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This invention relates to an electron discharge 

device and more particularly to such device of the 
type in which the cathode is heated indirectly 
by a heating element disposed adjacent thereto. 

s In the manufacture of electron discharge de 

10 

15 

20 

vices in which the cathode is designed to be heat 
ed through the agency of alternating current, it 
has been the usual practice to construct the 
Cathode in the form of a hollow metal cylinder 

in and to heat the same by conduction from an elec 
trically insulated heating element disposed there 
in. The heating element of such cathode usually 
Consists of a tungsten filament contained within 
an apertured insulating member about which the 
hollow metal cylinder is positioned. A coating 
of thermionically active material, such as the 
oxides of the alkaline earth metals, is provided 
On the exterior surface of the metal cylinder. 
This coated cylinder constitutes an equi-poten 
tial cathode. 
In the manufacture of cathodes of this type, 

difficulty has been experienced due to interaction 
of the tungsten filament with the insulating ma 
terial within which it is contained and to the full 
Sion of the insulating material on to the tung 
sten, resulting in early burnout of the heating 
element. One method which has been proposed 
for eliminating this difficulty is to construct the 
insulator of a material which does not readily 
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".. react With the filament and which is sufficiently 
refractory so as not to become fused at the tem 
perature to which it is subjected during manu 
facture and operation, as is fully set forth in 
application of John W. Marden and Frank W. 
Driggs, Serial No. 233,543, filed November 16, 
1927 and entitled “Insulating material for vac 
uum electric devices'. 
The method which is used to a very large ex 

tent and which we prefer for producing the ther 
mionically active coating on the exterior surface 
of the cathode is to first coat the cylindrical cath 
ode in a quick drying binder, such as nitrocellu 
lose in amyl acetate, with the carbonates of the 
alkali earth metals. The carbonates are stable 
in the atmosphere and may be stored for indefi 
nite periods without detrimental effects. After 
the cathode has been assembled within the evac 
ulated device, the carbonate coating is converted 
to the oxides of the alkaline earth metals by heat 

50 ing the cathode to a high temperature. It has 
not been found advisable to effect this conversion 
of the carbonates to the oxide prior to assembly 
of the cathode within the evacuated device since 

... the oxides apparently become contaminated in 
the atmosphere and the electron emission of the 

(Cl. 250-27.5) 
cathode is impaired. Heretofore this heating of 
the metal cylinder has been accomplished by pass 
ing a heavy current through the heating element 
to raise the same to an abnormally high tem 
perature, but such procedure is objectionable since 5 
at this high temperature the reaction of the tung 
sten heater element with the insulator is accel 
erated. The insulator also fuses onto the tung 
Sten during this high heat treatment and upon 
cooling of the cathode assembly a portion of the 10 
tungsten adheres to the insulator and is chipped 
off from the filament, due to the difference in 
contraction between the insulator and the fila 
ment. The filament, moreover, is gradually worn 
away by the alternate heating and cooling there- 15 
of in contact with the porcelain body when the 
tube is brought into and out of operation, so 
that the filament burns out prematurely and the 
life of the device is relatively short. 
Another objection to the use of a cathode em- 20 

ploying a refractory insulator between the heat 
ing element and the cathode, is the time interval 
required to bring the cathode up to the desired 
temperature. The refractory insulating materi 
als available for this purpose are also good heat 25 
insulators and consequently an excessively long 
time interval is required for transmission of the 
heat from the heating element to the cathode 
surface when the tube is first brought into oper 
ation. This necessitates operating the heating 
element at a high temperature for a long period 
of time in order to effect a decomposition of the 
carbonate coating during manufacture of the de 
vice and is a source of considerable annoyance 
during operation of a radio receiving set employ- 35 . 
ing such tubes since the time required to bring 
the cathode up to operating temperature after 
switching on the set may amount to nearly a 
minute. . . . 

