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This invention relates to a device of the electric dis-
charge type of which discrete points can be caused to
luminesce to produce & desired visible image.

In image reproduction systems, such as television, radar,
facsimile transmission, oscillography and the like, a cath-
ode-ray tube is frequently employed, in which a concen-
trated electron beam strikes a phosphor screen to produce
light. In order to draw the required image, it is necessary
for the electron beam to be deflected in two directions,
so that each desired point of the image surface can be
impacted by the beam. This is generally realized by
means of a deflection system which is usually arranged
near the electron gun producing the beam. If it is also
necessary to vary the intensity of the luminous spot on
the image screen, as in television, this may be attained in
a simple manner by varying the voltage of one electrode
in the electron gun, as a rule, the so-called Wehnelt cylin-
der, which is frequently referred to simply as the control-
grid. Such tubes enable the production of excellent im-
ages of high luminous intensity and rich in contrasts.
However, an important drawback of such devices is that
the requirements for the geometrical construction of the
electron gun are very severe, in order to obtain a sharply
defined luminous spot of high light intensity, of which the
shape and the luminous intensity do not vary when
the spot is deflected across the image screen. Further, if
electro-magnetic deflection is employed, the deflection
coils must be wound in a manner such that astigmatism
is minimized. There is a further limitation of no less im-
portance in that large images require a very considerable
length of the tube. It is therefore very difficult to incor-
porate the tube in a cabinet, and the weight of the tube
is materially increased.

The invention provides a new solution to the problem
of composing an image, in which the disadvantages set
out above are reduced to a considerable extent.

The principle underlying the invention is that instead
of using an image surface of which any point can be
caused to luminesce, use is made of an image surface of
which only discrete points are excitable to produce light
under particular conditions. This is achieved in accord-
ance with the invention by employing a pair of grids, each
of which is constituted only of wires which do not inter-
sect one another. The grids are arranged substantially
parallel to one another in such a manner that each wire
of one of the grids crosses or intersects all of the wires
of the other grid. Thus, viewed from a direction at
right angles to the surfaces of these grids, a very large
number of crossings or intersections are obtained; the
areas of these crossing can be selectively luminesced in
various ways, as will be set out more fully hereinafter.

The composition of an image by means of a system em-
ploying crossed wires requires that, in some way or other,
two wires, i.e., one of each grid, must be energizable at
will so that it may be definitely determined which cross-
ing is to produce light at a particular moment. It is obvi-
ous that the desired wires may be selected or switched-in
in various ways, but in any event, a very rapid switching
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or selection action is required. In accordance with the
invention, use is therefore made of two electron beams for
successive switching of the grid wires, each of which is
associated with one of the two grids and each of which
is deflected in a single direction. Consequently, by de-
flection of the two electron beams, each discrete point of
the image surface can be excited to produce light. In
accordance with a further aspect of the invention, the
light is produced by providing a potential difference be-
tween the two wires selected to produce the light point; to
this end, electrons are supplied to a wire of one grid and
electrons withdrawn from a wire of the other grid. If
the electrons were supplied to or withdrawn from only
one grid wire, a potential difference would obtain at all
crossings of this wire with the wires of the other grid.
Consequently, one would obtain not one luminescent dot,
but as many luminescent dots as there are crossings of
this wire with the wires of the other grid.

Based upon the principles outlined above, an electrical
device according to the invention, the image surface of
which can be caused at discrete points to luminesce, may
be constituted as follows. The electric discharge device
comprises a first, substantially flat grid member having
only wires which do not intersect with one another, and
a plurality of secondary-emission electrodes equal in num-
ber to the number of wires of the grid and each of which
is connected directly to one of these wires. There is also
provided a first electron gun producing an ¢lectron beam,
a first deflection system for causing the beam to scan the
secondary-emission electrodes, and a counterelectrode or
collector to receive the emitted secondary electrons.
Apart from this structure of electrodes, which will be re-
ferred to hereinafter as “the first system,” the discharge
device also comprises a “second system” including a sec-
ond grid member which is substantially parallel to the
plane of the first grid and which has only wires which do
not intersect one another, but which wires are each ar-
ranged to cross all of the wires of the first grid. In addi-
tion, the second system includes a plurality of auxiliary
electrodes equal in number to the number of wires of
the second grid, together with a second electron gun pro-
ducing an electron beam and a second deflection system
for causing the second beam to scan the auxiliary elec-
trodes. Apart from these two systems, which enable a
determination of the discrete points of the image surface
to be luminesced, the discharge device includes means to
convert a potential difference occurring at a particular
image point between the crossed wires into light, either
visible or invisible, as desired.

The invention also relates to a system including the dis-
charge device described above, in which an electrical
signal is supplied to the first deflection system which de-
termines which wire of the first grid is energized or con-
nected or switched-in, a positive bias voltage V1 is sup-
plied to the counter-electrode, and an electrical signal is
supplied to the second deflection system, which deter-
mines which wire of the second grid is switched-in. In
order to stabilize the operation of a discharge device ac-
cording to the invention, it may, in some cases, be desir-
able to connect each wire of the first grid through a high-
ohmic resistor to.a common point of positive potential
V2, which is lower than V1. The wires of the second
grid may also be connected through high-ohmic resistors
to a‘common point having a positive bias voltage V3. If
the electron beams move in a plane parallel to the grid
surfaces and at a small distance therefrom, the use of
such resistors is of particular value; otherwise, the poten-
tial of the grid wires, which would then not be constant,
would produce unwanted deflections of the. electron
beams. The bias voltages V2 and V3 need not be equal
to one another. In order to.simplify the further descrip-
tion of the invention, a discharge device in which both the
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wires.of the.first grid and those-of.the second grid are
connected through such high-ohmic resistors to points of
positive bias voltages V2 and V3, respectively, will be de-
scribed ‘hereinafter. As .a rule, the voltage is calculated
with respect to the cathodes of the electron guns.

