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This invention relates to photoconductive image in 
tensifier devices, and particularly to devices that will in 
tensify visible images, and will intensify and make visible 
infrared images or X-ray images. 

There are several known types of devices that intensify 
images by means of photoemissive effects. As is known, 
currents produced by photoconductive action are rela 
tively high as compared to currents produced by photo 
emissive action. Therefore, it is desirable to utilize de 
vices having photoconductors as the photosensitive elle 
ment in order that the device will respond to weak 
signals. In devices prior to this invention that have used 
photoconductors as the sensitive element, the information 
has normally been obtained by scanning the photocon 
ductor with an electron beam, and obtaining the majority 
of the gain in amplifying systems outside of the tube. 

It is therefore an object of this invention to provide 
an improved photoconductive intensifier device. 

It is another object of this invention to provide an 
improved photoconductive intensifier device that is ex 
tremely sensitive and is capable of visibly reproducing 
weak images of the visible or invisible ranges of the 
spectrum. 
These and other objects are accomplished in accord 

ance with this invention by providing a novel image in 
tensifying device which includes, within an evacuated en 
velope, a target electrode comprising a photoconductive 
layer and a phosphor layer superimposed, one on the 
other. A stream of electrons is directed onto the phos 
phor at such a low energy that it produces little or no 
light when no images are directed onto the photocon 
ductor. When an image is focused onto the photocon 
ductive layer, the photoconductor becomes more con 
ductive and a charge is established on the phosphor so 
that the landing velocity of the stream of electrons is in 
creased, in a pattern corresponding to the image where 
by the phosphor emits light in the areas of the focused 
image. This emitted light is visible and corresponds to 
the original image. The original image may be visible, 
infrared or X-ray, and the reproduced image is of an 
intensity that is much greater than the original image. 
The invention will now be described in detail in con 

junction with the accompanying single sheet of drawings 
wherein: 

Figure 1 is a transverse sectional view of a photocon 
ductive image intensifying device in accordance with this 
invention; 

Figure 2 is an enlarged fragmentary sectional view of 
an embodiment of the target structure.shown in Figure 1; 
and, 

Figure 3 is a transverse sectional view of an embodi 
ment of a photoconductive image intensifying device in 
accordance with this invention. 

Referring now to Figure 1 in detail, there is shown a 
transverse sectional view of a photoconductive image in 
tensifying device, or tube, 19 in accordance with this in 
vention. The tube 10, comprises an evacuated envelope 
11. Images are directed onto the envelope through a wall 
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15 and are viewed through a wall 13. Arranged in an 
off axis relationship to the envelope 11 is a neck portion 
17 that encloses an electron gun 19. The electron gun 
19 may be any conventional type and includes a cathode 
21, a control electrode 20, and one or more accelerating 
electrodes 22. The gun 19 is of the type that is adapted 
to produce a wide angle stream of electrons 23. 
Arranged within the envelope 11, in the path of the 

stream of electrons 23, and adjacent to the image input 
wall 15, of the envelope 11, is a target electrode 25. 
The target electrode 25 includes a transparent Support 
plate 27 which may be made of a material such as glass. 
When desired, the target 25 may be supported directly on 
the input image wail 15 of envelope 11 and the trans 
parent support plate 27. omitted. On the electron gun 
side of the transparent support plate 27 there is pro 
vided a transparent conductive coating 30 which may be 
any well known light transparent, electrically conductive 
material such as tin chloride or tin oxide. On the sur 
face of the transparent conductive coating 30 is provided 
a layer, of approximately 10 mils thickness, of photo 
conductive material 32, such as cadmium sulphide pow 
der. On the exposed surface of photoconductive layer 
32 there is provided an opaque resistive layer 34 that may 
beformed of a material such as conducting cadmium sul 
phide, or carbon particles in a plastic binder, and may be 
approximately one to two mils thick. On the opaque 
resistive layer 34 there is provided a layer of phosphor 
material 36 that may be of a material such as zinc oxide. 
Supported within the envelope 11, and closely adjacent 
to the target 25, is a conducting fine mesh screen 38 of 
any high transparency. The mesh screen 38 is supported 
over an open end of a hollow tubular electrode 39. The 
electrode 39 may take the form of a conductive coating 
applied to the inner surface of envelope 11 and screen 38 
may be supported by electrodes extending through the 
walls of the envelope. The photoconductive layer 32 is 
a resistive layer that has a low conductivity in the dark, 
and a high conductivity when light is focused thereon. 

Since, during operation, there is a potential drop across 
the photoconductor 32, the photoconductive layer 32 
should be thick enough to sustain a potential drop in the 
order of 500 volts without breakdown. . Due to this 
limitation, it may be desirable to utilize a photoconductor. 
of the powdered form such as cadmium selenide and cad 
mium sulphide, either of which may be made into a thick 
layer, as the photoconductive layer 32. It should be 
understood that photoconductors that are deposited by 
evaporating material, e.g. antimony trisulphide, may also 
be utilized, and these layers made thick enough to ade 
quately sustain the voltage drop across the photocon 
ductor. . w - . 