One of the objects of the present invention is 40 
to provide a cathode construction for a tube ca 
pable of being heated by alternating current, in 
which insulating material between the cathode 
and the heating element may be dispensed with. 
Another object is to provide a cathode con- 45 

30 

struction adapted to be heated by an adjacently 
disposed heating element in which substantially 
all of the heat generated in the heating element 
Will be radiated to the Cathode. 
A further object is to produce an indirectly 50 

heated Cathode type of tube in which the elec 
trodes will be shielded from electrons emitted 
from all portions of the heating element. 
A still further object is to prevent undesired 

discharges between the current conducting leads 55 
- - - - - 
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and Supports for the heating element of an in 
directly heated cathode tube and the electrodes 
of the device. 
Other objectS and advantages will hereinafter 

appear. 
In accordance with the present invention 

construct a cathode in the form of a hollow 
metallic member, such as a tube or thimble hav 
ing a coating of thermionically active material 
On the exterior thereof and a heating element 
contained therein for heating the cathode by 
radiation to an electron emitting temperature. 
The heating element may be energized by al 
ternating current and preferably consists of a 
coil of refractory metal, such as tungsten, of 
relatively large diameter. The coil is disposed 
axially Within the metallic tube and the ends 
thereof are welded or otherwise secured to Sup 
port Wires of relatively large size, which extend 
to the exterior of the metallic tube. The ends of 
the metal tube are entirely closed by insulating 
members through which the Supports for the 
filament extend and which prevent the escape of 
electrons emitted by the heating element to the 
exterior of the tube so that they do not exert any 
erratic action on the discharge between the elec 
trodes due to the alternating heating current. 
The tubular cathode is surrounded by a con 

trol electrode, which in turn is contained within 
an anode or plate electrode. In the construc 
tion of indirectly heated cathode tubes of this 
type, the cathode is of relatively large diameter 
and considerable heat is radiated therefrom so 
that the grid electrode may be heated to a Sufi 
ciently high temperature to emit electrons which 
have a detrimental influence upon the operation 
of the tube. ... - 

In order to prevent the heating of the control 
electrode to Such temperature, it has been pro 
posed to construct the plate or anode of the de 
vice of perforated metal or wire mesh which per 
mits the escape of the heat from within the elec 
trode assembly. Some of the electrons travel 
ing from the cathode to the plate electrode pass 
through the meshes in this electrode and pro 
duce in the Space OUItSide of the anode a quantity 
of free electrons, which, unless precautions are 
taken, enable a discharge to pass between the 
anode and the current conducting leads for the 
heater element of the cathode. Since these leads 
are alternately charged negatively and positively 
an intermittent discharge may take place from 
such lead to the anode. This discharge affects 
the plate current of the device in Such manner 
as to produce a hum when such tube is employed 
in a radio receiving apparatus. In order to pre 
Went this discharge between the anode and the 
heater leads, the leads are shielded from .th 
anode by dielectric insulating members. 
In order that the invention may be more fully 

understood, reference will be had to the accom 
panying drawing, in Which - 

Figure is a perspective view of a mount for 
an electron discharge device embodying the pres 
ent invention; and m 

Figure 2 is a perspective view of a modifie 
form of mount for. Such tube. -- 
The device shown in Figure 1 comprises the 

usual flare tube 0 having a press upon which 
the electrode assembly is Supported. The elec 
trode assembly comprises a cathode 2, a grid 
3 and a plate or anode 4. Y. 

... The cathode 2 consists of a hollow metal shell 
5 having a coating 6 of electron emitting ima 

terial thereon, Such as a mixture of barium and 
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strontium oxides. However, if desired, the cath 
ode may be of the caesiated type in which a layer 
of Caesium metal is held to the Cathode cylinder 
by an interposed atomic layer of oxygen or oxi 
dized metal. In Such case the cylinder should 5 
be composed of a metal, Such as tungsten or 
molybdenum, upon which the electro-negative 
Oxygen gas layer may be readily formed and 
maintained. Such a cathode may be heated by 
either alternating current or direct current with 10 
Only a low current consumption. The ends of 
the metallic shell 5 are closed by small insulat ing plugs I having an aperture f8 centrally 
thereof through which heavy support wires 9 
and 20 pass. A coiled tungsten filament 2 is 15 
Secured between the support Wires 9 and 20 and 
forms a heating element for raising the metal 
shell 5 to a sufficient temperature to produce 
thermal electron emission from the coating there 
on. The SupportS 9 and 20 extend beyond the 20 
insulating members 7 within the hollow shell 
an appreciable distance and hence do not attain 
a high temperature within the insulator, due to 
heat conducted from the heating element 2. 
The heating element 2 is entirely encased within 25 
the metal tube 5 so that any electrons emitted 
therefrom cannot escape to the exterior and, 
therefore, cannot detrimentally affect the dis 
charge between the cathode and the anode of the 
device. The cathode and heating element con 
prise a small muffle furnace in which substan 
tially all of the heat generated by the heating 
element must be utilized in heating the metal. 
shell. W 

