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1
ELECTRON BEAM GENERATOR FOR :
TRANSIT-TIME ELECTRON DISCHARGE TUBES.

BACKGROUND OF THE INVENTION
1. Field of the Invention’ :
The present invention relates to electron beam gen-

erators, and more particularly to electron beam genera- -

tors for transit time electron:discharge tubes having a

cathode for emission of an electron beam, a control"]

grid spaced from the cathode, and’'an anode? and which
features independent control of emiission -of an area

surrounding the central portion of the cathode with re-.

spect to the central portion.-
2. Descnptlon of the Prior Art -
In modern microwave installations for commumca-
tions and radar applications, the transmittef tube is fre-
quently required to be capable of operation at two dif-

ferent power levels. The two power levels may differ

from one another, for example by a factor of 5 or 10.
The lower power level is used in normal operation for
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reasons of power economy, and the higher power level

is only used under 3ertain tifcumstances, 5.g. zn the

event of interference from another transmitter. -
In the case of a transit time tube, this type of power

25

regulation can only be effected. through a control of the -

electron beam current. A change, in.the beam voltage

is unsuitable for this purpose, because of the: phase re-: .-

lationship which must:be mairitained: between the elec-;

tron beam and the signal beam. ampllﬁer ‘The neces-

sary adjustment of the beam currentiin-an ‘electron '

beam generator is a very difficult problem, and one-

which has not thus far been satlsfactorlly solyed.. At -

tempts to adjust the beam current by varying ‘the focus-j .
ing or modulating electrode’ voltage or the anode volt- 7
- age only produce undesitable modlﬁcatlons 1n the elec-

tron-optical behavior of the ‘electron beam generator

varying the voltage on a control electrode.

SUMMARY OF THE INVENTlON B

~ An object of the invention is to.provide an electronf UL

beam generator, in particular for O-type transit txme';
tubes, by which a transit time tube can be operated-at .

~ two different power levels without. the productlon of
" unwanted disturbing electron-optical influences. .

The invention resides in the provision of an electron-

beam generator for transit time ‘tubes, comprising a

cathode for the emission of an electron beam, a control ;-

grid spaced from the cathode ‘and an anode, wherein

the control grid comprises a section which surround_e_ ?',‘, :
central portion of the emissive area of the cathode. -

pendently of the emission from the central portion.

The section of the control grid which’ surrounds the’
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central portion of the emissive area of the cathode is,
not necessarily an annular ring, since the electron beam-.,

may not have a circular. cross section, and may, for ex--

ample, be a flat beam, -

The beam current is set by a control gnd or grldsl

which are located in close proximity to and in front of
the emissive area of the:cathode. Control ‘grids of this
type are known in a variety of forms. They can be con-
structed either by single grids which, in the pass.range,
intercept a certain portion of the current, for example
as described in U.S. Pat. No. 2,967,260, or by double
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" tron beam generator has axial symmetry, in which the

The same holds true if the beam current is adjusted by e where F‘ 15 the area covered by thé inner gnd section

s and F, is the’ total cathode area.
40 -
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_gnds, one of which is a so-called shadow grid which ab-

sorbs no current are only a comparatively small amount
of current: A double grid of this kind is described, for
example, in German published application 1,764,860.
The invention can be practiced by splitting the area of

" the control grid and electrically insulating the two par-
tial areas from each other. In this manner, power level

control of transit time tubes can be carried out by con-
trol.of the emission from the cathode of the electron
beam' generator, more specifically by applying poten-

“tials of different polarity to that of the cathode to the
- section of the control grid which surrounds the central
-area. This kind of current control requires only rela-

tively small voltage changes in order to switch the beam
current from one value to another and is free of any un-

" desirable secondary electron-optical effects. It can be

applied both in electron beam generators of the con-
tinuous-rating type, and also to pulsed electron beam
generators.

In a preferred embodiment of the invention, for pulse

‘operation, the electron beam generator has a control

grid which comprises a first partial grid section sur-

_rounding and mechanically- and electrically isolated

from a second partial grid section which covers the

"central area of the emissive surface of the cathode.

