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UNITED STATES PATENT OFFICE 
2,125,279 

ELECTRON DISCHARGE DEVICE 
Carl A. Bieling, Westfield, N.J., assignor to Bes 
Telephone Laboratories, Incorporated, Ney 
York, N. Y., a corporation of New York 

Application November 13, 1936, serial No. aic,603 
5 Cairns, (C 250-2.5) 

This invention relates to electron discharge 
devices at nore 233ricularly to such devices 
capable of generating tra-high frequency Oscils 
lations, for example oscillations of frequencies 
corresponding to WSYes-leagts of C certi eters 
or less, 
One object of this invention is to reduce the 

interia losses E electio; discharge devices ope 
erase a Lagaragi frequencies and thereby to 
improve the operatizag efficiency of Such devices. 
Another object of this invention is to improve 

the therial efficiency of indirectly heated elec 
tron eggies for electron discharge devices. 

he invention may be embodied, for example, 
ga, a, iodie oscillator comprising 8n anode have 

iyag & Sistantially plane electron receiving Sur 
face and a cathode including a tubular portion 
and an electron emitting portion in juxtaposi 
tion and substantially parallel to the plane elec 
tron receiving surface of the anode. A heater 
element is mounted within the cathode and pref 
erably in immediate proximity to the electron 
emitting portion thereof. 
In accordance with One feature of this inven 

tion, the anode is provided with a cylindrical por 
tion and the cathode is provided with a similar 
portion encompassing the anode and preferably 
disposed coaxially therewith, whereby a uniform 
field distribution obtains between the anode and 
the cathode. 
In accordance with another feature of this in 

vention, the electron emitting portion of the 
cathode is composed of a reticulated or screen 
member coated with a thermionic material on 
only the surface thereof remote from the anode, 
whereby the high resistance coating material is 
removed from the anode-cathode circuit and a 
low resistance path for the high frequency cur 
rents is obtained. 
The invention and the various features thereof 

will be understood more clearly and fully from 
the following detailed description with reference 
to the accompanying drawings in which: 

Fig. 1 is an elevational view partly in longir 
tudinal section of an electron discharge device 
illustrative of one embodiment of this invention; 

Fig. 2 is an enlarged detail view in perspec 
tive, partly broken away, of the cathode of the 
discharge device shown in Fig. 1; 

Fig. 3 is another enlarged detail view in per 
spective and partly broken away, illustrating a 
modification of the cathode shown in Fig. 2; 

Fig. 4 is an elevational view in perspective of 
an electron discharge device illustrative of an 
other embodiment of this invention, portions of 

the enclosing vessel being broken away to show 
the internal structure more clearly; and 

Fig. 5 is an elevational view partly in longi 
tudinal Section of the electron discharge device 
shown in Fig. 4. 

Referring now to the drawings, the electron 
discharge device shown in Fig. 1 is of the type 
designated as diode oscillators and comprises an 
enclosing vessel including a vitreous portion to 
and a metallic portion f having a flaring sleeve 
2 hermetically sealed to the vitreous portion ( 0. 
Suitably affixed to the metallic portion , as by 
Welding or Soldering, is a metallic member in 
cluding a cup-shaped portion 3, which serves as 
the anode of the device. The cup-shaped portion is 
3 has integrally formed therewith a surround 

ing cylinder Sealed at one end by a closure 
disc 5 and carrying terminal prongs 6, through 
which electrical connection to the anode may be 
established. O 

Disposed in COOperative relation with the anode 
f3 is a cathode, which preferably is of a low-re 
sistance material, such as copper, and includes 
a cylindrical portion f7 coaxial with the anode 
3, a reticulated disc 8 parallel to the base of 
the anode, and a flange 9. The flange 9 is 
seated upon an annular insulating spacer or shim 
20 lying upon a metallic ring 2 seated upon the 
edge of the cup-shaped anode 3. The cathode 
encloses a heater element disposed in immediate st proximity to the disc 8 and including, for ex 
ample, a filament, not shown, encased in a ce 
ramic body 22. Energizing current for the heater 
filament may be supplied through conductors 23 
secured to wires 24 sealed in the vitreous por 
tion f of the enclosing vessel, one of the con 
ductors being encased in insulating material, 
such as a glass sleeve 25. The cathode may be 
connected electrically to the heater element by 
a tie wire secured at one end 26 to one of the 
conductors 23 and having an arcuate portion 27 
resting upon the flange 9 and held thereagainst 
by an insulating spacer or shim 28. The cathode, 
the tie wire 26, 27 and the various annular mem 
bers 19, 20 and 28 are clamped to one another is 
and held in position by a locking ring 29 threaded 
in the metallic portion and bearing against 
a metallic Seating ring 0 in turn bearing against 
the spacer or shim. 28. a 
When the anode and cathode are suitably en- O 

ergized and connected in circuit, as known in 
the art, oscillations of very high frequencies, for 
example of frequencies corresponding to wave 
lengths of the order of 10 centimeters, will be 
generated. It has been found that in the cathode IS 
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the high frequency currents are concentrated 
and flow in a thin layer at the surface of the 
cathode directed toward the anode. For example, 
calculations indicate that at Oscillations of a 
wave-length of 10 centimeters the current in a 
copper conductor is concentrated at the surface 
in a layer approximately 4 mills in thickness. 
In order to reduce the resistance losses in the 
cathode and hence to improve the operating effl 
ciency of the device, it is desirable that the cur 
rent path in the cathode be of low resistance. 
To this end, in accordance with one feature of 
this invention, the thermionic material, which is 
of relatively high resistance, is removed from the 
current path in the cathode. Specifically, in Oile 
embodiment shown clearly in Fig. 2, the ther 
mionic coating 3 is applied only to the surface 
of the disc portion 8 remote from the surface 
of the anode opposite this disc portion. The 
high frequency currents in the cathode, then, 
will flow substantially entirely in a thin layer at 
the surface of the cathode directed toward the 
anode and hence will be confined to a low re 
sistance path. 
In another embodiment, illustrated in Fig. 3, 

