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This invention relates to electron guns, and particularly
to a novel and improved means for controlling the trajec-
tory and shape of high density electron beams.

High density electron beam-type amplifiers and oscil-
lators generally require electron guns which provide elec-
tron beams having uniform density, laminar rectilinear
flow, and a prescribed divergence or convergence angle.
As presently known, most electron beam-type microwave
amplifiers, such as the traveling wave tube and the kly-
stron, employ a Pierce type of electron gun, The Pierce
type electron gun uses shaped €leéctrodes having a speci-
fied geometry to control the flow and focusing of the elec-
trons in the tube thus producing a uniform rectilinear
electron flow. According to the Pierce principle, an ideal
electrode arrangement provides a zero equipotential sur-
face disposed at approximately a 67 ° angle with respect
to the normal to the cathode emitting surface at the pe-
riphery thereof. (Refer to “Vacuum Tubes” by K. R.
Spangenberg, 1948, pages 450-458.) The predetermina-
tion of the electrode arrangement in the electron gun gen-
erally fixes the shape of the electron beam so that the
beam is initially convergent or divergent at a fixed angle.

It is desirable to have an electron gun which allows
simple control external to the electron tube for shaping
an electron beam. An external adjustable contro! to
vary the initial divergence or convergence of an electron
beam may also be advantageous in reducing the noise fig-
ure of an electron tube.

An object of this invention is to provide a novel and
improved electrode configuration for an electron gun.

Another object of this invention is to provide an im-
proved electron gun having a control external to the elec-
tron tube which can vary the initial divergence or con:
vergence of the electron beam.

Another object is to effect a reduction in the noise fig-
ure of an electron tube.

According to the invention, a beam-focusing electrode
is positioned between the conventional beam-forming and
accelerating electrodes of a Pierce-type electron gun.
The configuration of the electrodes is such that when the
voltage of the beam-focusing electrode is varied, the ini-
tial angle of divergence or convergence of the electron
beam is controllably changed, Means external to the
electron tube are provided for adjusting the voltage of
the beam focusing electrode thus affording a convenient
control for modifying the shape of the electron beam.

The invention will be described in greater detail with
reference to the drawing wherein:

FIG. 1 is a transverse sectional view of an electron
gun according to the invention, cut in half, showing the
configuration of electrodes required for an electron beam
which may be varied from 10° convergent to 20° diver-
gent;

FIG. 2 is a transverse sectional view of an electron
gun, cut in half, showing the same configuration of elec-
trodes as in FIG. 1, including zero equipotential surfaces
for several convergence-divergence angles as measured
in an electrolytic tank;

FIGS. 3 and 4 are graphs including curves indicating
the voltages applied to the beam-forming and beam-focus-
ing electrodes of the electron gun to produce a particular
convergence-divergence angle of the electron beam;

FIG. 5 is a transverse sectional view of an electron
gun, cut in half, showing the configuration of electrodes
required for an electron beam which may be varied from
10° convergent to 30° convergent; and
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FIGS. 6 and 7 are partial secticnal views of electron
tubes positioned in a magnetic field and incorporating
electron guns similar to those illustrated in FIGS. 1 and
5, respectively.

Similar elements are indicated by similar reference
characters throughout the drawing,

An embodiment of this invention is shown in FIG. 1, in
half section, wherein an electron gun comprises a cathode
electrode 11, an accelerating electrode 13, a beam-forming
electrode 15, and a beam-focusing electrode 17. The
various elements of the electron gun structure are sup-
ported as a unit within a tube envelope. The cathode
11 comsists of a narrow cylindrical portion 19 joined with
a broader cylindrical portion 231, the narrow portion 19
being solid whereas the broad portion 21 is hollow. The
solid cylindrical cathode portion 19 flares outwardly at
one end to form a frustoconical portion 23 having as a
base a transverse surface which is coated with a ther-
mionic emitting material to provide a cathode emitting
face 25. The emitting face 25 lies in a plane substantially
perpendicular to the longitudinal axis of the cathode 11,
hereinafter designated the Z axis. A heater filament (not
shown) is positioned within the hollow cylindrical sec-
tion 21 for supplying heat to the cathode X1 to cause
emission of electrons from the cathode emitting face 25.
During operation of the tube, a high density electron
beam which may be initially convergent or divergent is
projected along the Z axis from the emitting face 25.