The device according to the invention exhibits the fol-
lowing important advantages. The image points are no
longer determined by the impact of an electron beam on
a luminescent screen, but only by the-intersections of two
wires. These intersections will always have the same
form and the same dimensions. The electron beams of
the-guns-are employed only as-switching-means for the
wires. Consequently, their only- requirement is that a
quantity -of -electrons can-be- transported: to- strike-either

a-secondary emission electrode or an auxiliary electrode. 1

The shape of the-cross-section of the beams- at the in-
stant of impact op these- electrodes-is -therefore in princi-

ple not important. The beam may: thus be ribbon-shaped,

instead of being circular, as was required ‘with-the known
devices. This has the advantage that more electrons can
be transported. A further advantage is that the electron
beams need be deflected only along one direction over the
secondary emission electrodes or the auxiliary electrodes.
Consequently, there is no need for complicated deflection
systems, particularly, where, as here, the shape of the
beam cross-section is-not very important, so that it may
vary upon deflection. Further, one of the most important
advantages is that the dimensions of the discharge tube
according to the invention may be materially smaller than
those of the tubes hitherto used. This is partly due to the
fact that the shape of the point of impact of the beam and
the method of deflecting the electron beam need not fulfill
severe requirements, and partly due to the general geo-
metrical construction of the complete electrode system.
Hence, the total length of the device from the electrode
struck by the beam to the cathode of the electron gun may
be small. If the direction of the electron guns is at right
angles to the surface of the grids, the three dimensions
of the discharge device according to the invention are
determined substantially entirely by the length of the
image to be produced, the width thereof, and the length
of the electron gun plus the deflection means. A particu-
larly advantageous embodiment of a discharge tube ac-
cording to the invention has a still smaller dimension in
a direction at right angles to the grid surfaces, since in
this embodiment the direction of the electron beams and
hence that of the electron guns is not at right angles to
the grid surfaces but parallel thereto. Thus a completely
flat, box-shaped discharge tube is obtained, which can be
readily incorporated in a cabinet having a small depth.
In this embodiment, the two electron beams required may
even be caused to pass in front of the. grids.

The invention will now be described with reference to
the-accompanying drawing, in which:

Figs. 1, 2 and 3 are views of constructions illustrating
the principles underlying the invention;

Fig. 4.is a perspective view of one form of discharge
device according to the invention, in which the electron
beams are. directed parallel to the grid surfaces;

Fig. 5 is a perspective view showing details of the con-
struction illustrated in Fig. 4;

Fig. 6 shows. diagrammatically another embodiment of
a singleﬁ electrode of the device illustrated in Fig. 5;

Fig. 7 shows still a further embodiment of the electrode
system of Fig. 5, in which current distribution is obtained;

Fig, 8 is a view. of another embodiment of the electrode
system’ of Fig. 5;

Fig, 9 is-a view of a detail of a construction according
to another embodiment of the invention;

. F{g 10 shows a detail of a further embodiment of the

mvention;

Fig, 11 illustrates the use of the invention in a tube. for

coloir television. -
.'R:efe'r‘ring_ now to the drawing, Fig. 1 shows a pair of

grids each having wires designated by reference numerals
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1 and 2, respectively. The wires 1 of the first grid are.

located in a flat plane, and the wires 2 of the second grid
in a different flat plane which:is parallel to the plane of
the wires 1. With this construction, a large number of
crossings or intersections of the wires 1 and 2 are formed.
At these crossings, the-distance between two wires of the
two grids is designated by the reference numeral 3. If
the potentials of a particular wire 1 and of a particular
wire 2 are raised and reduced, respectively, a voltage dif-
ference. is produced at their crossing, which difference
may be employed to produce a luminous effect at that
area. This may, for example, be obtained in the follow-
ing manner,

Between: the wires, provision is made of a layer of elec-
tro-luminescent material 4, as is shown in Fig. 2, in which
the wires are now designated 5.and- 6, respectively. A
suitable material is, for example, copper activated zinc
sulfide.. It is known that-an-electre<luminescent material
produces:light when it is disposed-between two.electrodes
between which a potential difference exists. Conse-
quently, if at a crossing. between a wire. 5-and a wire -6
such a:voltage difference is:produced, the. luminescent
material at this crossing and only at this crossing will -be-
come luminescent. Thus, if :in some way or other, the
wires 5 and 6 are.energized or switched-in, a luminous

phenomenon may be produced at any. crossing.. It is ob- .

vious that in this manner an-image may be:composed by
switching-in the wires 5 and 6 of the two grids in a partic-
ular order of succession. Instead-of:using wires, conduc-
tive strips may be provided on the. electro-luminescent
material. In this latter case, the material will have to be
electrically .insulating.

The light may-be produced at the desired:crossings not.

only by using electro-luminescent -material, but also by
other means. For example, if the wires of one of the
grids are shaped in a particular form, for example, with
sharp edges or points, and if means are employed to
render this grid negative during the operation of the de-
vice relative to the other grid, a so-called “cold” or “field”
emission will occur at a particular voltage difference from
the negative wires to the wires of the other grid. Now,
by coating the wires of the other grid with a material
which produces light upon electron impact, like the well
known phosphor materials, e.g. willemite, a luminescent
image will also be produced.