'An electron beam generator of this form, in which

~.the inner partial grid section is circular and the outer
-section is ‘ring- shaped has’ the following properties.
“The beam current /; is determined, in accordance with

the applied potentials, by the relative areas of the two

-partial grid sections. If /, is the smaller. of the two cur-

rents and [y is the larger of the two currents, then the

: followmg relatlonshlp holds:

F\JF,= 1,/12 o

1.

- "As far as the beam current I, is concerned, three.dif-

_ferent operatmg condmons can be distinguished.

1 - 11
The inner partlal grld section is posmve and the outer

‘partial grid section is negative with respect to the cath-
. ode: The voltage on the inner control grid section, in
“telation to the cathode, is-about 1/25th to 1/50th of the
'Janode voltage The voltage on the external partial grid

section is of the same order magnitude, but of negatlve

> polarity.”.
2. 0=1,

" Both-partial grid sections are posmve with respect to ’

.the cathode. The voltages applied to these grid sections

whereby the emission from thé area of the cathode sur:  -are about 1/25th to-1/50th of the anode voltage.

rounding the central portion ¢an be controlled inde- 3% =1 (blocked condition):

Both of the partial grld sections are negative: w1th re-

spect to the cathode. The voltage difference between
‘the cathode and the partial grid sections is of the order

of magnitude of 1/50th- to 1/100th of the anode-
cathode voltage. -
‘In a preferred embodiment of the invention the elec-

_first-partial grid section is in the form of an annular ring
. surrounding the second partial grid section which has
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a circular periphery. Consequently, and in accordance
with ‘equation 1, the following approximation holds
true, provided that the radius of curvature of the cath-
ode surface is not too small:
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D,/D,= Ll

2.

where D, is the diameter of the inner partial grid sec-
tion and D, is the diameter of the cathode. From this
relationship we obtained: -

d\/dy= D\/Dy = \/11‘/12‘
3.

where d, and 4, are the diameter of the electron beams
corresponding to the currents I, and I,, respectively.
This equation (3) can also be written in the form

Vllldl =y 1/d,

3a.

Because the magnetic field required to focus a circu-
lar beam of a diameter d and current [ is proportional
to the ratio I/d, the same magnetic field can be em-
ployed for focusing beam currents /; and /,. Therefore,
in both cases a beam of constant diameter is obtained
without necessity for electron-optical correction.

In another embodiment of the invention, the control
grid has only one section and surrounds the central por-
tion of the emissive area of the cathode which projects
toward the anode so as to be flush with the surface of
the control grid. This embodiment is particularly suit-
able for a continuous-rating electron beam generator.
The electron beam generator behaves in a manner simi-
lar to that of one using an inner partial grid section, as
far as two possible beam currents are concerned, but in
order to completely block the beam current, the anode
potential must be changed rather than the cathode po-
tential.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the inven-
tion, its organization, construction and operation will
be best understood from the following detailed descrip-
tion of embodiments of the invention taken in conjunc-
tion with the accompanying drawings, on which:

FIG. 1 is a longitudinal sectional view of a first em-
bodiment of an electron beam generator,

FIG. 2 is a plan view of the inner grid of the apparatus
illustrated in FIG. 1;

. FIG. 3 is a plan view of the outer grid of the appara-
tus illustrated in FIG. I;

FIG. 4 is a longitudinal sectional view of a second
embodiment of an electron beam generator;

FIG. § is a plan view of the outer partial grid of the
embodiment illustrated in FIG. 4;

FIG. 6 is a longitudinal sectional view of a third em-
bodiment of an electron beam generator,

FIG. 7 is a plan view of the inner partial grid structure
of the control grid of the apparatus illustrated in FIG.
6;

FIG. 8 is a plan view of the outer partial grid of the
control grid of the apparatus illustrated in FIG. 6; and

FIG. 9 is a plan view of the shadow grid of the appa-
ratus illustrated in FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Parts not essential to the invention, as well as the ap-
paratus for applying the desired potentials to the partial
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grids of the control grid, with respect to the cathode,
have been omitted from the drawings for reasons of
simplicity and clarity.