The accelerating electrode 13 is an annular electrode in
the form of a disk having a centrally located aperture
29, which is larger in area than the emitting face 25, to
allow passage of the electrons emitted from the cathode
face 25. The accelerating electrode 13 is spaced from
the emitting face 25, preferably at a distance greater than
the diameter or width of the face 25, along the Z axis
in the direction of electron beam, and is mounted con-
centric to the Z axis, The position and the voltage of
the accelerating elecirode 13 are factors in determining
the shape of the electron beam and the total current
drawn.

Fixed closely adjacent to the narrow portion 19 of the
cathode 11 is the beam-forming electrode 15 which is
generally conical, in the example shown in FIG. 1, and
has a relatively small central aperture 31. The electrode
15 is so positioned that its aperture 31 is spaced behind
the cathode face 25, as shown in FIG. 1. The beam-
forming electrode 15 is shaped in such a manner as to
produce a required zero potential surface adjacent to the
cathode emitting face 25.

According to this invention, a beam focusing electrode
17 having a relatively large aperture 33 is mounted co-
axially with and intermediate the accelerating electrode
13 and the beam-forming electrcde 15. The beam-focus-
ing electrode 17 is preferably an annular disk which is
positioned substantially in the plane of the cathode emit-
ting face 25. Small changes of voltage applied to the
electrode 17 shifts the zero equipotential surface substan-
tially thus varying the electron beam shape.

A source of direct current voltage 34 provides suit-
able potentials to each of the electrodes. In the pre-
ferred embodiment of the invention, the cathode 11 and
the accelerating electrode are maintained at constant
voltages, whereas the voltage applied to the beam-form-
ing electrode 15 and beam-focusing electrode 17 may
be varied.

In FIG. 2 there are shown geometrical relationships
of various zero potential surfaces for corresponding con-
vergence-divergence angles of the electron beam that were
determined by measurements made in an electrolytic
tank, which method is well known in the art. Thus, for
a parallel rectilinear beam having a zero convergence-

. divergence angle, a zero equipotential surface 35 forms

a 67%2° angle relative to the Z axis within 3 beam radius
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from the periphery of the cathode emitting surface 25.
With the electrode configuration illustrated, measurements
indicate that at distances of about 3 beam radii from the
periphery of the cathode face 25, the zero equipotential
surface 35 for zero convergence-divergence becomes ar-
cuate and defines a larger angle than 67%4° with respect
to the Z axis.

The geometrical arrangement of the electrodes shown
in FIGS. 1 and 2 creates zero equipotential surfaces cor-
responding to electron beam angles of convergence-di-
vergence between 20° divergence and 10° convergence
depending upon the potentials of the beam-forming elec-
trode 15 and the beam-focusing electrode 17. As illus-
traed in FIG. 2, the zero equipotential surface for a 20°
divergent beam is represented by the line denoted as
—20°. The beam-focusing electrode 17, in this embodi-
ment of electron gun shown by way of example, is lo-
cated close to the zero potential surface for an electron
beam having a 10° divergent flow denoted as —10°. It
is understood that the beam-focusing electrcde 17 may
be positioned along any other equipotential surface pro-
vided that it is located in the approximate center of the
desired convergence-divergence range, for example, from
20° divergent to 10° convergent as show in FIG. 2. The
zero equipotential surface for a 10° convergent beam is
denoted as --10° in FIG. 2.

