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My invention relates to electron discharge de-
vices utilizing periodiec electron beam deflection
and particularly useful at ultra high frequencies.

In conventional electron discharge devices of
the type under consideration, a beam of electrons
is directed between a pair of deflecting electrodes
toward an apertured electrode, behind which is
usually placed a collector. Alternsating high fre-
quency voltages are applied to the defiecting elec-

trodes to cause the electron beam to be period- if

ically deflected across the aperture to thus
control the instantaneous flow of electron cur-
rent to the collector, which may be used as an
output electrode. In such conventional types of
tubes the deflection sensitivily drops off as the
frequency at which the tube is operated is in-
creased due to electron transit time effects. Ef-

forts have been made fo increase the deflection

sensitivity or the transconductance of the tube
but such efforts have not met with a great deal
of success. Conventional tubes of this kind are
also subject to the limitation that when operated
at ultra high frequencies the input circuit tends
to be of low resonant impedance resulting in an
excessive amount of power being required to drive
the tube. This decreases the effective power gain
of the tube when operated as an amplifier. Fun-
damental causes of low resonant impedance in-
clude, among other things, radiation and resist-
ance losses due to high circulating current in
electrodes and leads. Electron loading also re-
sults from the interaction of the electron stream
and the circuits connected to the tube and elec-
trodes and may cause undesired degenerative and

regenerative effects caused by lead impedances 3

common to more than one circuit.

"It is an object of my invention to provide an
electron discharge device of the beam deflection
type, which is particularly suitable for use at
ultra high frequencies and which has a compara~-
tively high transconductance.

It is another object of my invention to provide
such a device utilizing an input circuit having a
high resonant impedance, thus making more ef-
fective the use of the driving power.

A further object of my invention is to provide
such a device in which undesired coupling due to
common leads and ineffective shielding between
circuits is reduced to a minimum.

Another specific object of my invention is to

provide an electron discharge device of the beam
deflection type, utilizing multiple additive deflec~
tion for providing a tube having high transcon-
ductance.

Another object of the present invention is to
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provide an electron discharge device of the type
described, which will operate at very high fre-
quencies, for example, up to 10,000 megacycles or
higher.

A further specific object of my invention is to
provide such a device utilizing a plurality of suc-
cessively positioned resonant circuits operable at
ultra high frequencies.

Another object of my invention is to provide
an electron discharge device which can act as a
frequency multiplier.

A still further object of my invention is to pro-
vide such a device usefu] at ultra high frequen-
cies, but which nevertheless has elements of sub-
stantial size so that the device can be assembled
without difficulty.

The novel features which I believe to he 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 following description taken in connection
with the accompanying drawing in which Figure
1 is a schematic longitudinal section of an elec-
tron discharge device made according to my in-
vention with its voltage sources and circuit con-
nected thereto, Figure 2 is a section taken along
the line 2—2 of Figure 1, Figure 3 is a schematic
longitudinal section of a modification of the de-
vice shown in Figure 1, and Figure 4 is a perspec-
tive of the deflecting electrode assembly utilized
in Figures 1, 2 and 3.

In accordance with my invention I provide an
electron discharge device having an evacuated
envelope {0 and having at one end thereof an in-
directly heated cathede {1, which may be of rec-
tangular transverse section and at the other end
of the mount assembly I provide an electron col-
lector or anode [2. A beam forming element (3
at cathode potential is placed adjacent the cath-
ode. Acceleration and additional focusing of the
electron accomplished by means of a high poten-
tial apertured electrode (4. The beam may be
deflected across a double aperture electrode {5

5 before being collected by the electrode (2, sec-

ondary electrons being suppressed by an aper-
tured electrode i8 at a low potential with respect
to the collector 2.

In accordance with my invention I position
between the accelerative electrode 14 and the
apertured electrode {5 a deflecting electrode as-
sembly system comprising a pair of oppositely
disposed members {1, {1’, which include a plural-
ity of oppositely disposed deflecting electrode ele-
ments 18 separated by deep slots 18. In effect,
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the slots 19 provide quarterwave closed cavity
resonator circuits connected between adjacent
deflecting electrode elements i8. The deflecting
electrode members may be made by slotting solid
blocks of metal.

