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Telephone aboratories, incorporated, New 
York, N. Y., a corporation of New York 
Application June 6, 1941, Serial No. 396,851 

13 Claims. (C. 250-2.5) 
This invention relates to electron discharge 

devices and more particularly to such devices 
operable at frequencies corresponding to wave 
lengths in the centimeter range. 
The operating characteristics of ultra-high 

frequency electron discharge devices of the type 
to which this invention pertains are dependent 
to a large extent upon the interellectrode spac 
ings inasmuch as these spacings are largely de 
terminative of the interellectrode impedances. 
In order that a particular device may have pre 
determined operating characteristics, it is nec 
essary that the interellectrode spacings be accu 
rately established during the fabrication of the 
device. Also, in Order that the operating char 
acteristics may be constant it is necessary that 
the interelectrode spacings be maintained con 
stant during operation of the devices inasmuch 
as, the spacings being extremely small, changes 
of Small absolute magnitudes therein result in 
relatively large variations in the interellectrode 
impedances and Correspondingly large variations 
in the operating characteristics. The necessity 
of obtaining small interellectrode impedances re 
quires the use of Small electrodes which are dif 
ficult to space accurately and the dimensions of 
which may undergo relatively large variations 
with the temperature variations to which the 
electrodes are subjected during the outgassing 
treatment and the operation of the device. 
One object of this invention is to maintain the 

Spacing of electrodes in an electron discharge 
device substantially constant during the opera 
tion thereof. 
More specifically, one object of this invention 

is to preserve the form of the electrodes and to 
maintain fixed the position of the efective por 
tion or surface thereof while allowing expansion 
and contraction of the electrodes with temper 
ature variations therein. 
Another object of this invention is to enable 

the expeditious mounting of two or more elec 
trodes in accurate, very small space relation. 
A further object of this invention is to reduce 

heat losses by conduction from thermionic cath 
odes whereby an improved thermal efficiency for 
the cathode is realized. 
In One illustrative embodiment of this inven 

tion, an electron discharge device operable as an 
amplifier at frequencies corresponding to wave 
lengths of the order of 15 centimeters comprises 
a cathode, an anode, a control grid and a screen 
grid, the several electrodes having substantially 
parallel effective surfaces in close space relation. 
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tion, the cathode or anode, or both, is so mounted 
that the effective surface thereof is fixed against 
displacement with temperature variations while 
the other portions thereof may expand and con 
tract freely with temperature variations. 
In accordance with another feature of this in 

vention, the control grid and screen grid, or both, 
comprises a Support and a plurality of wires hav 
ing parallel linear portions lying in a common 
plane and is so constructed that the wires main 
tain their parallel coplanar relation despite tem 
perature variations therein. 
In accordance with a further feature of this 

invention, the several electrodes are mounted 
within a cylindrical member which positions the . 
electrodes in coaxial relation and are spaced 
from one another by spacers of accurately pre 
determined thickness, the electrodes and spacers 
constituting a pile-up of elements within the cy 
lindrical member and being locked in position 
within the cylindrical member by a single clamp 
ing or locking element. 
The invention and the above-noted and other 

features thereof will be understood more clearly 
and fully from the following detailed descrip 
tion with reference to the accompanying draw ings in which: 

Fig. 1 is a side view mainly in section of a por 
tion of an electron discharge device illustrative 
of one embodiment of this invention; 

Fig. 2 is an exploded perspective view of the 
electrode assembly included in the device illus 
trated in Fig. 1; 

Fig. 3 is an enlarged end view of the cathode 
and its support in the device shown in Fig. 1; 

Fig. 4 is a detail view in section of a modifica 
tion of the cathode assembly included in the de 
vice shown in Fig. 1; 

Fig. 4A is a fragmentary end view of the 
cathode and the support therefor included in 
the assembly show in Fig. 4; 

Fig. 5 is an enlarged plan view of the grid 
assemblies included in the device shown in Fig.1; 

Fig. 6 is a view in section of the grid assem 
bly taken along line 6-6 of Fig. 5; and 

