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This invention relates to glow discharge tubes, 
particularly to cold cathode type of glow dis 
charge tubes, and is especially concerned with 
the electrode structure for such a tube. 

It is one of the objects of the present inven 
tion to provide an electrode structure for a, 
glow discharge tube which electrode structure 
shall have a large electron emitting Surface area, 
in relation to the size of the electrode. 

It is a further object of the present invention 
to provide an electrode of the above mentioned 
character wherein the electron emitting portion 
consists of surfaces opposite one another and 
comparatively close together. This gives a direc 
tional effect to the electrodes and SerWeS to con 
trol the Sputtering that might otherwise take 
place. 

It is a still further object of the present in 
vention to provide an electrode wherein the elec 
tron emitting portion consists of opposed faces 
of concentric cylinders spaced a short distance 
apart. 

It is a still further object of the present in 
vention to provide an electrode of the above men 
tioned character wherein the electrode consti 
tutes a seal for the end of the glow discharge 
device. 

It is a still further object of the present in 
vention to provide an electrode which closes the 
end of the glow discharge device and which has 
a comparatively large outside exposed Surface 
for facilitating heat radiation. 

It is a still further object of the present in 
vention to provide an electrode of the above 
mentioned character wherein there is a consider 
able length of electrode material between the 
portion of the electrode from which the glow 
discharge takes place and the portion of the 
electrode that is connected to the glass of the 
glow discharge tube, thereby providing a ten 
perature gradient Such as to prevent excessive 
heating of the portion of the electrode that is 
embedded in the glass of the device. 
The attainment of the above and further ob 

jects of the present invention will be apparent 
from the following specification taken in con 
junction with the accompanying drawing form 
ing a part thereof. 

in the drawing: 
Figure 1 is a diagrammatic view of a glow dis 

charge unit embodying electrodes of the present 
invention; Figure 2 is an enlarged longitudinal sectional 
view through one of the electrodes of the Struc 
ture of Figure 1; 
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Figure 3 is an enlarged end view of the elec 

trode of Figure 2; 
Figure 4 is a Sectional view taken along the 

line 4-3 of Figure 2; 
Figures 5 and 6 are Sectional views correspond 

ing to Figure 2 and illustrating modified con 
structions; - 

Figure 7 is a sectional view taken along the 
line 7-7 of Figure 6 and drawn to a smaller 
Scale; w 

Figure 8 is an end view of a modified form of 
electrode; and 

Figure 9 is a sectional view taken along the 
line 9-9 of Figure 8. 

In Figure 1 there is indicated at a conven 
tional type of cold cathode glow discharge tube 
having similar electrodes 2-2 at opposite ends 
thereof embodying the present invention. Wires 
3-3 are secured to the respective electrodes for 
extending the circuit therefrom. Each electrode 
includes a metal closure terminating in a short 
length of glass tube 8 which is adapted to be 
fused to the main glass tubular portion of the 
glow discharge device . 

Reference may now be had more particularly 
to Figures 2, 3 and 4 showing the construction of 
an electrode 2 of the glow discharge device . 
The electrode comprises a unitary metallic struc 
ture including an Outer tubular body which 
extends into and is fused to the end of the short 
glass tube 8, the joint between the metal and the 
glass being made in a well known manner. The 
Outer tubular body () is open at the end that fits 
into the tube 8 and is closed at its opposite end, 
the closure comprising a circularly corrugated 
metal structure which is an integral part of the 
outer tubular body 9. The back of the electrode 
comprises a series of annular folds constituting 
concentric cylinders forming an inside facing 
outer annular cavity 2 surrounding an outside 
facing annular cavity 3, which in turn surrounds 
an inside facing annular cavity that sur 
rounds an outside facing annular cavity 5. The 
inside surface of the annular cavity 4 is coated 
with an electron-emitting Substance which may 
be of any particular type used in the art, such 
as, for instance, the alkali-earth metal electron 
emitters, of which barium and strontium are ex 
amples. The rest of the inside surface of the 
electrode body is coated With an insulator 6 
Which may comprise a porcelain paste or enamel 
paint. The insulating paint 6 extends around 
the curved portions 7-8 at the innermost por 
tion of the electron-emitting cavity 4, as indi 
cated at 9, and thus inhibits the sputtering that 
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might otherwise take place. The insulating paint 
6 also extends around the inner edge of the 

glass tube 8 at the joint between it and the 
metal electrode, as indicated at 6'. This pre 
vents any tendency for arcing to take place at the 
glass opposite the joint between the glass and 
the metallic structure. The cavities 3 and 5 
serve for the purpose of increasing the heat radi 
ating surface of the electrode. The cavity f2 
Selves to increase the spacing between the elec 
tron-emitting cavity 4 and the place where the 
electrode is joined to the glass tube 8. If de 
Sired the entire outside Surface of the electrode 
may be painted with an insulating paint. On 
the other hand, all or a portion of the Outer 
surface of the electrode may be free of insula 
tion to provide for the receiving of a current 
carrying clip to extend the circuit to the elec 
trode 0, in lieu of the use of the wire 3 for that 
purpose. 
An electrode of the type illustrated in Figure 2 

has a distinct advantage over those present day 
electrodes with which the applicant is familiar, 
in that there is provided a very large electron 
emitting area 20-2 on the inside of the annular 
ring or cavity 4. Also the opposite surfaces 
20-2 f of the electron-emitting Surfaces are Com 
paratively close together, even as close as two 
millimeters apart, thus assuring a desirable elec 
trostatic field distribution. 
In Figure 5 there is illustrated a modified con 