The only possible losses of heat are by conduc-35 
tion through the Supports 9 and 20 and by radi 
ation from the insulating plugs . With this con 
struction, the time interval required to bring the 
Cathode up to an electron emitting temperature 
is very short, the electron emission being ob-, 40 
tained almost instantly upon energization of the 
heating element. 
Current for heating the element 2 is supplied 

by leading-in conductors 22 and 23. Leading-in 
conductor 22 is provided with a heavy Support. 24 45 
to which the Support Wire 20 is welded. The sup 
port 24 is relatively short so as to have only a 
Small exposed area, within the tube and is dis 
posed beneath the lower insulating plug. ... and 
serves as a support therefor. . . . 
The leading-in conductor 23 extends upwardly 

from the press throughout the length of the elec 
trode assembly outside of the anode f4 and is con 
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50 

nected to the upper heating element support 9 
by a metallic member 25. An insulating tube 26, 55 
of glass, or other Suitable dielectric material, Sur 
rounds the portion of the leading-in conductor 23 
which extends adjacent the anode and prevents 
any discharge between the anode and leading-in 
Conductor. - 

An insulating member 26 extends across the top 
of the electrodes and is provided with a number 
of apertures through which the electrode sup 
ports pass and said insulating member, which may 
be of porcelain, mica or similar dielectric ma- 65 
terial, serves to maintain the electrodes in defi 
Inite spaced relation. The insulating sleeve 26 
extends the full distance between the press por 
tion and the insulating member 26 so that no 
portion of the leading-in conductors is exposed. 70 
The electrodes are shielded from the member 25 
by the insulating member 26. The member 25 
is bent So as to hold the insulator 26 against the 
insulating plug 1. S. . . . . 
The grid 3 is supported from the press by a 75 

60 
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support wire 27 which extends upwardly through 
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the aperture 28 in the insulator 26 and the anode 
is supported by a wire 29 which also extends 
through an aperture 30 in the insulator 26. 
The active surface of the cathode 2 is sup 

plied with a current conducting lead 3 connect 
ed to leading-in wire 32 sealed through the press. 

For cleaning up residual gases a getter material 
33 may be provided on the getter carrier 34 hav 
ing a support 35 Welded to the leading-in con 
ductor 32. 
Due to the shortness of the leading-in conductor 

24 for the lower end of the heating element and 
its location immediately underneath the insulat 
ing plug l, no appreciable discharge can take 
place between the leading-in conductor and the 
anode. 
In Figure 2 a modified form of tube is shown in 

which the entire electrode assembly is supported 
between tWO Spaced insulators 36 and 37 of similar 
form. These insulators, which may be composed 
of porcelain, lavite, or other suitable material, are 
mounted on Support wires 38 and 39 sealed in the 
preSS. The insulators are provided centrally with 
tubular portions 48 and 4 which extend into the 
hollow metallic shell 42 constituting the cathode. 
The cathode heating element extends centrally 
thereof in the same manner as shown in Figure 1. 
and the Supports 43 and 44 extend above and 
below the insulators 35 and 37, respectively. The 
Support 44 is joined to leading-in conductor 45 
Sealed in the press 46 and the support, 43 is joined 
to leading-in conductor 39 by means of a bridg 
ing member 4. A glass insulator 48 surrounds 
the exposed portion of the leading-in conductor 39 
adjacent the electrode assembly. 
The grid electrode 49 is supported by wire 50 

paSSing through apertures in the insulating mem 
bers 36 and 3 and is joined to a leading-in con 
ductor 5. The grid electrode 49 is connected to 
the supporting wire 50 by following the method 
outlined in the Henry S. Coyer Patent 1,305,690 
dated June 3, 1919, or the Karel A. Lebbink Pat 
ent 1,570,265 dated January 19, 1926. When either 
one of these two methods is employed in unit 
ing the grid 49 to the support wire 5 some of the 
metal of the Support wire adjacent each grid 
turn acts as a clamping jaw to firmly hold each 
turn in position and to electrically connect each 
turn of said grid with said supporting rod 50. 
The anode 52 is supported from a leading-in con 
ductor 38. Current for the cathode is supplied by 
leading-in conductor 53. 
The support wires 38 and 39 may be enlarged 

above and below the insulators 36 and 37, respec 
tively, to retain these members in definite posi 
tion thereon or in place of such enlargement Small 
metal members 54 may be Welded thereto. 