Fig. 7 is another view in section along line 
7-7 of Fig. 5 of the grid assembly. 
Referring now to the drawings, the electron 

discharge device illustrated in Figs. 1 and 2 is a 
tetrode especially suitable for use as an amplifier 
at ultra-high frequencies and comprises an evac 
uated enclosing vessel having an intermediate, 
cylindrical metallic portion 0, for example of 
Copper, and vitreous end portions t and 2 In accordance with one feature of this inven- is hermetically sealed to opposite ends of the me 



2 
tallic portion 0. The metallic portion O is 
provided with an annular internal seat or shoul 
der 3 and has an integral tubulation i 4 her 
metically sealed at its outer end by a vitreous 
cap or body 5. 
Mounted within the metallic portion 0 and 

clamped against the seat or shoulder 3 by a 
ring f6 threaded to the portion fo is a pile-up. 
of elements including a cathode, a pair of grids 
and an anode mounted in coaxial relation, very 
closely spaced and insulated from one another 
and the metallic portion O. The anode com 
prises a metallic rod 17 having a plane end face 
f8 and an integral collar 9 seated on an in 
sulating washer or support 20, for example of 
mica or silica, in turn seated on the seat or 
shoulder 3, the anode being clamped Centrally 
to the washer 20 by a lock member 2 threaded 
thereon, and the washer 20 fitting the internal 
wall of the portion O of the enclosing Wessel to 
locate the anode coaxially within this portion. 
Leading-in connection to the anode may be es 
tablished through a tubular conductor. 22 slid 
ably fitted on the anode rod 7 and sealed 
through the outer end of the vitreous portion 
2 of the enclosing vessel. 
Bearing against the washer or support 20 is a 

metallic spacing ring 23 which has bearing there 
against, in turn, an annular insulating spacer 24, 
for example of mica or silica, of accurately pre 
determined thickness So as to position the Screen 
grid assembly accurately in desired relation to the 
surface 8 of the anode. 
As shown more clearly in Figs. 5, 6 and 7, the 

screen grid assembly includes an annular metallic 
support 25, for example of copper, having in one 
face thereof a radial recess 26 and having also 
a raised portion 27 which is fitted in a central 
aperture in an insulating support 28, for example 
of quartz or mica, fitted within the metallic por 
tion O of the enclosing vessel. Seated in an 
annular recess in the Support 25 and secured to 
the Support, as by rivets 29, is an annular metallic 
member 30' in which there is fixed a metallic 
ring 30. Secured between the members 30 and 
30' are a plurality of substantially U-shaped par 
allel, equally spaced wires 3. As shown in Fig. 
2, the intermediate portions of the wires 3 are 

' coplanar and parallel to the surface f8 of the 
anode and in immediate proximity thereto. For 
example, the spacing between these wires and the 
surface 8 may be of the order of .016 inch. 
In Order to maintain the position of the inter 

mediate portions of the wires 3 substantially 
unaltered during the temperature cycles through 
which the wires pass during the outgassing 
treatment and operation of the device, in a par 
ticularly advantageous construction the wires 3 
and annular members 30 and 30' are made of 
particular materials and the assembly is fabri 
cated in a particular manner. Specifically, the 
wires 3 are made of a material having a higher 
temperature coefficient of expansion than the 
annular members 30 and 30' so that, relatively 
speaking, when the grid assembly undergoes tem 
perature variations the annular members 30, 30º 
remain substantially fixed in form and dimen 
sions. As specific illustrations, the wires 3 may 
be of nichrome and the annular members 30 and 
30 may be of nickel or iron, or the wires may 
be of tungsten and the annular members may 
be of molybdenum. 
In the fabrication of the grid structure, straight 

wires are secured at their ends and in parallel 
relation between the members 30 and 30'. 
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annulus is then fixedly mounted, the assembly is 
heated and the wires are formed by a suitable 
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die into the form shown in the drawings. The 
forming of the wires is carried out at a tempera 
ture higher than that to which the wires are 
heated during the outgassing treatment and op 
eration of the device. Consequently, in the com 
pleted grid structure, the wires 3 are constantly 
under a slight tension and any expansion and 
contraction of the intermediate portions of the 
wires 3 during the outgassing treatment and 
operation of the device is substantially linear, in 
the direction of the length of the wires, so that 
these intermediate portions remain effectively in 
a common, fixed plane at all times. 