Struction which differs from that of Figure 2 
essentially in that the fold 2 of Figure 2 has 
been entirely omitted so that the electron-emit 
ting pocket 4 terminates at its outer forward 
peripheral edge in an annular ring 25 which 
merges with the Outer tubular body 0. This 
reduces the distance between the electron-emit 
ting surface 20 and the tube 8 and is useful in 
those constructions where the resulting tempera 
ture gradient from the tube 8 to the electron 
emitting Surface is not exceSSive. 
In Figure 6 I have illustrated an electrode Com 

prising concentric cylinders or rings forming two 
concentric annular cavities 3-3, each closed 
at its rear and open at the end facing into the 
glow discharge tube, said cylinders being joined 
by an annular disc 32 which may be an integral 
part of the folded metal cylinders. The cylin 
drical Side 33 is joined to a disc 34. The Surface 
of the circular disc 34 which faces inwardly of 
the tube 47, and the corresponding surface of 
the annular disc 32, are painted with a layer 35 
of insulating paint, such as porcelain paste paint 
or enamel, which extends very slightly into the 
cavities 39-3, as indicated at 36. The inner 
Surfaces 38-39 of the cavity 30 and the inner 
Surfaces 49-4 of the cavity 3 are compara 
tively close together, Say, even as close as two 
millimeters apart, and those surfaces are coated 
With a Substance high in electron-emission, such 
as one of the alkali-earth electron-emitters. An 
annular mica, disc 45 surrounds the electrode of 
Figure 6 and maintains it spaced within a short 
glass tube 47, which glass tube is adapted to be 
fused to the end of a long tube to constitute an 
end of a cold cathode tube. One end of the glass 
tube 47 is open and the opposite end is sealed, as 
by heating and pinching the glass together, as 
indicated at 49. The pinched glass also seals a 
conductor 59 which is welded to the disc 34 and 
extends the circuit to the electrode. 
In Figures 8 and 9 I have shown still another 

type of electrode embodying my invention. This 
electrode embodies two concentric metallic cylin 
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ders 60-6, welded at one end to a metallic disc 
62 and open at their opposite end. A wire 63 is 
Welded to the disc 62 for extending the circuit to 
the disc. The outer surface of the cylinder 60 
is coated with an insulating paint 64. The paint 
64 extends also over the edges of the cylinders 
60-6 Which are opposite the disc 62 and, option 
ally, the insulating paint may extend a very short 
distance inside the cylinder 60 and a very short 
distance over the outer peripheral wall of the 
cylinder 6. This would be for the purpose of 
controlling the electron emission near the edge 
of the electrode and prevent sputtering of the 
electrode. The cylinders 60-6? may be of only 
Slightly different diameters so that the annular 
Space 66 between the cylinders may be even as 
Small as a few millimeters. The outside surface 
of the cylinder 6 and the inside surface of the 
cylinder 60 are coated with a substance high in 
electron-emitting qualities, of the type herein 
above referred to, so that the electrons are 
emitted from the electrode at the opposite sur 
faces forming the annular space 66. 
The electrode of Figures 8 and 9 may be 

mounted in a short glass tube in the same manner 
as illustrated for the electrode of Figure 6, which 
Short tube may then be fused to the end of a 
long tube, as is known in the art. 

It is to be noted that the electrodes in each of 
the embodiments herein illustrated have elec 
tron-emitting Surfaces comprising concentric 
Cylinders. This provides a very large electron 
emitting Surface area within a compact space, 
With resulting advantages. Furthermore, the 
electron-emitting surfaces of the concentric 
cylinders are opposite one another and compara 
tively close together. This controls the field of 
distribution of the electron flow. 
In Compliance with the requirements of the 

patent statutes I have here shown and described 
a few preferred embodiments of my invention. 
It is, however, to be understood that the inven 
tion is not limited to the precise constructions 
here shown, the Same being merely illustrative 
of the principles of the invention, What I con 
Sider new and desire to secure by Letters Pat 
ent is: 

1. An electrode comprising a tube and a closure 
for One end thereof comprising a central portion 
and Surrounding Said central portion a circular 
fold forning an annular cylindrical pocket the 
inside of which is open at the front, the inner 
Surface of Said annular pocket that faces inwardly 
of the tube being coated with an electron-emit 
ting material. 