The graph of FIG. 3 illustrates the voltages which are
applied to the beam-forming electrode 15 and beam-
focusing electrode 17 of the configuration of FIGS. 1 and
2 to produce a beam within the range of 10° conver-
gence to 20° divergence, when the cathode is maintained
at zero potential. In the example shown in FIG. 1, with
a voltage on the accelerating electrode 13 of one volt posi-
tive with respect to the cathode, the beam-focusing elec-
trode 17 is set at about .10 volt negative relative to
ground, and the beam-forming electrode is set at approxi-
mately .25 volt negative relative to ground to produce a
beam having a 10° divergence angle. The ordinate
values of the graph of FIG. 3 represent normalized po-
tentials

Var

Vacc

where for a given angle of convergence-divergence, Vgp
is the voltage applied to the beam-forming electrode
15 as indicated by a curve g, Vpp is also the voltage
applied to the beam-focusing electrode 17 as read on
curve b, and Ve is the voltage of the accelerating elec-
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trode 13. Thus, any change in the accelerating electrode :

voltage requires a proportional change in the beam elec-
trodes 15 and 17 for the same electron beam flow angle.

It is noted that the voltage applied to the beam-form-
ing electrode 15 is varied to a smaller degree in relation
to the changes in potential applied to the beam-focusing
“electrode 17. While holding the beam-forming electrode
15 at a constant potential of about .30 volt negative rela-
tive to the cathode, measurements made with the elec-
trolytic tank indicate that variations in potential from
about .53 volt negative to about .22 volt positive applied
to the beam-focusing electrode 17 change the angle of the
electron beam from 10° convergent to 20° divergent,
as shown by curves ¢ and d in FIG. 4.

Other combinations of electrodes and applied poten-
tials may be used for different desired ranges of electron
beam convergence-divergence. As an cxample, a con-
figuration of electrodes such as disclosed in FIG. 5 may
be employed, wherein the cathode emitting surface 37
is concave and aids in converging the electron beam, to
produce a high density electron beam in the range of
10° to 30° convergence.- The beam-focusing electrode
17 and the beam-forming electrode 15 are set at smaller
angles relative to the Z axis than in the arrangement of
electrodes for the case of 10° convergence to 20° di-
vergence. However, in every application of the inven-
tion, the zero potential surface for a particular electren
beam angle of convergence-divergence is located between
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the beam-forming electrode 15 and the beam-focusing
electrode 17.

To provide an electron gun having a maximum diver-
gence angle greater than 20°, the beam-forming elec-
trode 15 is located further away from the beam-focusing
electrode 17. If a greater convergence angle than 10°
is required, the beam-focusing electrode 17 may be lo-
cated along the 0° or 5° convergence zero potential sur-
face. A total range of 40° divergence to 10° convergence
may then be covered with an electron gun, according to
the invention, by the simple adjustment of the potentials
of the beam-forming electrode 15 and the beam-focusing
electrode 17. Ry the use of a gun structure that produces
a beam that is divergent in the region near the cathode 11,
the noise figure of the tube is substantially reduced.

In microwave beam tubes, the beam from a magnetical-
ly shielded Pierce type gun normally enters a strong
axial magnetic field near a point where the radius of the
beam is a minimum, so that magnetic focusing forces
largely determine the beam’s subsequent behavior. The
initial formation of the electron beam is determined prin-
cipally by the electric fields which are established accord-
ing to the shapes, potentials, and arrangement of the
gun electrodes.

When the electrons of a beam which enter the magnetic
focusing field have a transverse velocity component, the
Brillouin flow is affected and a poorly formed, scalloped
beam may result. The Brillouin flow is defined as a
magnetically focused electron stream in which all elec-
trons are considered to be rotating in circles concentric
with the axis with uniform angular velocity and have the
same axial component of velocity. Forces acting on elec-
trons are in balance at all radii. However, a random
transverse electron velocity distribution in the beam re-
sults in a flow condition differing appreciably from this
ideal picture, and the scalloping effect occurs.

