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This application relates to gaseous discharge 
devices and more particularly to structures Suit 
able for subminiature tubes of relatively large 
Current capacity. 

in the design of cold cathode tubes, the prob 
iem of - producing suficient cathode area in a 
Small tube, for example, of the sub-miniature 
type, has materially limited the average and peak 
current: capacities of these devices. In addition 
the use of large cathodes creates a Serious prob 
lem of shielding the cathode from the anode to 
prevent inverse current discharges and loss of 
gridcontro forfoWard dischargeS. 

Applicant has produced a device utilized, by 
Way of example, in a rectifier which has a large 
cathode surface such that large peak and average 
currents may be drawn from this cathode. To 
do this applicant has made a hollow cathode Sub 
stantially filing the entire envelope of the device 
and has positioned the anode inside this cath 
ode. In addition the area of the Cathode has 
been further increased by placing a Second cyl 
inder inside the first for a portion of the length. 
thereof, both cylinders being coated with elec 
tron emissive imaterial. This necessitates the 
positioning of the anode structure inside, a hol 
low cathode and, to prevent inverse discharges 
between the anode and cathode for relatively 
high voltages, applicant provides for the anode 
to be shielded by electrostatic and dielectric 
shielding structures. 

Since this anode shielding Substantially re 
duces the potential i gradient between the anode 
and cathode, applicant prO'Vides a, nOVel meanS 
of Starting the discharge between the anode and 
cathode during the application of positive po 
tentials to the anode and negative potentials to 
the cathode. This Starting means comprises an 
auxiliary electrode positioned between the anode 
and cathode, such that the dielectric and elec 
trostatic Shields Surrounding the anode do not lie 
between the auxiliary electrode and the anode 
or the auxiliary electrode and the Cathode. Ap 
plicant provides electron emissive material on 
the auxiliary electrode So... that a relatively low 
potential gradient produced in the gap between 
the anode and the auxiliary electrode, or the 
cathode and auxiliary electrode, Will produce a 
discharge, thereby supplying electrons and posi 
tive ions in , the gaseous medium so - that. a., rela 
tively low potential gradient between the anode 
and cathode will transfer the discharge from 
the auxiliary electrode and anode or cathode to 
the cathode and the anode. One species of this 
device will now be described in detail, reference 
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being had to the accompanying drawings where 

Fig.1 is a longitudinal cross-sectional view of 
a device embodying applicant's invention taken 
along line - of Fig. 2; 

Fig. 2 is a transverse cross-sectional view of 
the device shown in Fig.1 taken along-line. 2-2 
of Fig. 1; and 

Fig. 3 is an illustrative example of a circuit 
wherein this device may be used. 

Referring, now to Fig. 1, there is shown an 
envelope to comprising a substantially tubular 
member which may be of, for example, glass. 
The upper end of the tubular envelope to is fused 
together as at it and has extending therethrough 
a metallic conducting member 2, said conducting 
member being substantially coaxial with the tu 
bular envelope. Attached to the lower or in 
side end of the conducting member 2 is a carbon 
rod 3 whose diameter is substantially equal to 
that of conducting member 2, said diameter-be 
ing, for example, approximately one-tenth the 
diameter of the tubular envelope ). The car 
bon member is held to the conductor member 2 
by a short metallic sleeve extending over the 
lower end of conductor f2 and a portion of the 
carbon rod 3. The lower end of the rod 3 is 
positioned about one-fifth of the length of en 
velopee down from the glass seal. 
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Surrounding sleeve 4, carbon rod 3 and the 
lower end of conducting member 2 is an electro 
static shield comprising a metallic cylinder 5 
slightly larger in diameter than sleeve 4. Cyl 
inder 5 is rigidly positioned by having the up 
per end imbedded inglaSS Seal li. Cylinder5 
does not touch the anode assembly 2, 3 and f4 
and extends downward from glass seal beyond 
the lower end of carbon button 3 for a distance 
approximately equal to its own diameter. 
Surrounding Shield fS is a dielectric member 

6 comprising a glass" tube whose upper end is 
fused to the glass Seal and which extends 
downwardly therefrom coaxial with carbon-but 
ton f3, metallic rod 2 and shield 5 for a dis 
tance. Somewhat less than the diameter of shield 
. 5 below the lower end of Shield 5. 

