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ABSTRACT OF THE DISCLOSURE 
An improved process for electrostic reproduction. A 

transparent charged sheet of insulating material, such as 
a thin insulating film bearing a uniform electrostatic 
charge on one side thereof, or an electret, is placed against 
an electrostatically charged or uncharged photoconductive 
surface on a suitable substrate to form a temporary com 
posite. The photoconductive surface is then exposed to a 
light pattern and the free surface of the transfer sheet 
is developed to provide a visible image corresponding to 
the light pattern. This image is fixed on the transfer sheet 
or transferred to a receiving sheet after the transfer sheet 
has been removed from the photoconductive surface. 
Further copies can be made by reapplying the transfer 
sheet to the photoconductive surface and redeveloping the 
free surface of the transfer sheet when in place on the 
photoconductive surface. 

Real electrostatic images can be provided on the free 
surface of the transfer sheet by charging it to a constant 
voltage, as with a constant voltage-variable current corona 
device, during or after light exposure. Multiple copies of 
the image can be obtained by placing the real electrostatic 
image side of the transfer sheet on a grounded conductor 
bearing a thin blocking layer and toner developing the op 
posite surface of the transfer surface of the transfer 
sheet. 

In other embodiments, by simultaneously exposing and 
develeping from opposite sides of the composite, high 
decay, rate, but transparent, photoconductive materials 
can be used. In another method, the sandwich is simul 
taneously charged to constant voltage and exposed. 

FIELD OF THE INVENTION 

The present invention generally relates to image repro 
duction and more particularly to improved processes for 
electrostatic image reproduction. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

In a typical method of xerographic reproduction, elec 
tric charges are deposited on a photoconductive surface 
by a corona discharge, after which the charged photocon 
ductive surface is exposed to a light pattern to form a 
latent electrostatic image thereon. This latent image is 
then rendered visible by applying toner, which may be 
electrostatically charged powder or the like, directly to 
the photoconductive surface so that it adheres thereto 
in the latent image-bearing areas through electrostatic 
attraction. The resulting visible image is then fixed to a 
permanent image, as by heating or the like, to fuse it in 
place either directly on the photoconductive surface or 
after print-off to a suitable copy sheet, such as paper. 
The abrasiveness of toner powder results in wear of 

the relatively expensive permanent photoconductive lay 
ers used in copying machines, thereby degrading the 
quality of copies and ultimately requiring replacement 
of the photoconductive layers. Moreover, difficulties are 
encountered in fully transferring the visible image from 
the photoconductive surface to the copy and of keeping 
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the toner powder from image-free areas. Gradual toner 
powder build-up on and around the photoconductive sur 
face also degrades the copy quality, since inadvertent 
toner transfer to copies causes the copies to appear gray 
and splotchy in background areas, reducing contrast and 
definition. 
An additional problem with such reproduction pro 

cedures is that a separate exposure of the photocon 
ductive surface is needed for each copy, that is, multiple 
copies cannot be made from a single exposure of the 
photoconductive surface. In addition, multiple copies 
bearing two or more different toner colors cannot be 
made. 

Certain newer xerographic processes have been devel 
oped to overcome some of the foregoing drawbacks but 
are usually relatively complicated and are not adapted 
for use in simple, inexpensive copying machines. 

In copending United States Patent Application, Ser. 
No. 215,873, filed Jan. 6, 1972 by Joseph Gaynor, Terry 
G. Anderson, Walter Hines and Len A. Tyler, and as 
signed to the present assignee, an improved simple electro 
static copying process is provided which permits multiple 
copies from a single exposure and allows multiple color 
copying. In that process a thin insulating film is disposed 
on an electrostatically charged photoconductive surface. 
An electrostatic image induced on the free surface of the 
film is developed with electroscopic toner which can be 
transfered to a copy sheet. The photoconductive surface 
is thus protected from the abrasive effect of the toner 
particles. 
The present invention provides improvements in con 

