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[57] ABSTRACT 

In an electrophotographic camera, a photon image to 
be recorded is focused through an optically transparent 
substrate and transparent electrode onto the back sur 
face of a photoconductive layer. The charge-retentive 
surface of an electrographic recording paper is dis 
posed adjacent the photoconductive layer and the con 
ductive backing of the paper is connected to an elec 
trode for impressing a charge transfer potential across 
the photoconductor layer and the charge-retentive 
layer of the paper. When the potential is impressed 
across the photoconductor, electrons liberated in the 
photoconductor by the photon image to be recorded 
are transferred to the charge-retentive surface of the 
recording paper to form a charge image of the object 
to be recorded. The charge image is subsequently de 
veloped by applying charged toner particles to the 
image for developing same. The photoconductive layer 
comprises a substantially continuous layer of an inter 
locked matrix of crystals of active photoconductive 
material coated and bound together with a lead sealing 
glass interstitially disposed of the interlocking crystal 
matrix. The resultant photoconductive layer has im 
proved strength and resistance to abasion while pro 
ducing acceptable photographic images. The photo 
conductive layer is produced by heating a stratum in 
cluding particles of lead sealing glass together with par 
ticles of preactivated photoconductive material in the 
presence of a molten solvent and proportions of one or 
more activators. 

6 Claims, 3 Drawing Figures I 
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METHOD FOR MAKING AN 
ELECTROPIIOTOGRAPHIC PLATE 

DESCRIPTION OF THE PRIOR ART 

Heretofore, photoconductive layers have been pro 
duced by forming a stratum including particles of a ma 
terial selected from the group consisting of sulphides, 
selenides and sulphoselenides of cadmium, recrystalliz 
ing said material in a molten solvent to a desired range 
of particle sizes, incorporating into said recrystallized 
material activator proportions of a halide and activator 
proportions of a metal selected from a group consisting 
of copper and silver, and evaporating the molten sol 
vent. The resultant layer is a substantially continuous 
layer of interlocked crystals of photoconductive mate 
rial. Such a sintered photoconductive material is de 
scribed in U.S. Pat. No. 2,765,385, issued Oct. 2, 1956. 
The problem with this prior art photoconductive ma 

terial is that it is relatively fragile and non-resistant to 
abrasion, thereby precluding its use as a camera plate 
in an electrographic camera. The abrasion of the pho 
toconductive surface in such an application would pro 
duce surface scratches and transfer of the photocon 
ductive layer to the electrophotographic recording pa 
per, thereby rendering the photoconductive camera 
plate unusable. 
Others have constructed xerographic plates of cop 

per and chlorine-doped cadmium sulphide photocon 
ductive powder incorporated in an acrylic resin consist 
ing of n-butyl and isobutyl methacrylate. The acrylic 
resin served as a binder for the photoconductive parti 
cles and comprises approximately 1 1 percent by weight 
of the layer. The layer was formed by mixing the photo 
conductive powder and the acrylic resin in xylene to 
form a slurry. The slurry was applied to a tin oxide 
coated borosilicate glass substrate and air-dried and 
further dried at 80° C for several hours. The resultant 
photoconductive layer had improved mechanical sta 
bility over the aforementioned photoconductive layer 
but was found to have greatly reduced ASA speed, as 
of l / 1 00th of that of the aforedescribed prior art plate. 
Such a photoconductive plate is described in an article 
titled “Photoinduced Discharge Characteristics of Cad 
mium Sulphide Binder Layers in the Xerographic 
Mode” appearing in the Journal of Applied Physics, 
Vol. 36, No. 11, of Nov. I965, pp 3475-3480. The 
problem with using such a photoconductor as an elec 
trographic camera plate is that it produces rather 
speckled images due to a lack of uniformity of the re 
sultant layer, it has a relatively high dark background 
current, and is sensitive to the presence of moisture 
which tends to alter its photoconductive properties and 
to give rise to excessive dark conductivity. In addition, 
this latter type of photoconductive plate suffers from 
memory effects, thereby precluding its use in a camera 
wherein the time interval between successive picture 
frames is desired to be as short as possible. 
Therefore, the need exists for an improved photocon 

ductive plate which will have relatively high ASA 
speeds, will be mechanically strong and resistant to 
abrasion, and which will be highly homogeneous and 
free of surface blemish and defects while providing rel 
atively little memory and having very low dark current. 
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SUMMARY OF THE PRESENT INVENTION 

