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1

: Thls ihvention relates to electron- discharge de-
Vi6Es; ahd more particutarly to a controllable ¢old-
cathode gas diséharge tube.

“The prinicipal object of this invention is to de-
vige 4 double-gap cold-cathode gas diséharge tubé
which is capablé of carrying a rather high plate
clirrent ahd yet which is rather small in size,

Ancthér object is to devise a grid-controlled
cold-cathode gas tube which may be used to op-
erate vdrious types of control devices, for exam-
ple; relays, which require rather high currents for
their operation:.

A further object is to devise a é¢old-cathode gas
tubé whicth may be used to replace hot-cathode
gas ‘tubes, thus eliminating and saving the cur-
rent consumption required for heating the cath-
odes of such hot-cathode tubes.

The foregoing and other objects of the inven-
tion will be best understood from the following
description of an exemplification thereof, refer-
énce béing had to the accompanyihg drawing,
wherein:

Fig:1 is a central vertical cross-section of a
tube embodying the invention;

- Fig; 2 is a-horizontal cross-section on line r—z
of Fig.'1; and

Fig. 3 is a horizontal cross-section-on lirie y—y
of Fig. 1.

Referring now to the drawing, the device com-
prises & vitreous envelope |, containing a suitable
ionizakle gaseous atmosphere, preferably ninety-
nine per cent neon and one per cent argon, at a
pressure of about forty millimeters of mercury.
In the embodiment shown, the external diameter
of envelope { is approximately 34 of an inch. A
flat button-type base 2 of similar material is fused
to one end of said envelope for supporting various
electrodes within said envelope, and a plurality of
conductors 3 are sealed in said base 2 for support-
ing and conveying energy to said electrodes. The
other end of said envelope is closed by the mate-
rial of the envelope itself and by a tipped-off ex-
hause tubulation 4. In the embodiment shown,
the overall length of the device, from the lower
end of leads 3 to the top of tubulation 4, is ap-
proximately 23 inches.

Inside envelope i is a hollow metallic member
or cathode 5, which is supported at its lower end
by means of several of the leads 8 which are firmly

ttached to said cathode, and is maintained in
posmon at its upper end by means of an insulat-
ing spacer §, to which said cathode is secured by
means of a pair of tabs T which are integral with
said cathode and extend through holes in said
spacer, these tabs being bent over on-the top sur-

10

15

20

25

36

(CL 250—37:5)

2

fage of said spacer ‘t6. firmly engage the same.
Cathode §: 15 tubular and relatively large so that
it 'substantially fills the interior of the envelope 1,
and is closed at its upper and lower ends by upper
and lower 'metallic disks-8 and 9, respectively,
which ‘are rigidly secured to the cathode:inner
surface:- gt their outer edges; as by Weldmg for
example. Tixed within said cathode near the
cantral region thereof, is an annular metallic
member - 18 which supports, on its inner surface,
hollow -iton wire members If which contain
therein an electron- emissive material (not
shown): Means for readﬂy releasing said elec-
tron=emissive material is provided by réegularly
spaced apertures 12,

A wire:anode member i3 is fastened to one of
the leads 3 at its lower end and passes upwa,rdly,
ubstantra,lly ver’clcally, through the inferior of

.cathode 5 near the inner wall theréof, to a point

a substantlal d1stance above the upper cathode
disk 8, as shown: T0 allow for this | passage g pair
of coa,x1al circular apertures M and 15, respec-
tlvely are provlded ih the upper and lower eath-~
ode disks; upper apertute 124 havmg a shghtly
larger dlame r than lower aperture 15 Anode

S somewha,t ‘below the upper end ‘of aane
mémber 13, 4hd ‘the 15wer ead of sgid sleeve is
fastered 16 the bage 2 by mieans of a shitable
cerient i 8, HOWeVer the sleeve 17 can be fused