The electrode configurations described herein afford the
advantage of providing proper Brillouin flow when uti-
lized in an electron tube which is positioned in a magnetic
field. In each of FIGS. 6 and 7, a magnetic field is shown
provided by an external magnetic coil 39 surrounding a
tube envelope 40. The gun comprises an accelerating
electrode 41 in the form of a cylindrical cup of magnetic
material having a central aperture 43. The cup 41 en-
closes the cathode 11, the beam-forming electrode 15 and
beam-focusing electrode 17 to serve as a magnetic shield
therefor. The fringing magnetic field B produced by the
coil 39 in the aperture 43 deflects the electrons which pass
through the aperture 43 of the accelerating electrode 41
into spiral paths to produce a constant diameter beam
with Brillouin flow.

A feature of this embodiment incorporating the inven-
tion is that the location of the magnetic shield or acceler-
ating electrode 41 is not critical because the plane of
minimum beam diameter may be shifted by varying the
potentials of the beam-forming electrode 15 and the
beam-focusing electrode 17. Also, by employing the de-
sired gun design and potentials, proper boundary condi-
tions along the edge of the beam at the cathode are es-
tablished resulting in uniform emission and a well-colli-
mated beam. Since the electrons of the beam arrive at
the aperture of the accelerating electrode with a small
radial velocity as a result of the adjusted flow angle, a
laminar flow of electrons with a uniform current density
over the cross section of the electron beam is provided

‘upon entry into the magnetic field B causing a conse-

quent reduction in scalloping. Also, since there is a
laminar rectilinear flow of electrons towards the target, a
magnetic field of lower intensity is required for focusing.
Therefore, a smaller magnet of less weight and requiring
less power may be employed to provide a weaker mag-
netic field.

It is understood that the invention is not limited to the
geometries of the electrodes shown by way of example,
but is applicable to various combinations of electrodes
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employed in an electron gun which includes a beam-form-
ing electrode with an aperture located behind a cathode
emitting face and a beam-focusing electrode having an
aperture substantially in the plane of the cathode emitting
surface with means external to the tube for varying the
potential of the beam-focusing electrode.

What is claimed is:

1. An electron gun for producing and shaping an elec-
tron beam comprising a cathode having an electron emit-
ting surface with a predetermined width, a beam-forming
electrode and a beam-focusing electrode, said electrodes
each having a single aperture in a plane located adjacent
to said emitting surface at a distance from said surface
less than one half of said width, and terminal means for
applying different variable voltages to said electrodes to
vary the convergence-divergence angle of the beam.

2. An electron gun contained within an electron tube
for projecting a variable-shape electron beam along a pre-
determined axis comprising a cathode having an emissive
surface, a plurality of spaced apertured electrodes includ-
ing a beam-forming electrode, a beam-focusing electrode
and an accelerating electrode coaxially mounted relative
to said axis and spaced from said emissive surface, the
aperture of said beam-focusing electrode being substan-
tially in the plane of said emissive surface and positioned
between the other two of said apertured electrodes, and
terminal means external to said tube for applying dif-
ferent potentials to said electrodes, and means for varying
the potential applied to said beam-forming and beam-
focusing electrodes to vary the convergence-divergence
angle of said electron beam.

3. An electron gun for projecting an electron beam
comprising a cathode electrode having an emitting face, a
beam-forming electrode having an aperture therein, a
beam-focusing electrode having an aperture therein, the
planes of said apertures being spaced from. said cathode
emitting face at distances less than one half of the width
of said emitting face, an accelerating electrode positioned
in front of and spaced from said cathode face at a distance
greater than said width, means for applying different po-
tentials to said electrodes, and means for separately vary-
ing the potentials of the beam-forming and beam-focus-
ing electrodes to vary the convergence-divergence angle
of the electron beam.

