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5 Claims.

The invention relates to a thermmmc cathode
tube having an electron dlscharge controlled by
an electron lens whereby said discharge has the
form of a flat, circular disc with the cathode in
the center.

In the cross ﬁeld tube described in my United
States Patent 2, 164,922 issued July 4, 1939, there
is disclosed a thrmionic: discharge tube with a
lenticular electron beam substant1ally concen-
trated in a plane extending between two annular
anodes and deflected at right angles to its me-
dian plane by a transversal cross field. The tube
operates in accordance with the so-called cross
control principle by which, as distinct from the
5 ordinary grid controlled space charge tubes in
which the plate current variations are produced
by long1tud1nal intensity eontrol of the discharge,
the plate current variations are produced by
special displacement of the zone of impingement
of the beam on the two anodes, The entire cross
field tube has rotational symmetry about the
cathode as an axis, the axial thermionic cathode
being surrounded in ring fashion by the elec-
trodes of the cylindrical electron lens serving: for
the production of the lenticular electron beam,
by the control electrodes for producing the cross
field controlhng the beam, and by the two an-
nular anodes. In the center plane of these ring
electrodes the electrons flow almost in the form
of a flat lenticular dis¢ reduced in size towards
the periphery.

For controlling the brilliancy in cathode ray
tubes, for instance for television purposes, the
prmc1ple has been utilized that an electron beam
produced by an electron lens may be controlled
in intensity by an electron lens without under-
going appreciable deformation of its geometrical
form. By this principle the intensity of the cath-
ode ray beam is modulated in accordance with
the image currents by means .of a. striction or
Wehnelt cylinder without thereby causing a yari-
ation in the velocity or configuration of the beam.
Since the striction cylinder does not absorb cur-
rent and acts solely because of the potential field
passed by the electrons, the modulation takes
place w1thout requiring energy. If in such a
cathode ray tube the cathode ray beam 1nstead of
impinging on a ﬁuorescent screen is thrown
against a sultable absorption electrode or upon
an anode, there is obtained an electron tube in
which the current can be controlled in the same
manner as by means of a grid W1thout control
energy being required. - A practical advantage of
this type of control as compared with the space
g8 charge control hltherto in use is that in this type
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of control space charge d1sturbances are entlrely
absent ‘and the characteristic of the tube is al-
most completely lmear from zero to the maxi-
mum current

amper age as poss1b1e may be utilized and to ob- -

tain the greatest feasible steepness of the char-
acteristic without increasing the specific current
density beyond an allowable degree, the use of a

flat beam in place of & fine beam as used in oseil-

10

lograph and television tubes for the production “"

of a Sharp fluorescent spot is preferred and ob-
viously 2 sharp focusing in the form of a line
is not required. However, the irregular field dis-

tr1but10n in such. a flat beam and in the corre- i
sponding electron lens system espec1ally at the -

edges, entalls border disturbances in the heam
and lrrevular1t1es in. the’ character1st1c of the
tube, . especially in the pronounced regions of
curvature, thereby limiting the practically allow-
able range of control of the tube.

In accordance with the 1nvent10n these ir-
regular1t1es are entirely avoided if the electron
beam is, as in the case of the cross field tube
descr1bed in my sald copending application given
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the form of a flat disc extending uniformly in all

radial’ directions from a cathode situated in the
center of the disc and is confrolled in intensity
by electron optlcal means, Aside from the com-

plete avoidance of border disturbances, a beam ¢
dlscharge of this shape has the great advantage ’

'that the ent1re emission of the axial cathode. can
be fully ut111zed and that the electrons emitted
from the cathode in all directions are uniformly
accelerated and controlled and all obey the same
electron- optical laws of resolution.

~ The invention ‘will better be understood by ref—
erence to the accompanying drawing in which the
'ﬁgures are vertlcal sections of forms of disc beam
tubes,, and in which Figure 1 shows a tube with
electron lens control system; Figure 2 g modifica-
tlon ut111z1ng a second electron lens system at
ﬁxed potential as a screen; Figure 3 a modifica-
tion utilizing two electron lens controls separated
by an electron léns screen; and Figure 4 a mui-
tiple  tube in which three electrode . systems as
shown in Figure 1 are positioned-along & common
cathode and connected in cascade.