; 1ode 5, coa:'nally surrounds
] p“l'l But 18 s;gaced therefrom and 1f desired
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with respect to sleeve 11, s6 that anode 18, slésve
17 8ni sleevé 20 e dl‘edanidl. THe lowerehd of
sleeve 20 breferably terminates in the same horts
zontal plakie-as the lower surface of eathode ‘disk
9; the outer ‘diameter-of sleéve 20 being. substan:
tially the-samie s the diameter ‘of aperture 15
and said’slegve being rigidly secuted; ds by wéld-
ing,ih said aperture and ‘being thereby méchani~
cally and electrically connected to thie:cathiode,
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The upper end of sleeve 20 passes freely through
aperture 14, due to the increased diameter of said
aperture as compared to that of aperture 15, and
said upper end terminates slightly above the up-
per surface of cathode disk 8. _
Positioned within, and extending through,
cathode 5 is a third verticdlly-extending wire
electrode 21, which will be referred to hereinafter
as the starting electrode or control electrode.
Electrode 21 is fastened to one of the leads 3 ab
its lower end and passes upwardly, substantially
vertically, through the hollow interior of tubular
cathode 5 near the inner wall thereof, buf fur-
ther from said wall than is anode member 13, to
a point slightly above the upper cathode disk 8.
As shown in Fig. 2, anode member {3 and grid
member 21 are located diametrically opposite
each other. To allow for the passage of electrode
member 2{ through cathode 5, a pair of coaxial
circular apertures 22 and 23, respectively, are
provided in the upper and lower cathode disks,
upper aperture 22 having a substantially larger
diameter than lower aperture 23, for a reason to
be explained hereinafter. Affixed to and extend-
ing substantially horizontally at right angles to
grid electrode 21 is a wire member 24, said mem-
ber being a part of said grid electrode. Electrode
2{ has a helical metal spring member 2% sur-
rounding it;, the ends of member 25 being fixed
to said electrode.
tioning means to maintain grid 21 centered in a
vitreous sleeve 26, and also to permit expansion
and contraction of electrode 21 without undue

strain on said sleeve 26. The upper end of sleeve
26 terminates in substantially the same horizon- *

tal plane with the upper surface of cathode disk
8, and the lower end of said sleeve is fastened to
the base 2 by means of a suitable cement 2T.
However, the sleeve can be fused to the base di-~
rectly. Horizontally-extending metal bracket 28
is tightly looped around sleeve 26 near the lower
end thereof and is firmly attached to one of the
leads 3, thus functioning to assist in maintaining
sleeve 26 in position. A metallic sleeve 29, prefer-
ably made of the same material as cathode 5 and
sleeve 20, coaxially surrounds sleeve 26 buf is
spaced therefrom and, if desired, a helical spring
member (not shown) similar to spring 256 may be
provided to center sleeve 29 with respect to sleeve

26, so that grid electrode 21, sleeve 26, and sleeve

29 are all coaxial, The lower end of sleeve 29
preferably terminates in the same horizontal
plane as the lower surface of cathode disk 9, the
.outer diameter of said sleeve being substantially
the same as the diameter of aperture 23 and
said sleeve being rigidly secured, as by welding,
in said aperture and being thereby mechanically
and electrically connected to the cathode. The
upper end of sleeve 29 passes freely through aper-
ture 22, due to the large diameter of said aper-
ture relative to that of aperture 23, and said up-
per end terminates in substantially the same
horizontal plane as the upper end of sleeve 26
and the upper surface of cathode disk 8. In or-
der to maintain the upper end of sleeve 29 cen-
tered in aperture 22, a metallic tab 30 has an in-
ner vertical portion which is welded to the outer
surface of said sleeve at its upper end, said tab
being looped over the upper end of cathode § and
having an outer vertical portion which is welded
to the outer surface of said cathode as shown.

Spacer 6 is shaped as shown in Fig. 2, so that
no portion of either of the apertures {4 or 22 will
be covered thereby, )

Member 25 serves as a posi~ *

Tn manufacture, a relatively small amount of
electron-emissive material is evolved from the

 wires I{ containing such material onto the inner
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wall or active surface of the cathode §, the bal-
ance of the activating material being evolved dur-
ing the operation of the device by bombardment
from the positive ions present in the discharge.
For a more detailed disclosure of this feature,
reference is made to my copending application
Ser. No. 647,463, filed February 14, 1946, now
Patent No. 2,435,246, dated February 3, 1948.

The metallic sleeves 20 and 29 are provided in
the present invention in order to increase the ef-
fective or active area of the cathode; such sleeves
are a part of the cathode. .

A feature of the present invention is the space
relation of the grid or starting electrode 24 with
respect to the cathode 5 and anode 13. The
diameter of aperture 22 and the length of mem-
ber 24 are made such that the starting electrode
is spaced a distance from the effective area of the
cathode, substantially equal to the minimum
hreakdown-potential distance of the device. The
minimum breakdown-potential distance is de-
fined herein as that distance at which a discharge
will be initiated between two electrodes for a
minimum applied potential. However, the anode
13 is spaced a distance from the effective area
of the cathode substantially different from the
minimum breakdown-potential distance between
the starting electrode and the effective area of
the cathode, the distance being such with respect
to the cathode that the anode can handle large
inverse voltages. ‘The provision of the insulating
sleeve 11 around anode 13 for almost its entire
length insures that the anode 13 is spaced the
proper distance from the effective area of the
cathode.

