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My invention relates to electron tubes of the beam type
such as klystrons, traveling wave tubes, and the like.

The principal object of my invention is to provide a
tube in which the beam may be modulated in an im-
proved manner. : ’

Another object is to provide a tube wherein a relatively
high power beam may be modulated with
modulator. ’

Still another object is to provide such a tube which is
adapted for either pulse modulation or modulation by
sinusoidal or complex waves.

Another object is to provide a beam-type tube, such as
a klystron, operable as an efficient R. F. amplifier adapted
for amplitude modulation of continuous waves and de-
livering a C. W. carrier capable of one hundred percent
amplitude modulation, :

A still further object of my invention is to provide a
tube of the character described which is of simple con-
struction and in which the associated circuitry for modu-
lation purposes is also simplified. :

The invention possesses other objects and features of
advantage, some of which, with the foregoing, will be
set forth in the following description of my invention,
It is to be understood that I do not limit myself to this
disclosure of species of my invention, as I may adopt
variant embodiments thereof within the scope of the
claims. ) '

Referring to the drawings:

Figure 1 is an axial sectional view, partly in section
and partly in elevation, showing my improvements in-
corporated in a klystron amplifier,

Figure 2 is an- elevational view of the tube with as-
sociated circuitry for pulse modulation; and,

Figure 3 is a similar view with the tube connected for
amplitude modulation of a C. W. carrier.

With conventional beam-type tubes an electron beam
from a cathode passes through an anode and thence into
the main body of the tube, such anode being connected
to the body and operated at some positive potential with
respect to the cathode, which potential is generally re-
ferred to as the main beam voltage.

In my improved tube structure there are two anodes; a
main anode connected to the body of the tube and a
modulating anode interposed between and insulated from
the cathode and the first mentioned anode. The main
body of the tube may be any suitable structure adapted
for interaction with the beam, such as a klystron or a
traveling wave structure, 2 klystron structure with reso-
nant cavities being preferred as hereinafter described.

Referring to Figure 1 and looking first at the left hand
or gun end of the tube, I provide a suitable cathode 2
supported by a stem structure 3. ' Elecirons from the
cathode are focused into a circular beam by a suitable
focusing electrode 4, which beam is adapted to pass
through a pair of spaced apertured anodes 6 and 7. A
cylinder 8 of insulating material is provided between the
main anode 6 and modulating anode 7, and another in-
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sulating cylinder 9 is provided between the modulating
anode and the cathode structure. By this arrangement
the modulating anode 7 floats electrically free between
the cathode and main anode 6.

Anodes 6 and 7 are of metal and have terminal por-
tions expesed externally of the envelope. Insulating
cylinders 8 and 9 form wall portions of the evacuated
envelope, the envelope of the entire tube being preferably
of elongated: cylindrical shape. The anodes preferably
have tubular projections 11 and 12 at the apertures sepa-
rated by a gap 13, more about which will be said later,

The beam' emerging from anode 6 then passes into the
main body of the tube which is preferably a three-cavity
klystron amplifier comprising a drift tube terminating at
a collector assembly 14. The drift tube is made up of
tubular metal sections 19, 20, 21 and 22 having gaps
therebetween. These gaps are bridged by cavity reso-
nators generally designated at 23, 24 and 25.

While the cavity resonators may be completely in-
tegral with the tube; I prefer to incorporate insulating
walls 26 so that portions 27 of the resonators may be
applied externally to the evacuated envelope. These ex-
ternal resonator portions may be simple metal boxes en-
gaging the resonator walls on the tube envelope. This
permits putting the tuning mechanism 30 in the external
portions, which is a great convenience because it is out
of the vacuum. Another important advantage of the ex-
ternal resonator structure is that it will accommodate
tuning mechanisms which cover a wide frequency range,
which is not easily possible if the tuning mechanism is in-
corporated as a part of the vacuum system.

Suitable magnetic means, not shown, is also provided
for confining the electron beam to a path axially of the
envelope, which means may comprise simple magnet coils
disposed about the envelope in accordance with conven-
tional practice. ‘

“In the tube illustrated the insulating walls 26 are pref-
erably ceramic cylinders sealed by flange 28 to metal
disks 29 which in turn are secured to the metal drift
tube sections at brazes 31. Disks 29 thus form the end
walls of those resonator portions which are part of the
envelope structure. With the metal boxes 27 in place the
drift tubes are all electrically connected together, as will
be readily appreciated,