‘When one cavity is driven at the resonant fre-
quency, by coupling a signal into one of the
cavity resonator slots as by means of a coaxial
input line and loop 20, the other cavities are
excited producing potentials across the opposed
deflecting electrode elements varying in phase by
180°. Hence, the electric field near the axis will
be mainly transverse to the beam path thus
giving rise to deflection. The field near the axis
in the direction of the beam is substantially zero
so that velocity modulation will be small. Suc-
cessive elements on the same side of the beam
path differ by 180° in phase.

The spacing between cavities is proportioned

with respect to electron velocity and the fre-.

quency so that the transit time between succes-
sive deflecting electrode elements 18—18 is a half
period. In this manner an electron deflected by
one set of electrodes will reach the next set in

proper time to be deflected again in the same o;

direction.

The deflected beam crossing the aperture of
electrode 15 gives rise to a modulated output cur-
rent at the electrode 12. In order to insure that
the electrodes are properly phased during opera-
tion, I employ cross connecting elements or straps
21 and 22 as shown. These straps could be con-
tinued down the length of the deflecting electrode
system to positively lock all cavities for 180° dif-

ference of operation. When used as a converter

the input signal and local oscillator signal may
be coupled into the cavity resonators by means
of the coaxial input line and loop 20. The I. F.
output is taken from the output circuit 26, con-
denser 27 being used to by-pass radio frequency
currents around the voltage source 25 which pro-
vides the various voltages necessary. A cathode
heater may be supplied by voltage sources 28.

In a typical output circuit when the device is
used as an amplifier the operating voltages for
low voltage tubes might have a voltage of 500
volts applied to the electrode 14, 300 volts on the
cavity resonator, 300 volts on the apertured elec-
trode 15, and 300 volts or more on the collecting
electrode 12, the electrode {6 being maintained
at ground or near-ground potential. If it is de-
sired to use electrode (2 as a secondary emitter
and electrode 18 as a collector, electrode 12 may
be operated at 250 volts and the electrode (6 at
some higher potential.

In a modification instead of employing a col-
lector such as (2, I may utilize a coaxial line
cavity resonator such as shown in Figure 3 in-
cluding an inner conductor 31 and an outer cas-
ing 30 provided with aperture 32 into which the
electron beam may be directed. The resonator
may also be used to provide frequency multipli-
cation. The oufput may be taken by means of
the coaxial line 33.

While I have indicated the preferred embodi-
ments of my invention of which I am now aware
and have also indicated 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 7

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.

S

10

15

20

30

)
<t

40

0

]

G

4

What I claim as new is:

1. An electron discharge device for operation
at a predetermined frequency, said device having
a cathode for providing a beam of electrons,
means for receiving said electrons, and beam de-
flecting electrode system positioned between the
cathode and the receiving means for periodically
deflecting the beam of electrons and including a
plurality of electrode elements spaced along the
path of the beam and on opposite sides of the
beam path, the elements on opposite sides being
oppositely disposed with respect to each other,
adjacent elements on the same side of the beam
path being connected by a cavity resonator tuned
to said frequency.

2. An electron discharge device for operation
at a predetermined frequency having a cathode
for producing a beam of electrons, means for re-
ceiving said electrons, and a beam deflecting
electrode system positiohed between the cathode
and the receiving means for periodically deflect-
ing the beam of electrons and including a plural-
ity of electrode elements spaced along the path
of the beam and on opposite sides of the beam
path, the elements on opposite sides being oppo-
sitely disposed with respect to each other, adja-
cent elements on the same side of the beam path
being connected by a cavity resonator circuit,
said adjacent elements being spaced a distance
equal to the distance travelled by an electron
during a half period of said operating frequency.

3. An electrcn discharge device for operation
at a predetermined frequency, said device having
a cathode for providing a beam of electrons,
means for receiving said electrons, a beam de-
flecting electrode system positioned between said
cathode and said receiving means for periodically
deflecting said beam of electrons, said beam de-
flecting electrode system comprising a pair of
oppositely disposed members having registering
slots therein, the opposed edges of the side walls
of said slots adjacent the path of the electrons
providing deflecting electrode elements spaced
along the path of the beam and the walls of said .
slots defining resonators tuned to said frequency,
and means coupled to one of said cavity resona-
tors to establish an electric field of said frequency
therein.