As an alternative, the wires which become negative
during the operation of the device may be coated with
one of the well known. photo-emissive materials, e.g.
caesium oxide. If a source of radiation is provided in-
side or outside the tubs to excite this photo-emissive ma-
terial, emissicn of the electrons from the wires thus
coated will be produced. Only at the point where a
positive field gradient prevails will a. directional photo-
current be produced and will the. photo-electrons. reacl
the positive wire. Consequently, this will occur only at
a crossing of a negative wire and.a positive wire. Again,
if the positive wires are coated with a phosphor material
which will luminesce upon electron impact, a luminous
image may be composed.

There is a possible further. alternative in:which the
tube or at least the. part thereof between the. grids. is

filled with a suitable. gas. e.g., neon or krypton, under a.

particular pressure e.g., 10~ of mercury, in a manner
such that at a suitable voltage. difference produced. at
a crossing, a luminescing gas discharge. will- be pro-
duced at that area.

Although in the foregoing description, reference is
made to “light,” it is obvious that this does not neces-
sarilv mean visible radiation, though this would be the
preferred arrangement. Alternatively, use may be made
of a radiation which is not visible to the human eye,
since this radiation may be converted by various well-
known means into visible light. Also, for particular
purposes, such @ conyersion may not even be necessary.
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For example, in the case of photographs used for fac-
simile transmission.

Fig. 3 shows diagrammatically how particular grid
wires can be energized or switched-in by means of electron
beams. In this figure, the wires of one grid are desig-
nated 7 and the wires of the other grid 8. The ends
of the wires 7 can be switched-in by an electron beam
9, which may be produced by an electron gun 10 and
deflected over the ends of the grid wires 7 by an eleciro-
static deflection system comprising plate-shaped electrode
11 and 12. The ends of the wires 8 may be switched-in
in a similar manner by an electron beam 13, which is
produced in an electron gun 14 and deflected by means
of a set of deflection plates 15 and 16. Of course, in-
stead of using electrostatic deflection systems, one may
use electromagnetic deflection systems.

The position of the electron guns may be chosen within
wide limits. This is illustrated in Fig. 4. Referring to
that figure, reference numeral 17 designates a box-
shaped envelope of a discharge tube according to the in-
vention. This box-shaped envelope is provided with
two side cylindrical branches 18 and 19 communicating
with the interior. The box 17 contains two grids 20 and
21. The branch 18 contains an electron gun 22 and
a set of deflection plates 23 and 24, Thus a beam may
be obtained and deflected from that branch, this beam
extending substantially parallel to the planes of the grids
26 and 21. On the side opposite the branch 18, the
wires of the grid 21 are connected to upright plates 25.
The electron beam of the gun 22 may thus cooperate
with these plates 25 and selectively switch-in the wires
of the grid 21. In a completely similar manner, an elec-
tron gun 22’ and a set of deflection plates 23’ and 24’
in the branch 19 cooperate with the wires of the grid
21. Instead of providing plates 25, the ends of the
grid wires may be bent, so that the electron beams can
impact on these ends.

In the embodiments shown the grids have wires ex-
tending parallel to one another in each grid, and the
wires of the different grids cross each other at right
angles. This is, however, not necessary. What is merely
necessary is that crossings are produced all over the
image surface, however obtained.

It has been explained in principle how discrete points
of an image surface of a discharge device according to
the invention may be selected and caused to luminesce
by raising the potential of a wire of one grid and re-
ducing the potential of a wire of the other grid. This
may be accomplished in the following manner. The
potential of an electrode is increased by connecting it
to an emitting electrode. With a discharge device ac-
cording to the invention, it is, of course, not practical
to use a filament wire as the emitting electrode, since in
this case it would be very difficult to provide an increased
potential at a particular wire. In accordance with the
invention, the wires of one of the two grids, termed the
first grid, are each connected to a secondary-emission
electrode. A plurality of such secondary-emission elec-
trodes are arranged in one plane alongside but spaced
from one another within the tube. By means of the
electron beam from the first gun, secondary emission
can be selectively produced from any secondary-emis-
sion electrode at a given instant. If more electrons are
produced than impact this electrode, which is readily
attained with conventional secondary-emissive materials,
the potential of this secondary-emission electrode will
increase and hence also that of the grid wire connected
thereto. The potentials of the other wires, which are
connected to non-impacted secondary-emission electrodes,
remain at predetermined levels, since each wire and
hence each secondary-emission electrode is connected
through a high-ohmic resistor to a common point having
a positive potential V2. A suitable secondary-emission
material is, for example, magnesium oxide.

In this connection, it may be observed that these high-
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6

ohmic resistors may be provided inside or outside the
electric discharge device. They will preferably be ar-
ranged inside the tube, where they are connected to a
single electrode, which in turn is connected via a cur-
rent supply wire to the external circuit. Thus, a large
number of through-connections in the envelope is avoided.
The high-ohmic resistor may, in this case, be constituted
by a portion of a semi-conductive strip. Also the sec-
ondary electrons must, of course, be collécted, and to
this end a counter-electrode is provided in the proximity
of the secondary emission electrodes, which counter-
electrode may be connected to a positive voltage Vi,
which exceeds V2.