Bearing against the insulating support 28 and 
fitted within the metallic portion O of the en 
closing vessel is another insulating support 32, 
similar to the support 28, which mounts a control 
grid assembly in coaxial relation with the screen 
grid assembly. The control grid assembly is the 
Same as the Screen grid assembly, is fabricated 
in the manner described above and includes a 
Support 25a having a radial slot 26a in one face 
thereof and having also a raised portion 27a. 
fitted in the central aperture in the insulating 
Support 32, an annular metallic member 30a 
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Seated in a recess in and secured to the support 25a, and a plurality of parallel, equally spaced, 
substantially U-shaped wires 3 a secured at their 
ends to the annular member 30a. 
The radial slots or recesses 26 and 26a extend 

at the same angle, for example a right angle, 
with respect to the respective wires 3 and 3 a. 
Fitted in these recesses or slots and held therein 
by the insulating member 24 and a similar mem 
ber 33 are metallic strip conductors 34 having 
bent portions 35 which provide sufficient friction 
between the conductors and the associated Sup 
ports and insulating members engaged thereby to 
lock the conductors in position. The conductors 
are of the same width as the slots or recesses 26 
and 26a. So that when the conductors are aligned 
during the assembly of the device, the wires 3 a. 
of the control grid are positioned in parallel rela 
tion to the wires 3 of the screen grid. As shown 
in Fig. 1, the conductors 34 are sealed in the Cap 
Or ClOSure 5. 
Mounted opposite the control grid and coaxial 

therewith is a cathode structure which includes 
an annular insulating support 36, for example of 
fused silica, fitted within the metallic portion f0 
of the enclosing vessel and accurately spaced a 
predetermined distance from the insulating mem 
ber 33 by a pair of metallic spacers 37 and 38. 
9oaxially positioned with respect to the support 
36 is a tubular metallic member or Support 39 
having a flange 40 bearing against the support 
36, the member or support 39 being securely af 
fixed to the support 36 by a lock member 4, 
threaded on the support 39 and bearing against 
the Support 36. The support 36 is slidably en 
gaged by a tubular conductor 42, similar to the 
conductor 22, which serves as the leading-in con 
ductor for the cathode and is sealed to and ex 
tends through the vitreous portion of the en 
closing vessel. 
The Cathode structure includes also a metallic 

cup-shaped cathode member 43 the outer surface 
of the base of which is coated with a thermionic 
material and which surface is parallel and in 
immediate proximity to the intermediate portions 
of the wires 3a of the control grid. The spacing 
between this surface and these wires may be of 
the Order of .008 inch. The cathode member 43 
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is positioned coaxially within the inner end of 
the support 39 by three thin wires 44, of a ma 
terial having low heat conductivity, such as 
nichrome, arranged tangentially with respect to 
the cathode member and secured thereto and to 
the flange 40 of the support II. Mounted within 
the cathode member 43 is a heater flament 
having leading-in conductors 4 extending 
through the support 9 and conductor 42. 
The cathode structure is fixed in position by 

metallic rings 47, one of which bears against the 
support 3B, which rings are locked in position by 
the ring 6. - 

It will be noted that in the device described 
hereinabove the interelectrode spacings are 
maintained substantially constant during oper 
ation of the device so that the interelectrode im 
pedances are maintained substantially constant 
and uniform operating characteristics are real 
ized. The anode is rigidly mounted by the sup 
port 20 in proximity to the surface f so that 
the position of this surface is fixed. Expansion 
and contraction of the anode occurs substantially 
entirely between the support 20 and the vitreous 
portion 2, such action being permitted freely 
due to the sliding fit of the anode rod 7 in the 
tubular portion of the conductor 22. Similarly, 
the emissive surface of the Cathode member 43 
is fixed in position due to the rigid mounting of 
this member, by the wires 44, in proximity to the 
emissive Surface thereof. Such expansion and 
contraction of the cathode as may occur during 
operation of the device takes place between the 
Support 36 and the vitreous portion of the en 
closing vessel, this action being permitted freely 
by the sliding fit between the support 39 and the 
leading-in conductor 42. Because of the form 
and construction thereof, any expansion and 
contraction of the intermediate portions of the 
grid wires 3 and 3d Occurs in the direction of 
the length of these portions so that the interme 
diate portions of the wires of each grid remain 
coplanar during operation of the device and the 
position of the common plane remains fixed. 
The Several insulating washers and supports have 
a very low temperature coefficient of expansion 
and contraction and, hence, remain of substan 
tially fixed dimensions during operation of the 
device. 
It will be noted also that the physical connec 

tion between the cathode member 43 and the Sup 
port 39, although rigid, is very small from a 
thermal standpoint, because of the thinness and 
material of the wires 44, so that little heat trans 
fer by conduction occurs between the Cathode 
member and the support. Hence, a high thermal 
efficiency for the cathode is obtained and, in ad 
dition, the support 39 is maintained at a fairly 
low temperature during the operation of the de 
wice, 