The provision of insulating sleeve 26 around

' grid electrode 2 for almost its entire length in-

sures both that the angular portion 24 of the grid
electrode will be spaced the proper distance from
the effective area of the cathode and that the
initial glow discharge will take place in such a
location that the discharge will be rapidly trans-
ferred to the anode 13, to thereby establish the
main discharge.

In operation of the device, a potential on the
order of 200 volts is placed on the anode (3, and
a potential on the order of 85-105 volts on grid 21
in order to initiate the discharge. Under these
conditions, a glow discharge begins to occur be-
tween the member 24 and sleeve 29, or between
member 24 and cathode 5 proper. This discharge,
present in the space batween the sleeve 29 and
cathode 5 or cathode disk 8, causes the main dis-
charge between anode 13 and cathode 5 to be in-
itiated, this discharge occurring between the in-
terior of the cathode, where the emissive or active
material is located, up through the aperture 22
outside of sleeve 29 or through the aperture {4
outside of sleeve 23, to the exposed upper end of
anode 13. It has been found that, under thz
aforementioned operating voltages, the anode-
cathode drop is on the order of 95 volts, while the
grid-cathode drop is on th2 order of 78 volts. It
has been found that, with a construction ac-
cording to this invention, when the main dis-
charge has begun, or when the cathode-grid glow
discharge has transferred to the anode, a plate
current on the order of '30 milliamperes may be
readily handled by a tube having the small overall
dimensions defined above.

If desired, the grid or starting electrode por-
tion 24 may have affixed thereto a quantity of
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electron-emissive ‘material, as disclosed in ‘my
aforesaid “copending ‘application. "Ih ithis case,
on‘the negative cycle,:if the device is being used
on-alternating current, the grid electrode behaves
like a-cathode -and is consequently subjected to
positive  ion bembardnrent; this action evolves
the active material onto “he cathode surface, or
may-even cause the glow discharge o start on the
grid-and proceed'to the cathode, from whence the
main discharge may pick up.

Tt-will be seen, from-all of the above, that by
the-construction of the device of this invention,
including "the metallic sleeves surrounding the
anode and ‘grid electrodes to ineresse the effec-
. tive cathode area, I have devised a controllable

gas-tube which is capable of carrying a rather
high plate current and yet which is quite small
in‘overall dimensions, and for which no-cathode
heating current isineeded. .

Of' course, it is to ‘be 'understood that this in-
vention is'not limited to the particwlar details gs
described-above, as many equivalents will suggest
themselves to ‘those skilled in the art. It is ac-
cordingly desired ‘that the .appended "ciaims be
given a‘'broad.interpretation commensurate with
thie:scope of this invention within the art.

‘What is claimed is:

1.‘A gaseoUs-discharge davice, comprising an .

envelope containing an ionizable gas, a relatively

large hollow metallic: cathode substantially filling »

the'interior of said envelope, a Wire anode passing
longitudinally through the interior of said cath-
ode to a’point a substantial distance beyond one
end.of the same, an insulating sleeve surrounding
said anode.substantially throughout its length, a
metallic sleeve substantially coextensive with said
cathode surrounding said insulating slzeve, said
metallic -sleeve being directly connected to said
cathode, a wire starting electrode passing longi-
tudinally through the interior of ‘said cathode to
a.point adjacent said one end thereof, and an
Insulating sleeve surrounding said clectrode sub-
stantially throughout its length.

‘2. A gaseous-discharge deviee, comprising an

envelope containing an ionizable gas, a relatively +

Iarge hollow metallic cathode substantially filling
the interior of said envelope, g wire anode rass-
ing longitudinally through the interior of said
cathode to a point a substantial distance beyond
one-end of the same, an insulating sleeve sur-
" rounding said anode substantially throughout its
length, a wire starting electrode passing longi-
tudinally through the interior of said cathode to a
point adjacent said one end thereof, an insulating
sleeve surrocunding said electrode substantially
throughout its length, and a metallic sleeve sub-
stantially cosxtensive “with said cathode sur-
rounding said last-named insulating sleeve, said
metallic sleeve heing connected to said cathode.