It is obvious, of course, that various other mod 
ifications of the invention may be devised and it 
is to be understood that the invention is not lin 
ited to the specific construction shown and de 
Scribed. 
What is claimed is: a 
1. An electron discharge device comprising an 

enclosing glass envelope an electrode assembly 
composed of a cathode, control electrode and 
anode, said anode being perforated, current con 
ductors for said electrodes extending through a 
wall of said envelope, one of Said current con 
ductors connecting to one end of Said cathode and 
extending a part of its length adjacent the ex 
terior surface of said anode, and a dielectric insul 
lating member surrounding said externally ex 
tending conductor. 

3 
2. An electron discharge device comprising an 

enclosing glass envelope, a stem sealed therein, a 
tubular cathode mounted above said stem, a heat 
ing element Within said cathode, a control elec 
trode and an anode disposed about said cathode 5 
in concentric relation, insulating members ex 
tending across the ends of Said electrodes to 
maintain them in definite spaced relation, said 
insulating members closing the ends of said tubu 
lar cathode, lead wires extending through said 10 
stem and electrically connected to said cathode, 
heater element, anode and control electrode, and 
means comprising an interposed dielectric shield 
member for preventing electric discharge from 
said heater element leads and said anode. 5 

3. An electron discharge device comprising an 
envelope, a cathode therein, a heating element 
Within said cathode, a perforated anode surround 
ing Said Cathode, a pair of insulating spacer mem 
bers disposed across the ends of said anode and 20 
cathode electrodes, a current conductor for Sup 
plying alternating current to the heating ele 
ment, extending longitudinally of said anode, ex 
ternally thereof between said insulating members, 
and a dielectric insulator between said current 25 
conductor and said anode. 

4. An electron discharge device comprising an 
enclosing glass envelope, a cylindrical perforated 
anode, a centrally disposed electron emitting hot 
cathode of the indirectly heated type, an inter- 30 
posed control electrode, a coil type cathode heater 
element centrally disposed therein, lead-in wires 
extending through a wall of said envelope and 
electrically connected to said heater element, and 
dielectric shields interposed between said lead 35 
Wires aid Said anode and Said cathode, Said 
Cathode being disposed Wholly between said shield 
ing members. 

5. A Cathode assembly comprising a tubular 
Cathode having an Outer Surface of electron emit- 40 
ting material thereoin, a coiled heater element dis 
posed Within and spaced from the inner Wall of 
Said tubular cathode, Supporting plugs of insula 
lating material at the ends of said tubular cath 
Ode, Said tubular cathode between the opposing 45 
limits of said plugs being substantially a closed 
tubular section to provide a substantially complete 
Shield between the inner and outer ambient medi 
lins of Said tubular cathode, said Supporting plugs 
extending into the ends of said tubular cathode 50 
and having apertures extending therethrough, 
current conducting leads extending through said 
apertures and connected to said coiled heater ele 
ment, Said Supporting plugs having shoulders en 
gaging the ends of said tubular cathode, sub- 55 
stantially all of the surface area of said coiled 
heater element between said current conducting 
leads being Substantially free from solid insulat 
ing material and the inner wall of said tubular 
Cathode opposite said Surface area, also being Sub- 60 
Stantially free from solid insulating material. 

6. A thermionic Vacuum tube comprising an en 
velope, a stem, a pair of parallel rods extending 
therefron, an insulating bar having apertures 
through which said rods project, a stud Secured 65 
to said bar, a tubular cathode surrounding said 
stud, and engaging Said bar, a conductor extend 
ing through said bar and Stud, and a connector 
Secured to one of said rods and to Said conductor. 

7. A thermionic vacuum tube comprising an en- 70 
velope, a stem therein, a plurality of rods mount 
ed on said stem, an insulating croSS bar having 
a vertically extending stud, a tubular cathode 
Surrounding said stud, a conductor extending 
through said bar and stud, a connector Secured to 75 
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4. 
one of said rods and to said conductor, and a 
spiral filament secured to said conductor Within 
the cathode, thereby positioning Said filament in 
the cathode. 