The tube shape obtained from employing the
electron optical current and intensity control in
rotational symmetrical disc beam arrangements
is in general shown in cross section in Figure 1.
The tube comprises the usual highly evacuated
bulb 10 enclosing the electrodes, one of which is
the ax1al cathode which may be a filament, a
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helix, or a metal tube coated with electron emit-
ting oxides and indirectly heated by a heater in-
side it. The electron-optical control and concen-
tration system or electron lens is arranged ring-
like about this axis, and in the example shown
is in the form of an annular condenser field pro-
duced by an annular control electrode combina-
tion consisting of two rings (2 concentric with
the cathode and constituting electrically a single
equipotential control electrode, as the rings are
connected so that both are at the same potential,
for instance a negative potential. The rings 12
are spaced to leave between them an annular slot
in registry with an annular anode 13, which is a
sheet metal ring surrounding and concentric with
the other electrodes and in position to intercept

the electron discharge passing through the an-.

nular slot. The electrical field which is produced

in the slot or gap between the control rings 12,

which form a kind of cylindrical electron lens,
effects a concentration of the electron discharge
which is emitted from the axial cathode in all
radial directions and flows to the annular anode.
The anode is connected through a load circuit {4
to. a battery 15, which also supplies an input
circuit 16 connected to the control electrodes 2.

If a positive potential.is applied to the anode
I3, and a negative potential to the two control
rings or plates 12, a sharply limited disc-shaped
or lenticular electron beam, indicated in cross-
section by dotted lines, passes to and is focused
on the anode. If the annular anode is made flu~
orescent, for instance by a coating of a flu-
orescent material on its inner surface, the elec-
tron optical concentration and focusing can be
clearly seen, as a narrow stripe glows on the
entire circumference of the annular anode. If
the negative potential of.the annular cross field
between the control rings 12 is varied with ref-
erence to the cathode, the brightness of the flu-
orescent stripe also variés, showing that the elec-
tron density and hence. also the plate current
correspondingly varies. An obtical analogy would
be the projection upon a cylindrical surface of a
line source of light through an annular cylindri-
cal lens of which the curvature may be varied at
will, . o

If an alternating control potential is applied
to the ring control plates 12 and in phase, as
distinguished from the .cross field according to
my said copending application, in which. alter-
nating potential of opposite phase on the ring
electrodes deflects the beam, the anode current
follows.changes in the contrél potential with true
amplitude and without distortion. The trans-
grid action, or extent to which the anode field
acts upon the space between the cathode and the
electron lens control electrodes. 12 can in .prac-
tice be easily reduced to an unappreciable degree
with sufficient spacing of the anode from the
cathode, as by placing the anode at the foeal
distance of the cylindrical electron lens, so that
the quality of the tube is greatly superior to the
grid tubes with space charge control.

As shown in Figure 2, the transgrid action may
also be substantially reduced in case of small
tubes if a second shielding electrode combination
or electron lens which is maintained at a fixed
potential is inserted between the control field
and the anode. The shielding cylindrical lens
may be two other ring electrodes similar to.the
control electrodes 12, or a. sheet metal plate posi-
tioned transversely to the beam.and having a
slot in the path of the beam; or preferably two
pairs of sheet metal rings 17T and 18, the rings in
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each pair being of the same diameter and con-
centric with the cathode, with their edges spaced
to leave an annular slot, and the pairs of rings
having different potentials, as shown, for instance,
in Figure 2.  The action of these lens systems
can be considered as similar to that of a shield
or screen grid in a multi-electrode tube with space
charge, and as there, the quality of the tube is
improved to a remarkable extent by these screen
electrodes. .

As shown in Figure 3 there may be inserted
between the cathode and the original control
field another control field by which the average
intensity of the electron beam can be affected
independently of the control field. This other
control field is, as shown in Figure 3, preferably
produced by an electrode combination comprising
two rings or plate electrodes {9 maintained at
the same potential, and it may be shielded against
the original control field between the rings 12 by
a further screen electrode 20, preferably a tubu-
lar sheet metal electrode with an annular slit or
aperture.  For such a control of the beam am-
perage and hence also of the steepness of the
characteristic  practical possibilities of applica-
tion are seen when the tube operates by means
of the plates 12 as a transmitter which can be
modulated by means of the second control field
electrode 19, or when the degree of amplifica-
tion of the tube is to be controlled for instance
for the purpose of automatic volume control or
the like. In this connection there may also be
considered the simultaneous amplifieation of two
different frequencies by means of the two elec-
trode combinations or systems 12 and 19,