The principal object of the present invention is the 
provision of an improved photoconductive layer and 
method of making same. 
One feature of the present invention is the provision 

of a sintered photoconductor comprising a layer of a 
substantially continuous polycrystalline matrix of inter 
locked photoconductive crystals of a substance se 
lected from the group consisting of sulphides, sele 
nides, tellurides and sulphoselenides of a member of 
the group consisting of zinc and cadmium, and contain 
ing activator proportions of a halide plus activator pro 
portions of a metal selected from the group consisting 
of copper and silver and incorporating a glass binder 
interstitially disposed of said polycrystalline matrix, 
whereby a mechanically stable abrasion-resistant, high 
speed photoconductive layer is formed having low 
memory and low dark current characteristics. 
Another feature of the present invention is the same 

as the preceding feature wherein the photoconductive 
crystals comprise crystals of cadmium sulphide con 
taining activator proportions of chloride and copper 
and wherein the glass binder is a lead sealing glass. 
Another feature of the present invention is the same 

as any one or more of the preceding features wherein 
> the photoconductive layer is produced by a method in 
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cluding the steps of, forming a mixture including parti 
cles of solvent and activator mixed together with parti 
cles of a substance selected from the group consisting 
of sulphides, tellurides, selenides and sulphaselenides 
of a member of the group consisting of zinc and cad 
mium, activating said substance, mixing the activated 
substance with glass particles, forming a layer of said 
activated substance and glass mixture, recrystallizing at 
least portions of said substance in said layer and melt 
ing the glass particles which.are interstitially disposed 
of said activated photoconductive substance. 
Another feature of the present invention is the same 

as the preceding feature wherein the glass particles 
have a softening temperature between 50° and 250°C 
below the temperature at which the mixed particles are 
heated for melting the solvent. 
Other features and advantages of the present inven 

tion will become apparent upon a perusal of the follow 
ing specification taken in connection with the accom 
panying drawings wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic line diagram, partly in section 

and partly in block diagram form, depicting an electro 
photographic camera incorporating vfeatures of the 
present invention, 
FIG. 2 is an enlarged view of a portion of the struc 

ture of FIG. 1 delineated by line 2—2, and 
FIG. 3 is a flow diagram, in block diagram form, de 

picting the method of the present invention for fabri 
cating the photoconductive layer of the present inven_ 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1, there is shown an electro 
photographic camera 1 incorporating features of the 
present invention. The camera 1 includes a lens 2 dis 
posed at one end of a dark box 3 for focusing the light 
obtained from an object 4 onto the back side of a pho 
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toconductive layer 5 disposed at the image plane of the 
lens 2. The photoconductive layer 5, as of 20 to I00 mi 
crons, is deposited over an optically transparent con 
ductive electrode 6 which in turn is supported from an 
optically transparent substrate 7, as of borosilicate 
glass plate one-fourth thick. A suitable transparent 
conductive electrode structure 6 comprises a tin oxide 
coating having a resistivity of 50 ohms per square and 
having a transparency, in the optical range, greater 
than 95 percent. Other suitable conductive electrodes 
6 include metal ?lms of chromium and gold. 
An electrographic recording paper 8 is disposed adja 