Referring to FIG. 1, an axially-symmetrical electron
beam generator of a transit time tube is illustrated as
having a cathode 1, a focusing electrode 3 and a con-
trol grid 2 which comprises an inner partial grid 15 and
an outer partial grid 18. The control grid 2 and the
emissive area of the cathode 1 are of concave form and
have a common center of curvature. The mechanical
and electrical isolation of the two partial grids from one
another and from the other components which carry
potentials is provided by means of a carrier plate 7 for
the inner partial grid 15 and a carrier plate 8 for the
outer partial grid 18 with openings 27 and 28 for re-
ceiving three supporting bolts 23, 24, 25 of the focusing
or modulating cylindrical electrode 3 and are in differ-
ent planes and lead to the tube wall 11. In addition, the
tube wall 11 is interrupted at appropriate points by in-
sulating ceramic cylinders 9. The supporting bolts, of
which the bolts 23 and 24 are illustrated in FIG. 1, rest
upon a support cylinder 26. The cathode itself is con-
ventional and comprises a heating element 4 having a
current supply lead 22 embedded in a ceramic disc 21,
the mounting cylinder 26 resting on a base plate 10,
and a plurality of radiation shields 6.

FIG. 2 is a plan view of the inner partial grid 15 to-
gether with its mounting apparatus. The partial grid 15
comprises a number of radially-disposed spokes 13
connected together by a circular ring 12, a number of
the spokes 13 being extended beyond the ring 12 as
supporting stays 14. The supporting stays 14 terminate
in a first carrier plate 7 which has good thermal con-
ductivity. The openings 27 are provided for the passage
of the supporting bolts 23, 24, 25 of the focusing elec-
trode 3.

FIG. 3 is a plan view of the outer partial grid 18 and
its mounting apparatus. The partial grid 18 also com-
prises a number of radially disposed spokes 16 attached
at their inner ends to a circular ring 17 and whose outer
ends terminate in a second carrier plate 8 having good
thermal conductivity. The partial grid 18 is provided
with a plurality of openings 32 for receiving the sup-
porting stay 14 of the inner partial grid 15. The open-
ings 28 in the carrier plate 18 are provide for the pas-
sage of the supporting bolts 23, 24, 25,

In the embodiment of the invention illustrated in
FIG. 4, which also has an axially-symmetrical electron
beam generator, there is no inner partial grid. In order
to avoid unwanted electron-optical effects, a central
area 19 of the emissive surface of the cathode, more
specifically the area not covered by the ring-shaped
outer partial grid 18, projects toward the anode so as
to be flush with the surface of the control grid 18. Be-
tween the control grid 18 and the cathode 1 there is
provided a shadow grid 20 which is supported by the
support cylinder 26 of the focusing electrode 3 and
which is at cathode potential when the electron beam
generator is operating. This double grid structure and
the emissive area of the cathode 1 are curved and the
curve surfaces have a common center of curvature. As
viewed from the center of curvature, the grid elements
of the control grid and the shadow grid are in align-
ment. A focusing anode 30, which has an appropriate
electron-optical shape, draws an electron current I,
when the control grid 2 has a negative potential with
respect to the cathode 1 applied thereto, and draws an
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electron current I, from the cathode surface if the po-
tential is positive. All of the other designed features
correspond to those illustrated in FIG. 1. The use of
this embodiment of the invention is recommended if
the transit time tube is operating on a continuous-rating
basis. ‘

Referring to FIG. 5, the outer partial grid 18 of the
apparatus illustrated in FIG. 4 is shown in greater de-
tail. The grid elements comprise a plurality of radial
spokes 16 which, as in the outer partial grid illustrated
in FIG. 3, terminate in the carrier plate 8 having the
openings 28 for receiving the bolts 23, 24, 25.

FIG. 6 is a schematic longitudinal sectional view of
the central part of a third embodiment of an electron
beam generator which is primarily confined to the cath-
ode surface and the control grid structure. The electron
beam generator in this embodiment is again axially
symmetrical and employs a double grid (control grid
and shadow grid) the surfaces of which and the cathode
surface have a common center of curvature. As viewed
from the center curvature, the control grid and the
shadow grid elements are in alignment. In this sche-
matic illustration, the beam current boundaries have
been illustrated by broken lines to correspond to the
two different power levels of the tube, the boundary a
representing the partial current I, and the boundary b
representing the full current I,.