2. An electrode comprising a tube and a closure 
for One end thereof comprising a central portion 
and Surrounding Said central portion a circular 
fold forming an annular pocket open at the front, 
the Surface of Said annular pocket which is ex 
posed at the open front of the electrode being 
coated with an electron-emitting material and 
the portion of the electrode surface adjacent the 
annular pocket at the open end thereof being 
covered with an insulating covering. 

3. Ail electrode for an electric discharge device. 
comprising a tube, a closure sealing the end of 
the tube, said closure being sealed to and ex 
tending across one end of the tube, said closure 
comprises a continuous imperforate metal sheet 
having a plurality of concentric cylindrical sur 
faces coated with electron-emitting material. 

4. An electrode for an electric discharge device, 
comprising a tube, a closure sealing the end of 
the tube, Said closure being sealed to and exteni 
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ing across one end of the tube, Said closure hav- end and Sealed at the opposite end by an imperfo 
ing a central portion and surrounding said central rate metal member extending acroSS the end of 
portion said closure having a circular fold form- the tube and sealed at its periphery to the end of 
ing an annular pocket opening into the tube the the tube, the metal member having a plurality 
inner surface of the pocket being coated with elec- 5 of concentric convolutions so that one surface of 
tron-emitting material, each convolution is open to the interior of the 

5. An electrode for a cold cathode discharge tube and the opposite Surface is open to the at 
unit, said electrode comprising a metallic end mosphere that surrounds the tube, certain con 
closure for the unit, said closure having a plural- volutions having a layer of electron-emitting ma 
ity of concentric corrugations, facing surfaces 10 terial on a portion of the surface thereof that is 
of the corrugations on the interior side of the Open to the interior of the tube and on the same 
end closure being coated with electron emitting Surface thereof having a covering of insulation 
material and constituting the electron-emitting extending from the electron-emitting layer to 
part of the electrode. the tube. 

6. A glow discharge device comprising a tube 15 10. An electrode comprising a tube, a metal 
having an ionizable gaseous atmosphere therein, member at the end of the tube, the metal mem 
means sealing the opposite ends of the tube, said ber having a plurality of convolutions about an 
means comprising metallic electrodes and a Seal- axis parallel to the longitudinal axis of the tube, 
ing joint between each electrode and the tube, certain convolutions having a layer of electron 
each electrode comprising a continuous imperfo- 20 emitting material on a portion of the surface 
rate sheet having at least one set of concentric thereof that is open to the interior of the tube, 
cylindrical electron-emitting surfaces with the and a covering of insulation on the member be 
space between the surfaces communicating with ween concentric convolutions, said insulation 
the interior of the device. terminating at the layer of electron-emitting ma 

7. An electrode comprising a tube open at one 25 terial. 
end and sealed at the opposite end by an imperfo 
rate metal member extending across the end of 
the tube and sealed around its periphery to the REFERENCES CITED 
end of the tube, the metal member having a The following references are of record in the 
plurality of concentric convolutions so that one 30 file of this patent: 
surface of each convolution is open to the interior 
of the tube and the opposite surface is open to UNITED STATES PATENTS 
the atmosphere that Surrounds the tube, and Number Name Date 
means on portions of the Surface of the metal 745,367 Moore -------------- Dec. 1, 1903 

HERSCH. EPSTEIN. 

member facing inwardly of the tube for control- 35 1,046,004 Moore -------------- Dec. 3, 1912 
ling the emission of electrons. 1,667,977 Lucian -------------- May 1, 1928 

8. An electrode comprising a tube open at one 1827,292 Laube -------------- Oct. 13, 1931 
end and sealed at the opposite end by an imperfo- 1891,475 Hotchner ---------- Dec. 20, 1932 
rate metal member extending across the end of 2,016,437 dones -------------- Oct. 8, 1935 
the tube and sealed at its periphery to the end of 0 2,020,727 Gaides et al. -------- Nov. 12, 1935 
the tube to constitute a Seal for Said opposite end 2,029,986 Claude -------------- Feb. 4, 1936 
of the tube, the metal member having a plurality 2,267,318 Aicher -------------- Dec. 23, 1941 
of concentric convolutions So that one Surface 2,281,878 Heger -------------- May 5, 1942 
of each convolution is open to the interior of the 2,330,032 Dailey ------------ Sept. 2, 1943 
tube and the opposite surface is open to the at- 45 2,345,794 Chevigny ------------ Apr. 4, 1944 
mosphere that Surrounds the tube, certain CO FOREIGN PATENTS 
volutions having a layer of electron-emitting ma 
terial on a portion of the surface thereof that is Number Country Date 
Open to the interior of the tube. 399,317 Great Britain a - - - - - - Oct. 5, 1933 

9. An electrode comprising a tube open at one 50 444,645 Great Britain ------ Mar. 23, 1936 

  


