and other features and
objects of this invention will become more ap-
parent by reference to the following - descrip-"
tion taken in corjunction with the accompany-
ing drawings, wherein:

Tig. 1 is a vertical sectmnal view of a multi-
gap tube. according to the present invention;

Fig. 2 is a schematic illustration of the tube

¥ together with a blasmg circuit for the cathodes

thereof; .

‘Fig.8isa fragmentary view of a modified cath-
ode-anode assembly with parts shown in section;

Fig. 4 is a fragmentary view of another em-
bodiment ¢f the cathode-anode assembly w1th
parts shown in section; and

Fig. 5 is a plan view of the assembly shown
in Fig. 4.

Referring to Fig. 1 of the drawing the tube
comprises an envelope | mounted in a base 2
which is provided with términals 3 for reception
in a socket. The terminals 3 are connected by

"leads § through the envelope | to correspond-

ing electrodes of the tube. The baseé and en-
velope are secured together by cement §. One
of the electrodes T contalns at least in part an
electrode assembly, and the electrode assembly

as a whole is supported by the leads 4 which °

are sealed through the envelope | as indicated

45° at 6. The electrode 7 is in the form of a hol-’

low body, one part 8 being in the form of a hol-,
low cylinder while & second part 9 is in the form:
of an end flahge. - Tle end flange 9 extends in-

_wardly and comprises a barrier for determining”

50°

55°

the getive aréa of the cathodes, The flangeé. 9
is provided with a series of apertures 10 through
which the cathode pins ‘protrude. -

As shown in Fig. 2, ten cathode pins It through
20 are provided. In Fig. 1, five of these cathodes
are shown. The cathode pins are supported in’
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an insulating web 21 which extends crosswise of
the body 8 to which it is secured. This web may
comprise glass or other insulating material. In
order to insure proper alignment of the cathode
pins axially of the apertures {8, the following
operation is found satisfactory. The cathode
pins and the body 8 are pre-oxidized so that
the cathode pins are Jjust large enough to fit
mto the apertures 0. The oxide layers act as
spacers to locate the pins centrally of the aper-
tures. After the application of the glass web-
bmg 2l the oxides are removed by a cleaning
operatlon including a water rinse and a dip in
a solution of sulfuric and nitric acid, thus cen-
tering the cathode pins in spaced relatlon in
the apertures (8. The clearanece between the
pins and the sides of the apertures 1s preferably
within 0.002 to 0.004 inch.

A central stem 22 is prov1ded for supporting
a cylindrical anode 23. The stem 22 is beaded
as indicated at 24 and made integral with the
webbing 2 by known glass welding techmque
This Weldmg operatron also secures the webbing
21 to the cyhndmcal portlon of the electrode 1
which is preferably of Kovar. The cathode pins
as well as the anode stem 22 are of Kovar which
has a coefﬁc1ent of expansmn similar to glass
The ‘anode 23 is supported by wires 25 which
are welded to the anode and to the anode stem 23,

The member 1 which comprises the support for
the assembly as well as the shleld for defining
the active areas of the cathodes is connected by
a lead 26 by which the member may be raised
to a des1red potent1al The member thus biased
acts as a control electrode for the cathodes and
limits the active areas thereof.

Referring to Flgs 3, 4, and 5 of the drawing,
two"alternative elements for the cathode-anode
assembly are shown. " In Fig. 3 the anode is in-
dicated as a wire ring 37 which is disposed con-
centrically of the series of cathodes {1 to 20.
The cathodes extend through apertures con~
tamed in a control electrode plate 28, similarly
as 111ustrated in Fig. L. It wﬂl be readﬂy ap-
parent to those skllled in the art that the anode
21 may be of various shapes so Tong as an anode
surface is spaced a given distance from the ac-
t1ve suxfaces of the cathodes
ring 21 may overlie the ends of the cathodes as
1nchcated in Flg 1 or 1t may be d1sposed w1th1n
the circle defined by~ the cathodes.