Finally the principle of the invention may also
be readily applied to multiple tubes so made that
a long axial cathode common to several electrode
systems emits several disc beams in planes par-
allel to each other. One .practical example of
construction for multiple tubes is shown in Fig-
ure 4. The individual tube stages are for the
sake of simplicity shown as made in_accordance
with the Figure 1, and in the example repre-
sented they are connected in series in the man-
ner of a resistance capacity amplifier in cascade.
The interspace left between the individual stages
to avold capacitive disturbance coupling may to
advantage be protected against the entrance of
electrons, preferably by shielding sleeves- 21 dis-
posed along the cathode between stages, and the
coupling which may be present in spite of these
sleeves can be reduced to a minimum by radial
metal shields 22 constituting radial disc exten-
sions of the sleeves and extending between stages.
The series connection of the tube stages is con-
ventional, including the load resistors 23 and
biasing resistors 24. Obviously the individual
tubes or stages of this multiple arrangement may
also be connected in many other ways and com-
binations.

I claim:

1. An electron discharge device comprising a
rectilinear cathode, a singe annular imperforate
anode surrounding said cathode, an annular equi-
potential control electrode combination inter-
posed between and concentric with said cathode
and anode and comprising a pair of parallel

flat rings spaced to provide an annular slot ex-

tending transversely of said cathode and bisected

by the median plane of said anode, said rings

being positioned to form the discharge from said

cathode to said anode into a lenticular beam, and

an electron lens electrode combination interposed
between said control electrode combination and
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said anode for focusing said lenticular beam on
said anode in said median plane, said electron
lens electrode combination comprising two an-
nular equipotential lens electrode combinations
of different diameters mounted concentric with
said cathode and between said control electrode
combination and said anode, each of said lens
electrode combination having an annular slot
aligned with the annular slot in said control
electrode combination, the lens electrode nearest
the control electrode combination being a tubu-
Jar sheet metal electrode with walls perpendicular
t0 said median plane of said anode.

2. An electron discharge device comprising a
cathode, a single annular imperforate anode
surrounding said cathode, an annular equipo-
tential control electrode combination interposed
between and concentric with said cathode and
anode, said control electrode combination com-
prising a pair of parallel flat rings extending
transversely of said cathode and spaced to pro-
vide an annular slot bisected by the median plane
of said anode, a tubular sheet metal electrode
surrounding said control electrode combination
with its wall perpendicular to the median plane
of said anode and having an annular slot aligned
with said annular slot in said control electrode
combination, and an annular equipotential elec-
trode combination surrounding said tubular elec-
trode and having an annular slot aligned with
the annular slot in said tubular electrode, said
electrode structure being adapted to form the
discharge from said cathode to said anode into
a lenticular beam focused on said anode.

3. An electron discharge device comprising a
rectilinear cathode, a single annular imperforate
anode surrounding said cathode, an annular
equipotential control electrode combination in-
terposed between and concentric with said cath-
ode and anode and comprising a pair of parallel
flat rings spaced to provide an annular slot
extending transversely of said cathode and bi-
sected by the median plane of said anode, said

rings being positioned to form the discharge from

said cathode to said anode into a lenticular beam,
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and an electron lens electrode combinations in-
terposed between said control electrode combina-
tion and said anode for focusing said lenticular
beam on said anode in said median plane, said
electron lens electrode combinations comprising
two sheet metal tubular electrode combinations
of different diameters mounted concentric with
said cathode and between said control grid and
said anode with their walls perpendicular to said
median plane of said anode, each of said tubular
electrode combinations having at the middle an
annular slot aligned with the annular slot of said
control electrode and with imperforate portions
on each side of said slot extending beyond the
planes of said flat rings.

4. An electron discharge device comprising a
cathode, a single annular imperforate anode sur-
rounding and coaxial with said cathode, and two
annular equipotential electrode combinations of
different diameters, each comprising two flat
rings of equal diameter spaced to provide an
annular slot, said electrode combinations being
mounted coaxially with and transversely of said
cathode with said annular slots aligned and bi-
sected by the median plane of said anode, and
an equipotential tubular sheet metal electrode
combination interposed between said annular
electrode .combinations with its wall perpen-
dicular to said flat rings and having an annular
slot in registry with the annular slots in said
annular electrode combinations.

5. An electron discharge device comprising an
elongated. cathode, a plurality of cold electrode
assemblies spaced along said cathode to cooper-
ate with separate and distinct portions of said
cathode, each of said assemblies comprising an
annular anode and an annular equipotential con-
trol electrode combination surrounding and co-
axial with said cathode and having an annular
slot in registry with said annular anode, and
metal discs extending radially from said common
cathode between said cold electrode assemblies
to electrostatically shield each of said assemblies
from the others.
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