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This invention relates to improvements in radiant en 
ergy sensitive devices. - 
While the devices to be described have particular util 

ity in detecting or reproducing radiation or images. fall 
ing in the visible spectrum, the principles of this inven 
tion apply equally as well to other types of radiation, for 
examples X-rays, infrared radiations, ultra-violet light 
radiation and the like. Therefore, for simplicity, the 
term radiant energy will be understood to encompass 
X-rays as well as visible and invisible radiations. 
This invention is directed to improving the sensitivity 

5 

2 
output image can be an amplified light image. Also an 
invisible image, such as an infrared image or an ultra 
violet Image can be converted or reproduced in visible 
form. 

In some devices, the electroluminescent layer is about 
1 mil in thickness, and to achieve the required voltage 
distribution between the two layers in the dark, the photo 

i conductive layer is made about 10 mils thick. Such a 
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25 of devices such as, for example, certain types of picture. 
reproducers which for design reasons utilize a thick layer 
of photoconductive material as a light sensitive cell. In 
such devices the photoconductive layer may be sothick 
that light is unable to penetrate completely through the 
layer. Hence, under excitation, there exists through the 
thickness of the photoconductive cell a low impedance 
layer where the light penetrates and a series high im 
pedance layer which the light does not reach and which 
remains unsensitized. The presence of such an unsen 
sitized layer greatly detracts from the overall perform 
ance of the device, especially its sensitivity and, if the 
device is a picture reproducer, its brightness and ampli 
fication. 
One type of picture reproducing device to which this 

invention applies utilizes a projection screen constituted 
of a layer of photoconductive material and a layer of 
electroluminescent material sandwiched between two 
transparent electrodes. The electroluminescent material 
is constituted of particles of luminescent phosphor mate 
rial embedded in a dielectric and having the property 
of emitting light under the influence of an electric field. 
A voltage is applied across the two electrodesto provide 
an electrical circuit in which the impedances of the two 
layers are in series. It has been necessary to make the 
thickness of the photoconductive layer much greaterthan 
that of the electroluminescent layer so that the imped 
ance of the photoconductive layer, in the dark will be 
many times that of the electroluminescent layer, and a 
greater fraction of the applied voltage will be developed 
across the photoconductive layer. Under these condi 
tions, the voltage across the electroluminescent layer is 
below the threshold voltage required to cause visible 
luminescence and no light is emitted from the electro 
luminescent layer. When light falls on the photoconduc 
tive material, its impedance is lowered in the areas where 
the light strikes, and a greater fraction of voltage is ap 
plied across the electroluminescent material directly in 
contact with the illuminated areas of the photoconductor. 
The electroluminescent material is thus caused to emit light. 
The light emission increases with an increase in the 

voltage applied across the electroluminescent layer so 
that a halftone image can be projected on the photocon 
ductive material and a corresponding halftone image 
will be reprciduced on the electroluminescent material. 
In addition, if the input image is of low intensity, the 
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thick photoconductive layer is not very efficient because 
substantially all the light is absorbed within a short depth 
of the photoconductor and the lower depths remain rela 
tively unilluminated. The problem, therefore, isto de 
vise some means whereby the effective depth of the photo 
conductor excited by the incident light is greatly in 
creased, in order to provide a more efficient photocon 
ductive layer and thus produce greaterlight output from 
the electroluminescent layer. . 

It is, therefore, an object of this invention to provide 
a radiant energy sensitive device of improved sensitivity. 

it is a further object to provide an improved photo 
conductive cell having a novel structure which permits 
light to penetrate through a greater effective depth. 

It is a further object to provide an improved light image 
reproduce of the kind including as one of its elements a 
continuous photoconductive layer, said image repro 
ducer having greatly improved sensitivity and amplifica 
tion. 

It is amother object of this invention to provide anim 
proved method of manufacturing a radiant energy sensi 
tive device. | - : , , 

I The foregoing and other objects may beachieved in 
accordance with the invention by providing in a light sen 
sitive sheet-like member, regions which are more trans 
parent to incident light than other regions. For example, 
this may be accomplished by providing in a continuous 
layer of photoconductive material having an overall thick 
ness which is greater than a predetermined light penetrat 
ing thickness for said material, regions which have a thick 
ness less than said light penetrating thickness. More spe 
cifically the light sensitive cell is formed by spacingan 
apertured electrode from a support plate and filling the 
intervening space with a mixture of photoconductive pow 
der, a plastic binder and a solvent for the binder. When 
the mixture dries, the evaporation of the solventallows the 
photoconductive powder and binder under the apertures 
to contract down towards the support plate. Depressions 
are left in the surface of the cell which expose a substan 
tial depth of photoconductive material to the action of incident light. 