Surrounding the glass tube 6 is a Cathode 
structure comprising a cylinder f8 coaxial 
therewith and whose diameter is approximately 
twice the diameter of glass tube Í6. The cylin 
der 8 extends from a point substantially above 
the lower end of carbon button 3 downwardly 
to a point adjacent the lower-end of envelope 
it. The upper-end of cylinder 8 is substantially 
closed by an end plate of 9 having an aperture 
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therein Sufficient to allow the passage of the glass 
tube 3 therethrough. Above end plate 9 is po 
Sitioned a mica, spacer 20 in the form of a ring, 
the outer edge of which rests against the in 
Side of envelope e and the inside hole of which 
Surrounds and is in close proximity to the outside 
of the glass tube 6. The mica spacer 20 is at 
tached to cylinder 8 by metallic tabs 2 welded 
to cylinder 8 and extending through apertures 
in the mica Spacer 20. The lower end of cylin 
der 8 is maintained in position by resting against 
a mica Spacer 22 substantially similar to spacer 
20. Extending through spacer 22 are tabs 23 
which are welded to cylinder 8 and to lead-in 
Wires 24 which extend through a glass press 
25 sealing the lower end of envelope 0. 
Extending upwardly from glass press 25 

through mica, Spacer 22 is a glass tube 26 which 
is coaxial with envelope 9 and the carbon but 
ton 3. The diameter of glass tube 26 is approxi 
mately equal to the diameter of the sleeve 4 
and the upper end of tube 26 is positioned some 
what below the lower end of the tubular shield 
6; for example, approximately the diameter of 

the tubular shield 6 separates the ends of the 
aforementioned tubes. 

Extending upwardly through tube 26 and glass 
press 25 is a lead-in rod 27 which is positioned 
Concentrically inside glass tube 26 by means of 
a Spacer 39 comprising several turns of wire heli 
cally wrapped around member 29. Rod 29 ex 
tends slightly beyond the end of tube 26 and ter. 
minates in electrode 3! comprising electron emis 
sive material. Electrode 3 is shown here, by 
way of example, as a short piece of straight wire 
Welded to the end of rod 29 and at right, angles 
thereto. The Wire is hollow and contains electron 
emissive material Such as barium carbonate 
Which is exposed through the upper side of the 
wire through nicks cut therein. The length of 
the wire electrode 3 is slightly greater than the 
diameter of glass shield 6. 
Surrounding glass tube 26 is a metallic cylinder 

32 whose diameter is approximately twice the 
diameter of glass rod 26, the relative coaxial posi 
tion of members 26 and 32 being maintained by a 
spacer 33 similar to spacer 30 but whose turns 
are Somewhat arger in diameter. The OWer end 
of cylinder 32 is attached as by welding to an 
end plate 34 which closes the lower end of cylin 
der 8. 
Inside cylinder 8 at approximately the mid 

point thereof, said midpoint being substantially 
below the upper end of cylinders 26 and 32, is 
positioned several turns of wire 35 of the same 
type used for electrode 3. 

After the tube has been assembled but before 
the gaseous filling has been admitted, the Wire 
turns 35 are heated in a vacuum, for example, 
by R. F. induction heating whereby the electron 
emissive core of wire 35 is evaporated. This elec 
tron emissive material then condenses on the 
inner surface of cylinder 8 and the Outer Sur 
face of cylinder 32 as well as upper and lower 
end plates 9 and 34 such that these surfaces 
become an active part of the cathode, thereby 
producing a cold cathode having an extremely 
large emitting surface and hence a high peak and 
average current capacity. 

Since the carbon button i3 is shielded by the 
metallic tube 5 and the dielectric tube 6 from 
direct exposure to any cathode Surface, the po 
tential gradient in the gaseous medium between 
the cathode and the anode button 3 is relatively 
low for high voltage differences therebetWeen. In 
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4. 
order to allow the tube to conduct readily for 
relatively low forward voltages between the anode 
and the cathode, auxiliary electrode 3 is posi 
tioned directly below the anode button 3. Since 
the shield members 5 and 6 are not positioned 
between anode button 3 and the electrode 31, a 
relatively low potential between these two elec 
trodes will produce a sufficiently high potential 
gradient to ionize the space therebetween so that 
by an appropriate circuit the tube may be fired. 

Referring now to Fig. 3, there is shown, by 
Way of example, a circuit using the discharge de 
vice illustrated in Figs. 1 and 2. The cathode 7 
is connected to ground through a condenser 36 
of, for example, 4 microfarads across which is 
attached the output load 37 shown here, by way 
of example, as a resistor of 50,000 ohms. The 
auxiliary electrode 3 is connected to ground 
through a current-limiting resistor 38 of, for 
example, i0 megohms. The anode 3 is con 
nected through a peak current-limiting resistor 
39 of, for example, 2,500 ohms, to a source of 
alternating current which is to be rectified. This 
Source, as shown here, is a transformer 40 whose 
secondary 4 is connected from ground to resistor 
39 and whose primary 42 is connected to a source 
of alternating potential. 

