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1

My invention relates to electron discharge de-
vices and associated circuits, more particularly
to such devices useful at ultra high frequencies.

Certain types of tricde electron discharge de-
vices or tubes having a cathode, grid and an anode
provided with registering planar surfaces of disc-
shape have been found satisfactory for moderate
power at moderately high frequencies. However,
as the frequency is raised the overall size of the
tube and circuit, usually of the cavity resonator
type, must diminish, thereby bringing about g re-
duction in the power output. For example, inas-
much as the tube elements must be relatively
small compared to the wavelength, at 3000 mega-
cycles it would be inadvisable to use a cathode
much larger than one centimeter in diameter; in
this event a 3000 megacycle tube would be limited
to a peak power output of about 10 kilowatts, and
the power output would vary inversely as the fre-
quency.

It is, therefore, an object of my invention to
provide an electron discharge device and circuit
of improved design useful at ultra high fre-
quencies. .

A further object of my invention is to provide
such a device capable of large power outputs.

A still further chject of my invention is to pro-
vide such a device utilizing cavity resonators and
in which the electrodes of the electron discharge
device are supported from and merge into the
resonator walls.

More specifically it is an object of my inven-
tion to provide such a device which will operate
in a mecde, such that at least one of the dimen-
sions determining the electrode area is inde-
pendent of the frequency at which the device is
to be operated.

The novel features which I believe to be char-
acteristic of my invention are set forth with par-

ticularity in the appended claims, but the inven- .

tion itself will best be understood by reference to
the foliowing description taken in connection
with the accompanying drawing in which Figure
1 is a section transverse to the longitudinal axis
of an electron discharge device and associated
cireuit made according to my invention, Figure 2
is a section taken along the line 2—32 of Figure 1,
Figure 3 is a transverse longitudinal section of a
modification of an electron discharge device and
associatad cireuit made according to my inven-
tion, Figure 4 is a section transverse to the longi-
tudinal axis of another form of electron discharge
device made according to my invention, and Fig-
ure 5 is a section taken along the line 5—8 of
Figure 4.
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In an electron discharge device and associated
circuit made according to my invention, there is
one mode of oscillation in which the resonant
frequency is determined only by the geometry
of the cross section transverse to the longitudinal
axis of the device. Thus, although the transverse
cross section dimensions must shrink as the fre-
quency is raised, the dimension perpendicular to
the cross section is unlimited. Thus, according to
my invention I provide a device having means for
abating the difficulties enumerated above. This
results in an elongated electrode principle which
is employed in the electron discharge device and
cireuit made according to my invention.

Referring to Figures 1 and 2 showing one form
of my invention, I provide an envelope {8 in which
the electrode unit mount and associated circuit
are enclosed. The electrode mount assembly in-
cludes the elongated cathode [i heated by the
heater 12 and both supported from the elongated
plate-like element {3 by wire-like elements i4
which reduce heat conduction to element 13 o g
minimum. A cathode lead (8§ is provided. Oppo-
sitely disposed to the cathode is the anode block
17, also in the form of an elongated plate mem-
ber, one edge of which provides the anode work-
ing surface, the anode being provided with the
anode lead 18 for applying a positive voltage: to
the anode during operation of the device. Posi-
tioned between the cathode and anode is the-grid
18 having a pair of elongated plate-like support-
ing elements 20 and 21. The surfaces of the elec-
trodes are concave in order to maintain proper
spacing during operation and prevent shorts

5 Which may occur when temperature variations

take place within the device.

The electrodes are mounted within and form
part of the circuit construction comprising four
elements 28, 24, 25 and 26 of L-shaped transverse
section. The L-shaped elements 23 and 28 pro-
vide with the grid plates 20 and 21 the grid-cath-
ode input cavity resonator into which the cathode
11 extends. The elements 25 and 26 form the oub-
put cavity resonator into which the anode i1
extends. These elements are all secured together
by means of screws 27, 28, 29 and 30.

