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Original application Cct. 9, 1964, Ser. No. 402,860.
Divided and this application Dec. 28, 1964, Ser.
No. 421,310
US. CL 31373 17 Claims
Int, CL. HO1j 31/02

ABSTRACT OF THE DISCLOSURE

This invention pertains to novel devices for the pickup
and transmission of electrical currents images and is char-
acterized by the use of an electrical image conductor com-
prising an array of electrically conducting members in-
sulated electrically from each other and mounted in the
endwall of a vacnum tube. In addition said device is char-
acterized by the construction using means for amplifying
or converting said electrical currents image; said means
permitting simultaneous intensification of all electrical
currents forming said image.

D ———

This invention relates to an improved method and de-
vice of intensifying and transmitting images and refers
more particularly to an improved method and device for
intensifying and transmitting images formed by the light,
infra-red or ultra-violet radiation or by other invisible
radiations such as gamma rays and the like, and also
irradiation by beams of atom particles such as e.g. neu-
troms. This is also described in my copending patent ap-
plication Ser. No. 402,860, filed Oct. 9, 1964; the instant
application being a divisional of aforesaid application
402,860,

The novel image intensifiers described below make use
of cascaded image intensification which is accomplished
by the use of two or more intensifiers in one tube or in
two tubes coupled together.

In the devices of the prior art the transfer of the elec-
tron image from one vacuum tube to another or from one
compartment to another compartment of the vacuum tube
was a complicated procedure involving conversion of the
elctron image into a light image before such electron
transfer. This is described in my U.S. Patent 2,555,423 or
2,555,424.

In my present invention the intensification is simplified
by providing means for a direct transfer of the electrons
from one vacuum tube to another, or from one compart-
ment of the same vacuum tube to another one.

The invention will be better understood when taken in
combination with the accompanying drawings:

In the drawings:

FIGURE 1 represents a novel image intensifier with an
electrical or electron image conductor.

FIGURE 1A, represents a modification of the novel
electrical or electron image conductor.

FIGURE 1B shows two electrical or electron image
conductors coupled together.

FIGURES 1C, 1D, 1E, 1F, 1F’ and 1G, 1H, 1K, 1L,
IM and IN show various embodiments of the electron
or electrical image conductor.

FIGURE 2 shows a modification of the image inten-
sifier.

FIGURES 2A and 2B show image intensifiers provided
with one endwall formed by the electron or electrical

10

15

30

40

45

55

60

65

70

2

image conductor and another wall by a fiberoptic mosaic.

FIGURES 3, 3B, 3C and 3D show image intensifier
provided in addition with an intensifying sandwich screen.

FIGURE 3A shows two image intensifiers in tandem.

FIGURES 3E and 3F show an X-ray or neutron image
intensifier.

FIGURES 4 and 4A show an image intensifier provided
with secondary electron emissive screen.

FIGURES 5 and 5A show modifications of image in-
tensifler provided with photoemissive means mounted on
an insulating base.

FIGURE 5B shows a modification of the image inten-
sifier provided with a layer exhibiting electron bombard-
ment induced conductivity.

FIGURES 5C and 5D show a modification of the
image intensifier provided with photoconductive means.

FIGURE 6 and FIGURE 7 show a modification of the
image intensifier provided with post-deflection accelera-
tion means.

FIGURE 8, FIGURES 8A and 8B show a novel color
television receiver provided with an electrical or electron
image conductor.

FIGURES 9 and 9A show a device for intensified
photoemission by a regulated injection of electrons.

FIGURE 1 shows a novel image intensifier 1 which
comprises an image reactive screen or other photocathode
means 2 such as of photoelectric material comprising
antimony, bismuth or arsenic with. caesium, potassium or
sodium. It should be understood that a mixture of afore-
said elements especially K-Cs-Sb may be preferably used.
In some cases best results are obtained by the use of
CsOAg. The photocathode may have a planar or con-
vex or concave shape according to the focusing fields used.
The photocathode 2 may be mounted on the endwall of
the tube or on a support transparent to the radiation
used. The image may be formed by visible or invisible
radiations such ‘as ultra violet, X-rays or infra-red and is
converted by a suitable photoelectric screen into @ non-
scanning photoelectron beam having the pattern of said
image. It should be understood that the image producing
means may be not of a photoelectric material but of
any electron-emissive material such as thermo-emissive
or secondary electron-emissive material. The broad non-
scanning electron beam is focused by electrostatic or mag-
netic means 4 on the novel electrical or electron image
conductor 5. The image conductor 5 comprises a plurality
of electrically conducting members such as wires 6 which
are embedded in an insulating matrix forming a two di-
mensional array. The diameter of wires may vary from
a small fraction of one millimeter to a few millimeters.
The insulating matrix 7 may be of a glass or a suitable
plastic such as polyesters, fluorcarbons or polyethylene.
"The wires 6 may be also coated with an insulating coating
before embedding them in the matrix 7. The insulating
coating may end before one or both ends of wires 6 or
may continue up to their end leaving only the end-points
uncovered. The wires 6 coated or uncoated may extend
beyond the free surface 8 of the matrix 7 or may be flush
with said surface 8 or may be on one or on both sides of
the matrix recessed, which means that they terminatp
before reaching the free surface 8 of the matrix 7. In case
the wires do not reach the surface 8 the remaining path to
said surface may be filled with the matrix or may form an
open channel according to the needs of the application.
The thickness of the electrical or electron image conductor
§ may vary from a fraction of one millimeter to any size
needed. The matrix 7 and wires 6 may be light trans-
parent or opaque. The image conductor 5 may be of
planar shape, may be of convex shape, or of concave
shape, or of any other shape according to the application
used. The electron beam from the screen 2 is accelerated
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by the electrical fields 3 and is focused by focusing means
4 on the image conductor 5. In some cases it is necessary
to decelerate the photoelectron beam before its entry into
image conductor 5. The electrons which enter the wires 6
are conducted by them across the conductor from the
compartment A to the compartment B of the vacuum tube
1. As the wires have a very small diameter the resolution
of the image will remain high and will be limited only by
the thickness of the wires. The electron beam emerging
from the image conductor 5 is again accelerated to a high
potential and is focused on the next image conductor 5.
In this way a marked intensification of the electron image
is achieved. This construction allows the use of much
higher acceleration potentials without a field emission and
corona discharge, as each compartment of the vacuum tube
represents an independent unit so far as the voltage is
concerned. In addition this novel construction prevents
effectively the spread of caesium vapors to the parts of
the tube which are connected to a high potential. The
final intensified electron image is focused on the electron
image reactive screen 9 which may be of luminescent or
electro-luminescent material or a scotophore such as KCL.
It should be understood that the final electron image may
be focused also on other types of screens such as a target
of a television camera tube, a storage target of the storage
tube, or on any other electron-reactive means. It should

10

be also understood that the final photoelectron beam may -

be conducted outside of the vacuum tube by another elec-
tron image conductor 5 or its modifications described
above, mounted in the endwall of said tube and may be
projected on a luminescent screen or photographic or
xerographic screen mounted in contact or in close prox-
imity to the fimal endwall image conductor 5. It should
be understood that all modifications of the image con-
ductor may be applied to all varicus means of image re-
production described. This invention will be especially
useful for the image tubes of proximity focusing type as
shown in FIGURE 1A. In this modification of my inven-
tion the vacuum tube 10 has no foousing fields. The image
electrical or electron conductor 5 is mounted in a close
spacing with the image producing member 2. The spacing
of a fraction of one millimeter and not exceeding a few
millimeters is suitable for the purposes of this invention.
The use of the electrical or electron image conductor 5
allows the application of much higher accelerating po-
tential 11 and produces therefore a ‘much higher intensi-
fication of the electron image than it was possible with
devices of the prior art.