Fig. 5 shows one such embodiment of the system com-
prising secondary-emission elecirodes and counter-elec-
trodes. In this figure, reference numeral 26 designates
part of the envelope of the discharge device. The wires
of one grid are designated 27. They are each connected
to one of a series of secondary emission electrodes 28.
These secondary-emission electrodes are in turn connected
through a common semi-conductive strip 22 to a conduc-
tive strip 30, which may have a positive potential V2 ap-
plied thereto. In front of the series of secondary-emis-
sion electrodes 28, there is provided a counter-electrode

.31, in which apertures 32 are provided. Reference nu-

meral 33 designates an electron beam which originates
frem an electron gun composed of a cathode 34, a con-
trol electrode 35, an accelerating anode 36 and a final
anode 37 associated with a deflection system, consisting
of two plates 38 and 39. By means of the deflection
system, the beam can be selectively directed to any one
of the secondary-emission electrodes 28 through the aper-
tures in the counter-clectrode 31. The latter is connected
to a point of a voltage source 8¢ having a voltage Vi,
which exceeds V2. Secondary emission from the impacted
electrode will cause the potential of the latter to be in-
creased, while the potentials of the remaining electrodes,
and wires- secured thereto, will remain the same. The
resistance between each of the secondary emission elec-
trodes 28 and the source of potential V2 should be of
the order of 108 «. -

A decrease in potential at an electrode can be ob-
tained only when electrons are supplied to this electrode.
The grid opposite the grid of which the wires are con-
nected to the secondary-emission electrodes, termed here-
inafter the second grid, must, consequently, receive elec-
trons from a source of electrons. This may be realized
in a very simple manner by connecting them to auxiliary
or electron-receiving electrodes, which are mounted to be
struck by the electron beam from the second electron
gun. Thus, a structure is obtained in which a series of
auxiliary electrodes is provided in the device opposite the
second electron gun and the associated deflection system.
Now, by suitable energization of the deflection system,
a particular auxiliary electrode can be struck by the beam,
in which case the potential of this electrode and of the
grid wire connected thereto drops. The auxiliary elec-
trodes not struck and the wires connected thereto remain
at ‘a predetermined positive potential, since they are ail
connected through high-ohmic resistors to a source of
positive voltage V3. These high-ohmic resistors, 10° chms
being a typical value, may be provided inside or outside
the discharge device and be constituted, if desired, by
parts of semi-conductive strips. Fig. 5 shows diagram-
matically also this second system. The auxiliary elec-
trodes 40 of the second system are each connected through
a high-ohmic resistor 41, to a common current supply
wire 42. This supply wire 42 may be connected in turn
outside the tube to a source 81 having a voltage V3.
Reference numeral 43 designates an electron beam which
is produced by an electron gun of a construction similar to
that cooperating with the first system and which may be
deflected by means of a deflection system over the elec-
trodes 49. By the construction described in connection
with Fig. 5, it will be possible to achieve potential differ-
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ences between the energized wires of the order of 250
volts. Reference numeral 44 designates a layer of elec-
troluminescent material which emits radiation when ex-
cited by this voltage.

Instead of the electroluminescent layer 44 in Fig. 5 a
shallow closed box may be used filled with a suitable gas,
¢.g. neon or krypton or a mixture thercof, at a pressure
such that due to the potential difference set up at a cross-
ing point a tiny luminescing gas discharge is generated.

Instead of using the special secondary-emission elec-
trodes 28 and the. auxiliary electrodes 48 of Fig. 5 the
terminations of the grid wires connected to these elec-
trodes may be employed, these terminations being bent
at right angles to intercept the electron beam. Further,
in lieu of supplying electrons to the second grid by direct-
mg the electron beam from the second gun to the grid
wires or auxiliary electrodes connected “directly thereto
for direct current, the electron beam may be caused to

strike separate auxiliary electrodes provided in the tube.

opposite the ends of the wires of the second giid wherein
these electrodes have secondary-emission properties.. Such
an embodimient is shown in Fig. 6, in which 49 desig-
nates a single grid wire. The auxiliary electrode is desig-
nated by 5@; it is struck by an electron beam 51. If the
electrode 50 .possesses secondary-emission properties on
the side facing the wire and if it is at a potential V4
during operation—V4 being lower than the potential of
the wire 49—the secondary electrons produced by the
beam 51 from the electrode 56 will travel to the wire 49,
the potential of which will thereby be reduced. It is as-
sumed -that a high-ohmic resistor connected to the elec-
trode 49 has a value such that the secondary electrons
are not conducted away too rapidly, so that the potential
of the wire 49 remains substantially constant. Further,
in order to improve the collection of the secondary elec-
trons, additional electrode 52 may be corinected to the
wire 49 as shown in the figure. This additional electrode
52 may, for.example, be replaced by the widening of an
end of the wire 49 bent at right angles, This.construction
has the advantage that only one secondary-emission elec-
trode is required for all the wires.

By means of a discharge device of the kind described
with reference. to the foregoing figures, each discrete point
of the image surface, i.e. each crossing of the wires of
the two grids, may be caused to luminesce by supplying
suitable signal voltages to the two electron guns and the
asscciated deflection systems. In many cases, for exam-
ple with radar and oscillography, this will suffice; but in
other cases, for example televisicn and facsimile trans-
mission, it is furthermore required that in addition the
intensity of the light produced at a point is controlled.

This may be achieved in several ways.