While I have shown in Figure 2 end members
in the form of semi-circular drum members 35
and 38 provided with intermediate partitions 35’
and 88’ which close the ends of the resonators
and provide communicating passageways on op-
posite sides of the cathode, T have found that the
tube will function without these members. These
enclosure members are maintained in place by
screws 37T and 38.
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The device may be used either as an amplifier
or oscillator. If used only as an amplifier, a con-
ventional input coupling loop may be coupled to
the grid-cathode space to excite this resonator
and control the electron flow to the anode. The
output may be taken by means of the coupling
loop 46 within the output resonator between grid
and anode and extending through the envelope
{0 of the tube in the form of a coaxial line 38.
If the device is to be used as an oscillator, an or-
dinary loop coupling between the two resonators
may be employed or a coaxial line resonator may
be employed. Both are well known means for
providing such operaticn. T prefer to employ
capacity coupling elements such as #{ ‘which
capacity couple the cathode and grid. This cou-
pline arrangement is described:and claimed inthe
copending application of Robert P. Stone, Serial
No. 547,189 filed July 29, 1944, and assigned to
the same assignee as the present application and
now United States Patent No. 2,433/634, granied
December 30, 1947, )

In order to permit the application of proper
biasing voltages between the various electrodes,
the ccathode plate is supported between the ele-
ments 23 and 28 and insulated therefrom by
means -of insulating spacer members 33 and 34,
preferably -of mica. The same supporting -ar-
rangement is employed for the anode 7, micas
31 and 32 being utilized for this purpose. Grid
leads 22 are provided for applying a grid biasing
voltage and leads 15 and {6 for supplying heating
current $o the heater 12, one end of which is
connected to the lead 1% and the other end of
which is connected through the cathode sleeve to
the cathode block {3 andlead 18.

A tube of this type having a length of -circuit
2.75’, a cathode-grid spacing of .010’’, an anode-~
grid spacing .010’’, .a cathode .150"" wide, an an-
ode 125" wide with 144 turns per inch for the
grid and 2.2 mil wire and providing a -cathode
area -of 2.6 .cm.2 had a resonant frequency of ap-
proximately 3000 megacycles.

A modification of the device shown in PFigure 1

is shown in Figure 3. 1In this arrangement an- <~

nular electrodes and resonators are employed.
An indirectly heated cathode 58 is supported in
a manner similar to that in Figure 1 from the
annular cathode collar 51 through which one of
the cathode heater leads 52 extends, the lead 53
providing the cathode lead and the lead for the
other side of the heater wire. Oppositely disposed
to the cathode is the annular anode electrode 54
provided with anocde lead 85. Positioned between
the anode and the cathode is the grid comprising
the two ring members 56 and 57 between which
extend the grid wires 58.

The input cavity resonator comprises a pair of
annular members 89 and §8 between which the
cathode ring 51 is insulatingly supported by means
of the insulating collars 84 and 65, preferably of
mica. These resonator elements are provided
with annular lips 6f and 62 to which the an-
nular element of transverse cup-shape 83 is
sealed to provide an envelope. The output reso-
nator comprises elements 66 and 671 provided with
lips 68 and 69 to which the annular member 10
of cup-shape is sealed to complete the envelope.
The .cavity resonator elements 52, 89, 68 and 67
are sealed to the grid rings 58 and 57 to provide a
vacuum-tight envelope ‘which may be exhausted
in the conventional manner,

In this arrangement the elongated electrode
principle is also employed.

A still further modification of an electron dis-
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charge device and its associated circuit made ac~
cording to my invention is shown in Figures 4
and 5. In this arrangement the indirectly heated
cathode 80 is supported on cathode block 81 and
anode 82 is supported on anode block 83. The
elongated grid plates 84 and 85 support the grid
wires 86 therebetween, Insulating spacer mem-
bers 80’ and 83’ are utilized to insulate the elec-
trodes from each other and to permit different

direct voltages to be applied to the various elec-

trodes. This clongated unit structure is enclosed
within an outer envelope of conducting material
in which the electrode assembly and cavity reso-
‘nator circuits are mounted. This envelope com-

‘prises the elongated U-shaped element 87 and 88

sealed at the lip 88’. The insulating spacers 81’
and 81’ insulate the anode and cathode and the
resonators from the envelope. The grid is ground-
ed -on the envelope by elements 84 and 83.

The leads for the cathode comprise tubular
members 80 :and 91 sealed through appropriate
apertures in the envelope :and are provided with
vacuum type cup shells 92 and 93 secured to tubu-
lar extensions 92’ and 93’. Either may be used
as cathode lead and one of the cathode heater
leads, the other side of the cathode heater being
connected to the lead 80’ sealed through anaper-
ture in the envelope by means-of the cup-shaped
element 80’’. The tubular leads 99 and 91 com-
municate with the passage 94 through the cath-
ode block and may be used for cooling purposes.