the portion of the cathode opposite and parallel 
to the base of the cup-shaped anode 3 is in the 
form of a disc screen 32 Suitably affixed the 
tubular portion 7 of the cathode and coated with 
thermionic material only on the surface thereof 
remote from the base of the anode. 
In order to improve the thermal efficiency of 

the cathode, the tubular portion may be pro 
vided with a plurality of annular grooves or re 
cesses 33 which decrease the heat conductivity of 
this portion and thereby assure a sharp temper 
ature gradient away and heat attenuation from 
the portion of the cathode coated with the ther 
mionic material. Consequently, concentration 
of heat at this coated portion obtains and ther 
mal losses in the cathode are reduced. 
In the embodiment of this invention shown in 

Figs. 4 and 5, the cathode is of Substantially the 
same construction as that in the device show in 
Figs. 1 and 2 and is disposed within a metallic 
shell having a cylindrical wall 34 to which the 
flange 9 is sealed, an inwardly extending annu 
lar flange 35 and a cylindrical portion or sleeve 
36 coaxial with the tubular portion f of the cath 
ode. The tubular portion may have therein 
thermal lagging 37 and has its outer end closed 
as by a glass disc 38 sealed to the flange 9 and 
having the heater leading-in conductors 23 sealed 
therein. . Y. 

The anode 3 is disposed coaxially within the 
cylindrical sleeve 36 and is spaced therefrom by 
an annular insulating member 39 bearing against 
the sleeve 36 and a shoulder 40 on a cylindrical 
extension 4 integral with the anode. Formed 
integrally with the anode 3 is a casing member 
having a cylindrical wall 42 hermetically sealed 
to the wall 34 by a vitreous annulus 43, and an 
upstanding wall 44 closed at One end by a disc 
45. The closure disc 45 carries inlet and outlet 
pipes 46 and 47, respectively, through which a 
cooling medium may be circulated within the 
anode and the casing member. The annulus 43 
may be provided with an exhaust tubulature 48 
through which the device may be evacuated, the 
sleeve 36 having apertures 49 therein to allow 
exhaust of the cathode chamber. - 
The disc 8 and the base of the cup-shaped 

anode 3 constitute the principal electrode sur 

2,125,279 
faces of the device, between which the electron 
discharge occurs. The cylindrical sleeve 36, 
which is electrically integral with the cathode 
and hence at the same potential as the cathode, 
insures uniform distribution of the high fre 
quericy fields extant in the device and a rela 
tively concentrated and uniform electron stream 
between the cathode member 8 and the base of 
the anode 8 whereby internal losses in the de 
Vice are reduced. 
Although specific embodiments of the invention 

have been shown and described, it will be under 
stood that these embodiments are merely illus 
trative and that various modifications may be 
made therein without departing from the SCOpe 
and Spirit of this invention as defined in the appended claims. 
What is claimed is: 
1. An electron discharge device comprising an 

anode, a cathode having a tubular portion and 
a reticulated portion in juxtaposition to said 
anode, a coating of thermionic material only upon 
the surface of said reticulated portion facing 
away from said anode, and a heater element 
Within said cathode and in immediate proximity 
to said coated Surface. 

2. An oscillation generator comprising an an 
Ode, a Cathode having a tubular portion and a 
low resistance reticulated disc portion at one end 
of said tubular portion and in juxtaposition to 
Said anode, a coating of thermionic material 
Only upon the surface of said disc portion fac 
ing away from said anode, a heater element with 
in Said cathode and in proximity to said coated 
Surface, and means for producing sharp heat 
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attenuation in said tubular portion away from 
Said one end. 

3. A diode oscillator comprising a cup-shaped 
anode having a plane base, a thermionic cathode 
having a plane emitting portion in juxtaposition 
and parallel to said base, and a cylindrical metal 
lic member electrically integral with said emit 
ting portion, encompassing and coaxial with said 
anode and in proximity to the periphery of the 
base thereof. 

4. An electron discharge device comprising a 
metallic casing having a cylindrical sleeve ex 
tending from One end thereof, an electron emit 
ting disc member within said casing and electri 
cally connected thereto, and an anode insulat 
ingly joined to said Casing, including an extended 
portion in juxtaposition to said disc member and 
commensurate in area, therewith and a cylindri 
cal portion within Said cylindrical sleeve and in 
proximity thereto. 

5. An ultra-high frequency oscillation genera 
tor comprising a tubular metallic casing having 
a cylindrical sleeve extending from one end 
thereof, a cathode within said casing and having 
a tubular portion joined to the other end of said 
casing and coaxial with said sleeve, said cathode 
having also a reticulated disc portion at the in 
ner end of said tubular portion, a heater element 
Within said Cathode and adjacent said inner end 
thereof, a coating of thermionic material only 
upon the surface of said reticulated portion to 
ward Said heater element, and a unitary metal 
lic member having a wall portion sealed to said 
casing and insulated therefrom, a cylindrical por 
tion within Said sleeve and coaxial therewith, and 
a disc electrode portion in juxtaposition and par 
allel to said reticulated portion of said cathode. 
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