Another important modification of my invention is
shown in FIGURE 1B which illustrates the coupling of
two or more novel vacuum tubes 13 and 14 by means
of the electrical or electron image conductor 5. The
coupling of the tubes 13 and 14 allows the transfer of the
electron image from the tube 13 to the tube 14 without
loss of energy and of resolution of the electron image. This
invention allows also flexibility in processing of each of the
vacuum tubes 13 and 14 because the vacuum tube 13 has
now only photoelectric or electron emissive member 2,
whereas the tube 14 has only the image reproducing mem-
ber 9 and therefore there can be no chemical interaction
between different materials used for each of said tubes.

In addition the tubes 13 and 14 may be either in con-
tact with each other and fixed in this position or may be
spaced apart from each other. If the tubes 13 and 14 are
separated an electrical contact must be provided between
the wires 6 of each tube. For this purpose I constructed
device 15 which is shown in FIGURE 1C and 1D. The
device 15 is interposed between the tubes 13 and 14 and
is in contact with their endwalls to couple them together.

The tube 13 is therefore characterized by the endwall 5«
being formed partly or completely by the image con-
ductor 5 or its modifications. The tube 14 is characterized
by the endwall 5b which is formed by the identical or
similar image conductor 5. As the registry of image con-
ductors § in endwalls 54 and 5b it is important for resolu-
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tion of the images they should be preferably formed as
slices derived from one and the same large image con-
ductor. If the size of the endwalls 5a and 5b is the same,
the electrical contact between both tubes 13 and 14 will be
established by bringing said tubes in contact with each
other. If the sizes of the endwalls 5z and 5b are different,
it was found that the transfer of the electron image from
the tube 13 to the tube 14 is best accomplished by the
electrical or electron image conductor device 15 which
may be made in a tapered form for magnification or for
demagnification of the electron electrical or electron
image, as shown in FIGURE 1F. The image conductor 15
of tapered shape will be interposed between two vacuum
tubes in contact with their endwalls and will provide an
efficient transfer of the electron image from one tube to
another. The image conductor 15 may have construction
of the image conductor 5 or of conductors 20 or 20a de-
scribed below.

The image electrical or electron conductor 5 may have
another construction which is advantageous in some ap-
plications. In this modification of my invention, shown in
FIGURE 1C, the image conductor 20 has the conducting
channels formed not by metallic wires 6 as described above
but by glass or plastic fibers 21 which are coated with a
metallic electrically conducting coating 22 such as of chro-
mium, tungsten or platinum. The fibers may be of a diam-
eter of few microns or more. The coating may be of any
thickness according to the resolution desired. The coated
fibers 21 are assembled together in a two-dimensional ar-
ray and are fused by a glass or plastic insulating matrix 23.
This image conductor should be made vacuum tight if it is
to be used as an endwall of the vacuum tube. The coated
fibers 21 may be also fused only at their endfaces which
will make them flexible between their endfaces. This image
conductor 20a is shown in FIGURE 1D. The insulating
matrix 23 of glass or a plastic is used only at the ends of
the image conductor 20a. The fibers 21 are of glass or a
suitable plastic and have a metallic electrically conducting
coating 22 such as of aluminum or platinum or chromium
and in addition an insulating coating 26 of glass or plastic
mounted on said metallic coating 22. Such conductor may
be completely.flexible and may be made of any length and
diameter according to the needs of the application. In
addition the novel electrical or electron image conductor
20 or 20a may be made of any shape necessary. It may be
tapered having one end surface small and another one
large which is necessary in some applications, see image
conductors 15 shown in FIGURES 1F and 1F'.

FIGURE 1F shows the novel electrical or image con-
ductor 15 which has a tapered form. The image conductor
15 comprises a two-dimensional array of conducting mem-
bers 15a. Each of said members 154 has a core of insulat-
ing material such as glass or plastic 21 coated with an elec-
trically conducting material 22 such as of aluminum, chro-
mium, tungsten or platinum. On the conducting coating
22 there is deposited an insulating coating 26 such as of
glass, plastic CaF, or MgO. The coating 26 prevents the
conducting layers 22 from short-circuiting each other. All
said members 154 are held in position by encasing them in
a suitable matrix. If a flexible image conductor is wanted,
the matrix 23 is used only at the end of conducting mem-
bers 15a. If a rigid image conductor is wanted, the matrix
23 will extend substantially along the entire length of the
image conductor.

Another modification of the tapered electrical or elec-
tron image conductor 15 is shown in FIGURE 1F’. In
this embodiment of my invention the conducting mem-
bers 155 have the core of a conducting material such as
aluminum, chromium, tungsten or platinum. The conduct-
ing core 26d is coated with an insulating layer 26 such as
of glass, of plastic or CaFs or MgO. The advantage of this
image conductor 15A resides in its ability to conduct large
amounts of electrons without a damage to it.

It should be understood that electrical or electron image
conductor 15 or 15A both of rigid form and of the flexi-
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ble form may be constructed also without use of a matrix
interposed between the conducting members 154 or 156.
In such case the said conducting members are united to-
gether in one unit by fusing their outside coatings with
each other. If a flexible image conductor is wanted, the
fusion will take place only at the ends of the image con-
ductor. If a rigid image conductor is needed, the fusion
will extend along substantiaily along the entire length of
the image conductor.

Another modification of the image conductor 5 or its
modifications which is useful for magnification of images
is shown in FIGURE 1L. In this construction each of wires
6 or their modifications of the conductor 5A terminates in
an electrically conducting member 8a bonded to the end-
points of wires 6/ or their modifications which form image
conductor 5B. By selecting the size of conducting members
8a larger than the diameter of wires 6 of conductor 5A we
may have any desired magnification of the electron image.

If demagnification of the electron image is needed, the
construction shown in FIGURE 1M will be used. In this
embodiment of the invention the conducting members 85
are bonded to the end-points of the wires 6 or their modi-
fications of the conductor ‘SA. By selecting the size of con-
ducting members 85 to be smaller than the diameter of the
wires 6 of the conductor 5A or their modifications we will
obtain demagnification of the electron image transmitted
by the conductor 5A.

