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10. Claims, 

This invention relates to electron-discharge de 
vices, and more particularly to a controllable cold 
cathode gas discharge tube. 
The principal object of this invention is to de 

vise a double-gap cold-cathode gas discharge tube 
which is capable of carrying a rather high plate 
current and yet which is rather small in size. 
Another object is to devise a grid-controlled 

cold-cathode gas tub? which may be used to op 
erate various types of control devices, for exam 
ple, relays, which require rather high currents for 
their operation. 
A further object is to devise a cold-cathode gas 

tube which may be used to replace hot-cathode 
gas tub.8s, 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 
ence being had to the accompanying drawing, 
Whereira: 

Fig. 1 is a Central vertical cross-section of a 
tube embodying the invention; 

Fig. 2 is a horizontal cross-section on line ac-ac 
of Fig.1; and 

Fig. 3 is a horizontal cross-Section ori line y-y 
of Fig. 1. 

Referring now to the drawing, the device com 
prises a vitreous envelope , containing a suitable 
ionizable 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 4 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 2% inches. 

Inside envelope f is a hollow metallic member 
or cathode 5, which is supported at its lower end 
by means of several of the leads 3 which are firmly 
attached to said cathode, and is maintained in 
position at its upper end by means of an insulat 
ing spacer 6, to which said cathode is secured by 
means of a pair of tabs 7 which are integral with 
said cathode and extend through holes in said 
Spacer, these tabs being bent over on the top sur 

face of said spacer to firmly engage the same. 
Cathode 5 is tuibular and relatively large so that 
it substantially fills the interior of the envelope, 
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 at their outer edges, as by welding for 
example. Fixed within said cathode, near the 
central region thereof, is an annular metallic 

10 member to which supports, on its inner surface, 
hollow iron wire members which contain 
therein an electron-emissive material (not 
shown): Means for readily releasing said elec 
tron-emissive material is provided by regularly 

ls spaced apertures 2. - ~~? ~ v - s 

A wire anode member f3 is fastened to one of 
the leads 3 at its lower end and passes upwardly, 
substantially vertically, through the interior of 
cathode 5 near the inner wall thereof, to a point 

20 a substantial distance above the upper cathode 
disk 8, as shown. To allow for this passage, a pair 
of coaxial circular apertures 4 and 15, respec 
tively, are provided in the upper and lower cath 
ode disks; upper aperture 4 having a slightly 

imiete? thân lower åperture. í 5. Anod? 

5 

in a vitreous 
on and con 

5wer end thereof and is 
one of the leads 3. 
e 20, preferably made of the 
cathode 5, coaxially surroundš 
ased therefom, and if desired. 

sleeve 20 preferably terminates in the same hori 
Zontal plane as the lower surface of cathode disk 
9; the 'outer diameter of sleeve 20 being substan. 
tially theº sarte säs th? ºdiameter of aperture 5 
and said 'sleeve being rigidly secured; as by weld 
ing, in said aperture and being thereby mechani 

55 cally and electrically connected to the cathode, 
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The upper end of sleeve 20 passes freely through 
aperture f4, due to the increased diameter of Said 
aperture as compared to that of aperture 5, 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 vertically-extending wire 
electrode 2, which will be referred to hereinafter 
as the starting electrode or control electrode. 
Electrode 2 is fastened to one of the leads 3 at 
its lower end and passes upwardly, Substantially 
vertically, through the hollow interior of tubular 
cathode 5 near the inner Wall thereof, but fur 
ther from said wall than is anode member 3, to 
a point slightly above the upper cathode disk 8. 
As shown in Fig. 2, anode member 3 and grid 
member 2 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 2 is a wire member 24, said mem 
ber being a part of said grid electrode. Electrode 
21 has a helical metal Spring member 25 Sur 
rounding it, the ends of member 25 being fixed 
to said electrode. 
tioning means to maintain grid 2 centered in a 
vitreous sleeve 26, and also to permit expansion 
and contraction of electrode 2 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 27. 
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 but is 
Spaced therefrom and, if desired, a helical spring 
member (not shown) similar to spring 25 may be 
provided to center sleeve 29 with respect to sleeve 
26, So that grid electrode 2, 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 5 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 

