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My invention relates to xerography and more particul 
larly to a sensitive plate therefor. 
In xerography it is usual to form an electrostatic latent 

image on a surface. One method of doing this is to 
charge a photoconductive insulating surface and then dis 
sipate the charge selectively by exposure to a pattern 
of activating radiation. Other means of forming electro 
static latent images are set forth in U.S. 2,647,464 
to James P. Ebert. Whether formed by these means or 
any other, the resultant electrostatic charge pattern is 
conventionally utilized by the deposition of an electro 
scopic material thereon through electrostatic attraction 
whereby there is formed a visible image of electroscopic 
particles corresponding to the electrostatic latent image, 
Alternatively, the electrostatic charge pattern may be 
transferred to an insulating film and the electroscopic 
particles deposited thereon to form the visible image. In 
any case, this visible image in turn may be transferred to 
a second surface to form a xerographic print or may be 
fixed directly to the photoconductive surface. 

Most present commercial applications of Xerography 
are directed to the reproduction of printed and pictorial 
information under controlled conditions wherein the 
amount of light available may be closely regulated. For 
direct outdoor photography and other uses where the 
useful light may not be conveniently controlled, one re 
quires a xerographic plate whose sensitivity or speed 
compares favorably with that of the high speed nega 
tive films of silver halide photography. The speed of 
present commercial xerographic selenium plates is rough 
ly equivalent to an ASA rating of 4. In contrast to this, 
black-and-white photographic film has a speed of at least 
about 50 and even color film has a speed of the order 
of at least about 10 ASA. There thus exists a strong de 
mand to increase the speed of Xerographic plates to at 
least equal the ASA rating of present color films and, if 
possible, to materially exceed even this speed. It is an 
object of this invention to present means and apparatus 
to accomplish this objective. 

In accordance with my invention, the effective-speed of 
xerographic plates is increased through the intermediary 
effect of a layer of a suitable electroluminescent material 
between the photoconductive insulating material and the 
conductive backing of a xerographic plate. - 
In the accompanying drawings FIGURE 1 shows a 

cross section of a Xerographic plate according to one em 
bodiment of the invention. 
FIGURE 2 is a cross section of a xerographic plate 

according to another embodiment of the invention. 
The xerographic plate ordinarily used in xerography 

comprises a conductive backing having coated thereon a 
photoconductive insulating material. The conductive 
backing may comprise any conductive material as alumi 
num, brass, zinc, chromium, paper, glass having a con 
ductive coating as of tin oxide, etc. Suitable photocon 
ductive insulating materials include continuous layers of 
materials such as anthracene, selenium, sulfur, mixtures 
of selenium with tellurium, arsenic, sulfur, and so on. 
Alternatively, the photoconductive insulating material 
may comprise a suitable inorganic pigment phosphor 
material such as an oxide, sulfide or selenide of zinc or 
cadmium finely dispersed in an insulating resin binder 
such as a vinyl resin, a cellulose ether or ester, a silicone 
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resin, etc. Whatever the nature of the photoconductive 
insulating layer, this layer in turn may, if desired, be 
covered by a transparent insulating coating as of vinyl. 
resin, silicone resin, chlorinated rubber, cellulose ether 
or ester, etc., to protect the surface thereof from abra 
sion and mechanical damage. 

Referring to FIGURE 1, a xerographic plate 10 ac 
cording to the instant invention may comprise a base 
material 1 transparent to the radiation used (as, for 
instance, glass in the case of visible light, quartz in the 
case of ultraviolet, and metal in the case of X-ray radi 
ation), is provided with a conductive coating 12 on at 
least one surface thereof, which coating 12 is also trans 
parent to the radiation used. In the case of a glass or 
quartz base 11, a thin layer of tin oxide, indium oxide, 
aluminum, silver, etc., may be readily utilized for form 
ing such transparent electrically conductive coatings. On 
this conducting film 12 is deposited a thin layer 13 of 
electroluminescent phosphor. The phosphor is deposited 
as a continuous layer as by vacuum evaporation, chemi 
cal deposition techniques, etc. - 
The particular type of electroluminescent phosphor 