Another construction to improve the capability of the
image conductor to carry large currents of electrons is to
use a fiber-optic mosaic described below. Such mosaic has
fibers of plastic or glass which are embedded in a matrix
of a suitable material. The next step is to leach out the
fibers of the mosaic with an agent which dissolves glass
or plastic of the fibers but leaves the matrix intact. The
fibers should be for example of a boric glass which can
be leached by hydrochloric acid, whereas matrix may be
of a flint glass or of fluorcarbons which are resistant to
hydrochloric acid. The resulting channels after the leach-
ing are now filled with a conducting material such as sil-
ver paste or a metal such as indium in a fluid form which
will solidify and provide solid continuous conducting mem-
bers traversing the image conductor. Another modification
of the construction of the electrical or electron image con-
ductor is shown in FIGURE IN. The image conductor
5F comprises a plurality of electrically conducting mem-
bers 6f bonded in one unit. Each of conducting members
6f is formed by a hollow tube 56a of an insulating ma-
terial such as glass or plastic. Each of said tubes 56a
has its lumen filled with a conducting material such as
silver paste or indium or other metal in a liquid form.
When the conducting metal solidifies it forms an elec-
trically conducting member 565 which is surrounded by
insulating walls 56¢. The tubes 564 should be of a very fine
diameter as each of them will carry one image point. Such
hollow tubes can be made as thin as 10 microns in diam-
eter. A great number of tubes 564 is stacked up together
and aligned to form a two-dimensional array. There are
many methods of aligning the tubes 564 in their proper
spatial relationship. One of them, using vibration of the
container filled with conducting members was described
above. After the tubes 564 are aligned they are fixed in
their position by using a suitable binder, such as was de-
scribed above. In some cases it is preferable to fuse the
tubes 56a together by heating them to the temperature at
which their walls 56¢ will fuse with each other without
the use of an interposed matrix. In other cases it is pref-
erable to embed the tubes 56a in a suitable matrix such as
glass or plastic of a lower melting point then the metallic
conductor 565 and then heat to the temperature at which
the matrix will fuse with the walls 56c of tubes.

If the electrical or electron image conductor SE is to
be used as an endwall of the vacuum tube, it must be vac-
uum tight. In some cases in order to improve vacuum tight-
ness it is advisable to fuse a layer of conducting or insu-
lating material such as glass or plastic or MgO or CaFa
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on one or both endfaces of the image conductor 5E.
It should be understood that the construction of the image
conductor using hollow tubes may be applied also to
make the flexible image conductor 15.

A preferred method of construction of electrically con-
ducting members 6 is to draw very fine wires of metal such
as Al or Cu or tantalum. It was found that Al and Cu
are the best metals for heat dissipation and that aluminum
oxide is the best of insulators for heat dissipation which
is a very important factor for operation of my image con-
ductor 5 and its modifications. The thin wire is next oxi-
dized by forming a dielectric oxide of said metal on the
outer surface of the wire to produce a dielectric coating
22a surrounding said wire. In case of aluminum, the ex-
posure to atmosphere is sufficient to form aluminum oxide
which is an excellent insulator. In some cases it is pref-
erable to accomplish it by anodic oxidation. Next the
oxidized wire is cut into pieces of the size necessary for
the image conductor 5 and its modifications such as con-
ductors 20 or 204 and others or for conductor 15. Next
the sliced segments 64 of the oxidized wire are transferred
into a container which is of an elongated shape and has
the height greater than width. The container must be of
a material which is able to withstand high tem-
perature such as a ceramic. The number of segments
6d placed in the container and their diameter depends
on the resolution of images mnecessary for the device in
which they will be used, as each segment will carry one
image point. The shape of segments 64 may be circular
or may be quandrangular or hexagonal. It should be un-
derstood that segments of all shapes come within the
scope of my invention. The next step is of great impor-
tance. The wire segments 64 in the receptacle form now
an irregular array. For a good resolution of images
it is required that wires 6d should be disposed uniformly.
Furthermore it is necessary that the end-points of the
wires 6d should have the same spatial relationship to each
other at each endface of the image conductor 5, 15 or
their modifications. I found that this can be accom-
plished by subjecting the container to a vibration which
causes the wires 6d to align themselves in uniform
relationship to each other. After the alignment of wire
segments 6d is accomplished, the next step is to fuse all
said wires in this proper spatial arrangement. This is ac-
complished by heating the container to the temperature
at which the coatings 22a of the wires 6d will fuse together
without the use of interposed matrix and form a vacuum
tight unit. The final construction of the electrical or elec-
tron image conductor 54 is shown in FIGURE 1H. In
some cases the wires 64 may be preferably bonded by
matrix 7a of a plastic such as silicone type of resins or
by “Ardalit” manufactured by Ciba Company or Ad-
hesives 4684 or 4695 manufactured by E. I. du Pont de
Nemours and Co. of Wilmington, Del. The image conduc~
tor Se of this construction is shown in FIGURE 1J. In
some cases it is preferable to use as a binding matrix a
material such as low-melting glass or ceramics instead of
silicones.

In another modification of construction each wire 6d
is coated with a glass coating 22b instead of oxidizing the
same. The glass should preferably have melting tempera-
ture below the melting temperature of the wire 64 to
avoid deformation of said wires during the fusion. The
glass coated wires 6e are aligned together as was explained
above. Next they are heated to a temperature at which
the glass coatings 225 will fuse together without the use
of interposed matrix and form one image conductor 5f.
This construction is shown in FIGURE 1K. In some cases
it is preferable to use in addition a binder or matrix to
facilitate the fusing process.

The image conductor 5 and its modifications must be
vacuum tight type if they are used in endwalls of vacuum
tubes. The fusing of wires 6d or 6e usually forms a unit
which is vacuum tight. In some cases further improve-
ment of the vacuum tightness is necessary. This is ac-
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complished by fusing on one or both endfaces of the
image conductor 5 a thin insulating layer 22¢ of dielec-
tric material such as Al,O3;, CaF,, MgO or glass. The layer
22¢ is fused to the surface of the endface of the image
conductor 5 or its modifications as it is shown in FIG-
URE 1H.

All described electrical or electron image conductors
may be made transparent to light or to infra-red or to
ultra-violet by using materials transparent to said radia-
tions for the insulating matrix and for wires 6 or modifica-
tions or fibers 21. In such case the conducting coatings
22 may be made of an electrically conducting tin oxide,
silver or titanium oxide which are transparent to invisible
radiations.

It was found that the wires of the image conductor
5 or of all its modifications such as conductors 20, 20a
or others being thin as necessary for the resolution of the
image, could not transfer large amounts of electron cur-
rents without damage. It was found that one solution of
this problem was the use of metals for the wires 6 which
have a high melting point such as tungsten, molybdenum
or platinum. It was also found that the insulating matrix
of the image conductor should have heat dissipating
properties. In addition it was found that the use of cooling
means preferably of thermoelectric type improved
markedly the performance of the image conductor 5. It
should be added that heat dissipation of the image con-
ductor 5 or its modifications may be improved by painting
the image conductor with a black material. If a flexible
conductor is used a small amount of silicone between the
wires 6 or their modifications such as fibers 21-22 will
greatly improve heat dissipation.

