Jan. 28, 1941. ;| 4 JONKER ETAL 2,229,752
’ ELECTRON DISCHARGE DEVIGE , '
Filed July 30, 1938 2 Sheets-Sheet 1

N _2 ‘
f % E ouTPUT
INPUT r~1

01090000

ot

7 = INVENTORS -
= JOHAN L. H.JONKER anp
By_ADRIANUS J WM VANOVERBEEK

 FH
; ATTORNEYS,




Jan. 28, 1941. J. L. H. JONKER ET AL 2,229,752

~ ELECTRON DISCHARGE DEVICE
Filed July 30, 1938 2 Sheets—Sheet 2

: . éoarpur
P X 2 . :

mmme | UUHTTTHTE

% ourpur

s

INVENTORS
JOHAN L. H. JONKER AND
ADRIANUS J WM. VAN OVERBEER

A ey

ATTORNEYS.




P

J

Patented Jan. 28, 1941

UNITED STATES

2,229,752

PATENT OFFICE

2,229,752
ELECTRON DISCHARGE DEVICE

* Johan Lodewijk Hendrik Jonker and Adrianus
J. W. M. van Overbeek, Eindhoven, Netherlands,
-agsignors, by mesne assignments to Radio Cor-
poration of America, New York, N. Y., a cor-
poration of Delaware

Application July 30,
In Germany

4 Claims.

This invention relates to an electron discharge
tube wherein the electrons are united to form
two or more beams which irtersect each other.
In the use of such tubes, which have been sug-
gested and in which the electron beams inter-
sect each other, a certain interference of these
beams may occur in the discharge space.

The object of our invention is to provide such

. a tube in which one beam is accurately con-
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trolled by the space charge of another beam
without undesirable interference of the beams.

Tn accordance with our invention an electron
discharge tube in which the electrons are united
to form two or more beams which intersect each
other is provided with a grid-shaped electrode
having a positive’ potential and positioned be-
tween at least one of the cathodes and a point
of intersection of the beams, the various elec-
trodes in the tube receiving such voltages that
a virtual cathode appears at or in the immediate
vicinity of the point or peints of intersection of
the electron beams.

We have found that although the use of a tube
having a plurality of electron beams intersecting
each other, without additional means, involves a
certain interference, suitable control of one of
the beams by means of the space charge of an-
other béam is possible only when care is taken
to cause a dense space charge or virtual cathode
to appear at about the point of intersection of
the beams. In this way the beams may be so
adjusted with respect to each other that a char-
acteristic curve having the desired form can be
obtained.” An important field of application of
the present invention is to mixing tubes particu-
larly where one beam is controlled by an oscil-
lator frequency and another beam by the in-
coming frequency. Another field is in. obfain-
ing a very strong amplification by using several
systems one behind the other, as will be set forth
hereinafter with regard to the drawings.

In order to obtain a sufficient space charge
at the point of intersection of the electron beam
at least one grid having a positive potential is,
according to the invention, provided between the
cdathode or cathedes and this point of inter-
section, and it has been found to be advantageous
for the distribution of field that there be no in-
sulating members such as the glass wall of the
tube or the like in the vieinity of the point of
intersection of the -electron beams.

Although it is very simple and easy.to use a
separate cathode for each electron beam, and
these séparate cathodes may, if desired, have
different potentials, a common cathode may also
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be used for two or more electron beams, with
which cathode the stream of electrons is divided
by splitting up and deflection into a plurality of
beams to be controlled separately. It is -also
possible to use either a separate anode for each B
system of beams or a common anode for all-of
the systems.

The invention will be more clearly understood
by reference to the accompanying drawings rep-
resenting diagrammatically and by way of ex- 10
ample, several embodiments thereof.

In the accompanying drawings Figure 1 shows
in section a deflection type tube; Figure 2 is a
curve showing potential variation along the plane
indicated by the section line; Figures 3 and 4 are 15
modified forms of deflection tubes; Figure 5 is
another form of tube in which one beam con-
trols a second beam; and Figure 6 is a sectional
view of a deflection type tube with two beams
from one cathode.

Figure 1 shows a deflection type beam tube
in which | and 2 are output anedes side by side
which are in the path of and may be struck by
a stream of electrons 4 issuing from a main
cathode 5 in the form of a concentrated main
beam. The electron beam 4 is deflected and con-
trolled by another electron beam 1 issuing from
another or auxiliary cathode §. The electrons
from both cathodes pass through a tubular or
cage-like grid electrode 3 having a positive po-
tential and constituting an auxiliary anode to
which the discharge from the auxiliary cathode
6 flows, and the two beams intersect and in-
fluence each other in the space inside this grid
electrode. Beam forming electrodes 8 having a
low potential may be mounted behind and par-
tially ‘surround the cathodes 5 and 6 to concen-
trate the electron discharges into beams. Fig-
ure 2 shows by the curve 9 the variation of space
potential along the plane or section 2—2 of the
tube shown in Figure 1. When an electronic
stream or beam 1T is directed from cathode 6 into
the space inside the grid electrode 3 the poten-
tial ‘along the plane 2—2 may vary according
to the -curve 10, so that the electrons deviate and
impinge on the anode 2, as diagrammatically
represented in Figure 1 by the beam 1(. In this
way deflection through a separate stream or
beam of electrons is obtained.