Collector assembly 14 is preferably made up of a cup-
shaped metal collector electrode 32 preferably isolated
from the body of the tube by an insulating wall cylinder
33, also of ceramic, sealed between supporting disks 34,
Suitable heat removal means such as finned cooler 36
is provided about the collector.  The collector electrode
also preferably carries an exhaust tubulation 37,

Now returning to the gun end of the tube, it is seen
that the main anode 6 is mounted directly on drift tube
section 19 of the main tube body. This anode is pref-
erably a simple disk-shaped apertured metal piece brazed
at 39 to section 19. The tapered end of section 19 pro-
vides the tubular  projection 11 at the anode aperture.
Modulating anode 7 is preferably a cup-shaped metal
piece surrounding cathode 2 with an apertured head end
facing anode 6. A tapered tubular section brazed at 41
to apertured anode 7 provides the projection 12 which
is separated from the projecting end of the drift tube by
gap 13. The apertured anodes are thus coaxially aligned
with the cathode and with the drift tube of the main
body.

The spacing of main anode 6 from the cathode, to-
gether with the shielding provided by interposed anode
7, is such that the electrostatic field set up simply by a
positive potential on anode 6 does not reach into the
surface of the cathode. Such D. C. voltage on anode
6 is the main beam voltage, Vg, applied to the drift tube
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of the klystron. Therefore, under conditions of zero po-
tential on anode 7, the beam is cut off. As positive po-
tential is added to modulating anode 7, the electrostatic
field is reinforced to a point where it reaches the cathode
surface and starts electron current to flow down the
beam. Such beam current varies with the voltage on
anode 7. This is a case of density modulating the beam
current, and in that respect the modulating anode 7 acts
like a valve for controlling the current denmsity of the
beam. Since the voltage Vg on main anode 6 is a con-
stant, however, the final velocity of the electrons leaving
anode 6 and entering the drift tube is a constant.

The location of anodes 6 and 7 adjacent to the cathode
and in the structural arrangement shown is important for
several reasoms. One is the electrostatic field relation-
ships above discussed. Another is that the gap arrange-
ment between the anodes has a beneficial lens effect on
keeping the beam properly focused in this portion of the
tube. Another reason is that the beam can be initially
focused by electrode 4 through the first aperture at anode
7 with few if any electrons landing on the modulating
anode. Consequently, the modulating anode draws neg-
ligible current and consumes little or no power. It there-
fore operates as a highly efficient valve device for con-
trolling the beam current.

The main body of the tube functions in the same
manner as the radio-frequency portion of a simple klys-
tron amplifier. In other words, R. F. driving power
is fed into the first resonator 23 and R. F. output power
is taken from the third resonator 25, the interaction
with the beam involving bunching and debunching of
the electrons in accordance with the well known principle
of klystron amplifier operation. Since this part of the
tube is thus operating as a simple klystron amplifier
(without modulation on the R. F. driving voltage), it is
seen that the R. F. drive may be set to give optimum
performance and efficiency of the radio-frequency portion
of the tube.

Operation of my tube is best illustrated in conjunction
with Figures 2 and 3, Figure 2 showing the circuitry
for pulse modulation, and Figure 3 illustrating the hook-
up for amplitude modulation of a C. W. carrier. In
both cases the R. F. drive is adjusted for optimum
performance. Both types of operation also include a
D. C. supply Vg between the cathode and main anode
6, applying a positive potential on anode 6 and on the
tube body. This voltage Vg is the main beam voltage
of the tube and is fixed. In both cases, therefore, the
main anode 6 is adapted to operate at a steady potential
with respect to the cathode.

In the case of pulse operation (Figure 2) the modu-
lating anode 7 is adapted to operate at a varying po-
tential with respect to the cathode for varying the beam
current. For this purpose a pulse modulator P pro-
viding a positive pulse of desired shape is connected
between the cathode and anode 7, so that the pulse voltage
is applied to the modulating anode. With this arrange-
ment the voltage on the modulating anode periodically
rises and falls to zero, and the beam current accord-
ingly builds up from cut-off to some maximum value
in a similar periodic fashion. This is reflected in the
output as pulse R. F. power.

Instead of pulse modulator P, it is understocd that
any other suitable modulator may be inserted at this
point for modulating the beam by sinusoidal or com-
plex waves, as will be readily understood by those
skilled in the art.