I found also that the above described devices presented
a serious complication by the occurrence of a space charge
in front of the image conductor 5 or its modifications.
The electrons striking the image conductor are led away
by the conducting wires 6 or 22. However a part of the
elecrton beams strikes the dielectric parts of the image
conductor which are present between the conducting wires.
The impact of fast electrons produces secondary electron
emission smaller than unity. As a result a negative charge
builds up on these dielectric parts. A negative charge has
a detrimental effect on the incoming electron beam, and
impairs resolution of the image. Additional complications
arise from the presence of secondary electrons emitted
from the dielectric parts of the image conductor. I found
that all these complications could be eliminated by de-
positing electrically conducting means 35 which may be in
the form of a continuous or perforated layer or of a
conducting mesh screen on the surface of the image
conductor which receives the electron beam. This con-
struction was found to perform well only if the electrically
conducting wires 6, or 22 were built to be recessed from
the surface of the image conductor. In this way the
conducting means 35 are prevented from making a con-
tact with electron image conducting wires 6 or 22 and
cannot short circuit them. The member 35 is connected
to a source of a suitable electrical potential and neutralizes
the negative space charge and the secondary electrons. The
thickness of the electrically conducting means 35 if they
are in the form of a continuous layer has to be controlled
critically. It was found that the layer of 0.1 micron thick-
ness will reduce the velocity of the electron beam by 3-4
kv. It is preferable therefore to make the layer 35 thinner
than 0.1 micron and of one of metals such as tungsten,
gold, platinum or aluminum. In case a light transparent
layer 35 is needed, we may use tin oxide for visible light,
silicon or germanium for infra red light, and silver for
ultra-violet light. The recessed form of the electrically
conducting wires 6 or 22 may be obtained by depositing
an additional very thin insulating layer 39 on the free
surface 8 of the image conductors described above, as
shown in FIGURE 1E. The image conductor 38 may be
of any construction described herein but in addition it is
provided with an insulating layer 39. The thickness of
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the insulating layer 39 must be critically controlled as it
has to be thin enough to permit the exit of electrons with-
out any large loss of energy. Layer 39 may also serve to
improve vacuum tightness of the tube.

Another modification of the elecrtical or electron image
conductor of recessed form may be obtained by etching
the endfaces of the conducting wires 6 or 22 with a suit-
able leaching agent which dissolves the wires but leaves
the insulating matrix intact. By leaching for a predeter-
mined time we may obtain open channels of a necessary
depth extending between the endpoints of wires and the
surface of matrix. In this construction the insulating layer
39 may be eliminated, which improves sensitivity of my
device.

Another construction for the prevention of the space
charge is the use of means to be deceleration of the
electron beam in front of the image conductor 5 or its
modifications. In such case however a stronger accelera-
tion potential is preferably applied to the electrically
conducting layer or mesh screen 35 mounted on the side
of image conductor where the electrons emerge. In this
construction the electrically conducting wires 6 or 22
must also be recessed from the surface of the image
conductor coated with the conducting layer 35. The
deceleration of electron beam in front of the image
conductor 5 may be obtained by the use of a ring elec-
trode or by a mesh screen connected to a suitable source
of potential.

It should be understood that the construction using
recessed electrically conducting means 6 or 22 and space
charge preventing means 35 may be applied to all
modifications of my invention.

Another construction for elimination of the space charge
and secondary electrons is to make - the electrical or
electron image conductor 5 or all its modifications only
a part of the end-wall of the vacuum tube. The parts of
the end-wall adjacent to the image conductor are made
of an electrically conducting material such as a metal or
of a glass coated with electrically conducting layer such
as tin oxide. The electrically conducting parts of the tube
envelope are connected to a suitable source of electrical
potential or to the ground and lead away the accumulated
charges or electrons. This construction is similar, but less
efficient than the systems described above.

Another important modification of my invention is
shown in FIGURE 2. The vacuum tube 40 is provided
with the electron image conductors 5 on the input side
A and on the output side B. The image conductors may
be of any type described in this specification. The tube
40 can receive an electron image from any image pro-
ducing source connected to the conductor in A and trans-
fer it without the loss of resolution to another vacuum
tube or to any other mon-vacuum image reproducing
member such as photographic, xerographic, or lumines-
cent means mounted in contact or in close spacing to
the vacuum tube 40. The electron image on its travel
through the tube 40 is focused by electrostatic or mag-
netic fields 41.

In addition it may be intensified by accelerating fields
42. Tt should be understood that the tube 40 may also
operate by proximity focusing in which case, the image
conductors 5a and 5b have to be brought into a close
spacing to each other.

1t should be also understood that vacuum tubes may
have the image conductor 5 or its modifications only on
their input side or only on their output side. This is
shown in FIGURE 1B, see vacuum tubes 13 and 14. They
are shown in a coupled combination but each of them
can be used separately in many applications. As was ex-
plained above, the image forming member 13a in the
tube 13 may be a photoelectric photocathode or an elec-
tron gun with a specimen stage, such as used in electron
microscopes. The image receiving member 14a may be
as was explained above mounted in the vacuum tube 14
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inside or outside of it and may be in the form of a
luminescent member, an image storage target, or a cath.
ode of a television camera tube.

In some cases it is advantageous to use a vacuum tube
40a which is shown in FIGURE 2A. The tube 40q has
one end-wall provided with the image conductor 5 or
its modifications and another end-wall of fiber-optic
mosaic 406 which is constructed of an array of fibers
transparent to light of a glass or a plastic of a high index
of refraction which are embedded in a matrix of a light
transparent material such as glass of a lower index of
refraction than the fibers. The fiber-optic mosaic 405 may
consist of multiple fibers of material having a high re-
fractive index such as quartz, rutile or special plastics.
Especially Lucite is suitable for this purpose because it
causes smaller losses of conducted light than other ma-
terials, Lucite and other above-mentioned materials char-
acterized by a high refractive index have the property
of internal reflection of the light conducted by them.
Such material cannot conduct a whole image as such but
they can conduct well a light signal, which means an
image point. The size of the image point I found is deter-
mined by the diameter of a single conducting fiber. I
assembled a bundle of such fibers which form a mosaic-
like end-faces and which, therefore, can conduct plurality
of image points. All these image points will reproduce
at the other end-face of the electrical or electron image
conductor the original image, provided that the ends of
image conducting fibers remain in their original spatial
relationship. Each fiber should have, as was described
above, a diameter corresponding to the size of one image
point. The light conducting fibers should be polished on
their external surface very exactly. Each of them must
also be coated with a very thin light opaque layer to
prevent spreading of light from one fiber to another. I
found that without said light impervious coating, the
image will be destroyed by leakage of light from one
tube to another. The light opaqued layer should have a
lower index of refraction than the light conducting fiber
itself. Such a coating may have a thickness of only a few
microns. It may be added that smaller loss of light may
be obtained if the fibers are hollow inside instead of being
solid. Such mosaics can transmit the image with a good
resolution. A photoemissive or photoconductive screen
40c, which may be the same as described in screen 2 is
mounted on the inside surface of the fiber-optic mosaic
40b. The emitted photoelectron beam from the screen
40c is focused by the focusing means 41a and is acceler-
ated by accelerating means 42.