The tubular anode leads 95 and 96 are like-
wise sealed through appropriate apertures in the
envelope of the ftube, being hermetically sealed
therein by means of cup-shaped members 9T and
98 sealed to the collar elements 98’ and 97’, the
bellows portion, such as 99, being provided on the
collar members to provide for expansion and
contraction .of the various elements during oper-
ation of the device.

Output loop 481 in the form of a hermetically
sealed coaxial line permits extraction of high fre-
quency -energy from the grid-anode space ‘or out-
put cavity resonator, which is separated from the
grid-cathode space or inpuf cavity resonator by
means of the partition .elements 81’ and 87".
Feedback, if the -device is to be wutilized as an
oscillator, may be by means of cavity elements
402 and 103 supperted by -cathode block and ex-
tending into the grid-anode space and capaci-
tively coupled to the anode.

While I have indicated the preferred embodi-
ments of my invention of which I am now aware
and have also described .only one specific appli~
cation for which my invention may be employed,
it will be apparent that my invention is by no
means limited to the exact forms illustrated or
the use indicated, but that many variations may
be made in the particular structure used and the
purpose for which it is employed without depart-
ing from the scope of my invention as set forth
in the appended claims,

What T claim as new is:

1. An electron discharge device for use at high
frequencies and having a cathode provided with
an elongated emitting surface, and anode having
an-elongated surface registering with the emitting
surface of said cathode and a grid therebetween,
and cavity resonators coupled between said grid
and cathode and between said grid and anode
and having transverse sectional dimensions less
than the length of said elongated emitting sur~
face and having longitudinal walls coextensive
with the elongated surfaces of said anode and
said cathode.
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2. An electron discharge device for use at high
frequencies and having a cathode having an elon-
gated emitting surface, an anode having an elon-
gated surface on said cathode and a grid there-
between, and cavity resonators coupled between
said grid and cathode and between said grid and
anode and having transverse sectional dimensions
less than the length of said elongated emitting
surface and having longitudinal walls coextensive
with the elongated surfaces of said anode and
said cathode, said anode and cathode being insu-
latingly supported from the walls of said cavity
resonators.

3. An electron discharge device including adja-~

cent elongated cavity resonators having a com- 1

mon wall provided with an elongated aperture,
a grid electrode mounted in said aperture, an
anode insulatingly supported by the wall of one
of said cavity resonator: and extending toward
said grid and a cathode insulatingly supported
by the resonator wall of the other cavity resonator
and extending toward said grid from the opposite
direction, said cathode and anode being in regis-
tering positions on opposite sides of said grid,
and said cathode having an elongated emitting
surface and said anode having an elongated sur-
face registering with the emitting surface of said
cathode, said cathode and anode being coexten-
sive with the longitudinal walls of said resonator.

4, An electron discharge device including adja-
cent cavity resonators having a common wall
provided with an elongated apertire, a grid elec-
trode mounted in and closing said aperture, an
anode supported by the wall of one of said cavity
resonators and extending within said resonator
and toward said grid and a cathode supported by
the resonator wall of the other cavity resonator
and extending within said other cavity resonator
and toward said grid from the opposite direction,

said cathode and anode being in registering posi-

tions on opposite sides of said grid, and said
cathode having elongated emitting surface, said
anode having elongated surface registering with
the emitting surface on said cathode, the elon-
gated surfaces of said cathode and anode heing
coextensive with the grid,

5. An electron discharge device including op-
positely disposed electrodes, one of said electrodes
including an anode comprising an elongated elec-
trode, one edge of which provides the anode work-
ing surface, and a cathode, said cathode being
coextensive with said anode, and g grid element
positioned hetween said csthode and anode and
Including elongated conducting elements support-
ing said grid between said cathode and anode, and
cavity resonators coupled between said cathode
and said grid and between said grid and said
anode, and including oppositely disposed conduct-
ing structures of U-shape transverse section sup-
porting said cathode and anode, the grid conduct-
ing elements providing a common wsall between
said resonators and means maintaining said
cavity resonators in fixed position.