3. A gaseous-discharge device, comprising an
envelope containing an-ionizable gas, a relatively
large hollow m2tallic cathode substantially filling
the interior.of 'said envelope, a wire anode pass-
ing longitudinally through the interior of said
cathode to a point'a substantial distance beyond
one end of the same, an insulating sleeve sur-
rounding said anode substantially throughout its
length, a metallic sleeve substantially coextensive
with said cathode surrounding said insulating
sleeve, said metallic sleeve being connected to
said cathode, a wire starting electrode passing
longitudinally through the interior of said cath-
ode to a point adjacent said one end thereof, an
insulating sleeve surrounding said electrode sub-
stantially throughout its length, and a metallic
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sieeve substantially-ecoextensive with-said cathede
surrouniding said -last-named insulating 'sleeve;
said last-named metgllic' sleeve -being ‘connectzd
to said cathode. '

4. A gaseous-discharge device, comprising an
envelope containing-an ionizable gas, a’relatively
iarge ‘hollow mietallic cathiode substantially fill-
ing the interior -of said ‘envelope, a wire anode
passing longitudinally through !‘tle interior :of
said ‘cathode to:a point g substantial distance
beyond the upper end of the same,.an dnsulating
sleeve - surrounding ‘said anode substantially
throughout -its length but leaving the extreme
upper end of said anode exposed, a wire:starting
clectrode passing longitudinally ‘through the in-
terior ‘of said: cathode to a point adjacent :the
upper end thereof, an insulating.sleeve surround-
ing said -electrode -substantially throughout its
length but leaving the extreme upper end.of said
elecirode exposed, a metallic sleeve substantially
coexiensive with said cathode surrounding :said
last-named insulating sieeve, said metallic-sleeve
being connected to said cathode, and a trans-
verse conducting member: attached to-the upper
end of said electrode and extending to a point
spaced & distance from the effective area of said
cathode substantially equal ‘to° the minimum
hreakdown-potential distance -of :said -device. .

5. A gaseous-discharge device, comprising an
envelope containing an ionizable gas, a relatively
large hollow metallic cathode substantially filling
the interior of said envelope, a wire anode pass-
ing lengitudinally through the interior of said
cathode to a point:a substantial distance beyond

' the upper end of the same, an insulating sleeve

surrounding said -anode substantially throughout
its length but leaving the extreme upper end. of
said anode exposed, a metallic sleeve substan-
tially coextensive with said cathode surrounding
said insulating sleeve, said metallic sleeve being
connected to said cathode, a wire starting elec-
trade passing longitudinally through the inte-
rior of said cathode to a point.adjacent the.upper
end thereof, an insulating sleeve surrounding said
electrode substantially throughout its length but
leaving the extreme upper end of said-electrode
exposed, a metallic sleeve substantially coexten-
sive with said cathode surrounding said last-
named insulating sleeve, said last-named metal-
lic-sleeve being connected to .said cathode, and a
transverse conducting member attached to the
upper end .of said electrode and extending to a
point spaced a distance from the effective area
of said cathode substantially equal to the mini-
mum breakdown-potential distance of said device:

6. A gaseous-discharge device, comprising an
envelone containing an ionizable-gas, 4 relatively
laree tubular metallic cathode member substan-
tially filling the interior of -said envelone, a pair
of metallic disk members secured to and closing
the ends of said:tubular member. 2 wire anode
passing through said disk members and longi-
tud'nally through the interior of said cathode to
& noint a substantial distance beyond one end .
of the same, said disk members being provided
with a.pair of alioned apertures to allow for the
passage therethrough of said anode. said aper-
tures ‘having a diameter. substantially larger
than the diameter of said anode, and a wire start-
ing electrode passing through said disk members
and longitudinally through the ‘interior of ‘said
cathode to a point adjacent said one-end thereof,
said disk members being provided with ‘a‘pair of
aligned apertures to allow for the passage there-
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through of said electrode, said last-named aper-
tures having a diameter substantially larger than
the diameter of said electrode.

7. A gaseous-discharge device, comprising an
envelope containing an ionizable gas, a relatively
large tubular metallic cathode member substan-
tially filling the interior of said envelope, & pair
of metallic disk members secured to and closing
the ends of said tubular member, a wire anode
passing through said disk members and longi-
tudinally through the interior of said cathode to
a point a substantial distance beyond one end
of the same, an insulating sleeve surrounding
said ‘anode substantially throughout its length,
said disk members being provided with a pair of
aligned apertures to allow for the passage there-
through of said ancde and said sleeve, said aper~
tures having a diameter substantially larger than
the diameter of said sleeve, a wire starting elec-
trode passing through said disk members and
longitudinally through the interior of said cath-
ode to a point adjacent said one end. thereof,
and an insulating sleeve surrounding said elec-
 trode substantially throughout its length, said
disk members- being provided with a pair of
aligned apertures to allow for the passage there-
through of said electrode and said last-named
sleeve, said last-named apertures having a diam-
eter substantially larger than the diameter of
said last-named sleeve. -