Electrically, the cathode construction has at 
least two decided advantages. The support 39 
and cathode member 43, it will be noted, have 
juxtaposed coaxial cylindrical portions of ap 
preciable areas so that the capacitance therebe 
tween is fairly high and, as a result, a low im 
pedance path for high frequency currents is at 
tained, thereby preventing permeation of high 
frequency currents to the heater system for the 
cathode. Also, the leading-in conductors 46 are 
within the leading-in system for the cathode so 
that these conductors are effectively outside of 
the high frequency field of the cathode to con 
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3 
quency energy thereby is extremely small where 
by a high input eficiency is achieved 

It will be noted also that the ratio of the area 
of the emissive surface of the cathode to the 
total area of the inner end of the cathode struc 
ture is close to unity so that stray capacitances 
are minimized, whereby an optimum control or 
input efficiency is realized. Furthermore, it will 
be appreciated that the electrode system com 
prises two sections, one composed of the cathode 
and control grid and the other composed of the 
screen grid and anode, which are substantially 
mirror images of each other and which are coul 
pled only by the electron stream so that the two 
sections together constitute a coaxial line sec 
tion having very little discontinuity whereby 
constant operating characteristics and a high op 
erating efficiency are obtained. Finally, it will 
be noted that the electrodes may be assembled 
expeditiously and the desired space relation 
thereof obtained accurately and in a facile man 
e 

In the cathode and support construction illus 
trated in Figs. 4 and 4A, the cathode member 43 
is coaxially positioned within the cylindrical por 
tion 48 of a metallic support 4 and is secured 
to this portion by three equally spaced thin wire 
elements 50 of low heat flow. The wire elements 
50 may be, for example, of 3-mill tungsten welded 
to the cathode member 43 and the portion 48 of 
the support 49. The support is positioned be 
tween two insulating annuli is and 52, for exam 
ple of quartz or silica, one of which bears against 
the metallic spacer ring 38 and the other of which 
has bearing thereagainst the metallic ring 47. 
Leading-in connection to the cathode may be 
established through a tubular metallic conductor 
53 slidably fitted within the cathode member 43, 
the conductor 53 enclosing the leading-in con 
ductors 46 for the heater flament 45. It will be 
noted that the cathode member 43 is rigidly 
mounted in position, by the wire elements 50, in 
immediate proximity to the emissive surface 
thereof, so that the position of this surface is 
fixed during operation of the device. Such ex 
pansion and contraction of the cathode member 
as may occur with temperature variations takes 
place to the left, in Fig. 4, of the emissive surface 
and is permitted freely by the sliding fit of the 
cathode member and the conductor 58. The heat 
loss from the cathode member due to conduction 
by way of the wires S obviously is extremely 
small so that a high thermal operating efficiency 
for the cathode is obtained. 
After the assembly of the device and prior to 

" its pumping and outgassing, the puter surface of 
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trol grid circuit and the absorption of high fre- 75 

the portion iO is coated with a silver paste or is 
electroplated with silver. This procedure pre 
vents the formation of metallic oxides at the elle 
vated temperatures during pumpirag and provides 
good electrical contact to the portion in cases 
where the metallic portion f is issociated with 
an external circuit or ground. 
Although specific embodiments of the inven 

tion have been shown and described, it will be 
understood that they are but illustrative and that 
various modifications may be made therein with 
out departing from the scope and spirit of this 
invention as defined in the appended claims. 
What is claimed is: 
1. An electrode for electron discharge devices 

comprising an apertured support member, and 
a plurality of wires secured to said support men 
ber at their ends and overlying the aperture 



4 
therein, each of said wires having an interme 
diate U-shaped portion including an elongated, 
linear central part and arms extending from the 
ends of said linear part and at angles thereto, 
the linear central parts of said wires being sub 
stantially parallel and coplanar. 