cent the photoconductive layer 5 with the charge 
retentive surface 9 of the paper 8 disposed adjacent the 
photoconductive layer 5. The conductive layer 11 of 
the paper 8 is disposed facing a conductive electrode 
structure 12 for uniformly pressing the charge 
retentive surface 9 of the paper 8 into nominal contact 
with the surface of the photoconductor 5. A source of 
potential, as of —500 to —900 volts, is connected across 
electrodes 6 and 12 via the intermediary of a timing 
switch 14. An electrographic camera 1 of the type 
herein disclosed is described and claimed in copending 
U.S. application Ser. No. 599,069 ?led Dec. 5, I966 
and assigned to the same assignee as the present inven 
tion, now US. Pat. No. 3,502,408. 

In operation, the image of the object 4 to be photo 
graphed is focused upon the photoconductive layer 5. 
The timing switch 14 is closed for the appropriate ex— 
posure time determined by the available light intensity 
and the speed of the photoconductive layer 5. During 
the exposure time, electrons liberated within the photo 
conductive layer 5 by the incident light image are 
caused to be transferred through the photoconductive 
layer 5 into the charge-retentive surface 9 of the elec 
trographic paper 8. In this manner, a charge image of 
the object 4 is produced in the charge-retentive surface 
9 of the paper. The charge image is then developed by 
removing the paper 8 from the camera 1 and applying 
positively charged toner particles to the charge image 
for developing same. The toner particles may be sus 
pended in air or in a liquid dielectric vehicle. Alterna 
tively, the polarity of the source 13 may be reversed to 
produce positive charge images on the charge retentive 
surface 9. 
The photoconductor 5 is also sensitive to invisible ra 

diation; i.e., photon of energy outside the visible range 
of wavelengths. For example, the photoconductor is 
useful for photographing X-ray, X-ray or neutron im 
ages. In such latter applications, the transparent elec 
trode 6 and substrate 7 need only be transparent to the 
rays which are to form the image on the photoconduc 
tor 5. 
Referring now to FIG. 2, there is shown the structural 

detail of the photoconductive layer 5 of the present in 
vention. The photoconductive layer 5 comprises a sub 
stantially continuous polycrystalline layer of a matrix of 
interlocked photoconductive crystals 15 of a photocon 
ductive substance selected from the group consisting of 
sulphides, tellurides, selenides, and sulphoselenides of 
a member of the group consisting of zinc and cadmium 
and containing activator proportions of a halide plus 
activator proportions of a member of the group consist 
ing copper and silver. A lead sealing glass binder mate 
rial 16 is interstitially disposed of the polycrystalline 
matrix 15, thereby binding the matrix together to make 
the matrix mechanically stable and resistant to abra 
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sion. Each of the photoconductive crystallites of the 
matrix 15 is fused to its neighboring photoconductive 
crystallites by means of a recrystallized bridge or junc 
tion therebetween, thereby producing low resistance 
electrical bridging connections between neighboring 
photoconductive crystallites of the matrix forming the 
photoconductive layer 5. 
The surface of the photoconductive layer 5 which 

faces the charge-retentive surface 9 of the paper 8 is 
relatively smooth, having a surface ripple less than 5 
microns. The surface ripple is de?ned as the vertical 
distance between adjacent peaks and valleys in the sur 
face of the photoconductor. Although the glass binder 
16 completely coats the surface of the photoconductive 
particles 15 at the exposed surface of the photoconduc 
tive layer 5, the thicknes of the glass is only on the 
order of a micron or less and does not interfere with 
proper operation of the photoconductive layer 5. Pho 
toconductive layers 5 produced in accordance with the 
teachings of the present invention are found to be resis 
tant to abrasion, and to be mechanically strong for pro 
ducing electrographic images of acceptable photo 
graphic quality; i.e., defects cannot be discerned by the 
unaided eye. 
Referring now to FIG. 3, there is shown a ?ow dia 