In some cases a light transparent protecting layer 40e
such as of MgO or CaF, is interposed between the fiber-
optic wall 480 and photoemissive or photoconductive
layer 40c.

Another meodification of this invention is shown in
FIGURE 2B. In this embodiment the vacuum tube 404
has endwall formed by a fiber-optic mosaic 405 which
is coated on its inside or outside surface with luminescent
means 44a. The other endwall of the tube 40d is formed
by the image conductor 5 or its modifications.

FIGURE 3 shows another modification of my inven-
tion. The vacuum tube 42 contains an input member 134
for producing a broad electron image and a composite
sandwich screen 43. The composite sandwich comprises
in combination a novel image conductor 5 or any of its
modifications and an electron transparent light reflecting
layer 43a such as of aluminum, luminescent means 435,
light transparent separating means 43d such as of glass,
a suitable plastic such as silicone or polyester or of a
fiberoptic mosaic and photoemissive means 43¢ of one
of materials described for the screen 2. The construction
of the composite screen 43 is better than of similar
screens in the prior art because the composite screen
43 does not require any more supporting member having
the image conductor 5 for its support. The light trans-
parent separating means 434 may therefore be made very
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thin as they are not needed :any more for the support
of the screen 43 and serve only to prevent chemical inter-
action between layers 435 and 43c. As a result the resolu-
tion of the image produced by the screen 43 is greatly
improved over the prior art. The image produced by
the member 13a is intensified by the sandwich screen
43 and the intensified photoelectron beam emitted by the
screen 43 and is focused on the electron image reactive
member 14a mounted inside of the vacuum tube 42 or
outside of the vacuum tube 42.

FIGURE 3A shows a modification of the image in-
tensifier illustrated in FIGURE 3. The intensifier 44A
comprises two or more vacuum tubes 44 and 45. The
vacuum tube 44 has an endwall comprising the image
conductor 5 or any of its modifications. A luminescent
screen 47 is mounted on the outside surface of the image
conductor. A vacuum tube 45 is brought into contact with
the luminescent screen 47. The vacuum tube 45 has a
fiberoptic mosaic endwall 46 which transmits the image
from the luminescent screen 47 to the photoemissive
screen 2 mounted on the inside surface of the endwall of
the tube 45, The rest of the construction of the tube 45
may be the same as was described for the tube 14 and
for all its modifications. In some cases the luminescent
screen 47 may be mounted on the outside surface of the
endwall 46 of the tube 45 instead of being mounted on
the tube 44,

Another modification of the image intensifier is shown
in FIGURE 3B. In this modification of my invention the
image intensifier 48 comprises two or more vacuum tubes
49 and 50. The tube 49 has the construction of the tube
13 or its modifications. The tube 50 has the construction
of the vacuum tube 14 or its modifications and is provided
with the endwall comprising a sandwich screen 43. The
tubes 49 and 50 may be mounted in opposition to each
other or may be coupled by means of the image con-
ductor 15. The composite screen 43 may be also mounted
in a spaced relationship to the endwall of the tube 50
and to image conductor 5. In such case the endwall of
the tube 50 comprises the image conductor 5 and the
electron image is transmitted by the image conductor 5
to the composite screen 43, being focused by electrostatic
or magnetic fields or by a proximity focusing.

Another modification of the image intensifier is shown
in FIGURE 3C. In this embodiment of the invention the
image intensifier 52 comprises two or more vacuum tubes
53 and 54. The tube 53 has the same construction as the
tube 13 or its modification and is provided in addition with
a composite screen 43.

The tube 54 has the same construction as the tube
14 or its modifications and is also provided with the in-
tensifying screen 43. Both tubes 53 and 54 are coupled
together by a contact or by means of the image conductor
15. This combination produces a marked intensification of
the electron image. It should be understood that instead
of two tubes 53 and 54 it is possible to use one tube 55 as
shown in FIGURE 3D.

All image intensifiers described may be used for X-
ray or neutron images as well by using in them an X-ray
or neutron reactive screen as shown in FIGURE 3E. The
X-ray or neutron image intensifier 58 has one or more
composite screens 59. The composite screen 59 comprises
an X-ray or neutron transparent, light reflecting layer 594,
a luminescent layer 5§94, a light transparent separating
means 59¢ which form endwall of tube and may have the
same construction as the fiber-optic transparent means
40b or 46 described above and a photoemissive layer
59¢ which may be of one of materials used for the screen
2. The X-ray or neutron image is converted by the com-
posite screen 59 into a photoelectron image. It should be
understood that instead of the composite screen 59 other
X-ray reactive screens 59a such as of electron emitting ma-
terial like gold or lead may be used according to the needs
and are mounted in contact with electron image conductor
5 or its modifications, as shown in FIGURE 3F.
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For neutron images we may use the composite screen
59 in which the luminescent means are enriched with neu-
tron reactive element such as boron or we may use instead
of screen 59 or in combination with screen 59 a screen of
gadolinium, cadmium or copper.

The photoelectron image corresponding to the original
X-ray or neutron image is conducted by the image con-
ductor 5 or its modification to the luminescent or xero-
graphic or photographic means mounted outside of the
vacuum tube 58. The great advantage of this construction
resides in the ability of my device to form a photographic
or cinematographic image without the use of the optical
system by bringing it into a contact with the luminescent
means or by substituting the luminescent means with pho-
tographic means. In the devices of the prior art the lumi-
nescent image had to be focused on the photographic film
by means of an optical system which causes a great loss of
sensitivity and necessitates the use of a large amount of
X-ray energy which is not beneficial to the patients.

Another embodiment of the X-ray or neutron image
intensifier comprises a vacuum tube 58 in combination
with a vacuum tube 40a which was shown in FIGURE 2A.
These two tubes are coupled together as was described
above by mechanical means or by the image conductor
15. In this way the fluorescent image produced in screen
60 is transferred to the next intensifier tube for further
intensification.

In another modification of the X-ray or neutron image
intensifier the vacuum tube 58 is used without the lumi-
nescent screen 60. The electron image produced by the tube
58 and having the pattern of the original X-ray or neutron
image is transmitted by the image conductor 5 from the
tube 58 to the vacuum tube 40¢ which was shown in
FIGURE 2B, or to the tube 40 for further intensification.