In Figs. 4 and 5, the control plate 29 is dis-
posed as a hollow cyhnder without tHe end flange
shown in Fig. 1. In this form the apertures in-
dlcated at 30 are dlsposed in a circle, but may
be. in other conﬁguratlons if desired, in the wall
of~ the cyhnder and’ the cathodes, such as indi-
cated at 31, are turned at their ends so that the
a(?i?.lVe PQT!‘JIQI}S 32 are d.l.SDOS@d radla_lly through
the apertures 30. The anode 33 in the form of
a ring ‘is d1sposed concentncally of the control
electrode 29 in spaced relation to the ends of
the rad1ally dxsposed cathodes

Wh11e I have shown several possible ¢athode-
anode assembly arrangements in Figs. 1, 3, 4,

and 5, it will be clear that many other arrange-

ments utlhzmg the 51mp1e cathode-anode rela-
t10nsh1p and the assembly features of the present
invention are possible. The cathodes for ex-
ample, may be arranged ina Stlalght hne or if
desired in an irregular fashlon so long as the
ahode is spaced. equally from each of the cath-
odes.” The fundamental requrrement is that the
athode-anode 8aps have substantlally identical
ope1 at1ng characterlstlcs
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The gaseous atmosphere preferred for the tubé
is a mixture of neon, argon and hydrogen, the
percentage of -which. may be varied widely de-
pending upon the gas pressure, the electrode
voltages and the electrode geometry of the tube,
and also the break-down voltage point desired.
When hydrogen gas is used in small percentages
the hydrogen accelerafes .de-lonization and is,
therefore, - desirable. 'l_:{he amount. of hydrogen
preferred is between 5 and 10 per cent. - Argon
is used principally to reduce the breakdown volt-
age point and is not critical. The percentage of
argon is preferably between about 1 and 3 per
cent. The remaining percentage of the gas mix-
ture is neon, The gas pressure is not critical;
but relatlve hlgh pressures in the neighborhood.
of 125 mm. of mercury are preferred. The highet
pressures favor-rapid de-ionization and also give
a wider spread between normal striking and
maintaining voltages.

Referring particularly to Fig. 2 of the draw-
ing, the cathodes {1 to 28 have associated there-
with a bias control system comprising a plu-
rality of cathode circuits 34 to 43 coupled to-
gether as a re-entrant circuit by rectifiers as
indicated at 44. Fach b1as control circuit in-
cludes a pair of resistors 45 and 48 connected to-
gether in series and to one of the cathodes, such
as cathode 14, together with a condenser 47 con-
nected in paraliel across the two resistors. The
cathode biasing circuits are connected to ground
as indicated at 48, The anode 23 has a source
of positive potent1a1 connected thereto through
resistor 5. ‘The pulse input to be counted is ap-
plied,  when the input pulses are of positive po-
tential, through capacitor 50 to the anode cir-
cu1t Should the .source of input pulses be. of

egative potential the. ground connection 48
would then be prov1ded with a resistor and the
negative input pulses applied thereacross. An
output connection 52 is connected to the cathodé
20. A positive bias is applied over connection
53 to the control electrode 9. :

While only one hias control circuit is shown
for purposes of 111ustrat10n of the present inven-
tion, other forms. of bigs control circuits may. he
used. For adchtlonal mformatlon on biag (,on-'
trol ‘circuits reference may be had. to the co-
pendmg application of d. Lau (case 37), Serial
No. 248,999, filed September 29, 1951.

Before descnbmg the ope1au1on of the tube,
attentlon is ealied to the ‘term “priming.” When
there are several gaps in a glow tube, conduc-
tion in one gap will re uce the striking or break-
down voltage of the- others, . This reduction is
known as “priming.” A gap closely adjaceni
one that is conductlng will be primed more. than
a similar gap further away

To initiate operation of the tube a high voltage
is applied to the anode cncmt causing one of the
gaps to fire. Assummg that the gan: of the cath-
ode {4 has fired, the current ﬁowmg will develop
a positive voltage across the associated resistors
45 and 46, Pari of this voltage will appear- on
the next cathode 15 to the right through the con-.
A smaller positive voltane
is developed on. uhe second cathode 18 and so on
around the series of cathodes. so that the cathode
13 to the left of the one: conducting has. zero or
nearly Zero Voltage across its resistors with the
rectifier between it angd the conducting cathode
appearing as a high resistance. - Thus, the poten-
tial dwfference Dbetween: this left adJacent cathode
and the anode is greater than that between any
othez- cathode and anode 'I’h1s, and the fact;
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that both adjacent gaps are more exposed to the
light and ionization products of the conducting
gap than the other cathode-anode gaps, makes
the left adjacent gap at 13 strike when the next
input pulse is applied. During the application
of ‘an input pulse to the present illustrated cir-
cuit of Fig. 2, both the old and newly fired cath-
odes are conducting, but when the input pulse
terminates, the old gap extinguishes as it is biased
positive by the charge on its associated condenser.
When the cathode network has readjusted itself

10

to the newly fired cathode, the system is ready to

receive a new input pulse. The bias voltage on
the successive cathodes varies in stair-step fash-
jon except possibly for the last two or three cath-
odes to the left of the firing cathode and fhese
may be substantially equal.