When it is desired to visibly reproduce infrared im 
ages, a photoconductive material should be used for the 
photoconductive layer 32 that is sensitive in the infrared 
range of the spectrum. One example of such a photo-". 
conductor is lead sulphide. When it is desired to visibly 
reproduce X-ray images, a photoconductor, such as cad 
mium sulphide, should be utilized which responds well 
to frequencies in this range of the spectrum. 
The purpose of the opaque layer 34 in the target 25 is 

to prevent light feedback from the phosphor 36 to the 
photoconductive layer 32. In other words, it is to prevent 
the light produced by the phosphor 36 from activating 
the photoconductive layer 32. 
The opaque layer 34 should be a thin semi-conductive 

material so that it is conductive in the transverse direc 
tion, i.e. in the direction of the input image arrows in 
Figure 1, but highly insulating in the lateral direction to 

70 prevent loss of picture resolution. This normally results 
in the opaquelayer 34 being relatively thin. The opaque 
resistive layer 34 may be formed of a mosaic, or a plu 
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rality of opaque conductive islands such as evaporated 
aluminum islands (not shown) that are spaced apart so 
that the lateral conductivity across the target 25 is ex 
tremely low, but the conduction through the islands, is 
relatively high. The opaque layer 34 may also be 
formed of known conductive materials such as carbon 
particles in a suitable binding material. 
The phosphor layer 36 should be relatively conductive, 

or be very thin, so that the potential on the exposed sur 
face of the phosphor layer 36 will be substantially the 
same as the potential on the gun side of the photoconduc 
tive layer 32. In other words, when in the dark, the 
majority of the voltage drop across an elemental cross 
sectional unit of the target should occur across the photo 
conductive layer 32 rather than across the phosphor 
layer. One example of a highly conductive phosphor is 
zinc oxide. 

During one form of operation, and using the poten 
tials shown in Figure 1 as an example, a potential of 
500 volts positive with respect to the grounded cathode 
21 is applied to the transparent electrode 30. With the 
electron beam turned off, the phosphor surface 36 ac 
quires a potential of 500 volts by leakage to the electrode 
30. When the electron beam is turned on, the phosphor 
surface is driven in a negative direction until the elec 
trons in the beam are equal to the charge leakage through 
the target, i.e. the leakage from the scanned surface of 
phosphor 36 to the transparent conductor 30. By ad 
justing the density of the electron beam, the potential of 
the surface of the phosphor may be stabilized at a few 
volts positive, e.g. five to ten volts, with respect to the 
cathode 21. At this point a current equal to the primary 
electron beam current will flow through the series con 
nection of the phosphor layer, the opaque layer, and the 
photoconductive layer to the electrode 30. Due to the 
resistance of these layers, a certain voltage drop, of ap 
proximately 495 volts, is established across the target 
in the dark. When the phosphor is at this stabilized 
potential, the landing velocity of the electrons from gun 
19 onto phosphor 36 is very low and no light is pro 
duced thereby when the electrons land on the phosphor 
36 to replace the charge conducted through the target. 
Thus, as long as the photoconductive layer is maintained 
in the dark, its resistance remains high and the primary 
electron current flowing through it from the gun 19 will 
build up a relatively large voltage drop across it. 
When an image is directed onto the photoconductor 

32, the resistance of the photoconductor is lowered in 
the areas struck by light from the image. This decrease 
in resistance, decreases the voltage drop through the tar 
get and thus increases the potential of the phosphor with 
respect to the cathode 21. The electrons now land at 
higher velocities in these areas and produce visible images. 
These images vary in accordance with the input signals. 
The device of Fig. 1 may also be constructed using a 

phosphor which is relatively insulating. If such a phos 
phor is used, a target as shown in Fig. 2 may be em 
ployed. This target comprises a transparent support 
plate 41 having a transparent conductive coating 43 on 
one surface thereof. On the transparent conductive coat 
ing 43 is a layer of photoconductive material 46 which 
in turn supports an opaque resistive layer 47. On the 
opaque resistive layer 47 is a phosphor layer. 48 that 
comprises a mosaic of phosphor areas 48 with the resis 
tive layer 47 exposed between the phosphor areas 48. 
In this arrangement, the phosphor areas 48 assume ap 
proximately the potential of the exposed opaque layer 
47, which acts as a collector electrode (assuming that 
more secondary electrons are dislodged from the target 
than primary electrons land on the target). Since no 
secondary electrons from the phosphor areas can reach 
screen 38, because of the suppressing field, the net cur 
rent entering the opaque layer 47 is equal to the pri 
mary current, and the operation will be similar to that 
described for the target of Figure 1. The materials for 
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4 
the target shown in Figure 2 may be similar to those 
described in connection with Figure 1. 