Another modification of my invention is shown in FIG-
URE 4. In this embodiment the vacuum tube 62 comprises
novel intensifying screen 63 which operate by secondary
electron emission. The screen 63 comprises the image
conductor 5 or its modifications, an electrically conducting
layer 64 which is transmitting for the electrons used and
which may be of continuous type, of perforated type, or of
mesh screen type. In addition the screen 63 comprises a
secondary electron emissive layer 65 such as of MgO or of
KCl. The electron image striking the screen 63 is trans-
mitted by the conductor 5 to the layer 65 and causes sec-
ondary electron emission therefrom resulting in the intensi-
fication of the electron beam. This construction permits
a rugged and efficient structure which was not possible in
the prior art,

It should be understood that instead of secondary elec-
tron emissive layer 65 of a dielectric type, a layer of con-
ducting electron emitting materials such as Ni, Be or Cu
may be used as well. In such case the layer 64 may be
eliminated. This construction will permit the use of low
voltages instead of high voltages necessary for the opera-
tion of the screen 63 described above.

1t should be also understood that the screen 63 or the
secondary electron emission layer 65 may be mounted in
a separate vacuum tube and may receive the electron
beam by means of the image conductor 5 or its modifica-
tions forming the endwall of the tube 62.

In another modification of my invention shown in FIG-
URE 4A the intensifying screen 63 comprises a conducting
layer 64 and a secondary electron emissive layer 65 both
mounted on the inside surface of the image conductor 5§
or its modifications. Another intensifying screen 63 com-
prising conducting layer 64 and secondary electron emis-
sive layer 65 is mounted in the same intensifier tube or in
the second vacuum tube coupled with the first one, for a
cascade intensification of the image.

Another modification of the image intensifier is shown
in FIGURE 5. The intensifier 70 comprises a novel in-
tensifying screen 71 having an insulating layer 72 mounted
on the image conductor 5 or its modifications. In a close
proximity to the insulating layer 72 is mounted a conduct-
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ing mesh screen 73 on which is deposited a continuous or
perforated or mosaic photoemissive layer 74. In some
cases an electrically conducting layer 75 of continuous
type or perforated type or in the form of a mesh screen
and which is transmitting for the electrons conducted by
the image conductor 5 or its modifications is mounted be-
tween the insulating layer 72 and the image conductor 5.
The electron image transmitted by the conductor 5 pro-
duces a charge image in the insulating layer 72 by sec-
ondary electron emission. The charge image modulates
the emission of photoelectrons from the layer 74 which is
irradiated by a uniform source of light 76a preferably of
infra-red type. The modulated emission of photoelectrons
produces an intensified photoelectron beam having the
pattern of the original electron image transmitted by the
image conductor 5.

In another modification of my invention shown in FIG-
URE 5A the image intensifier 70a comprises two vacuum
tubes 754 and 76. The tube 734 serves to produce an elec-
tron beam carrying the image and to transfer this image
to the tube 76 by means of the image conductor 5 or its
modifications. The tube 76 comprises a composite screen
77 mounted on its electrical or electron image conductor
5 or its ‘modifications, The composite screen 77 com-
prises luminescent means 78, light transparent insulating
means 79, and a photoemissive mosaic layer 80. The elec-
tron image from the tube 75a produces a luminescent
image in the tube 76 which is converted in the mosaic
layer 80 into a charge image having the pattern of the
original electron image. The charge image may be con-
verted into video signals by means of a scanning elec-
tron beam of a slow or of a fast type. The charge image
on the layer 80 may also serve to modulate a broad elec-
tron beam of decelerated type.

Another modification of my invention is shown - in
FIGURE 5B. The image intensifier 82 comprises a
vacuum tube 83 which is provided with means to pro-
duce an electron beam carrying the image and to trans-
fer said electron image by means of the image conductor
5 or its modifications to the tube 84. The tube 84 has a
wall formed by the image conductor 5 or its modifica-
tions. On the image conductor 5 is mounted a thin con-
ducting layer 85 transmitting to electrons transferred by
the conductors 5§ and a layer of material exhibiting elec-
tron bombardment induced conductivity such as of ZnS,
SbyS;, or MgO. The electrons striking layer 86 produce
a pattern of conductivity changes therein, This pattern
may be converted into video signals by a scanning elec-
tron beam irradiating the opposite surface of the layer
86.

Another modification of my invention is shown in
FIGURE 5C. The image intensifier 88 comprises two
vacuum tubes 89 and 90. The vacuum tube 89 has the
same construction as the tube 83 described above. The
vacuum tube 90 has the wall formed by the image con-
ductor 5 or its modifications. On the image conductor f
there are mounted luminescent means 91, electrically con-
ducting and light transparent means 92, and photocon-
ductive means 93 such as of CdS, ZnSe, SbyS; or PbO or
a mixture thereof. The electron image transmitted from
the tube 89 by image conductor 5 strikes the luminescent
means 91 and produces a luminescent image. The lumi-
nescent image is converted by photoconductive means 93
into a pattern of conductivity changes corresponding to
the original electron image. This pattern of conductivity
changes may serve to produce video signals by irradia-
tion with a scanning electron beam of a slow or of a
fast type. It may also serve to modulate a broad non-
scanning electron beam preferably of a decelerated type.

Another modification of my invention is shown in FIG-
URE 5D. The image intensifier 95 comprises two or more
vacuum tubes 96 and 97. The vacuum tube 96 is provided
with means for producing an electron beam carrying the
original image. The eleciron image is transmitted by the
image conductor 5 or its modifications to the luminescent
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means 94 mounted outside of the tube 96 either on the
external surface of the endwall of the tube 96 or on the
external surface of the endwall of the tube 97. The
vacuum tube 97 has endwall formed by a fiber-optic
mosaic 97a. On the inside surface of the fiber-optic
endwall there is mounted a light transparent conducting
layer 98 and a photoconductive layer 99. Both tubes 96
and 97 are brought into a contact and registry with each
other, In some cases the image conductor 15 may be in-
terposed between the tubes 96 and 97 to make possible
their separation.

It should be understood that the devices shown in FIG.
URES 5A, 5B, 5C and 5D may be constructed in one
vacuum tube envelope instead of using two vacuum tubes
coupled together. It should be also understood that the
devices shown in FIGURES 35, 5A, 5B, 5C and 5D may
be constructed as television pick-up tubes by providing
them with means for producing a scanning electron beam
of a fast or a slow type to read off the charges produced
by the electrons transmitted by the image conductors. The
construction of television pick-up tubes is well known in
the art. It is believed therefore that their description
may be omitted. :

The devices shown in FIGURES 5, 5A, 5B, 5C and 5D
may be also constructed as image tubes by providing
them with an electron reactive image reproducing means
mounted inside or outside of the endwall of the vacuum
tube. In some cases a broad non-scanning electron beam
may be used to read off the charges produced by the elec-
trons transmitted by image conductors and to reproduce
a visible image on an electron reactive screen.

It should be also understood that the devices shown in
FIGURES 5, 5A, 5B, 5C and 5D may be also constructed
as storage tubes by providing them with means for a non-
destructive read-out using an electron beam or by in-
corporating in said tubes a storage target of perforated
type or using as a storage target an imperforated photo-
conductive layer or an insulating layer,

It should be also understood that in all embodiments
of my invention the source of electrons may be a photo-
electric screen, or a source of thermelectrons such as an
electron gun or a cold emission emitter of electrons.