4 
In manufacture, a relatively small amount of 

electron-emissive material is evolved from the 
Wires if containing such material onto the inner 
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wall or active surface of the cathode 5, 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 3. 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 
breakdown-potential distance of the device. The 
Ininimum 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 
3 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 around anode 3 for almost its entire 
length insures that the anode 3 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 2 
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 between the sleeve 29 and 
Cathode 5 or cathode disk 8, causes the main dis 
charge between anode 3 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 20, to the exposed upper end of 
anode 3. It has been found that, under the 
aforementioned operating voltages, the anode 
cathode drop is on the order of 95 volts, while the 
grid-cathode drop is on the 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. In this 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 bombardment; this action evolves 
the active material onto the cathode surface, or 
may even cause the glow discharge to start on the 
grid and proceed to the cathode, from whence the 
main discharge may pickup. 

It will be seen, from-all of the above, that by 
the coastruction of the device of this invention, 
including the metallic sleeves surrounding the 
aadde, and grid , electrodest to increase the efiec 
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 Sinai 
in overal dimensions, and for which no cathode 
heating current is needed. . . 
Of course, it is to be understood that this in 

vention: is not limited to the particular details as 
described above, as many equivalents will suggest 
themselves to those skilled in the art. It is ac 
cordingly desired that the appended claims be 
given a broad interpretation commenSurate With 
the scope of this invention within the art. 
What is claimed is: 
1. A gaseous-discharge device, conprising, an 

envelope containing an ionizable gas, a relatively 
large hollow metallic cathode substantially filling 3 
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 coext2nsive With said 
cathode surrounding said insulating sleeve, said 
metallic sleeve being directly connected to said 
cathode, a Wire starting electrode passing long 
tudinally 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. 

2. A . gaSeOLLS-discharge die Wice, 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 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 surrounding said electrode substantially 
throughout its length, and a metallic sleeve sub 
Stantially coextensive with Said cathode sur 
rounding said last-named insulating sleeve, said 
metallic sleeve being connected to said cathode. 

3. 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 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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6 
sleeve substantially-coextensive with said cathode 
Surrounding said last-named insulating sleeve, 
said last-named metallic sleeve being connected 
to said cathode. 

4. A gaseous-discharge device, comprising "a 
envelope containing an ionizable gas, a relatively 
iage hollow nietallic cathode substantially fili 
ing the interior of Said "envelope, a Wire anode 
passing longitudinally 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 iength but leaving the extreme 
upper end of said anode exposed, a wire starting 
electrode passiing longitudinally through the in 
terior of said cathode to a point adjacent the 
upper end thereof, an insulating sleeve surround 
ilag said electrode substantially throughout its 
length but leaving the extreme upper end of Said 
electrode exposed, a metallic sleeve substantially 
coextensive with said cathode surrounding. Said 
last-named insulating sleeve, Said metallic sleeve 
igeing connected to said cathode, and a trans 
verse conducting member attached to the lipper 
end of said electrode and extending to a point 
spaced a distance from the effective area of Said 
cathode substantially equal to the minimum 
breakdown-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 longitudinally 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 
trode 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 
nanned 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 
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 longi 
tudinally through the interior of said cathode to 
a noint a substantial distance beyond one end . 
of the same, said disk members being provided 
with a pair of allioned 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, 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, 
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, 
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 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 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 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 
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8 
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 said 
two last-named sleeves, the electrode aperture 
in the disk 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 a diameter substantially 
larger than that of said metallic sleeve. 

10. 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 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 tham 
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 electrode and said two last-named 
sleeves, the electrode aperture in the disk men 
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. STUTTSMAN. 
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