There are available two electrode systems and the as-
sociated grids. The signal controlling the luminous in-
tensity may be applied to one of the two systems.
will first be described an arrangement in which the inten-
sity control-signals are applied to the first system. The
most simple control is, of course, that in which the con-
trol voltages are applied to a control grid provided in the
electron gun, for example, a Wehnelt cylinder. Thus,
the intensity of the electron beam can be varied and hence
the secondary emission of the electrode struck by this
beam, and hence also the potential of the grid wire con-
nected-thereto. The value of the increase in potential of
this wire depends, of course, upon the intensity of the
clectron beam. It is assumed again that the charge can-
not be dissipated very rapidly due to the high-ohmic
resistors.

A further method of controlling the intensity of the
secondary emission resides in that the current transmitted
by the beam is distributed, in accordance with the in-
tensity control-signal, over the secondary-emission elec-
trode and an additional collecting electrode. Such an
embodiment is shown in a cross-sectional view in Fig. 7.
In this figure, reference numeral 53 designates a-single
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grid wire, which is connccted to a secondary-emission
clectrode. 54, In front of this electrode 54, which is at a
potential V1, provision is made of a counter-electrode 55
with a window 56: An’ additional electrode 57 is ar-
ranged behind -and to the side of the secondary-emission
electrode 54. An electron beam 58 may be deflected by
a deflection system (not shown) over the series of sec-
ondary-emission . electrodes along a direction at right.
angles to, the plane of the drawing. As is evident from
the figure, part of the electron flow is collected by the
secondary-emission electrode 54 and another part is col-
lected by the additional electrode 57. The ratio of the
current distribution of these parts is determined by the
potential of a deflection electrode 59; which is provided
alongs1de the beam 58 and-to which the intensity control-
signal is applied. 'This electrode 59 may be common to
all-the secondary-emission- eléctrodes. Instead of- arrang-
ing it near the seconda.ry-ermssmn electrode, it may be
arranged near the electron gun: It'need not, in the lat-
ter case, be-very large, so that it has a lower capacity
and it will thus operate more satisfactorily at higher
frequencies.

Instead -of using two electrodes 54 and 57, only the
electrode 54 with secondary-emission properties could be
utilized,” in which case the surface facing the electron
beam could be prepared in a manner such that the sec-
ondary-emission coefficient is not the same at all points.
In this case, the secondary-emission current would depend
upon the area where the beam 58 strikes the electrode 54,
so that the desired control may be carried out by means
of the deflection electrode §9. If desired, use may also
be made of the fact that secondary emission: varies with
the angle at which the primary electrons strike the sec-
ondary-emission surface.

With: the ‘intensity control described above, it is-neces-
sary that the potential of -the wire of - the second: grid-
which is_energized should not or substantially not-vary
with the-current between the two switched-in wires; this
current-will be termed hereinafter-the discharge current.
This will be- the - situation when the auxiliary electrode
of the-wire of ‘the second:grid which is energized- has
secondary-emission - properties. However, it is possible-
to obtain a potential of the wires of the second ‘grid which
is independent -of -the discharge-current by -so-called cur-
rent distribution. In this-case; auxiliary electrodes may
be -used, which -are connected directly for -direct-currents
to the wires -of the second grid. The term “current dis-
tribution” is. to- be- understood ‘to mean-that the-potential
of thee duxiliary electrode-energized-and hence that-of the
switched grid wire determines-what part of the current
of the second-eicctron beam will strike the auxiliaiy elec-
trode. To this end; it is necessary-that near-the auxiliary--
electrode, there should be provided an-additional deflec-
tion electrode which is conductively connected for direct
current with- the auxiliary electrode and which is ar-
ranged in- a manner- such that defiection- of the beam.
causes a larger or smaller part thereof to strike the aux-
iliary electrode. A part of the electrode system ex-
hibiting this characteristic is shown-in Fig. 8. 1In this
figure, reference numerals 69, 61, 62 and 63 designate
the auxiliary--electrodes connected to the wires 64, 65,
66 and- 67 The electron beam is designated by 63.
Each auxiliary -électrode has-a transverse- partition: 69,
70, 71 -and 72 respectively, which extends alongside the
electron beam 68: Due to the potential of the parts 69
to 72, the beam will be deflected. Behind and above.the
auxiliary electrodes is arranged a-.common collecting elec-
trode 73.. The potential of -each grid -wire and hence of
the deflecting parts 69 to 72 determines how much-of the
electron beam 68 will strike the auxiliary electrodes 66
to 63 and how much will strike the collecting electrode
73. 1Itis evident that thus the potential of the grid wires
64 to 67 becomes substantially independent of the dis-
charge current, since a distribution equilibrium will be

75> established.” The electrode 73 'is, of course, not strictiy
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required, but, as a rule, it will be desirable to provide
that the electrons not collected by the auxiliary electrode
will not travel freely about in the tube. - The construction
shown in Fig. 8 may, of course, be also varied in a man-
ner such that the additional deflection of the beam takes
place in the same direction in which the series of auxil-
iary electrodes is scanned. To this end, the deflecting
transverse partitions of the auxiliary electrodes may be
provided on the other sides of these electrodes.