4. An ¢lectron gun in an electron tube for producing a
high density electron beam comprising a cathode elec-
trode having an emitting face, an accelerating electrode
spaced from and in front of said emitting face, a beam-
forming electrode disposed behind said emitting face, a
beam-focusing electrode positioned between said accelerat-
ing and beam-forming electrodes, means for applying po-
tentials to said electrodes, and means external to said tube
for varying the potential applied to said beam-focusing
electrode whereby the angle of convergence or divergence
of said electron beam is changed.

5. Anelectron gun for providing an electron beam com-
prising a cathode electrode having an emitting face for
producing an electron beam, a beam-forming electrode
having an aperture closely spaced from: and disposed be-
hind said cathode emitting face, an accelerating elec-
trode disk positioned in front of said cathode emitting
face having an aperture larger in diameter than said beam-
forming electrode aperture, a beam-focusing electrode po-
sitioned between said beam-forming and accelerating
electrodes and having an aperture substantially in the
plane of said emitting face, means for applying voltages
to said electrodes, and means for varying the voltage ap-
plied to said beam-focusing electrode whereby the con-
vergence-divergence angle of said electron beam is varied.

6. An electron gun for projecting a variable-shape elec-
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tron beam along a predetermined axis comprising a cath-
ode having an emissive surface transverse to said axis, an
apertured accelerating electrode spaced from said cathode,
an annular beam-forming electrode having an aperture, an
annular beam-focusing electrode between said accelerat-
ing electrode and said beam-forming electrode and lying
substantially in the transverse plane of said emissive sur-
face, whereby said gun can be controlled to provide
either convergent, divergent or parallel flow in the region
between said cathode and said accelerating electrode by
the application of suitable voltages to said beam-forming
and said beam-focusing electrodes. .

7. An electron gun for producing an electron beam
comprising a cathode electrode having an emissive sur-
face of approximately .025 inch diameter, the longitudinal
axis of said cathode electrode passing through the ap-
proximate center of said surface at a normal to the plane
of said surface, an accelerating electrode having an aper-
ture spaced in front of said emissive surface at a distance
of about .041 inch, a beam-forming electrode having an
aperture surrounding said cathode, the plane of said
beam-forming electrode aperture parallel to and spaced
from said emissive surface at about .003 inch, a beam-
focusing electrode disposed between said accelerating elec-
trode and said beam-forming electrode having an aper-
ture, the plane of said beam-focusing electrode aperture
positioned substantially in the plane of said emissive sur-
face, means for applying voltages to said electrodes, and
means to vary the voltages of the beam-forming and
beam-focusing electrodes thereby changing the shape of
said electron beam.

8. A variable shape electron beam producing device
comprising an electron gun having a cathode electrode
with an electron emitting surface, a plurality of electrodes
having apertures spaced closely from said cathode emit-
ting surface, means for applying variable potentials to said
plurality of electrodes, to vary the convergence-divergence
angle of the beam, a cup-shaped accelerating electrode
of magnetic material magnetically shielding said elec-
trodes and having an aperture aligned with said first
named apertures, and means for providing a magnetic
field along the axis of said device for producing a uniform
diameter electron beam having Brillouin flow in the region
beyond the aperture in said cup-shaped electrode.

9. An electron gun for projecting a variable-shape elec-
tron beam along a predetermined axis comprising a
cathode having an emissive surface transverse to said axis,
an apertured accelerating electrode spaced from and in
front of said cathode, an annular beam-forming electrode,
and an annular beam-focusing electrode between said
accelerating electrode and said beam-forming electrode,
the apertures in said anoular beam-forming and beam-
focusing electrodes being disposed close to the plane of
said emissive surface, whereby said gun can be controlled
to produce various degrees of convergence or divergence,
or parallel flow, in the region between said cathode and
said accelerating electrode by the application of suitable
potentials to said beam-forming and beam-focusing
electrodes.
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