6. An electron discharge device including op-
positely disposed electrodes, one of said electrodes
including an anode having a comparatively nar-
row extended work surface, and a cathode op-
positely disposed to said anode, said cathode hav-
ing a work surface coextensive with said anode,
and a grid element positioned between said
cathode and anode and including conducting ele-
ments supporting said grid between said cathode
and said anode, and cavity resonators coupled
between said cathode and said grid and between
said grid and said anode, gnd including oppositely
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disposed conducting structures of transverse cup-
shaped sections supporting said cathode and
anode, the grid conducting elements providing a
common wall between said cavity resonators.

7. An electron discharge device including op-
positely disposed electrodes, one of said electrodes
inciuding an anode having an elongated working
surface and a cathode coextensive with said
anode, and a grid element positioned between
said cathode and anode and including conducting
elements supporting said grid between said cath-
ode and anode, and cavity resonators coupled be-
tween said cathode and said grid and between
said grid and said anode, each resonator includ-
ing L-shaped sections with legs in registering
relationship and supporting said cathode and
ancde at the juncture of said legs, the grid con-
ducting elements providing a common wall be-
tween said resonators.

8. An electron discharge device including an
elongated plate-like anode, one longitudinal edge
of which provides the anode working surface, a
cathode oppositely disposed to said anode and an
elongated plate-like element supperting said
cathode, and a grid positioned betwesn said anode
and cathode and including a pair of elongated
plate-like elements positioned transversely to a
plane passing through said anode and cathode,
cavity resonators coupled between said grid and
cathode and between said grid and anode, each
of said cavity resonators comprising elongated
elements of transverse L-shaped section, said
cathode plate-like elements being mounted be-
tween oppositely disposed legs of a pair of L-
shaped elements, and the plate-like anode being
mounted between another bair of said L-shaped
elements, the grid plate-like elements being posi-
tioned between the other of the legs of the L-
shaped elements and providing a common con-
ducting wall between ssid resonators.

9. An electron discharge device including an
annular anode, an oppositely disposed annular
cathode for supplying electrons to said anode and
a grid positioned between said cathode and anode,
and cavity resonators coupled between said cath-
ode and grid and between said grid and anode
and comprising annular members having a com-
mon wall between said resonators and electrically
connected thereto, said common wall having an
annular aperture registering with said anode and
said cathode, said grid extending across and clos-
ing said aperture.

10. An electron discharge device including an
annular anode, one edge of which provides an
electron receiving surface of the anode, an op-
Dbositely disposed annular cathode for supplying
electrons to said anode ang a grid positioned
between said cathode and anode, and cavity res-
onators coupled between said cathode and grid
and between said grid and anode and comprising
annular members having L-shaped transverse
sections, one leg of each of said annular members
of one resonator being coupled to said cathode
and the other leg being sealed to said grid, and
one of the legs of each of the other resonator ele-
ments being coupled to said anode and its other
leg being sealed to said grid.

11, An electron discharge device including an
annular anode element, one edge of which pro-
vides an electron receiving surface of the anode,
an oppositely disposed annular cathode for suD~
plying electrons to said anode and a grid posi-
tioned between said cathode and anode, and
cavity resonators coupled between said cathode
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and grid and between said grid and anode and
comprising annular members having L-shaped
transverse sections, one leg of each of said annular
members of one resonator being coupled to said
cathode and the other being sealed to said grid,
and one of the jegs of each of the other resonator
elements being coupled to said anode and its other
leg being sealed to said grid, said cathode and
anode being capacitively coupled to said resonator
elements, said resonator elements having annular
lips and annular elements of insulating material
having a cup-shaped transverse section sealed to
said lips providing with said resonators an enve-
lope far said electrodes.

12. An electron discharge device including an
annular anode element, one edge of which pro-
vides an electron receiving surface of the anode,
an oppositely disposed annular cathode for sup-
plying electrons to said anode and a grid posi-
tioned between said cathode and anode, and
cavity resonators coupled between said cathode
and grid and between said grid and anode and
comprising annular members having l.~shaped
transverse sections, one leg of each of said an-
nular members of one resonator being coupled
to said cathode and the other keing sealed fo said
grid, and one of the legs of each of the other
resonator elements being coupled to said anode
and its other leg being sealed to said grid, said
cathode and anode being capacitively coupled to
said resonator elements, and said grid being con-
ductively connected to said resonator elements.