The above constructions involve control of the inten-
sity of the discharge in the first system. It is, however,
possible to carry out this control in the second system.
This has the advantage that no particular measures are
required to render the potential of the first grid inde-
pendent of the discharge current, since the wires of the
first grid are connected in any event to a secondary-
emission electrode. As with the control in the first sys-
tem, control in the second system may be accomplished
by a grid in the electron gun or by means of an addi-
tional deflection system provided alongside the auxiliary
electrodes or near the electron gun, the potential of this
deflection system, which is determined by the intensity
control-signal supplied thereto, determining how much
of the electron beam from the second electron gun will
strike the auxiliary electrode. The larger this amount
the lower will be the potential of the grid wire connected
to the auxiliary electrode. As with the control in the
first system, the electron beam may be deflected by means
of the additional deflection system in a direction which

does not coincide with the direction in which the electron -

beam is deflected by the other deflection system  asso-
ciated with this electron gun, and which is preferably at
right angles thereto. However, as an alternative, these
two directions may be caused to coincide. ‘With all
methods described above for the control of the intensity
of the discharge by supplying signals to electrodes of the
second system, it is possible to -utilize or not to utilize
secondary-emission. - It is only essential that the quan-
tity of electrons striking the grid wires should vary with
the intensity control-signal. Also in connection with con-
trol in the second system, use may be made of a varying
secondary-emission factor, either by a variation of the
angle of incidence of the second beam on a secondary-
emission auxiliary electrode, or by a variation of the
secondary-emission coefficient over this surface at dif-
ferent points; -

In Fig. 9 of the drawing part of a number of crossing
grid wires is shown for an embodiment of the invention
which does not use electroluminescent material. In this
Fig. 9, 90 designates a cross-section of three wires of the
first system, the potential of which is raised during opera-
tion of the tube. The wires 90 are coated with a layer
91 of a material luminescing under electron impact, such
as willemite, Reference numeral 92 designates a wire
of the second system, the potential of which is lowered
during operation of the tube. This wire 92 is provided
with sharp points 93 on the side of the wires 91. At a
crossing of a wire 99 which bas become positive and a
wire 92 which has become negative “cold” or “field”
emission will occur with the wire 92 functioning as the
cathode and the wire 90 as the anode. Then elecirons
strike the luminescent coating 91 of that particular wire
90, which thus shows a luminescent point.

Fig. 10 shows another embodiment of the invention
which does not use electroluminescent material. With
reference numeral 94 part of a wire of the first system
is designated, which is coated with a material 95, e.g.
willemite, luminescing under electron impact. Three cross-
sections of wires 96 of the second system are shown, which
on the sides facing the wire 94 are covered with photo
emissive material, e.g. caesium oxide. A source of radia-
tion 98 which may be placed inside or outside the tube
throws its rays on the coatings 97 and thus provokes an

electron emission. If at a particular crossing of a wire-

94 and a wire 96 a suitable potential difference prevails
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10
these emitted electrons will flow in the direction of the
wire 94 and strike the luminescent coating 95, which
thereupon emits its particular radiation. The source 98
may be so chosen that its radiation does not excite directly
the luminescent coating 95 on the wires 94.

The arrangements and discharge devices described
above may be used for the reproduction of television
images. In this case, the two sets of grid wires are
energized either by means of so-called step voltages or
by means of saw-tooth voltages, which are applied to.the
deflection systems of the two guns. These voltages are
then synchronized by means of incoming synchronizing
pulses. In this instance, it is advantageous to make the
number of grid wires equal to the number of lines of
the image to be reproduced. During the tracing of one
line, the same grid wires may be used. The transition of
the electron beam from one grid wire to the next wire
may thus be synchronized with the line synchronizing
pulses. In this case, the number of grid wires is min-
imized.

A device according to the invention may also be suit-
able for the reproduction of color images. To this end,
the system described above may be provided with a mul-
tiple grid. As a rule, three primary colors will be em-
ployed, and hereinafter such a system will be described
for the sake of simplicity.

In general, it is not necessary to provide triple the
number of wires for the two grids, but it will suffice to
triple only the number of wires of one grid. It is obvious
that with this grid, three electron beams may be employed
so that each color may be reproduced separately. Such
a discharge device is, however, rather complicated. A
simpler solution is possible employing two electron guns,
and in which the number of wires of the first grid is tripled
and three adjacent wires of this grid are always simulta-
neously energized. These three wires are coated with
three different luminescent materials, which produce the
primary colors upon electron impact, or they cooperate
with three similar electro-luminescent substances. If a
common counter-electrode is provided for the secondary-
emission electrodes of the first grid of all wires associated
with one color, a simultaneous reproducing system may
be obtained by supplying to this counter-electrode suitable
color intensity signals, and a signal for the total brightness
to the intensity control-electrode of the second system.
Mow, if E; designates the total brightness signal, and E,,
B, and Ejy, the intensity signals for the different colors, the
signals E,—Ey, B;—; and Ey,—E, are supplied to the
counter electrodes of the first system. To the intensity
control-electrode of the second system is supplied the
signal E;. Thus, the voltages E,, E; and Ey, are obtained
between the wires.

In Fig. 11 the above described system with only the
number of grid wires corresponding to the first grid in
the other figures is shown tripled. This grid is composed
of a large number of parallel wires, part of which is
shown and designated with the reference numerals 161—
109. These wires are connected to secondary emissive
strips which for the sake of simplicity will here be desig-
nated with-the reference numerals 1§1s, 102s etc. These
strips are fastened to a block 108 of insulating material,
e.g. that known under the trade name “Kersima,” and
cooperate with counterelectrodes 111—119 which collect
the secondary electrons. The electrodes 111—119 are
equally fastened to the block 108 and in fact consist of
the obliquely bent teeth of three camlike strips 120, 121,
and 122, Thus the electrodes 111, 114 and 117 are
directly connected to each other as well as the electrodes
112, 115 and 118 and the electrodes 113, 116 and 119.
At the back-side of the block 100 the strips 128, 121 and
122 are insulated from each other by insulating strips 123
and 124, e.g. consisting of mica.