4, An electron discharge device for operation
at a predetermined frequency having a cathode
for providing a beam of electrons, means for
receiving said electrons, and a beam deflecting
electrode system positioned between said cathode
and said receiving means for periodically de-
flecting said beam of electrons, said beam de-
flecting electrode system comprising a pair of
oppositely disposed members having registeritig
slots therein, the opposed edges of the side walls
of said slots providing deflecting electrode ele-
ments spaced glong the path of the beam and
the walls of said slots providing cavity resonators,
adjacent deflecting electrode elements on the
same side of the beam path being spaced a dis-
tance equal to the distance travelled by an elec-
tron during a half period of said operating fre-
quency.

5. An electron discharge device for operation
at a predetermined frequency having a cathode
for providing a beam of electrons, means for
receiving said electrons, and a beam deflecting
electrode system positioned between said cath-
ode and said receiving means for periodically
deflecting said beam of electrons, said beam de-
flecting electrode system comprising a pair of
oppositely disposed members having registering
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slots therein, whereby the opposed edges of the
side walls of said slots adjacent the path of
the beam of electrons providing deflecting elec-
trode elements 'spaced along the path of the
beam and the walls of said slots providing cav-
ity responators, said slots having a depth sub-
stantially equal to a quarterwave length of said
operating frequency.

6. An electron discharge device having a cath-
ode for providing a beam of electrons and means
for receiving said electrons, and a beam deflect-
ing electrode system positioned between said
cathode and said receiving means for periodi-
cally and successively deflecting said beam of
“electrons, said beam deflecting electron system
including a pair of oppositely disposed members
having a pair of registering slots therein, the
opposed edges of the side walls of said slots ad-
jacent the path of the beam of electrons provid-
ing deflecting electrode elements spaced along
the path of the beam and the walls of said slots
providing cavity resonators, and crossed strap-
ping conductors connecting alternate diagonally
opposite electrode elements on opposite sides of
the beam path.

7. An electron discharge device for operation
at a predetermined frequency, said device hav-
ing a cathode for providing a beam of electrons,
means for receiving said electrons, a beam de-
flecting electrode system positioned between said
cathode and said receiving means for periodi-
cally deflecting said beam of electrons, said beam
deflecting electrode system comprising a pair of
oppositely disposed members having registering
slots therein, the opposed edges of the side walls
of said slots providing deflecting electrode ele-
ments spaced along the path of the beam and the
walls of said slois providing cavity resonators
tuned to said frequency, an apertured electrode
between said cathode and said beam deflecting
electrode system, and a second apertured elec-
trode between said beam deflecting electrode sys-
tem and said means for receiving electrons.

8. An electron discharge device for operation
at a predetermined frequency, said device hav-
ing a cathode for providing a beam of electrons,
means for receiving said electrons, and a beam
deflecting electrode system positioned between
said cathode and said receiving means for pe-
riodically and successively deflecting said beam
of electrons, said beam deflecting electrode sys-
tem including a pair of oppositely disposed mem-
bers each having a plurality of slots therein
spaced along the path of the beam and register-
ing with the slots in the other member, the
opposed edges of the side walls of said slots
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providing deflecting electrode elements spaced
along the path of the beam, and the walls of
said slots forming cavity resonators tuned to
said frequency.

9. An electron discharge device for operation
at a predetermined frequency, said device hav-
ing a cathode for providing a beam of electrons,
an electrode for receiving said electrons, and
means positioned along the path of said elec-
trons for deflecting said electrons and includ-
ing a plurality of cavity resonators successively
positioned along the path of said beam, said res-
onators being open adjacent the beam path and
closed at their other ends and tuned to said fre-
quency, the open end walls providing deflecting
electrode elements, said adjacent elements be-
ing spaced a distance equal to the distance trav-
elled by an electron during a half period of said
operating frequency.

10. An electron discharge device according to
claim 4, wherein said oppositely disposed mem-
bers are provided with a plurality of pairs of
said registering slots.

11. An electron discharge device according to
claim 5, wherein said oppositely disposed mem-
bers are provided with a plurality of pairs of said
registering slots.

12. An electron discharge device according to
claim 6, wherein said oppositely disposed mem-
bers are provided with a plurality of pairs of said
registering slots, and the electrode elements of
at least one pair of said slots are connected by
said cross strapping conductors.

GEORGE ROSS KILGORE.
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