useful herein is that which achieves appreciable light 
amplification when subjected to the combined stimulus of 
imposed radiation and a sufficiently large D.C. field and 
hence are termed "D.C.-enhanced electroluminescent 
phosphors.” Such a phosphor may be made by effecting 
a reaction between zinc vapor and hydrogen sulfide in 
the presence of manganese and chlorine to form a zinc 
sulfide: manganese chloride film on the surface to be 
coated. Such a film fluoresces weakly when subjected to 
ultraviolet radiation. However, when a sufficiently large 
D.C. field is impressed across such a film in the presence 
of the radiation, about ten photons of visible light are 
produced for each incident ultraviolet photon. 
On top of the stratum of electroluminescent material 

13 is placed a layer of photoconductive insulating mate 
rial 14. If selenium, anthracene or other material is 
used as the photoconductive insulator, the photoconducts 
tor may be sprayed on the desired surface in molten 
form or evaporated onto the plate under high vacuum. 
Likewise, the selenium, anthracene and inorganic pig 
ment phosphor materials may all be applied in the form 
of a lacquer by forming a dispersion of the finely-ground 
photoconductor in a suitable film-forming resin binder. 

In operation electrical charges sufficient to raise the 
electrical field through layer 13 to near the breakdown 
point are applied to the surface of layer 14 as by corona 
discharge as set forth in copending application Serial 
No. 154,295, filed April 6, 1950 by L. E. Walkup or other 
means. The image which it is desired to reproduce is 
now projected (using a conventional projection optical 
system) onto layer 13 through layers 1 and 12 using 
ultraviolet light. The ultraviolet rays will be absorbed 
in layer 13, releasing electrons to the conduction band. 
Due to the high electrical field these electrons will be ac 
celerated and as they move through the layer 13 will 
excite other electrons by collision or excition transfer, 
giving up sufficient energy to raise these electrons to the 
conduction band. The new electrons in turn will be 
accelerated, releasing more electrons. Thus, an ava 
lanche or quantum multiplication takes place. Many of 
these excited electrons will fall into illuminescent or im 
purity centers, causing light to be emitted. Some elec 
trons may pass through layer 13 and be injected into 
layer 14. 
Two phenomena will then contribute to increase the 

rate of decay of potential across layer 14. First, the 
light image itself will be amplified in layer 13 so that the 
light entering layer 14 will be many times more intense 
that that of the original image. Second, current carriers 
excited in layer 13 and passing through layer 13 will be 
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injected into layer 14 amplifying the photocurrent 
through layer 14. 
The light emitted within layer 13 will not necessarily 

be of the same wave length as that of the incident light 
image, but will be characteristic of the activator centers 
in layer 13. 

In the areas where the light excites layer 13 significant 
conductivity is imparted to the photoconductor 14 in the 
manner described. As a result, the charges on the Sur 
face of the photoconductor 14 immediately opposite the 
point of incidence of the light are selectively dissipated 
in accordance with the intensity of the incident light. 
There will then result on the surface of the photoconduc 
tor an electrostatic charge pattern corresponding to the 
original to be reproduced. This image may then be 
made visible using any of the methods known to those 
skilled in the art, as, for example, cascade development 
as shown in U.S. 2,018,552, to E. N. Wise, powder cloud 
development as shown in U.S. 2,725,304 to Landrigan et 
al., etc. If desired this powder image may be transferred 
to paper, plastic, or other recording means as shown 
for example in U.S. 2,576,047 to R. M. Schaffert or in 
U.S. 2,661,289 to C. R. Mayo et al. and fixed thereto as 
shown in U.S. 2,701,765 to J. Codichini et al. After 
cleaning any residual powder from surface 14, as by 
gentle swabbing with cotton, the plate 10 may be used to 
repeat the cycle. 