In the single sheet of drawings: 
Fig. 1 is a plan view showing a light sensitive cell con 

structed in accordance with the invention. 
Fig. 2 is a section of Fig. 1 taken alonglines 2-2. 
Fig. 3 is a sectional view of a light image reproducer 

constructed according to the invention. 
Referring to Figs. 1 and 2 in detail there is shown a 

photosensitive cell constructed in accordance with the in 
vention. The cell 10 comprises a conductive support 
plate or electrode 12, an insulating spacer 14, an aper 
tured light permeable electrode 16 spaced from the plate 
12 and a continuous layer of photoconductive material 
18 intermediate the two electrodes 2 and 6.. The elec 
trode 6 may be a thin metal plate provided with aper 
tures, or it may be a wire mesh or grill structure. The 
electrodes 12 and 16 are connected in series with a voltage 
source 20 and a load 22. - 
As seen more clearly in Fig. 2, the photoconductive 

layer 18 is formed with depressions or voids extending 
from the apertures in the electrode 16, and with their bot 
toms close to the support plate 12. There is thus pro 
duced in thephotoconductive layer 18, regions, at the de 
pressions, which are more transparent to incident light 
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than the photoconductive material located between the 
depressions. Therefore, when the cell 10 is subjected to 
light incident on the apertures electrodeside, the light will 
passinto the light transparent regions and illuminate the 
photoconductive layer through a greater effective depth. 

Provision of these light transparent regions avoids the 
limitations of reduced sensitivity of thick photoconduc 
tive layers formed without the depressions. Solid layers 
of a thickness greater than a given light penetration 
thickness have the serious limitation in that the lower 
regions of the layerare not reached by the light. The 
impedanceremains high in these regions and the sensitiv 
ity of the cell is considerably reduced. By means of 
this invention, then, the overall thickness of the layer 
18 may be many times the order of thickness in which 
substantially all light is absorbed, and yet the light will 
reach and excite the lower depths of the layer. The 

i depressions must be deep enough, of course, so asinot 
toleave a thickness of photoconductive material below 
: which is greater than can be penetrated by the 

:light. 
Tofabricate the cell 10, when the electrode is in the 

form of a mesh, the mesh is strethed taut across the top 
of the spacer 14, which may be 15 mils thick. The 
photoconductive material 18, for example, crystalline 
cadmium sulfide powder, preferabiy finer than 325 mesh, 
ismixed with a 10 percent solution of ethyi cellulose 
binder in amyl alcohol with a ratio oftwo parts of pow 
der to one part of solution by weight. The mixture is 
then squeegeed across the mesh with a rubber or metal 
strip sothat the powder-solution mixture fills the inter 
stices of the mesh. When the solution dries, the evapo 
ration of the solvent allows the binder-powder mix to 
contract down into the mesh in the desired manner as 
shown in Fig. 2. 
The invention is not limited to the specific materials 

mentioned above. Any other material whose impedance 
is variable in response to radiant energy excitation may 
be used in place of the cadmium sulfide. For example, 
cadmium selenide or lead sulfide may be used. Other 
suitable plastic binders are methyl-methacrylate and poly 
styrene. Suitable solvents for these materials areethyl 
ene dichloride, and toluene, respectively. A casting or 
self setting organic resin may also be used, in which 
case it is also diluted with a volatile solvent. The 
strength of the binder-solvent solution and the powder 
solution weight ratio may be varied - depending on the 
materials used and the amount of depression desired. 
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layer. Since these impedances are in series with the 
Supply voltage 36, the apportioned voltage appearing 
across the photoconductive layer will be ten times the 
voltage appearing across the phosphor layer. Also, 
consider the supply voltage to be adjusted so that the 
magnitude of the voltage appearing across the phosphor 
layer is just below the threshold value required to cause 
the phosphorto luminesce. Under these conditions then, 
with no incoming radiation incident on the photocon 
ductor, no:light is emitted from the phosphor. 