trast and resolution over the Gaynor et al. process de 
scribed above and provides all of its advantages and 
others. In accordance with the present process, one uni 
formly charges one side of a transparent sheet of insulat 
ing material, such as a thin insulating film as described in 
the aforenoted Gaynor et al. application, or an electret, 
and places the charged side against an electrostatically 
charged or uncharged photoconductive surface on a suit 
able substrate to form a temporary composite. The photo 
conductive surface is then exposed to a light pattern and 
the free surface of the transfer sheet is developed to pro 
vide a visible image corresponding to the light pattern. 
This image is fixed on the transfer sheet or transferred to 
a receiving sheet. The transfer sheet should be removed 
from the photoconductive surface when the subsequent 
treatment may affect the electrostatic image (e.g. if fixing 
or transfer is thermal) or for mechanical facility. In the 
transfer mode, further copies can be made by reapplying 
the transfer sheet to the photoconductive surface, if it has 
been removed, and redeveloping the free surface of the 
transfer sheet when in place on the photoconductive sur 
face. 

Real electrostatic images can be provided on the free 
surface of the transfer sheet by charging it to a constant 
voltage, as with a constant voltage-variable current corona 
device, during or after light exposure. The real electro 
static image can be used to provide multiple visible copies 
of the image without having to recontact the transfer 
sheet with the photoconductive surface. This is accom 
plished by placing the real electrostatic image side of the 
transfer sheet on a grounded conductor bearing a thin 
blocking layer and developing the opposite surface of the 
transfer sheet to provide a visible toner image, trans 
ferring the toner image to a copy sheet, and repeating 
the developing and transferring to provide the desired 
number of copies. 
The present process can also be successfully used when 

the photoconductive surface is extremely light sensitive 
and has a high dark decay rate. In one method, the photo 
conductive surfaces and substrates are transparent. After 



3 
application of a precharged transfer sheet, the composite 
is simultaneously exposed and developed (from opposite 
sides of the composite). In another method, the sandwich 
is simultaneously charged to constant voltage and ex 
posed. 
The present methods provide single or multiple copies 

on one or a plurality of colors from a single exposure. 
Moreover, the photoconductive surface is fully protected 
from wear and contrast loss by the toner. Importantly, 
the copies are full, sharp, clear and of high contrast and 
resolution. The process can be carried out in a variety 
of modes to suit individual needs, all of which modes are 
characterized, in part, by the use of a precharged transfer 
sheet of thin insulating film or an electret. The photo 
conductive surface can be precharged or uncharged. Rela 
tively permanent real electrostatic images can be formed 
and highly light sensitive, high dark decay rate photo 
conductors having wide spectral sensitivity can be used 
efficiently. Further features of the present process are 
set forth in the following detailed description and ac 
companying drawings, 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 schematically depicts a photoconductor-transfer 

sheet composite during exposure in accordance with a 
first embodiment of the present process; 

FIG. 2 schematically depicts the composite of FIG. 1 
after exposure but before developing; 

FIG. 3 schematically depicts a photoconductor-transfer 
sheet composite during exposure in accordance with a sec 
ond embodiment of the present process; 

FIG. 4 schematically depicts the composite of FIG. 3 
after exposure but before developing; 

FIG. 5 schematically depicts a photoconductor-transfer 
sheet composite prior to exposure in accordance with a 
third embodiment of the present process; 

FIG. 6 schematically depicts the composite of FIG. 5 
during simultaneous exposure and developing; 

FIG. 7 schematically depicts a photoconductor-transfer 
sheet composite during exposure in accordance with the 
present process; 

FIG. 8 schematically depicts the composite of FIG. 7 
during charging of the free surface of the transfer sheet 
to constant positive (A) or negative (B) voltage to pro 
vide a real electrostatic image; 

FIG. 9 schematically depicts the transfer sheets of FIG. 
8 after real electrostatic image formation thereon and 
during developing thereof on a grounded conductor; and 

FIG. 10 schematically depicts the transfer sheet of 
FIG. 8, embodiment A, after real electrostatic image 
formation thereon and during developing in an inverted 
mode on a grounded conductor bearing a thin blocking 
layer. 