8. Athernionic Vacuun tube comprising an en 
velope, a stem therein, a tubular cathode, a Stud 
projecting into and closing each end of Said cath 
ode, an insulating bar secured to one of Said Studs, 
a plurality of rods nounted on Said stem and pro 
jecting through said bar, a conductOr eXtending 
through each of Said studs, and means Secured to 
said conductors for securing said studs in posi 
tion. 

9. In a vacuum tube a press, an insulator Spaced 
from Said press, a second insulator Spaced from 
said first, insulator, a cathode SUppOrted and dis 
posed wholly between said insulators, a grid Sup 
ported between said insulators, a pair of Sup 
porting rods sealed in said pireSS and eXtending 
through openings in said insulators whereby Said 
insulators are aligned, neans to electrically COE)- 
nect, said grid With one of said Supporting rods, 
an ancae surrounding said grid aind means to Con 
nect, said anode to said Second Supporting rod. 

10. A theinionic Vacuum tube comprising a 
stem, a rod extending upWardly, therefron, an 
insulating cross-bar having an aperture through 
which said rod projects, a stud adjacent to Said 
cross-bar, a tubular cathode Surrounding Said 
Stud, and a conductor extending through Said 
stud and cross-bar, and a CCInnector Secured to 
Said rod and said conductor and extending along 
said cross-bar and being in contact with the same 
to maintain said cathode in Surrounding position 
with respect to said stud. 

... As therinionic WacUri tuitoe Coimprising a 
Stein, a plurality of 'CdS SlippCrited by Said Stein, 
an insulating bar having a plurality. Of apertures 
through which Said rods project, a tubular cath 
ode, a projection fron said bar extending into 
said cathode whereby the bar is prevented from 
tilting, and means extending acroSS and in con 
tact with the top of saidba and Secured to One of 
said rods for preventing the withdrawal of said 
projection frora said cathode. 

12. A therinionic vacuuin tube comprising a 
Stern, a plurality of rods iOL.inted. On Said Stein, an 
upper insulating bar having a plurality of aper 
tures through which Said rods project, a, iOWer 
insulating bar having apertUres through Which 
said rods project, each of Said bars having a Stud 
Secured thereto, a tubular cathode having its ends 
Surrounding said Studs, nearS Spaced froin Said 
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stem and engaging the lower bar to hold it against 
Said cathode, and means Secured to one of the rods 
projecting through the upper bar for holding it 
against Said cathode. 

13. A thermionic vacuum tube comprising a 5 
stem, a plurality of rods mounted on said stem, 
an upper insulating bar having a plurality of 
apertures through which said rods project, a lower 
insulating bar having apertures through which 
said rods project, each of Said bars having a stud 0 
Secured thereto, a tubular cathode having its ends 
Surrounding said studs, a rod supported on the 
stein, and engaging the lower bar to hold it 
against said cathode, and means Secured to one. 
of the rods projecting through the upper bar for 5 
holding it against said cathode. 

14. A thermionic vacuum tube comprising a 
Sten, a tubulair cathode, having its axis in the 
Same direction as the stem, a vertically extending 
stud projecting into each end of said cathode, a 20 
cross-bar perpendicular to one of said studs, and 
irigidly secured thereto, an enlarged Support rig 
idly secured to the other stud and extending per 
pendicular thereto, and a plurality of rods mount 
ed on the stem externally of said cathode for 
positioning said Support and bar. 

15. An electron discharge device including a 
press, an insulator Spaced from said press, a sec 
old in Slator Spaced from said first insulator, a 
tubular cathode disposed Wholly between Said in 
Slators, an anode and a grid, a pair of Support 
ing rods Sealed in Said press and extending 
through openings in said insulators whereby said 
insulators are aligned, a heating element in said 
tubular cathods, SaidinSUlators engaging the ends 
of Said tubular cathode to maintain said tubular 
cathode substantially free from vertical and hori 
Zontal ragtion. With respect to said insulators. 

16. An indirectly heated cathode for an elec 
iron discharge device, comprising a cathode tube, 
a pair of Supporting plugs of insulating material, 
Oile of the plugs extending into each end of the 
tube, each of Said plugs having an abutment en 
gaging an end of Said tube and each plug being 
iformed. With a central bore, a pair of lead-in 
wires, one of the lead-in wires extending into 
each of Said bo'es, a filament connected at each 
Of its ends to the inner end of one of the lead-in 
Wires, and means OutSide the corresponding Sup 
porting plug to retain the parts assembled. 
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