Consider then an amount of light falling on an ele 
mental area of the photoconductor, for example, through 

i one of the apertures in the mesh electrode 32 so that 

5 
it illuminates thephotoconductive material in the particu 
lar hole. The conductivity of the photoconductor will 
increase in this area, conducting paths being provided 
between the mesh electrode 32 and the phosphor layer 
28 along the illuminated surface of the photoconductor. 
This increase in conductivity, or drop in impedance of 
the photoconductor, which is a function of the intensity 
of the incident light, causes a corresponding increase in 
the voltage appearing across the phosphor in an area 
directly adiacent to the excited photoconductor. 
phosphor is thus caused to emit light in this area due 

The 

to an increase at this localized area in the voltage above 
the threshold value required for luminescence. Because 
the intensity of the light emitted from the phosphor is 
proportional to the magnitude of the field developed across 
the phosphor, itis readily seen that an image with half 
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The above technique may be used to fabricate the 
i picture reproducer shown in Fig. 3. A transparent sup 

port plate 24 of plastic or glass, having a thin trans 
parent conductive coating 26 of tin chloride, for ex 
ample, is coated with a layer 28 of electro-luminescent 
phosphor particles in plastic. The phosphor may be 
zinc sulfide activated with copper and the plastic may 
be ethyl cellulose. An insulating spacer 30 is then sup 
ported on the phosphor layer, a wire mesh 32 is stretched 
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taut over the spacer 30 and a photoconductive layer 34 
may be formed adiacent to the phosphor layer 28 in the 
manner described for the cell 10 of Figs. 1 and 2. In 
one example, the phosphor layer was 1 to 2 mils thick 
and the insulating spacer 30 was 15 mils thick. If 
desired, alight opaque insulating layer 35 may be inter 
posed between the photoconductive layer 34 and the 
phosphor layer 28. The layer 35 may beathinlayer 
of blacklacquer or carbon black particles mixed with 
insulating material. To operate the device of Fig. 3 as a light amplifier or 
picture reproducer, a voltage source 36, preferably alter 
nating current, is connected across the film 26 and mesh 
32 which serve as electrodes. Consider the relative thick 
ness of the photoconductive layer 34 and the phosphor 
layer 28 to be such that the series impedance of the 
photoconductive layer in the dark or unexcited condition 
toibe of the order of tentimes that of thephosphor 
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layer. 

tones can be reproduced on the phosphor surface which 
is a replica of the image incident on the photoconductor. 
Theopaque layer 35, if used, will prevent light feed 

back from the phosphor layer to the photoconductive 
The layer 35 may be omitted, and light feed 

back will be preventedi if the light emitted from the 
phosphor layer falls within a range of wavelengths lying 
outside that portion of the spectrum to which the photo 

- conductive layer is sensitive. It may be advantageous, 
under certain circumstances, to omit the layer 35 and 
allow light feedback to enhance the amplification or to 
store a reproduced image even after the incident image 
is removed. 
As indicated previously, if a uniformly thick solid 

layer of photoconductor is used in a picture reproducer 
of this kind, the incident light will not reach the lower 
depths of the photoconductive layer. Hence the photo 
conductor will be inefficient in transferring the maximum 
desired proportion of the total supply voltage to the 
phosphor layer for any given level of incident light. 
With a device constructed according to Fig. 3, however, 
in which the photoconductive layer is provided with light 
transparent regions, this handicap is overcome. These 
light transparent regions allow light to excite the photo 
conductor througha greater effective depth. 
i What is claimedis: 

1. A radiantenergy sensitive device comprisinga sheet 
like member including a continuous layer of a material 
having a variable impedance characteristic in response 
to radiant energy excitation, said member including a 
plurality of regions which are more transparent to in 
cident radiantenergy than other regions of said member. 

2. A light sensitive device comprising a continuous 
layer of photo-conductive material, said layer including 
a plurality ofregions which are more transparent to in 
cident.light than other regions. 

3. A light: sensitive device comprising a continuous 
layer of photo-conductive material having an overall 
thickness which is greater than a predetermined light 
penetrating thickness for said material, said layer includ 
ing a plurality of regions which have a thickness less 
than said:light penetrating thickness. 

4. A radiantenergy sensitive device comprising a con 
tinuous layer of a material having a variable impedance 
characteristic in response to radiant energy excitation, 
said layerincluding a plurality of regions which are more 
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transparent to incident radiant energy than other regions 
of Said material, and a pair of electrodes in contact with opposite sides of said layer. 