Referring now to Figure 3 there is shown a cross sec 
tional view of an embodiment of this invention compris 
ing an evacuated envelope 52 having an electron gun 54 
in one end of the envelope for producing an electron 
beam 56. The electron gun 54 may be any conventional 
type that is adapted to be scanned over the surface of 
a target by any continual means such as horizontal and 
vertical deflection plates 53. The electron beam 56 is 
directed toward the target 58 that comprises a phosphor 
layer 60 that is supported in light exchange relationship 
with the balance of the target 58. The balance of the 
target 58 includes a transparent support plate 59, a trans 
parent conductive coating 62, a photoconductive layer 
64, an opaque resistive layer 66 and a phosphor layer 
68. The materials for the layers of the target 58 may 
be substantially the same as those previously described 
with the phosphor layer 60 being of a material similar 
to the phosphor 36 described above. In this embodi 
ment of the invention, the electron beam 56 is video 
modulated to produce a visible picture on the phosphor 
60. This picture is intensified by the photoconductor 64, 
and the phosphor 68, similar to that described in con 
nection with Figure 1. 

In any of the embodiments of this invention, the 
opaque resistive layer may be omitted, and the device 
used to store a transverse picture for any desired length 
of time. The storage occurs because now the photocon 
ductor is in light exchange relationship with respect to 
the phosphor, which produces a regenerative feedback 
action that will continuously energize elemental areas of 
photoconductor and phosphor which have been trig 
gered on. 
The device in accordance with this invention may be 

Scanned by an electron beam, rather than sprayed with 
an electron stream, when it is desired to increase the 
instantaneous current density in the device. 

Image intensifying devices in accordance with this in 
vention are very sensitive, and utilize the relatively high 
sensitivity of photoconductive materials. Also, these de 
vices do not have the problems of electron optically 
focusing imaging currents. 
What is claimed is: 
1. An image intensifying device, comprising an evacu 

ated envelope, a source of electrons within said envelope, 
a target electrode in said envelope and in the path of said 
electrons, said target electrode including a transparent 
conductive electrode, a layer of photoconductive mate 
rial on said conductive electrode, an opaque resistive 
layer on said layer of photoconductive material and a 
layer of phosphor material on said opaque resistive lay 
er, said layer of phosphor material being exposed and 
on the surface of said target toward said source of elec 
trons. - -? 

2. An image intensifying device, comprising an evacu 
ated envelope, an electron source within said envelope, 
a target electrode in the path of said electrons and in 
cluding a transparent conductor, a layer of photoconduc 
tive material on said transparent conductor, an oapque 
resistive layer on said photoconductive material, a mosaic 
of phosphor on said opaque resistive layer, elements of 
said phosphor mosaic being exposed and spaced apart 
on the surface of said opaque resistive layer in the path 
of said electrons. 

3. An image intensifying device comprising an evacu 
ated envelope, a target electrode within said envelope 
and including a transparent support member, a first layer 
of phosphor material on one side of said support mem 
ber, a transparent conductive coating on the other sur 
face of said support member, a layer of photo-conduc 
tive material on said transparent conductive coating, an 
opaque resistive coating on said photoconductive mate 
rial, and a second layer of phosphor material on said 
opaque coating, means within said envelope for produc 
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ing an electron beam, means for scanning said beam 
over said first layer of phosphor material, means within 
said envelope for producing a stream of electrons, and 
means for directing said stream of electrons onto said 
Second phosphor layer. 

4. An image intensifying device, comprising an evacu 
ated envelope, a target within said envelope, said target 
including a first phosphor material, a photoconductor 
and a second phosphor material, means within said en 
velope for producing an electron beam, means for scan 
ning said beam over said first phosphor material, a 
source of electrons within said envelope, means for di 
recting electrons from said source onto said second phos 
phor material, and said second phosphor material and 
said photoconductor forming an electrical series path 
whereby the electrons flowing through said photocon 
ductor originate at said source. 

5. An image intensifying device, comprising an evacu 
ated envelope, a target electrode within said envelope 
and including a transparent support member, a first 
layer of phosphor material on one side of said support 
member, a transparent conductive coating on the other 
surface of said support member, a layer of photocon 
ductive material on said transparent conductive coat 

ing, an opaque resistive coating on said photoconduc 
tive material and a second phosphor material on said 
resistive coating, an electron gun within said envelope for 
producing an electron beam, means within said envelope 
for scanning said beam over said first phosphor material 
at energies that produce light, the resistance of said 
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- photoconductor being decreased by said light, an elec 
tron gun within said envelope for producing a stream 
of electrons, and means for directing said stream of 
electrons onto said second phosphor material. 
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