Another embodiment of the invention is shown in 
FIGURE 2. This differs from the embodiment of FIG 
URE 1 in that an extra conductive transparent layer 15 
is interposed between the D.C.-enhanced electrolumines 
cent phosphor layer 13 and the photoconductive layer 
14. In this case the D.C. field is maintained across the 
electroluminescent layer 13 by suitable D.C. voltage 
source 16 applied between conductive transparent layers 
12 and 15 when switch 17 is closed. Hence, the applica 
tion and magnitude of the applied D.C. field impressed 
across the electroluminescent layer 13 is largely inde 
pendent of the charge applied to the surface of the 
photoconductor 14. In this case the dissipation of an 
uniform layer of charge placed on the surface of the 
photoconductor 13 will be dependent not only on the 
length of exposure to the activating radiation, but also to 
the duration of the impressed D.C. potential. The opera 
tion of the plate is the same as that of the plate shown 
in FIGURE 1 except that it is desirable that the activa 
tion and deactivation of the D.C. potential as by closing 
and opening switch 17 be so ordered as to coincide with 
the exposure to the light image. 

Plates according to the instant invention may be in 
flat, spherical, cylindrical or other conformations as de 
sired. 
The novel plates according to the instant invention 

are useful in all of the processes, methods and appara 
tuses wherein Xerographic plates are normally used 
the instant plates differing only in having a substantially 
greater response to activating radiation than plates pre 
pared according to the prior art. If desired, the photo 
conductive insulating layer 14 may be protected by a 
thin insulating coating as described above. 

If desired, the D.C.-enhanced electroluminescent mate 
rial 13 may be tailored as by proper selection of the ma 
terial providing the activator centers to emit light of a 
relatively narrow band of wavelengths while at the same 
time absorbing light throughout the visible range of the 
spectrum. Thus, absorbed light in layer 13 will trigger 
the avalanche described above with light ranging from 
red through blue or ultraviolet whereas the emitted light 
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would be essentially in one region, such as blue. Using 
a D.C.-enhanced electroluminescent layer such as this 
would permit the use of photoconductive insulating lay 
ers 14 whose photoresponse is confined to the region of 
emission of layer 13. This would provide a panchro 
matic xerographic plate even when layer 14 has essen 
tially monochromatic response. Thus, the photocon 
ductive insulating material 14 would be selected primarily 
in terms of its photosensitivity rather than in terms of 
photoresponse, relying on layer 13 to provide the desired 
photoresponse for the over-all plate. Other variations or 
modifications of the instant invention will be apparent to 
those skilled in the art. 
The examples given above are in illustration only and 

not in limitation of the invention, references being had 
to the appended claims for this purpose. 

I claim: 
1. The method of producing an electrostatic latent 

image corresponding to an optical image comprising the 
following steps: 
A. Applying a D.C. electric potential between two 

transparent conductive layers which have a layer of 
electroluminescent phosphor material therebetween which 
luminesces only under the combined stimulus of a D.C. 
electric field and activating radiation; 

B. Placing an uniform electrostatic charge on the outer 
surface of a layer of photoconductive insulating mate 
rial which is supported by on of said transparent con 
ductive layers; 

C. Subjecting said phosphor layer to an optical image 
by projecting said optical image onto said phosphor 
layer through the said transparent conductive layer which 
is free from said photoconductive insulating material 
whereby the resulting changes in electric field distribu 
tion produce an electrostatic latent image on the outer 
surface of said photoconductive insulating material; and 

D. Removing said electric potential when said electro 
static latent image is formed. 

2. The method according to claim 1 wherein the 
phosphor is a manganese chloride activated zinc sulfide. 

3. The method according to claim wherein 1 the phos 
phor is a manganese chloride activated zinc sulfide and 
the photoconductive insulating material is vitreous 
selenium. 
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