In this particular circuit, when the ungrounded 
end of transformer Secondary 4 is driven posi 
tive, a discharge Will occur between anode 3 and 
cathode charging the condenser 36 Such that 
the side thereof connected to cathode 7 will be 
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positive With respect to ground. This potential 
Will be partially dissipated through resistor 3 be 
tWeen cycles of the alternating current. The re 
Sult is that the Cathode 7 Will be at all times 
more positive than the electrode 3 which is con 
nected to ground through the resistor 38. This 
potential between cathode 7 and electrode 3 
causes the electrons emanating from the electron 
emissive matter of electrode 3 to flow from elec 
trode 3 to the cathode 8, thereby producing 
a keep-alive discharge. This keep-aliye dis 
charge creates a large quantity of free electrons 
in the vicinity of electrode 3, said electrons be 
ing readily drawn to the anode 3 upon the ap 
plication of a relatively low positive voltage to 
anode 3. When anode i3 is driven negative dur 
ing the negative portion of the alternating cur 
rent cycle of the Source, the potential of the cath 
ode 8 is shielded from the anode 3 by mem 
berS 5 and 6 Such that a higher peak inverse 
Voltage may be applied between anode 3 and 
Cathode 8 Without an inverse current break 
down. Since electrode 3 is at a considerably 
lower potential than cathode 7, for example, 
near ground potential, the peak inverse voltage 
between electrode 3 and the anode button f3 is 
considerably less than the peak inverse voltage 
button cathode 8 and anode 3 with the result, 
that breakdown does not occur therebetWeen. 
This completes the description of the particular 

modification of the invention illustrated herein. 
However, many modifications thereof will be ap 
parent to perSons skilled in the art Without de 
parting from the Spirit and scope of this inven 
tion. For example, the tube may be operated 
by attaching the electrode 3 to the anode 3 
or to the cathode , and various sizes and shapes 
of electrodes as well as different materials may 
be used without departing from the spirit and 
scope of this invention. Therefore, applicant 
does not wish to be limited to the particular de 
tails of the Species of the invention described 
herein except as defined by the appended claims. 
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What is claimed is: 
1. An electron discharge device comprising an 

envelope containing a gaseous medium, an anode, 
an auxiliary electrode, and a Cathode comprising 
a first hollow cylindrical member substantially 
Surrounding Said anode member and Said aux 
iliary electrode, and a second hollow cylinder 
positioned inside said first cylinder Substantially 
coaxial therewith and Substantially surrounding 
a portion of said auxiliary electrode, the inside of 
said first cylinder and the outside of said Second 
cylinder having electron-emissive material coated 
thereon. 

2. An electron discharge device comprising an 
envelope containing a gaseous medium, an anode 
comprising a rod, a cathode, and an auxiliary 
electrode positioned adjacent said anode sub 
stantially coaxial thereWith, said auxiliary elec 
trode having a metallic support connected there 
to, said support being surrounded by an insulat 
ing sleeve, the portion of Said insulating sleeve 
adjacent said auxiliary electrode being surround 
ed by a metallic sleeve in close proximity there 
to but insulated from Said auxiliary electrode, 
said auxiliary electrode having an exposed area, 
of electron-emissive material thereon. 

3. An electron discharge device comprising an 
envelope containing a gaseous medium, an anode 
Substantially surrounded by a metallic sleeve and 
an insulating sleeve, a Cathode, and an auxiliary 
electrode, a Supporting portion of said auxiliary 
electrode being substantially surrounded by an 
insulating sleeve coaxial therewith, said cathode 
Comprising a first hollow member Substantially 
Surrounding said anode member and said sleeves, 
and a second hollow member having an electron 
emissive coating thereon and positioned inside 
Said first member Spaced therefron, Said Second 
member having therein Said Supporting portion 
of Said auxiliary electrode. 

4. An electron discharge device comprising an 
envelope Containing a gaseous medium, an anode, 
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a Cathode, and an auxiliary electrode, said Cath 
Ode comprising a first hollow cylindrical member 
Substantially Surrounding said anode member, 
and a Second hollow cylinder positioned inside 
Said first cylinder and substantially coaxial 
therewith, said second cylinder having therein a 
Support member for said auxiliary electrode, said 
Support member being Surrounded by an insulat 
ing sleeve and being substantially coaxial with 
Said anode and cathode. 

5. An electron discharge device comprising an 
envelope containing a gaseous medium, an anode, 
a Cathode, and an auxiliary electrode positioned 
adjacent said anode, said auxiliary electrode hav 
ing an exposed area of electron-emissive material 
thereon, said anode comprising a rod, and an 
insulating sleeve Substantially surrounding said 
rod, said cathode comprising a first hollow cylin 
drical member substantially surrounding said 
anode member and said sleeve, and a second hol 
low cylindrical member positioned inside said first 
member and substantially coaxial therewith but 
Spaced from Said cathode, the inside of said first 
cylinder and the outside of said second cylinder 
having electron-emissive material thereon, said 
second cylinder having therein a Support member 
for Said auxiliary electrode, said support member 
being Surrounded by an insulating sleeve and 
being substantially coaxial with said anode and 
Cathode. 

PAUL W. STUTSMAN. 
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