5. A light sensitive device comprising a continuous 
layer of photo-conductive material, said layer including 
a plurality of regions which are more transparent to in 
cident light than other regions, a source of voltage, and 
means for connecting said voltage source to said layer. 

6. A light sensitive device comprising a continuous 
layer of photo-conductive material having an overall 
thickness which is greater than a predetermined light 
penetrating thickness for said material, said layer includ 
ing a plurality of regions which have a thickness less 
than said light penetrating thickness, and a pair of elec 
trodes in contact with opposite sides of said layer. 

7. A light sensitive device comprisinga conductive base 
member, an apertured electrode spaced from said base 
member and a continuous layer of photoconductive mate 
rial therebetween, said layer having a plurality of de 
pressions directly under the apertures of said electrode 
and which extend substantially through the entire depth 
of Said layer, whereby light incident on said apertured 
electrode will illuminate said depressions and thus excite 
said photoconductive material through a greater effective depth. 

8. A light sensitive device comprising a conductive 
plate electrode, a mesh electrode spaced from said plate, 
and a continuous layer of cadmium sulfide powder mixed 
with a plastic binder between said respective electrodes, 
said layer having depressions directly underneath the 
apertures of said mesh electrode and which extend sub 
stantially through the entire depth of said layer, whereby 
light incident on said mesh electrode will illuminate said 
depressions and thus excite said photoconductive mate 
rial through a greater effective depth. 

9. A radiant energy reproducing device comprising a 
sheet-like member including a continuous layer of mate 
rial having a variable impedance characteristic in re 
sponse to radiant energy excitation, said member includ 
ing a plurality of regions which are more transparent to 
incident radiant energy than other regions of said mem 
ber, a layer of electroluminescent phosphor material elec 
trically in series with said member, and a pair of elec 
trodes in contact with opposite sides of said member and layer. 

10. A radiant energy reproducing device comprising a 
transparent base, a transparent conductive coating on said 
base, a layer of electroluminescent phosphor on said con 
ductive coating, a continuous layer of photoconductive 
material on said phosphor layer, said photoconductive 
layer including a plurality of regions which are more 
transparent to incident light than other regions, and a 
light permeable electrode on said photoconductive layer. 

11. A radiant energy reproducing device comprising a 
transparent base, a transparent conductive coating o: 
said base, a layer of electroluminescent phosphor on said 
conductive coating, a continuous layer of photoconduc 
tive material on said phosphor layer, said photoconduc 
tive layer including regions which are more transparent 
to incident light than other regions, a light permeabile 
electrode on said photoconductive layer, and a light 

i opaque insulating layer disposed between said phosphor 
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and said photoconductive layer. 

12. A radiant energy reproducing device comprising a 
transparent base, a transparent conductive coating on said 
base, a layer of electroluminescent phosphor on said con 
ductive coating, a continuous layer of photoconductive 
material on said phosphor layer, said photoconductive 
layer having an overall thickness which is greater than 
a predetermined light penetrating thickness for said ma 
terial, said layer including a plurality of regions which 
have a thickness less than said light penetrating thick 
ness, and light permeable electrode means on said photo 
conductive layer. 

13. A radiant energy amplifier comprising a trans 
parent support member, a transparent conductive film 
thereon, a layer of electroluminescent material on said 
film an apertured electrode spaced from said electrolu 
minescent layer, and a continuous layer of photoconduc 
tive material between said electrode and said electrolu 
minescent layer, said photoconductive layer having a sub 
stantially greater dark impedance than said electrolu 
minescent layer and a correspondingly greater overali 
thickness, said photoconductive layer having depressions 
directly under the apertures of said electrode and which 
extend substantially through the entire depth of said 
photoconductive layer, whereby light incident on said 
apertured electrode will illuminate said depressions and 
thus excite said photoconductive material through a 
greater effective depth. 

14. The invention according to claim 3, wherein said 
photoconductive material consists of crystalline cadmium 
sulfide powder mixed with a plastic binder. 

15. A light sensitive device comprising a conductive 
base member, insulating spacing means on said conduc 
tive base adiacent to the edges thereof, an apertured elec 
trode on said spacing means and spaced from said base 
member thereby, and a continuous layer of photocon 
ductive material in the space between said base member 
and said electrode, said layer having depressions directly 
under the apertures of said electrode and which extend 
substantially through the entire depth of said layer, 
whereby light incident on said apertured electrode will 
illuminate said depressions and thus excite said photo 
conductive material through a greater effective depth. 
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