The secondary emission strips 101s to 169s are con-
nected to a metal strip 125 by the intermediary of a semi-
conducting strip 126,
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The electron beam is designated with 127; it is de-
flected in the direction of the double pointed arrow and
has a dimension in the déflection direction such that it can
strike three secondary emission strips at the same time.

The grid wires 161—1909 cooperate with the wires of
a second grid (not shown) extending in directions per-
pendicular to the wires £03—169. This part of the elec-
trode system is exactly identical to that shown in the
foregoing figures.

To explain the working of the color television tube it
is supposed that the light is generated in the way illus-
trated in connection with Fig. 10. Thus the wires of the

second grid have sharp points to provoke under suitable.

voltages, “cold” or “field” emission. The wires 101, 104
and 187 are covered with blue luminescing material, e.g.
titanium activated calcium-magnesium-silicate, the wires
192, 185 and 3108 with green luminescent material, e.g.
copper-activated zinc-sulfide and the wires 103, 186 and
189 with red luminescent material, e.g. bismuth-activated
calcium pyrophosphate.

In the figure the beam 127 falls on the secondary emis-
sion strips 104s, 1855 and 166s and due to the emitted
secondary electrons contact will be established with the
strips 114, 115 and 116 and thus with the modulating
sources providing the signals E,—Ey, E,—F, and E—E,.
The wires 104, 165 and 106 will therefore equally obtain
the potentials Ey—Ey, E,—FE, and E,—E,. At a point
where these wires cross a wire of the second grid which,
in the manner explained in conmnection with the other
figures, is brought to a potential Ey, light will be generated
corresponding to By, E; or E,.

As explained in connection with Fig. 5 the counter-
electrodes 111—119 must be connected to a D.C. voltage
V1 and the secondary emission strips to a D.C. voltage
V1, V1 being greater than V2.

Between the obliquely bent strips 111 to 119 screening
means may be necessary to avoid interaction of the color
switching signals.

While we have described our invention in connection
with specific embodiments and applications, other modi-
fications thereof will be readily apparent to those skilled
in this art without departing from the spirit and scope
of the invention as defined in the appended claims.

What is claimed is:

1. An electrical device comprising a first grid mem-
ber and a second grid member each comprising non-in-
tersecting conductive members, the conductive- mem-
bers of the first grid providing with the conductive mem-
bers of the second grid a plurality of crossings, means
associated with said crossings for luminescing when a
potential difference between said conductive members
exists at said crossings, and means including electron
beam producing means to raise the potential of a con-
ductive member of said first grid and to lower the po-
tential of a conductive member of said second grid, there-
by to produce a potential difference therebetween at their
crossing and thus produce a luminescing spot thereat.

2. An electrical discharge device comprising a first
grid of spaced substantially parallel conductors, a sec-
ond grid of spaced substantially parallel conductors in
spaced relationship with said first grid, the conductors of
said second grid providing with the conductors of said

first grid a plurality of crossings, means associated with

the conductors at said crossings for producing radiation
when a given potential difference is established between
crossed conductors, first electron beam producing means
associated with said first grid for withdrawing electrons
selectively from the conductors thereof, and second elec-
tron beam producing means associated with said second
grid for supplying electrons selectively to the conductors
thereof, whereby simultaneously withdrawing electrons
from a conductor of said first grid and supplying elec-
trons to a conductor of said second grid establishes at
their crossing a potential difference sufficient fo generate
radiation thereat.
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3. A device as set forth in claim. 2 wherein one of the
electron beam producing means includes means for con-
trolling the intensity of the beam.

4. An electric discharge device as claimed in claim. 8
in which the light-producing means includes a layer of
electro-luminescent material disposed between the two
grids.

5. An electric discharge device.as claimed in claim 2.
in which the radiation” producihg means comprises a
layer of luminescent material on the conductors of the
first grid facing the second grid, said conductors of. the
second grid having sharp edges, whereby the potential
difference between the conductors of the grids will cause’
electrons to be emitted from the second grid and excite
the luminescent material to produce light.

6. An electric discharge device as claimed in claim 2.
wherein the radiation-producing means comprises & gas
filling between the two grids, whereby the potential differ-
ences between the two grids: produces a luminescent gas
discharge. '

7. An electric discharge device comprising an en-
velope, a substantially flat first grid in said envelope and
constituted of a plurality of spaced parallel wires, a plu-
rality of secondary-emission electrodes each coupled to
one of the wires- of said. first grid; first beam producing
means in said envelope for producing a first electron
beam, first deflection means for causing the first beam
to scan the secondary-emission electrodes to selectively
raise the potential of the wires coupled thereto, means
in the vicinity of said secondary-emission electrodes for
collecting electrons produced thereby upon being im-
pacted by the beam, a second grid mounted in the en-
velope substantially parallel to the first grid and con-
stituted of a plurality of spaced parallel wires, each of
the. wires of said second grid crossing substantially all of
the wires of said first grid and defining therewith a plu-
rality of crossings, a plurality of auxiliary electrodes
each coupled to a wire of the second grid, second beam
producing means in said envelope for producing a sec-
ond electron beam, second deflection means for causing
the second beam to scan the auxiliary electrodes to selec-
tively reduce the potential of the wires coupled thereto,
and means in the envelope associated with said first and:
second grids for producing light at the crossings at which
differences of potential exist.