gram, in block diagram form, depicting the method for 
fabricating photoconductive layers 5 according to the 
present invention. Brie?y, the method for producing 
the photoconductive layer 5 comprises the steps of: 
mixing together the powdered photoconductor and a 
suitable solvent or fusing agent and a suitable activator; 
?ring the mixture at about 600°C for about 25 minutes; 
mixing powdered glass into the ?red mixture; dispers 
ing the mixture into a suitable vehicle to form a paste; 
applying the mixture by a doctor blade or by spraying 
or by painting onto the transparent conductive elec 
trode layer 6 as carried upon the glass substrate 7; ?r 
ing the substrate containing the coating in an air fur 
nace and sintering at 600°C for approximately 15 min 
utes; cooling the resultant sintered photoconductive 
layer to room temperature. A conductor is then painted 
onto the side edge of the substrate member to make 
contact with the optically transparent conductive elec 
trode 6 and the photoconductive plate is then ready for 
use. 

Suitable photoconductive materials include sul 
phides, tellurides, selenides and sulphoselenides of zinc 
or cadmium. Suitable activator elements include a ha 
lide plus copper and/or silver. Suitable solvents for the 
photoconductor include halides of cadmium or zinc. 
Suitable vehicles for the powdered mixture include 
ethyl alcohol and xylene. Suitable glasses include the 
lead sealing glasses having a softening temperature be 
tween 50° and 250°C below the temperature at which 
the mixed particles are heated for melting the solvent. 
The glass particles preferably comprise between 10 
percent and 45 percent by weight of the particulated 
photoconductive substance exclusive of the glass parti 
cles. In a preferred embodiment, the sealing glass has 
a softening point of approximately 150°C below the 
temperature at which the particulated layer is ?red in 
the furnace. 

In a speci?c example of a method for forming the 
photoconductive layer 5 of the present invention, an 
intimate mixture is formed of 250 grams of cadmium 
sulphide, 0.25 grams of Cu CL 2 _ ZI-I2O and 12.5 g of 
dry Cd cl-z _2.5H2O. A suitable cadmium sulphide pow 
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der is high purity powder obtained from Gallard 
Schlesingler Chemical Company of Carle Place, 
N.Y.. Batch No. B7649. The cadmium chloride 
and copper chloride are predissolved in deionized 
water. and suf?cient water is added to make a ?uid 
paste (approximately 150 milliliters total). The 
slurry is thoroughly blended (e.g.. by hand-mixing, 
ball-milling, etc.), then dried (e.g.. over a hot-plate 
or in an oven). The dry material is pulverized, e.g., 
in a mortar and pestle until all of it passes through 
a 20-mesh sieve, blended and placed in a glass 
ceramic dish. The mix is ?red at 600°C for 25 minutes. 
then cooled and again crushed until all of it passes 
through a 50-mesh screen. This is the preactivated 
photoconductor powder. To 250 grams of pre 
activated cadmium sulphide, one adds another 12.5 
grams of cadmium chloride and 50 grams of Coming 
No. 7570 glass powder with a particle size —325 mesh 
(coming Glass Works, Corning, N.Y.). The mix is slur 
ried up in a 16 oz. glass jar with about 200 milliliters of 
deionized water, 35 cylindrical milling balls (as X 1/2 
inch) are added, and the slurry is milled for at least 40 
hours. If necessary, more water may be added to give 
a mix of the desired consistency. 
During the preactivating ?ring step, the cadmium 

chloride melts, dissolving the copper salt and some of 
the cadmium sulphide. In the molten solution, ion ex 
change chemical reaction takes place. In these chemi 
cal reactions, copper activates the photoconductive 
cadmium sulphide material. In addition, an ion ex 
change reaction occurs wherein chlorine ions enter the 
cadmium sulphide lattice to produce further activation 
of the photoconductive material. 
On further heating, the cadmium sulphide recrystal 