Another modification of my invention is shown in FIG-
URE. 6. The vacuum tube 160 comprises a source of elec-
trons to produce a beam of electrons such as an electron
gun or a photoemissive member or a cold source of elec-
tron emission 101. In addition tube 180 comprises deflect-
ing means 102 which may be in the form of plates or of
coatings on the wall of the tube to produce a scanning
motion of the electron beam from the source 101. These
elements are well known in the art. It is believed there-
fore that their detailed description is not necessary. The
image conductor 5 or any of its modifications divides the
tube 109 into two separate compartments A and B. The
scanning electron beam is transmitted by the image con-
ductor 5 or any of its modifications from compartment
A to compartment B. After the electron beam enters the
compartment B it is accelerated by the fields 103 which
may be in the form of cylinders, rings, or coatings on
the inside walls and which focus said electron beam on
the electron receiving means which may be in the form
of luminescent screen 104 or may be a target of the
storage tube or of a television pick-up tube. The advantage
of my invention resides in the fact that simple and efficient
means are provided to accomplish a post-deflection ac-
celeration for the scanning electron beam which is very
important in some applications.

A modification of this device is shown in FIGURE 7.
The same purposes of the invention are obtained by
using two vacuum tubes 195 and 106 coupled together
by image conductor 5 or its modifications. The tube 105
is provided with a source of electrons 161 to produce
an electron beam. The electron beam is deflected by
deflecting means 102 and is focused on the image con-
ductor 5 which forms the endwall of the tube 105, The
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scanning electron beam after the passage through the
image conductor 5 enters the tube 106. The tube 106 is
provided with strong electron accelerating means 103
such as cylinders, rings, or coatings on the inside walls
of the tube. The accelerated electron beam is next focused
on electron receiving means 104 such as luminescent
means mounted inside or outside of the tube 106. It
should be understood that this invention is not limited
to any specific electron receiving means, as the electron
beam may be focused on the storage target or on a
photoelectric screen or on any other electron reactive
member. It should be also understood that the electron
beam may be further transmitted outside of the vacuum
tube 106 by providing its other endwall with image con-
ductor 5 or its modifications.

This invention will be especially valuable for the

color television receivers, as shown in FIGURE 8. In this
embodiment of my invention the vacuum tube 110 com-
prises a source of electron beams 111 which may be in
the form of a single electron gun or three guns combina-
tion which is well known in the television art. The elec-
tron beam is deflected by the deflecting means 102 and
is focused on the apertured shadow mask 112 which is
well known in the color television art. The electron beams
transmitted by the mask 112 are focused on the image
conductor 5 or its modifications. The image conductor
5 divides the tube 110 into two compartments A and B.
The electron beam is transmitted by the image conductor
5 from the compartment A to compartment B. In the
compartment B it is accelerated by the accelerating means
103 and is focused by focusing means 114 on the color
image reproducing screen 113. In this way an efficient
post-deflection acceleration is achieved which was the
purpose of this invention, It should be understood that
the compartment B may be many times Jarger in diam-
eter than the compartment A whereby a larger image may
be produced. In such case the focusing means 114 are of
magnifying type. It should be also understood that the
accelerated electron beam may be transmitted outside
of the compartment B. In such case the image repro-
ducing screen 113 is replaced by the image conductor
5 or its modifications which will form the endwall of the
compartment B.
- Another modification of this invention is shown in
FIGURE 8A. The color television receiver 115 comprises
two vacuum tubes 116 and 117. The vacuum tube 116 has
a source of electrons 101 or 111, deflecting means 102 and
an aperture shadow mask 112, as they were described in
FIGURE 8. The electron beam after the passage through
the mask 112 is transmitted by the image conductor 5 or
its modifications which forms the endwall of the tube
116 to the vacuum tube 117. The vacuum tube 117 is
provided with the endwall formed by the image con-
ductor 5 or its modifications. The electron beam enters
the vacuumr tube 117 through the conductor 5 or its
modifications and is accelerated by the fields 114. The
accelerated electron beam is focused by the focusing
means 118 which are of magnifying type on the large
image reproducing screen 113. In this way the color tele-
vision image may be obtained in an enlarged and inten-
sified form which was the purpose of this invention.

Another advantage of my invention is that the vacuum
tube 116 may be provided with the image reproducing
screen 113 mounted on the outside surface of the image
conductor 5. In this way the tube 116 may serve as an
independent color television receiver without the intensi-
fier tube 117. When intensification or enlargement of the
color television image is wanted, the intensifier tube 117
is coupled to the tube 116 either by a mechanical contact
of both tubes or by connecting them by means of the
image conductor 15 interposed between them:. It should be
understood that the devices described above for color
television images may be used as well for black and
white television images or for radar images.

It should be understood that the novel color television
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receiver does not have to be of “shadow mask” type. My
invention applies as well to the color kinescopes which do
not use any apertured mesh screens. My invention ap-
plies to all color television receivers regardless of whether
they have color screens formed by a pattern of three
phosphor dots or of three strips of phosphors or of three
superimposed phosphor layers or of three superimposed
phosphor screens.

1t should also be understood that the definition “lumi-
nescent means” used throughout this specification em-
braces electroluminescent means as well.

Another modification of my black and white or color
television receiver is shown in FIGURE 8B. The receiver
133 comprises vacuum tubes 119 and 120. The vacuum
tube 119 has the construction of the tube 116 described
above. In addition it is provided with a color image re-
producing screen 132 which may be of luminescent mate-
rials and which is mounted on the external surface of the
image conductor 5 or its modifications. The electron
image is transmitted by the electron conductor 5 to the
luminescent screen 132. The luminescent image from the
screen 132 is transmitted into vacuum tube 120 by means
of the fiberoptic mosaic 134 which was described above
and which forms the endwall of said tube. The rest of the
construction of the tube 120 is the same as was described
above and illustrated in FIGURE 8A. In this way an en-
larged and intensified image may be reproduced on the
final viewing screen 113. It should be understood that
the luminescent screen 132 may be of one color type or
may be of a multicolor type. The luminescent means 132
may be also mounted on the external surface of the
fiberoptic mosaic endwall 134 instead of on image con-
ductor 5. The tubes 119 and 120 may be in a close con-
tact to each other or may be separated by means of the
image conductor 15 or its modifications.

It was found that the wires of the image conductor 5
or of its modifications being thin, as it is necessary for
the resolution of the images, could not transfer large
electron currents without a damage. It was found that
the solution of this problem was the use of metals for
the wires 6 which have a high melting point such as
tungsten, molybdenum or platinum. It was also found
that the insulating matrix of the image conductor should
have heat dissipating properties.

In addition it was found that the use of cooling means
applied to the image conductor §, preferably of the ther-
moelectric type, improved markedly the performance of
the image conductor 5.