DETAILED DESCRIPTION 
FIGS. 1 and 2 

In accordance with the mode of the present process 
depicted in FIGS. 1 and 2, a sheet of transparent insulat 
ing material, hereinafter termed a transfer sheet, is placed 
on a photoconductive surface to form a composite. Re 
ferring specifically to FIG. 1, a composite 20 is schemat 
ically depicted, which comprises a transfer sheet 22 dis 
posed on a photoconductive surface 24 of a photoconduc 
tor 25, in turn disposed on a grounded (at 26) conduc 
tor plate 28. The transfer sheet 22 can be a thin elec 
trically, insulating film, for example, of plastic such as 
thin, smooth, uniform polyethylene terephthalate, poly 
ethylene, polycarbonate, tetrafluoroethylene, polystyrene 
or the like film which usually is used in a transparent 
form. In one mode in the present process, more partic 
ularly described hereafter in connection with FIGS. 5 
and 6, the transfer sheet 22 need not be transparent. The 
transfer sheet 22 is preferably dimensionally stable, ther 
mally stable and wear resistant. A preferred thickness is, 
for example, 0.1-2 mil or the like. 
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The photoconductive surface 24 can be any suitable 
conventional photoconductive surface, such as cadmium 
sulfide, zinc sulfide, cadmium sulfide and/or zinc sulfide 
in a binder resin, or the like. Zinc oxide paper can also 
be used in this embodiment. Such paper comprises zinc 
oxide particles in an insulating binder, such as polystyrene, 
phenolic resin, melamine formaldehyde resin, or the like, 
coated on a support such as paper. The photoresponse 
of such paper apparently requires the deposition of oxy 
gen ions on its surface, obtained by direct charging, which 
is provided in the embodiment of FIGS. 1 and 2. How 
ever, in the other embodiments, no pre-charging of the 
photoconductor is provided and zinc oxide paper would 
have too low a photoresponse therefor. The conductor 
plate 28 may be any suitable metal or metal coated glass, 
etc., for example, a steel plate, suitably grounded at 26 
and bearing the photoconductor 25 with its photocon 
ductive surface 24 abutting the transfer sheet 22, partic 
ularly the lower surface 30 thereof. The lower transfer 
sheet surface 30 in all embodiments of the present process 
is uniformly electrostatically charged before application 
to the photoconductive surface 24 and is in that condition 
during said application and exposure, as shown, for ex 
ample, in FIG. 1. Moreover, in the embodiment depicted 
in FIG. 1, the photoconductive surface 24 has also been 
precharged electrostatically to the same polarity as that 
of transfer sheet surface 30 and is in that state when as 
sembled with the transfer sheet 22 to form the composite 
20. It is preferred for this embodiment that the photo 
conductor surface 25 be of the n-p type. 

It is important that there be no electrical discharge 
between the photoconductive surface 24 and the transfer 
sheet surface 30 before or after light exposure. Accord 
ingly, the voltage potentials of these surfaces 24 and 30 
are selected so as to avoid such discharge during the 
following image formation. 
Upon exposure of the photoconductive surface 24 to 

a pattern 31 of light-directed through the transfer sheet 
22, as shown in FIG. 1, a voltage equal and opposite 
to that on the charged transfer sheet surface 30 appears 
on the light exposed areas of the photoconductive surface 
24. As a result, the effective voltage difference between 
the illuminated and non-illuminated areas on the photo 
conductive surface 24 is the algebraic difference between 
the original and induced potentials. For example, if the 
original potentials on the photoconductive surface 24 and 
transfer sheet surface 30 are each 300 volts negative 
before exposure, the effective voltage before exposure 
is 600 volts negative. Where the photoconductive surface 
24 is illuminated, a positive 300 volts is induced, effec 
tively neutralizing the negative 300 volts on the transfer 
sheet Surface 30 So far as the electrical field above the 
free surface 32 of the transfer sheet 22 is concerned. 
Thus, the effective voltage difference between the illu 
minated areas of the photoconductive surface 24 is 600 
Volts with or without the transfer sheet 22 subsequently 
in place. 

Thus, by utilizing a precharged transfer sheet 22 in the 
manner described in the present process, the voltage dif 
ference between illuminated and unilluminated areas of 
the photoconductive surface 24 can be doubled. This dou 
bling of voltage difference provides an increase in elec 
trostatic contrast by a factor of two which automatically 
increases resolution of the finished copy to be produced. 
It will be noted from FIG. 2 that in the areas of the 
free surface 32 of the transfer sheet 22 which corresponds 
to the unexposed (unilluminated) areas of surface 24, 
an electrical potential of 600 volts negative appears (as 
Suming the original voltage total, as in the example above, 
was 600 volts negative) and in the areas of the free 
transfer sheet Surface 32, corresponding to exposed areas 
of the photoconductive surface 24, the voltage potential 
SZO. : , , . . . . 