In the amplitude modulated C. W. case (Figure 3)
the modulating anode is adapted to operate at some
steady potential with respect to the cathode to establish
a certain value of beam current and is also adapted to
operate at a varying potential to vary the beam current
sbout such value. This circuitry therefore includes a
D. C. source V, between the cathode and anode 7
which puts a steady positive potential on the modulat-
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ing anode, the voltage V, being preferably about half
that of the main beam voltage Vp. The steady voltage
V, thus establishes a certain value of beam current
which sets the carrier level. A suitable modulating de-
vice M, which may be a simple transformer, is placed
in series with the supply Va. The modulation may be
of any suitable wave shape, and, when superimposed
on V,, the amplitude of the beam current will vary
accordingly. This is then reflected in amplitude modu-
lation of the R. F. output. An efficient high level
amplitude modulated R. F. amplifier is thus provided
delivering a carrier capable of 100% modulation.

I have found that the R. F. output voltage measured
across a constant impedance load varies in accordance
with the modulating voltage. Thus, there is a linear
relationship between the modulating voltage on anode
7 and the R. F. output voltage. This means that my
tube may be used as a high level amplitude modulated
R. F. amplifier with a degree of linearity acceptable for
applications such as sound broadcasting or video tele-
vision service.

Another application of interest for which the tube
is suitable is in pulse service wherein the shapes or
envelopes of the R. F. output pulses have to be precisely
controlled, as in a radar system designed for minimum
adjacent channel interference. In such an application
the shapes of the R. F. pulses follow very closely the
shapes of the modulating voltage pulses applied be-
tween cathode and anode 7. X

I have thus provided a klystron structure which is
adapted for modulation in a highly improved manner.
This comes about because the beam current can be
varied in a very simple and effective manner by varying
the voltage on the modulating anode, which is inde-
pendent of the beam voltage on the main body of the
klystron. It is therefore possible to modulate a rela-
tively high power beam with a2 low power modulator.
My improved modulating structure in a klystron ampli-
fier having externally tuned resonators is very versatile
in practical applications because it has the modulation
features in a tube which also tunes over a wide frequency
range.

I claim:

1. A modulating circuit including a klystron com-
prising an elongated evacuated envelope, a cathode at
one end of the envelope for initiating an electron beam,
cavity resopators having metal end walls spaced along
the envelope axis and forming portions of said envelope,
metal drift tube sections connected to said resonator
end walls and providing intermediate wall portions of
the evacuated envelope, one of the drift tube sections
extending towards the cathode and forming a reduced
neck portion between a first of the resonators and the
cathode end of the envelope, a main anode mounted
on the electron receiving end of the last mentioned drift
tube section, an apertured modulating anode interposed
between the cathode and main anode, and modulating
means connected to said modulating anode.

2. A modulating circuit including a klystron compris-
ing an elongated evacuated envelope, a cathode at one
end of the envelope for initiating an electron beam,
cavity resonators having metal end walls spaced along
the envelope axis and forming portions of said envelope,
metal drift tube sections connected to said resonator
end walls and providing intermediate wall portions of
the evacuated envelope, one of the drift tube sections
extending towards the cathode and forming a reduced
neck portion between a first of the resonators and the
cathode end of the envelope, the electron receiving end
of the last mentioned drift tube section being spaced
from the cathode, a main anode mounted on said re-.

_ ceiving end, an apertured modulating anode interposed

75

between the cathode and main anode, a focusing elec-
trqde adjacent the cathode and spaced from the modu-
lating anode for directing the electron beam through
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the aperture in said moduiating anode and a source of

modulating signals connected to said modulating anode.

3. A modulating circuit including a klystron compris-
ing an elongated evacuated envelope, a cathode at one
end of the envelope for initiating an electron beam, cavity
resonators having metal end walls spaced along the
envelope axis and forming portions of said envelope,
metal drift tube sections connected to said resonator end
walls and providing intermediate wall portions of the
evacuated envelope, one of the drift tube sections extend-
ing towards the cathode and forming a reduced neck
portion between a first of the resonators and the cathode
end of the envelope, the electron receiving end of the
last mentioned drift tube section being spaced from the
cathode, a main anode mounted on said receiving end; an
apertured modulating anode interposed between the cath-
ode and main anode, the distance between the modulating
anode and the electron receiving end of the last men-
tioned drift tube section being less than the length of said
last mentioned section and means including said modulst-
ing anode for modulating said beam prior ‘to its entry
into the first of the cavity resonators.