8. A gaseous-discharge device, comprising an
envelope containing an ionizable gas, a relatively
large tubular metallic cathode member substan-
tially filling the interior of said envelope, a pair
of metallic disk members secured to and closing
the ends of said tubular member, a wire anode
passing through said disk members and longitu-
dinally through the interior of sald cathode -to
a point a substantial distance beyond one end of
the same, an insulating sleeve surrounding said
anode substantially throughout its length, a
metallic sleeve substantially coextensive with
said cathode surrounding said insulating sleeve,
said disk members being provided with a pair of
aligned apertures to allow for the passage there-
through of said anode and said two sleeves, the
aperture in the disk member opposite said one
end being of substantially the same diameter as
said metallic sleeve and said sleeve being secured
therein, the aperture in the disk member at said
one end having a somewhat larger diameter than
that of said metallic sleeve, a wire starting elec-
trode passing through said disk members and lon-
gitudinally through the interior of said cathode
to a point adjacent said one end thereof, and an
insulating sleeve surrounding said electrode sub-
stantially throughout its length, said disk mem-
bers being provided with a pair of aligned aper-
tures to allow for the passage therethrough of
said electrode and said last-named sleeve, said
last-named apertures having a diameter substan-
tially larger than the diameter of said last-named
sleeve. -

9. A gaseous-discharge device, comprising an
envelope containing an ionizable gas, a relatively
large tubular metallic cathode member substan-
tially filling the interior of said envelope, a Dair
of metallic disk members secured to and closing
the ends of said tubular member, a wire anode
passing through said disk members and longi-
tudinally through the interior of said cathode to
a point a substantial distance beyond one end of
the same, an insulating sleeve surrounding said
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anode substantially throughout its length, said
disk members being provided - with a pair- of
aligned apertures to allow for the passage there-
through of said anode and said sleeve, said aper-
tures having a diameter substantially larger than
the diameter of said sleeve, a wire starting elec-
trode passing through said disk members and
longitudinally through the interior of said cath-
ode to a point adjacent said one -end thereof,
an insulating sleeve surrounding said electrode
substantially throughout its length, and a metal-
lic sleeve substantially coextensive with _said
cathode surrounding said last-named, insulating
sleeve, said disk members being ' provided. with
a pair of aligned apertures to allow for the
passage therethrough of said electrode and sald
two last-named sleeves, the electrode aperture
in the gisk member opposite said one end being
of substantially the same diameter as said metal-
lic sleeve and said sleeve being secured therein,
the electrode aperture in the disk member at
said one end having & diameter substantially
Jarger than that of said metallic sleeve.

10. A gaseous-discharge device, comprising an
envelope containing an ionizable gas, a relatively
large tubular metallic eathode member substan-
tially filling the interior of said envelope, a pair
of metallic disk members secured to and closing
the ends of said tubular member, a wire anode
passing through said disk members and longi-
tudinally through the interior of said cathode to
a point a substantial distance beyond one end
of the same, an insulating sleeve surrounding
said anode substantially throughout its length,
a metallic sleeve substantially coextensive with
said cathode surrounding said insulating sleeve,
said disk members being provided with a pair of
aligned apertures to allow for the passage there-
through of said anode and said two sleeves, the
aperture in the disk member opposite said one
end being of substantially the same diameter as
said metallic sleeve and said sleeve being secured
therein, the aperture in the disk member at said
one end having a somewhat larger diameter than
that of said metallic sleeve, a wire starting elec-
trode passing through said disk members and
longitudinally through the interior of said cath-
ode to a point adjacent said one end thereof, an
insulating sleeve surrounding said electrode sub-
stantially throughout its length, and a metallic
sleeve substantially coextensive with said cathode
surrounding said last-named insulating sleeve,
said disk members being provided with a pair of
aligned apertures to allow for the passage there-
through of said ele¢trode and said two last-named
sleeves, the electrode aperture in the disk mem-
ber opposite said one end being of substantially
the same diameter as said last-named metallic
sleeve and said sleeve being-secured therein, the
electrode aperture in the disk member at said one
end having a diameter substantially larger than
that of said last-named metallic sleeve.

PAUL W. STUTSMAN.
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