Accordingly, the free transfer sheet surface 32 can be 
developed with electroscopic particles of asy Ganyeniisnal 
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type well known and adapted to be attracted to and 
adhere to the free transfer sheet surface 32 in accordance 
With the charge pattern thereon. A visible image is thus 
provided on the free surface 32 of the transfer sheet 
corresponding to the light pattern to which the photo 
conductive surface 24 has been exposed, as per FIG. 1. 
Such development is carried out with the transfer sheet 22 
in place on the photoconductive surface 24 as shown in 
FIG. 1, after which the transfer sheet 22 can be separated 
from the photoconductive surface 24. Fixing of the vis 
ible image on the transfer sheet 22 can be performed in 
any conventional manner, as by heat fusing resin-bearing 
toner particles in place, or the like. The visible image can 
also first be printed off onto a receiving sheet (not shown), 
Such as plain bond paper or the like and then fixed on 
the receiving sheet. 

If the visible image obtained as described above is 
printed off so as to provide the transfer sheet 22 with 
a toner-free surface 32, the transfer sheet 22 can then 
be reapplied to the photoconductive surface 24 with its 
charged lower surface 30 in contact therewith and the 
free surface 32 of the transfer sheet can be redeveloped 
with toner to provide a second visible image identical 
to the first visible image described above. The redeveloped 
transfer sheet 22 can then be separated from the photo 
conductive surface 24, as before, and printed off and 
fixed as previously described. It will be noted that there 
is no need to reexpose the photoconductive surface 24 
to the light pattern before such redevelopment takes place. 
Since the voltage potentials of the photoconductive sur 
face 24 and transfer sheet surface 30 still exist, the free 
transfer sheet surface 32 is provided with the same effec 
tive voltage potentials defining the same image pattern 
as before. Thus, a large number of copies of the same 
image can be made consecutively utilizing only a single 
charge and exposure of the photoconductor 25, limited 
only by its dark decay rate. 
... It will be further noted that a separate, uncharged, 
transfer sheet 22 can be used for the redevelopment step, 
if desired, without incurring loss of contrast. In this re 
gard, the latent electrostatic image on the photocon 
ductive surface 24 after the original exposure described 
above consists (as per the above example) of exposed 
positively charged areas exhibiting 300-- volts, whereas 
the unexposed areas of surface 24 exhibit 300-volts. 
Thus, the 600 volt gradient is still present to provide the 
original high contrast. The electric field above the free 
surface of a new, uncharged transfer sheet 22 will exhibit 
the same voltage gradient so that the new free surface 
32 has an induced latent electrostatic image of the same 
contrast as before, which surface can be developed as 
before. 

Moreover, if a conventional biasing electrode is used 
while the toner redevelopment step is carried out, posi 
tive or negative images on the free transfer sheet surface 
32 can be provided with the same toner particles, depend 
ing on the sign of the electrode potential employed and 
its magnitude. It will also be noted that, with or without 
the biasing electrode, the redevelopment step with an 
uncharged transfer sheet is carried out in a most favor 
able environment for very high image quality reproduc 
tion, since charged toner particles are attracted during 
the redevelopment to image-bearing areas having charges 
opposite to that of the toner and are simultaneously re 
pulsed from the background areas, i.e., non-image bear 
ing areas of the free transfer sheet surface 32 (areas 
bearing the same charge sign as the toner). This also 
enables positive and negative images to be toner developed 
with equal facility and quality using the same process 
but with different toners. - 
One should select the material constituting the trans 

fer sheet 22 and the photoconductive surface 24 in 
order to prevent discharge between the lower charged 
transfer sheet surface 30 and the photoconductor 25 
during original exposure and development (and subse 
quent redevelopment using the original transfer sheet 22). 
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6 
For example, with a transfer sheet 22 formed from poly 
ethylene terephthalate and a photoconductor 25 formed 
from Selenium, if the voltage gradient is kept below about 
650 volts, no discharge will occur. Similar maximum 
limits for voltage gradients apply to other combinations, 
and such limits are known to the art or are readily de 
terminable. See, in this regard, "Electrophotography,” by 
by R. M. Schaffert, Focal Press, New York, 1965. It will 
be further understood that the original voltages on the 
charged transfer sheet surface 30 and the photoconductive 
surface 24 need not be numerically the same in order to 
provide the desired results. 