13. An electron discharge device including an
annular anode element, one edge of which pro-

vides an electron receiving surface of the anode, :

an oppositely disposed annular cathode for sup-
plying electrons to said anode and a grid posi-
tioned between said cathode and anode, and cav-
ity resonators coupled between said cathode and

grid and between said grid and anode and com- !

prising armnular members having L-shaped trans-
verse sections, one leg of each of said annular
members of one resonater being coupled to said
cathode and the other being sealed to said grid,
and one of the legs of each of the other resonator
elements being coupled to said anode and its other
leg being sealed to said grid, said cathode and
anode being capacitively coupled to said resonator
elements, said grid including a bair of spaced flat
concentric rings with grid wires extending be-
tween adjacent edges of said rings, said rings be-
ing sealed between said resonators and forming
a common wall for said resonators, said resonator
elements having annular lips and annular ele-
ments of insulating material having a cup-shaped
transverse section sealed to said lips providing
with said resonators an envelope for said elec-
trodes.

14. An electron discharge device for use at high
frequencies and having an elongated cathode, an
elongated ancde and a grid therebetween, and
cavity resonators coupled between said grid and
cathode and between said grid and anode and
having transverse sectional dimensions less than
the length of said elongated cathode and being
coextensive with said anode and said cathode, a
conducting envelope in which said electrodes and
cavity resonators are enclosed and insulatingly
supported, and means insulatingly sealed through
said envelope and connected with said cathode
and with said ancde providing leads for said cath-
ode and anode. :

15. An electron discharge device including ad-
jacent elongated cavily resonators having a com-
mon wall provided with an aperture, a grid elec-
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8

trode mounted in said aperture, an anode insulat-
ingly supported by one of said resonator walls and
extending toward said grid and a cathode sup-
ported by the resonator wall of the other cavity
resonator and extending toward said grid from
the opposite direction, said cathode and anode
being in registering positions on opposite sides of
said grid, and being coextensive with the longi~
tudinal walls of said resonator, a condueting
envelope in which said electrodes and cavity re-
sonators are mounted and insulatingly supported,
and means insulatingly sealed through said enve-
lope and connected with said cathede and with
said anode providing leads for said cathode and
anode.

16. An electron discharge device including ad-
jacent elongated cavity resenators having a com-
mon wall provided with an aperture, a grid elec-
trode mounted in said aperture, an anode sup-
ported by one of said resonator walls and extend-
ing toward said grid and a cathode supported by
the resonator wall of the other cavity resonater
on the other side of the grid and extending to-
ward said grid, said cathode and anode being in
registering positions on opposite sides of said grid,
and being coextensive with the longitudinal walls
of said resonator, an elongated envelope of con-
ducting material surrounding said electrodes and
cavity resonators, and insulatingly supporting
said electrodes and eavity resonators within said
envelope, said anode and its supporting resonator
wall being provided with a bore extending there-
through, and a tubular lead mounted at each end
of said anode and its supporting resonator waill
and communicating with said bore, and means
insulatingly sealing said tubular leads through
said conducting envelope.

17. An electron discharge device including ad-
jacent elongated cavity resonators having a com-
mon wall provided with an aperture, a grid elec-
trode mounted in said aperture, an anode sup-
ported by one of said resonator walls and extend-
ing toward said grid and a cathode supported by
the resonator wall of the other cavily resonator
and extending toward said grid from the opposite
direction, said cathode and anode being insulated
from said grid and in registering positions oa
opposite sides of said grid, and being coextensive
with the longitudinal walls of said resonator, arm
elongated envelope of conducting material sur-
rounding said electrodes and cavity resonators,
and insulatingly supporting said electrodes and
cavity resonators within said envelope, said cath-
ode and its supporting resenator wall having &
bore extending along the length thereof and a
tubular lead at each end of said bore communicat-
ing with said bore and extending through said
envelope, and means insulatingly sealing said
tubular leads through said envelope.

18. An electron discharge device including ad-
jacent elongated cavity resonators having a com-
mon wall provided with an aperture, a grid elec-
trode mounted in and closing said aperture, an
anode supported by one of the walls of one of said
resonators and extending within said resonator
and toward said grid and a cathode supporited
by the resonators of the other cavity resonator
and extending within said other cavity resonator
and toward said grid from the opposite direc-
tion, said cathode and anode being in register-
ing positions on opposite sides of said grid,
and being coextensive with the Ilongitudinal
walls of said resonators, said cathode compris-
ing a plurality of discrete successively positioned
units along the length thereof and heating means
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adjacent said cathode for hesting said cathode,
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