2. An electrode for electron discharge devices 
in accordance with claim 1 wherein said wires 
are of a material having a higher temperature 
coefficient of expansion than said Support 
member. 

3. An electrode for electron discharge devices 
in accordance with claim 1 wherein said support 
member is of molybdenum and said wires are 
of tungsten. 

4. An electrode for electron discharge devices 
in accordance with claim 1 wherein said support 
member is of nickel and Said wires are of 
nichrome. 

5. An electrode for electron discharge devices 
comprising an annular support, and a plurality 
of parallel wires each having an intermediate 
portion in the form of a U, the base of which 
is elongated and linear, said wires overlying the 
aperture in said support and having end portions 
fixed to said support. 

6. The method of fabricating an electrode for 
electron discharge devices which comprises se 
curing a plurality of wires at opposite ends and 
in parallel relation to a metallic support, heat 
ing the assembly thus formed to a temperature 
higher than that to which the electrode will be 
subjected when in use, and forming said wires 
while at said temperature into parallel elements 
having U-shaped sections the intermediate por 
tions of which are substantially parallel to the 
plane of said support. 
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cathode, and a leading-in conductor 
gaging said support. 

9. A cathode structure for electron discharge 
devices in accordance with claim 8 wherein said 
wires extend tangentially from said cathode 

sidably en 

member. 
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10. An electron discharge device comprising an 
enclosing vessel having an intermediate portion 
and Opposite end. portions, a cathode and an 
anode within said vessel and having opposed 
substantially parallel faces, a leading-in system 
for said anode including a pair of slidably fitted 

5 

20 

conductors one of which is sealed in one of said 
end portions and the other of which extends from 
said anode and is integral therewith, rigid means . 
fixing the face of said anode against movement, 
a leading-in system for said cathode including 
a pair of slidably fitted conductors one of which 
is sealed to the other. of said end portions and 
the other of which extends from adjacent said 
cathode, means rigidly securing said cathode to 
the other of said cathode leading-in conductors, 
and means fixing said other cathode leading-in 
conductor against displacement at the end 
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7. A cathode structure for electron discharge 
devices comprising a cup-shaped cathode mem 
ber having an electron emissive surface, a rigid 
metallic support having a tubular portion en 
Compassing and closely spaced from said cathode 
member, means mounting said support, and a 

i plurality of thin wire elements of low heat con 
ductivity securing said cathode member to said 
tubular portion. 

8. A cathode structure for electron discharge 
devices comprising a support having a tubular 
portion, means rigidly mounting said support, a 
cup-shaped cathode member having a coating 
of thermionic material on the outer surface of 
the base thereof, said cathode extending within 
said support, being spaced therefrom and having 
said surface in proximity to one end thereof, a 
plurality of thin wires of metal having low heat 
conductivity secured to said cathode member 
adjacent said surface and to said support adja 
cent said one end thereof, heater means for said 
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thereof nearest said cathode. 
ll. An electron discharge device comprising a 

hollow cylindrical member, a plurality of elec 
trodes within said member, supports for said 
electrodes secured thereto and extending trans 
versely of and slidably fitted in said cylindrical 
member, Spacer members between said supports, 
and means locking said supports and spacer 
members in said cylindrical member. 

12. An electron discharge device comprising an 
enclosing vessel including a cylindrical metallic 
portion having a seating surface therein, a 
cathode, anode and grid within said vessel, an 
nular supports for each of said cathode, anode 
and grid affixed thereto and slidably fitted in 
Said cylindrical portion, spacer members be 
tween said supports and slidably fitted in said 
cylindrical portion, said supports and spacer 
members constituting a pile-up mounted on said 
seating surface, and a clamping ring fixed to 
said cylindrical portion and locking said pile-up 
against said seating surface. 

13. An electron discharge device comprising a 
cathode, an anode, a pair of grid electrodes be 
tween said cathode and said anode, each of said 
grid electrodes comprising a support having a 
slot in one face thereof and a plurality of parallel 
wires affixed to the support, means spacing said 
grid electrodes in parallel relation, a pair of 
leading-in conductors each of which is fitted in 
one of said slots, and means fixing said conduc 
tors in relation to each other. 

CARL. A. BIELING. 