FIGS. 3 and 4 

Now referring to FIGS. 3 and 4, a composite 120 is 
shown in use during and after exposure. The composite 
120 is identical to the composite 20 of FIGS. 1 and 2 
except that, in this instance, in contrast to the mode shown 
in FIGS. 1 and 2, the photoconductive surface 124 is in the 
uncharged state (therefore, one would not use zinc oxide 
paper as the photoconductor). The lower surface 130 of 
the transfer sheet is, however, charged, as in FIGS. 1 and 
2. For the mode shown in FIGS. 3 and 4, it is preferred 
that a p-type photoconductor 125 be employed when the 
electrostatic charge on transfer sheet surface 130 has a 
negative sign. Suitable examples of p-type photoconductors 
include: selenium, selenium-tellurium alloys, and polyvi 
nylcarbazole-trinitrofluorenone mixtures. When the charge 
on the transfer sheet surface 130 is positive, an n-type 
photoconductor can be used, such as: cadmium sulfide or 
cadmium selenide. Of course, a n-p type of photocon 
ductor can be used regardless of the polarity of the 
charge on the transfer sheet surface 130. 

Conventional electrostatic charging devices such as a 
corona, charging device, widely used in electrophoto 
graphic copying machines, are relatively expensive, incon 
venient, sources of maintenance problems, potential haz 
ards and space occupiers. Consequently, elimination of 
the need for such devices represents a substantial advance 
in the art. In the mode illustrated in FIGS. 3 and 4, such 
a need is eliminated because no charging of the photo 
conductive surface 124 is required. Moreover, although 
the transfer sheet surface 130 must be charged, it can be 
precharged in advance of use. Polymeric insulators such 
as polyethylene terephthalate, polystyrene, tetrafluoroeth 
ylene, polyethylene and the like can easily be precharged 
to the relatively low electrostatic potentials required and 
can retain their charges for substantial lengths of time. 
They can also be folded or coil wrapped in thin film form 
without charge transfer from one surface to another; 
rendering them ideal for stable precharged transfer sheets 
and rolls of compact configuration. ". . . 

Moreover, it is possible to employ as a transfer sheet 
122 an electret which would ensure the existence of the 
charge for a very long time. Electrets are permanently 
electrified substances well known in the art. They are 
usually made from polar dielectric materials whose mole 
cules are aligned in an imposed electrical field. Polar plas 
tic materials such as selected vinyls, acetals, acrylics, poly 
esters and silicones, among others, are well known. Poly 
ethylene terephthalate, for example, can be formed into 
an electret by polarization at about 85° C. 
The magnitude of the voltage charge on the lower sur 

face 130 of the transfer sheet 122 (or through the transfer 
sheet if it is an electret) must be kept below the threshold 
which would permit charge transfer to the uncharged 
photoconductive surface 24. Thus, the voltage gradient, 
as described for the mode of FIGS. 1 and 2, must be kept 
below about 650 volts, meaning that the original voltage 
on the charged transfer sheet surface 130 should not be 
in excess of about 325 volts. . 
Once the charged transfer sheet surface 130 is in place 

on the uncharged photoconductive surface 124, (the 
photoconductor 125 being disposed on a grounded base 
conductor 128) the composite 120 is exposed to a light 
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pattern through the transparent transfer sheet 122 so that 
the light exposes the photoconductor 125. In the areas of 
the photoconductive surface 124 exposed to light, a po 
tential equal in magnitude and opposite in sign to that 
on the charged transfer sheet is induced on the photocon 
ductive surface 124. Accordingly, the electrical field above 
the composite in light exposed areas is zero and toner 
carrying a positive charge will not deposit. In the unex 
posed areas of the composite 120, there is an electrical 
field above the free transfer sheet surface 132 because a 
similar compensating voltage has not been induced in 
those corresponding areas of the underlying photoconduc 
tive surface 124. Consequently, a visible image corre 
sponding to the light pattern which impinged on the photo 
conductive surface 124 can be produced on the free trans 
fer sheet surface 132 by toner development in the manner 
previously described. Such development is conducted with 
the transfer sheet 122 in place on the photoconductor 
125, after which the transfer sheet 122 can be separated 
therefrom and the visible image is fixed, as previously 
described, with or without intervening transfer of the visi 
ble image to a receiving sheet. 
The latent electrostatic image induced in the photocon 