Other control methods for influencing of the
path so .as to vary the distribution of current
may be used, as shown, for example in Figure 3,
in which the controlled or main stream or beam
i5 of electrons is focused on a main output anode
{2 by means of an electron optical ‘system con-
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sisting of a negative electrode 18, a positive
electrode 16, an auxiliary anode consisting of
two spaced members or concentrating electrodes
13 and 17 one of which, such as 13, is grid-like,
and the other is a sheet-like member, both elec-
trodes being maintained positive with reference
to the auxiliary cathede 18, When an electronic
stream {4 from the cathode {3, concentrated into
a beam forming electrode 192 behind the cathode,
is directed through the grid electrode {3 into
the space between {3 and (7 the electron optical
system is disturbed, the main beam {5 is de-
flected and the greatest part of the controlled
electronic stream passes to the auxiliary output
anodes or electrodes 28 and 2{ mounted on op-
posite sides of the main output anode (2.
Amplification can be obtained by repeating
several times the action illustrated in Figure 3

since, by a suitable choice of the shape and di-

mensions of the electrodes and of the poten-
tials applied, the electronic stream (4 may be
much weaker than the current which, as a re-
sult of its influence, reachss the auxiliary output
anodes 20 and 2{. As illustrated in Figure 4,
the current which passes the main anode 12
through grid-like auxiliary anodes 28 and 21
modifies the effect of the electron optical sys-
tem which controls a third main beam 22, so that
a very small primary control current 4 is suffi-
cient for controlling a large tertiary current. In
the tube shown in Figure 4 the parts correspond-
ing to those shown in Figure 3 are denoied by the
same references. The tertiary electronic current
22 may strike a main anode 22, and auxiliary
output anodes 24 and 25, and is further infiu-
enced by the sheet electrode 28 and the dia-
phragm 27, both of which are at positive poten-
tial with reference to the cathodes.. The cathode
system consists of a cathode 28 surrounded by a

" beam forming electrode 29. Of course, the num-

ber of these units may be chosen at will so that
very strong amplificaticn is possible.

The amplification may be oblained by a modi-
fication of the electron optical system, as in Fig-
ure 3; by deilection, according to Figure 1, or by
completely reversing or returning the electronic
stream by the action of the space charge. PFigure
5 shows a modification in which the operation,
as appears from this figure, depends on returning
the beam by tiie space charge 3% at the intersec-
tion of the beams. The tube illustrated in Figure
5 comprises two cathodes 31 and 32 from which
emerge the beams 33 and 34. The cathodes are
surrounded by electrodes 35 and 35 at a negative
potential. Furthermore, the tube comprises a
positive grid-like anode 37, a positive sheet elec-~
trode 38 and an output anode §3. By the choice
of the voltages such a space charge 38 appears
that the electrons of the beam $3 turn back and
may return to the electrode. 6. ’

The different electronic streams need not issue
from different cathodes, since, as shown in Fig-
ure 6, the tube may be so made that the main

electronic stream 40 is controlied by the electron’

beam 41 and the latter is controlled by a control
grid 42. The suction grid or apertured auxil-
iary anode 43 sucks the electrons into the semi-
annular passage between the curved sheet elec-
trodes 44 and 45, of which the electrode 44 has a
positive potential and the electrode 45 a negative
potential, so that the .electrons may gain access
along curved paths-through a positive grid elec-
trode or auxiliary apertured anode 46 to the path
of the electronic stream 40 and cause deflection,
in which case the electronic stream 40 may reach

one of the main or output anodes 47 or 48, or by |
concentration variation, as in Figure 3. 'The two
beams issue from a cathode 49, from which beam
48 is obtained by a system consisting of g nega-
tive electrode 50, a positive electrode 51, the ap~ 5
ertured electrode 46, and the sheet auxiliary
anode or positive electrode 52.

We claim:

1. An electron discharge amplifier comprising
8 first cathode, first anode, means for forming 10
the discharge from said cathode to said anode
into an electron beam, a second cathode, means
for forming the discharge from said second cath-
ode into a second beam intersecting the first
beam, a grid-like electrode between said second 15
cathode and the intersection of said beams, a
third cathode, a final output anode, means for
forming the discharge from said third cathode
to said final anode into a third beam along a path
near said first anode and transverse to the path 20
of said first beam.

2. An electron discharge device comprising a
pair of output anodes mounted side by side,
means comprising a main cathodeé for producing
a concentrated main electron beam to said out- 25
put anodes, an auxiliary cathode, an auxiliary
sheet anode member on the side of the path of
said main beam opposite said auxiliary cathode,
means for producing a second concentrated elec-
tron beam from said auxiliary cathode to said 30
sheet member directed across the path of said
main electron beam and parallel to the plane
of said main oufput anodes, and a grid-like anode
member extending across the path of said second
electron beam between said auxiliary cathode 35 -
and the intersection of said electron beams for
producing at the intersection of said beams and
between said auxiliary anode members 3 Space
charge sufficient to deflect said main beam from
one of said output anodes toward the other, 40

3. An electron discharge device comprising an
output anode, a main cathode, means for concen-
trating the discharge from said main cathode to
said output anode into a main beam, an auxil~
iary cathode, an auxiliary anode comprising two 45
spaced members on opposite sides of the path of
said main beam, one of said members being aper-
tured and positioned between said auxiliary
cathode and the path of said main beam, and
means for concentrating the electron discharge 50
from said auxiliary cathode through said aper-
tured member of said auxiliary anode into a
beam which intersects said main beam to pro-
duce between said members and in the vicinity
of the intersection of said beams a space charge 55
sufficient to control said main beam.

4. An electron discharge device comprising an
output anode, a main cathode, means for con-
centrating the discharge from said main cathode
to said output anode into a main electron beam, 60
an auxiliary cathode on one side of the path of
sald main beam, and an auxiliary arode compris-
ing a sheet member on the opposite side of the
path of said main beam from said auxiliary cath-
ode and an apertured auxiliary anode member in 65
registry with said sheet member and between
said auxiliary cathode and the path of said main
beam, and means for forming the discharge from
sald auxiliary cathode into an electron beam di-
rected through said apertured- auxiliary anode to 70
intersect said main beam between said anode
members. B oo
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