4. A modulating circuit including a- klystron compris-
ing an elongated evacuated envelope, a cathode at one
end of the envelope for initiating an electron beam, cavity
resonators having metal end walls spaced along the enve-
lope axis and forming portions of said envelope, metal
drift tube sections connected to said resonator end walls
and providing intermediate wall porticns of the evacuated
envelope, one of the drift tube sections extending towards
the cathode and forming a reduced neck portion between
a first of the resonators and the cathode end of the enve-
lope, the electron receiving end of the last mentioned drift
tube section being spaced from the cathode, a main anode
mounted on said receiving end, an apertured modulating
anode interposed between the cathode and main anaode,
the distance between the modulating anode .and the
electron receiving end of the last mentioned drift tube

section being less than the length of said last mentioned

section, a focusing electrode adjacent the cathode and
spaced from the modulating ancde for directing said
beam through the aperture in said modulating anode,
and means including said modulating anode for modulat-
ing said beam prior to its entry into the first of the
cavity resonators. . :

5. The method of operating a beam tube having a main
body section, a cathode spaced from said body section, a
main anode between said cathode and said body section
and having an aperture therethrough opening into said
body section, a modulating anode between said cathode
and said main anode and having an aperture therethrough
in alignment with said aperture of said main anode, and
a focussing electrode adjacent said cathode, said method
comprising the steps of forming the electrons emitted by
said cathode into a beam which will pass through the
apertures of said modulating anode and said main anode
by means of said focussing electrode, applying a ‘constant
positive voltage to said main anode with respect to said
cathode to accelerate electrons emitted by said cathode,
and applying a varying voltage to said modulating ancde
to control the quantity of electrons in said beam. :

6. The method of operating a beam tube having a
main body section, a cathode spaced from said body
section, a main anode positioned between said body sec-
tion and said cathode and having an aperture there-
through opening into said body section, a modulating
anode between said cathode and said main anode
and having an aperture therethrough in alignment with
said aperture of said main anode,.and a focussing elec-
trode -adjacent said cathode, said method" comprising
the steps of forming the electrons emitted by said cath-
ode into a beam which will pass through the apertures
of said modulating anode and said main anode by means
of said focussing electrode, applying a constant positive
voltage to said main anode with respect to said cathode
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to accelerate electrons emitted by said cathode, apply-
ing a constant voltage to said modulating anode which
is positive with respect to said cathode to establish a
given amount of beam current, and simultaneously ap-
plying a fluctuating voltage to said modulating anode
ic vary said beam current about said given amount.

7. The method of operating a klystron having an elon-
gated evacuated envelope, a drift tube axially of the enve-
lope, cavity resonators disposed along the drift tube, a
cathede spaced from said drift tube, a main anode located
betweea suid cathode and the first of said cavity resonators
and connected to said drift tube and having an aperture
therethrough aligned with said cathode and said drift
tube, a modulating anode between said cathode and said
main anode and having an aperture therethrough in align-
ment with the aperture of said main anode, and a tubular
focussing electrode surrounding said cathode and pro-
jecting toward said modulating anode, said method com-
prising the steps of forming the electrons emitted by said
cathode intc a beam which will pass through the aper-
tures ¢f said modulating anode and said main anode by
means of said focussing electrode, applying a constant
positive voltage to said main anode with respect to said
cathode to accelerate electrons emitted by said cathode,
applying a voltage to said modulating anode to control
the quantity of electrons in said beam, applying constant -
wave radio frequency energy to the cavity resonator ad-
jacent said main anode to velocity medulate said beam,
and extracting modulated radio frequency energy from
said beam through said cavity resonator furthest removed
from said main anode.

8. The combination of a beam tube comprising a main
body section, a cathode spaced from said body section, a
main anode positioned between said cathode ‘and said
body section and having an aperture therethrough aligned
with said body section and said cathode, a modulating
anode interposed between said main anode and said cath.
ode and having an aperture therethrough in alignment
with said aperture of said maijn ancde, with a circuit
comprising a first power source connected between said
cathode and said main anode and supplying a constant
positive voltage to said main anode with respect to said
cathode, and a second power source connected to said
medulating anode and supplying a varying potential to
said modulating anode with respect to said cathode.

9. The combination of a klystron comprising an elon-
gated evacuated envelope, a drift tube extending axially
of the envelope, cavity resonators disposed along the
drift tube, a cathode, an apertured main anode spaced
from the cathode and connected to the electron receiving
end of the drift tube, an apertured modulating anode
interposed between said cathode and said main anode,
and a tubular focussing electrode surrounding said cath-
ode, with a circuit comprising a first power source con-
nected between said cathode and said main anode and
supplying a constant positive voltage to: said main anode
with respect to said cathode, a second power source sup-
plying a constant positive voltage, and a third power
source supplying a varying voltage, said second and said
third power sources being connected in series to said
modulating anode whereby said modulating anode is
maintained at a voltage varying .about a positive value
with respect to said cathode.
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