8. An electric discharge device comprising an en-
velope, a substantially planar first grid in said- envelope
and constituted of a plurality of spaced parallel conduc-
tors, a plurality of secondary-emission electrodes éach
coupled to one of the conductors of said first grid; first
beam producing means for producing a first electron
beam mounted in said envelope such that the beam path
extends substantially parallel to and over the planar grid,
first deflection means for causing the first beam to scan
the secondary-emission electrodes to selectively raise the
potential of the conductors coupled thereto, means in
the vicipity of said secondary-emission electrodes for
collecting electrons produced thereby upon being im-
pacted by the beam, a second grid mounted. in the en-
velope substantially parallel to the first grid and con-
stituted of a plurality of spaced parallel conductors, each
of the conductors of said second grid crossing substan-
tially all of the conductors of said first grid and defining
therewith a plurality of crossings, a plurality of aux-
iliary electrodes each coupled to a conductor of the sec-
ond grid, second beam producing means for producing
a second electron beam mounted in said envelope such
that the beam path extends substantially parallel to
and over the planar grid, second deflection means for
causing the second beam to scan the auxiliary clectrodes
to selectively reduce the potential of the wires coupled:
thereto, and means in the envelope associated with said
first and second grids for producing light at the cross-
ings at which differences of potential exist.

9: An electric discharge device as claimed in claim 7,
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in which the secondary-emission electrodes constitute
part of the wires of the first grid.

10. An electric discharge device as claimed in claim 9,
in which the secondary-emission electrodes are con-
stituted by bent ends of the grid wires.

11. An electric discharge device as claimed in claim 7
in which the auxiliary electrodes constitute part of the
wires of the second grid.

12. An electric discharge device as claimed in claim
11, in which the auxiliary electrodes are constituted by
bent ends of the grid wires.

13. An electric discharge device as claimed in claim
7, in which the auxiliary electrodes exhibit secondary-
eaission properties and are mounted opposite and spaced
from the ends of the wires of the second grid.

14. An electric discharge device as claimed in claim,
3 in which the auxiliary electrodes include a portion
extending alongside the electron beam and adapted to
deflect the beam and thereby determining how much of
the beam will strike the auxiliary electrode, and an addi-
tional electrode is provided capable of collecting that
part of the beam which does not strike the auxiliary elec-
trode.

15. An electric discharge device as claimed in claim
8 in which an additional deflection system is provided to
contro! how many of the electrons from the first beam
producing means will strike the secondary-emission elec-
trodes.

16. An electric discharge device as claimed in claim
15 in which the additional deflection system is mounted
near the beam producing means and deflects the beam
in a direction at right angles to that due to the first
deflection system associated with this beam producing
means.

17. An electric discharge device as claimed in claim
8 in which an additional deflection system is provided
to control how many of the electrons from the second
beam producing means will strike the auxiliary elec-
trodes.

18. An electric discharge device as claimed in claim
17 in which the additional deflection system is mounted
near the beam producing means and deflects the electron
beam in a direction at right angles to that due to the
second deflection system associated with this beam pro-
ducing means.

19. An electric discharge device as claimed in claim: 7
in which a plurality of luminescent substances which
emit light of different colors upon being excited by elec-
trons are applied in a regular array to the wires of the
first grid and all the secondary emission electrpdes of
the wires of the first grid having the same h.nmnescent
substance are associated with common collecting means.

20. An electric discharge device as claimed in claim
7 in which a plurality of electro-luminescent _substances
which Iuminesce in different colors are provided asso-
ciated with the first grid, and all the seconglary-emxssmn
electrodes associated with the same luminescent sub-
stance have common collecting means.
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21. An electric discharge device comprising a sub-
stantially flat first grid constituted of a plurality of spaced
parallel wires, a plurality of secondary-emission elec-
trodes each coupled to one of the wires of said first grid,
first beam producing means for producing a first elec-
tron beam, first deflection means for causing the first
beam to scan the secondary-emission electrodes to selec-
tively raise the potential of the wires coupled thereto,
means in the vicinity of said secondary-emission elec-
trodes for collecting electrons produced thereby upon
being impacted by the beam, a second grid mounted
substantially parallel to the first grid and constituted of
a plurality of spaced parallel wires, each of the wires
of said second grid crossing all of the wires of said first
grid and defining therewith a plurality of crossings, a
plurality of auxiliary electrodes each coupled to a wire
of the second grid, second beam producing means for
producing a second electron beam, second deflection
means for causing the second beam to scan the auxiliary
electrodes to selectively reduce the potential of the wires
coupled thereto, means associated with said first and
second grids for producing light at the crossings at which
differences of potential exist, means for applying an elec-
tric signal to said first deflection means to select a wire
of the first grid to be energized, means for applying an-
other electric signal to said second deflection means to
select a wire of said second grid to be energized, means
for applying positive voltages to said secondary emission
and auxiliary electrodes, and means for applying a posi-
tive voltage to the collecting means for the electrons pro-
duced by the secondary-emission electrodes, said volt-
age on said collecting means being higher than the volt-
age on said secondary-emission electrodes.

22. A device as claimed in claim 21 in which a high-
ohmic resistor is connected to each wire of the first grid,
and the resistors are all coupled to a common positive
voltage.

23. A device as claimed in claim: 21 in which a high
ohmic resistor is connected to each wire of the second
grid, said resistors all being connected to a common
positive voltage.

24. A device as claimed in claim 21 in which means
are provided for applying a signal to the collecting means
to control the quantity of light produced between the
two grids.

25. A device as claimed in claim 21 in which means
are provided for applying an intensity control signal to
the beam-producing means to control the light intensity.
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