lizes at the junctions between adjacent cadmium sul 
phide crystals and the unused cadmium chloride evapo 
rates. The recrystallized cadmium sulphide has incor~ 
porated therein activator proportions of copper and 
chlorine. During plate ?ring, the additional cadmium 
chloride acts as a fusing agent for producing conduc 
tive bridging connections between the adjacent crystal 
lite particles of the photoconductive material. When 
substantially all of the unused cadmium chloride has 
evaporated, the cadmium sulphide crystals are inter 
locked with one another, forming a substantially con 
tinuous polycrystalline layer of interlocked photocon 
ducting crystals on the glass plate. The resultant layer 
is extremely homogeneous and ?rmly adherent to the 
glass. 
The lead sealing glass has a softening temperature of 

approximately 150° lower than the ?ring temperature 
of 600°. The sealing glass does not appear to react with 
the preactivated photoconducting crystals. The glass, 
upon melting, forms a coating around the photocon 
ductor, and provides a binder ?lling the interstitial 
spaces between the inerlocked crystallites of the photo 
conductive matrix. The glass imparts mechanical 
strength and abrasion-resistant characteristics to the 
resultant photoconductive layer 5. 

In place of cadmium sulphide, sulphides, tellurides, 
selenides and sulphoselenides of zinc or cadmium may 
be used. Cadmium sulphide and its equivalents will 
hereinafter be referred to as the host crystal. 
During preactivation cadmium chloride is introduced 

into the mixture to act as a solvent for the host crystal. 
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6 
In addition to cadmium chloride, other halides of cad 
mium or zinc may be used such as, for example, bro 
mides or iodides of cadmium or zinc may be employed. 
lnstead of copper, silver may he introduced into the 
host crystal as the activator. The proportion of glas by 
weight of the host crystal preferably falls within the 
range of l0 percent to 45 percent with 20 percent 
being especially desirable. 
Since many changes could be made in the above 

consruction and many apparently widely different em 
bodiments of this invention could be made without de 
parting from the scope thereof, it is intended that all 
matter contained in the above description or shown in 
the accompanying drawings shall be interpreted as il 
lustrative and not in a limiting sense. 

I claim: 

1. A method for manufacturing an electrophoto 
graphic plate for transferring developable quantities of 
charge to an adjacent surface in response to photons 
incident upon the plate, comprising the steps of: 
forming a mixture of crystals, a solvent for the crys 

tals, and an activator suitable for promoting photo 
eonductivity in the crystals, the crystals selected 
from the group consisting of sulphides, tellurides, 
selenides, and sulphoselenides of a material se~ 
lected from the group consisting of zinc and cad 
mium; 

?ring the mixture to melt the solvent and activate the 
crystals; 

cooling the ?red mixture; 
adding particles of glass to the ?red mixture wherein 

the glass particles comprise from about 9 percent 
to about 31 percent by weight of the weight of the 
?red mixture including the weight of the glass; 

providing a sustrate; 
forming a stratum on the substrate with the ?red mix~ 

ture; 
?ring the stratum to melt at least a portion of the sol 
vent which dissolves at least a portion of the crys 
tals, while simultaneously melting the particles of 
glass to interstitially coat the crystals; and 

lowering the temperature of the stratum to cause the 
dissolved crystals to recrystallize establishing con 
ductive bridges between the particlesof crystals 
and to cause the glass to solidify and bind the crys 
tals together for use in an electrophotographie 
plate for transferring charge to the recording me 
dium. 

2. The method of claim 1, wherein the crystals are 
cadmium sulphide. 

3. The method of claim 1 wherein the activator is a 
halide and of a metal selected from the group consist 
ing of copper and silver, and the solvent is a halide of 
cadmium. 

4. The method of claim 3 wherein the activator is 
chloride and copper. 

5. The method of claim 1, wherein the particles of 
glass comprise about 23 percent by weight of the total 
weight of the ?red mixture including the glass particles. 

6. The method of claim 1, wherein additional solvent 
is added to the ?red mixture before the stratum is 
formed. 
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