FIGS. 7, 8 and 9 respectively illustrate in plan views
the outer partial grid 18, the inner partial grid 15 and
the shadow grid 20 of the apparatus illustrated in FIG.
6. In this embodiment the two partial grids of the con-
trol grid are formed such that the shadow grid, while in
full alignment, can take the form of a single mechanical
structure which is therefore relatively simple to manu-
facture. All of the grids comprise predominately ring-
shaped elements with only a few radial spokes. If the
shadow grid is placed at cathode potential and the two
partial grids at a moderately high positive potential
with respect to the cathode (1/10th to 1/100th of the
anode voltage), then the current drawn by the partial
grids is negligible. Typical values are between 0.01 and
0.1 percent of the total cathode current. The rules
hereinbefore listed apply to the three operating condi-
tions (Io, [1, 12)

The invention is not restricted to the embodiments
illustrated. For example, the electron beam generator
need not be axially-symmetrical, but can have a form
which is suitable for the production of flat ribbon type
beams. Moreover, the invention can be applied in a
corresponding manner if the transit time tubes are to be
operated not merely in two, but in several operating
conditions.

Many other changes and modifications of my inven-
tion may become apparent to those skilled in the art
without departing from the spirit and scope of the in-
vention. I therefore intend to include within the patent
warranted hereon all such changes and modifications
as may reasonably and properly be included within the
scope of my contribution to the art.

I claim:

1. An electron beam generator for transit time tubes
with single beam operation at more than one power
level and different beam cross sections corresponding

to respective power levels and current intensities, com- .

prising: a cathode for the emission of a single beam; a
control grid spaced from said cathode; and an anode
for receiving the electron beam, said control grid com-
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prising a section which surrounds a central portion of
the emissive area of said cathode for selectively receiv-
ing control potential for either blocking or permitting
emission from the area of the cathode surrounding the
central portion independently of the emission from the
central portion to provide single beam operation with
or without emission from said surrounding portion.

2. An electron beam generator, as claimed in claim
1, wherein said control grid comprises a first partial
grid section and a second partial grid section, said first
partial grid section surrounding and mechanically and
electrically isolated from said second partial grid sec-
tion, said second partial grid section covering the cen-
tral area of the emissive surface of said cathode.

3. An electron beam generator for transit time tubes
which operate at more than one power level, compris-
ing: a cathode for the emission of an electron beam; a
control grid spaced from said cathode; and an anode
for recetving the electron beam, said control grid com-
prising a section which surrounds a central portion of
the emissive area of said cathode for selectively receiv-
ing control potential for controlling the emission from
the area of the cathode surrounding the central portion
independently of the emission from the central portion,
said control grid comprising a first partial grid section
and a second partial grid section, said first partial grid
section surrounding and mechanically and electrically
isolated from said second partial grid section, said sec-
tion partial grid section covering the central area of the
emissive surface of said cathode, wherein said cathode
is an axially-symmetrical cathode, wherein said second
partial grid section comprises a plurality of radially-
disposed spokes, a circular ring connecting said plural-
ity of radially disposed spokes together, some of said
spokes extending beyond said ring as supporting stays,
a first carrier plate for said second partial grid section,
said supporting stays terminating in said first carrier
plate, said first carrier plate having good thermal con-
ductivity, said first partial grid section comprising a
plurality of radially disposed spokes, a circular ring
connected to the inner ends of the last-mentioned
spokes, and a second carrier plate having good thermal
conductivity and connected to the outer ends of the
last-mentioned radially disposed spokes, said first par-
tial grid section including means defining openings to
accommodate said supporting stays of said second par-
tial grid section, and said two carrier plates disposed in
different planes.

4. An electron beam generator, as claimed in claim
1, wherein said central portion of the emissive area of
said cathode projects towards said anode and lies flush
with the surface of said control grid section which sur-
rounds said central portion of the emissive area of said
cathode.

5. An electron beam generator, as claimed in claim
1, wherein the emissive surface of said cathode and said
control grid surface are concave and have a common
center of curvature.

6. An electron beam generator, as claimed in claim
5, comprising a shadow grid disposed between said
control grid and said cathode for operation at cathode
potential, said shadow grid including grid elements
which are aligned with those of said control grid as
viewed from said cathode or from said common center
of curvature.

7. An electron beam generator, as claimed in claim
1, comprising a shadow grid disposed between said
control grid and said cathode for operation at cathode
potential, said shadow grid including grid elements

which are aligned with those of said control grid.
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