The speed of counting ranges from less than
one pulse. per second to a rate well exceeding one
hundred thousand pulses per second.  In tests, the
rate of one hundred thousand pulses per second

has proved to be accurate but as the rate was in- .

creased, the counting became erratic as the rate
of two hundred thousand pulses per second was
approached. While the tube illustrated is shown
" 4o have only ten cathodes, it will be clear that a
less or greater number of cathodes may be pro-
vided, as may be desired. It should also be un-
derstood that tubes made in accordance with the
present invention have definite advantages over
hard vacuum tubes. For example, the present
tube saves space and weight and requires about
1/¢ of the power required for a comparable cir-
cuit using hard tubes. The life of the present
tube also far exceeds the life of the hard tube.
Tubes operating at 100 ke./s. are found to be very

useful in many applications, such as counting,

switching and frequency division.

While T have described above the principles of
my invention in connection with specific appa-
ratus, it is to be clearly understood that this de-
seription is made by way of example only and
not as a limitation to the scope of my invention
as set forth in the objects thereof and.in the
accompanying claims.

Iclaim:

1. A cold multi-cathode-anode gap discharge
device comprising an envelope containing a gase-
ous atmosphere, an anode, a plurality of cathodes
spaced apart and from said anode to form cath-
ode-anode gaps of substantially equal operating
characteristic and means equalizing substantially
the active areas of said cathodes.

9. A device according to claim 1, wherein the k

means for equalizing the active areas of the cath-
odes include a barrier disposed in association with
the cathodes to limit the active areas thereof.

3. A device according to claim 1, wherein the
cathodes are in the form of pins and the means
for equalizing the active areas of the cathodes
include a barrier to limit the activity of each
cathode to the tip portion only of the cathode pin.

4. A device according to claim 3, wherein the
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‘barrier includes a control

_.axially of said body

6
tions disposed adjacent the ends of the cathode’
pins and means for applying a potential bias to
said control electrode.

5. A device according to claim 3, wherein the’
barrier comprises & shield having apertures there-
through and said cathode pins are disposed with -
the end thereof protruding through said aper-
tures. )

6. A device .according to claim 1, wherein said
cathodes comprise pin-shaped elements disposed
in g circular arrangement and said anode is dis-

posed - in “substantially equal spaced relationship

with respect to said cathode pins.

7. A device according to claim 6, wherein the
active portion of the anode is in the form of a
ring and the cathode pins are disposed radially
with respect to said anode ring.

8. A device according to claim 1, wherein said
means for equalizing the active areas of the cath-
odes includes a hollow body having:apertures in
a wall thereof, and said cathodes comprise a group
of pins disposed in said body with the ends thereof
protruding through said apertures, and a web of
insulating material disposed crosswise of said body
to support said pins. . ’

9.- An electrode assembly for a cold multicath-
ode-anode gap discharge device comprising g hol-
low body having a plurality of apertures through
a-wall thereof, means carried by said body to sup-
port a plurality of cathode pins with the end por-
tions thereof protruding through said apertures .
whereby said body limits the active areas of said
cathodes to the parts protruding outside said
body. o

10. An electrode assembly according to claim 9,
wherein said body is cylindrical and the means
for supporting said cathodes includes a web of -
insulating material carried by the inner surface
of said cylinder. '

11. An electrode assembly according to claim
10, wherein the apertures are contained. in the
eylindrical wall and the cathode pins have end
portions disposed radially through said apertures.

12; An -electrode assembly according to claim
10, wherein said eylinder includes an end flange
extending inwardly toward the axis of said cyl-
inder, and said end flange contains the apertures
through which said cathode pins extend. :

13. An electrode assembly according to claim -
10 further including an anode and an anode stem
supporting said anode, said stem being disposed
and supported by said web.
"MILNER W. WALLACE. -
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