I found that the above described television receiver
devices presented a serious complication by the occurrence
of a space charge in front of the image conductor 5 or its
modifications as was described above. The construction of
elecirical image conductors and of endwall for preven-
tion of space charge effects was described in detail above
and it should be understood that this description applies
also to the television receiver devices.

Another way to remove the space charge and secondary
electrons is to make the endwall of the vacuum tube in
which the image conductor 5 or its modifications is mount-
ed, of a conducting material such as tin oxide or a metal.
The metallic endwall may be held at the potential which
will draw the secondary electrons and will eliminate them.

Another embodiment of my invention is shown in FIG-
URE 9. I found that the efficiency of the photoemissive
layer such as described for screen 2 can be improved by in-
jection into said layer of electrons of a predetermined
velocity. The problem is that the injected electrons have
to penetrate into photoemissive layer which is extremely
thin but should not emerge out of said layer. The solu-
tion of this problem is shown in vacuum tube 126. The
vacuum tube 126 has a source of electrons 101. The elec-
tron beam emitted from source 101 irradiates the photo-
emissive member 127 which may be in the form of a con-
tinuous layer or a mosaic layer through the image con-
ductor 5A. The image conductor SA may be of the same
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construction described for the conductor 5 and its modi-
fications but in addition it is provided with very thin con-
ducting layers 122 and 123 mounted on its both sides.
The layer 122 and layer 123 are connected to a suitable
source of DC potential 131. The layer 122 and 123 serve
to provide a suitable electrical potential to the image con-
ductor 5C in order to decelerate injected electrons to the
velocity at which their effect on the photoemissive layer
127 is the best. The voltages used depend on the thickness
of the layer 122 and 123 as well as on the thickness of the
image conductor 5A and on the original velocity of the
electrons used. In case the light image will be projected on
the photoemissive member 127 in the normal direction,
the image conductor 5A and its conducting members
must be transparent to radiation use. In some cases it is
sufficient to use only layer 122 and to omit layer 123.
The image may be also projected obliquely, as it is shown
in FIGURE 9, in which the arrow 132 represents an image
and the circle 133 represents an optical system.

I also found that regulated injection of the electrons
improves the function of the photoconductive layer both
as to its sensitivity and its lag. This embodiment of the
invention is shown in FIGURE 9A. The vacuum tube 125
is provided with a source of electrons 101 and with image
conductor 5A which was described above. The electrical
or electron image conductor SA has light transparent con-
ducting layers 127 and 128 one or both of which are con-
nected to the source of DC potential 131, The photocon-
ductive layer 129 is mounted on the layer 128. The ve-
locity of injected electrons is regulated empirically until
the best results are obtained. The light image projected
on the tube and optical system are again identified by an
arrow 132 and a circle 133.

It should be understood that all vacuum tubes described
may be of electrostatic or magnetic type or of combina-
tions thereof.

1t is also understood that the shape of all image con-
ductors may be planar, convex Or concave, according to
the application in which they are used.

All the particular embodiments and forms of this in-
vention have been illustrated and it is understood that
modifications may be made by those skilled in the art,
without departing from the full scope and spirit of the
foregoing disclosure.

I claim:

1. A device comprising in combination separate means
for producing an electrical image formed by a plurality
of different from each other electrical currents, and a
separate vacuum tube having an endwall for receiving said
electrical currents image, said endwall comprising an
array of electrically conducting means extending substan-
tially through the thickness of said endwall, said conduct-
ing means comprising a plurality of electrical conductors
having one end thereof outside of said tube and another
end thereof within said tube, said electrical conductors
within said endwall being provided with their own in-
dividual coating means of electrically insulating material,
said conductors being mounted at each of said ends in a
fixed spatial relationship to each other, said spatial rela-
tionship of said conductors at one end of said conductors
corresponding to said spatial relationship at the opposite
end of said conductors so that the pattern of said con-
ducted electrical image will be preserved, said conducting
means furthermore receiving and transporting said elec-
trical currents from the outside of said tube and intro-
ducing said currents within said tube, said tube compris-
ing furthermore means for producing a beam of electrons,
said electrical currents introduced into said tube by said
conductors modulating said beam of said electrons, and
means for receiving said modulated beam of electrons, said
device comprising in addition means for reproducing said
electrical image, in said device furthermore said elec-
trical currents image producing means being mounted out-
side of said vacuum tube.
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2. A device as defined in claim 1 in which said means
producing electrical currents image are mounted in
another vacuum tube.

3. A device as defined in claim 1 in which said means
producing said electrical currents image are responsive
to an ionizing radiation.

4. A device as defined in claim 1 which comprises
means producing a broad electron beam.

5. A device as defined in claim 1 which comprises
means producing an electron beam of a slow and of
scanning type, and which comprises means for producing
video signals.

6. A device as defined in claim 1 in which said means
producing said electrical currents image are mounted in
another vacuum tube, which comprises means for pro-
ducing a beam of electrons.

7. A device as defined in claim 1 in which said means
producing electrical currents image are spaced apart from
said tube.

8. A device as defined in claim 7 in which said means
producing said electrical currents image are responsive
to x-rays and converting said x-rays into said currents.

9. A device as defined in claim 8 which comprises
means producing an electron beam of a slow type.

10. A device comprising in combination separate
means for producing an electrical image formed by a
plurality of different from each other electrical currents,
and a separate vacuum tube having an endwall for re-
ceiving said electrical currents image, said endwall com-
prising an array of electrical conducting means extending
substantially through the thickness of said endwall, said
conducting means comprising a plurality of electrical
conductors having one end thereof outside of said tube
and another end thereof within said tube, said conductors
being mounted at each of said ends in a fixed spatial re-
lationship to each other, said spatial relationship of said
conductors at one end of said conductors corresponding
to said spatial relationship at the opposite end of said
conductors so that the pattern of said conducted electrical
image will be preserved, said conducting means further-
more receiving and transporting said electrical currents
from the outside of said tube and introducing said cur-
rents within said tube, said tube comprising furthermore
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means for producing a beam of electrons, said electrical
currents introduced into said tube by said conductors
modulating said beam of said electrons, and means for
receiving said modulated beam of electrons, said device
comprising in addition means for reproducing said elec-
trical image, in said device furthermore said electrical
currents image producing means being mounted outside of
said vacuum tube and spaced apart from said tube.

11. A device as defined in claim 10 in which said
means producing said electrical currents image are
mounted in another vacuum tube.

12. A device as defined in claim 11 in which said
means producing said electrical currents image comprise
means sensitive to an ionizing radiation.

13. A device as defined in claim 11 which comprises
means producing an electron beam of scanning and of a
slow type, and which comprises means for producing
electrical signals.

14. A device as defined in claim 10 in which said
electron beam is of a broad type.

15. A device as defined in claim 10 in which said
means producing said electrical currents image comprise
photoelectric means.

16. A device as defined in claim 10 in which said
means producing electrical currents image comprise
means sensitive to x-rays.

17. A device as defined in claim 16 which comprises
means producing an electron beam of a slow type.
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