ductive surface 124 will remain for a time proportional 
to the inherent dark decay rate of the photoconductive 
surface 124 so that additional image copies can be made 
(before such decay) in the manner described for the mode 
of FIGS. 1 and 2, i.e., reapplication of the charged trans 
fer sheet 122 to the photoconductive surface 124, rede 
velopment in place (without reexposure), removal of the 
developed transfer sheet 122, print-off of the visible image 
and repitition of this cycle. The voltage on the charged 
transfer sheet surface 130 remains constant within its in 
herent electrical time constant limits. 

FIGS. 5 and 6 
Photoconductors which are not good photoinsulators 

and have high dark decay rates nevertheless can be effec 
tively used in accordance with the present process by the 
procedure exemplified in FIGS. 5 and 6. The extreme light 
sensitivity and broad spectral response of certain of such 
materials gives them advantages in use which can be uti 
lized by the present procedure. They can be successfully 
used to produce very high resolution copies of very good 
quality. Examples of such photoconductive materials in 
clude: doped cadmium sulfide, cadmium selenide, cad 
mium telluride and selenium telluride. 
Such materials are utilized generally in the mode of 

FIGS. 3 and 4, modified as shown in FIGS. 5 and 6. Thus, 
an uncharged surface 224 of a photoconductor 225, dis 
posed on a conductor 228 grounded at 226, is contacted 
with the electrostatically charged surface 230 of a transfer 
sheet 222. The transfer sheet 222 is identical to the trans 
fer sheet 122 of FIGS. 3 and 4 and the sheet 22 of FIGS. 
1 and 2, but, in contrast to the mode of those figures, the 
transfer sheet 222 can be, but need not be, transparent. 
However, in this embodiment the conductor 228, must be transparent for simultaneous exposure and development. 
This can be accomplished, as shown in FIG. 6, by ex 
posing the photoconductor 225 to a light pattern through 
the transparent plate 228 while simultaneously applying 
charged toner developer to the free surface 232 of the 
transfer sheet 222. 

- Although the electrostatic image induced on the photo 
conductive surface 224 decays very rapidly, it can easily 
be captured by toner which is simultaneously applied to 
the free transfer sheet 232. The resulting toner image can 
then be transferred to a receiving sheet and fixed, or it 
can be fixed on the transfer sheet 222, if desired. The 
high decay rate of the photoconductive surface 224 pre 
vents multiple copies of such image from being made by 
the redevelopment procedure described with respect to 
FIGS. 3 and 4. However, further copies can be made by 
repeating the entire procedure, including reexposure of 
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8 
the photoconductive surface 224. Thus, high speed photo 
conductors previously unusable in photocopying proc 
esses can be utilized in the present process to provide 
high quality copies. 

FIGS. 7, 8 and 9 
In accordance with another embodiment of this inven 

tion, electrostatic images are recorded directly on the free 
surface of the transfer sheet. Such images can be devel 
oped and duplicated without the presence of the photo 
conductive surface, thus affording modular operation and 
greater versatility of the present process to permit various 
types of machine designs. Moreover, electrostatic con 
trast and resolution can be increased and the duration 
of the image can be made substantially longer than the 
decay time of the photoconductive surface so that many 
copies can be made therefrom. 

In accordance with this embodiment, while the trans 
fer sheet is in contact with the photoconductive surface, 
a real electrostatic image can be produced on the surface 
of the transfer sheet, thus allowing multiple copying. This 
is accomplished by charging the surface of the transfer 
sheet to a constant voltage simultaneously with exposure 
of the photoconductive surface. If such charging is car 
ried out in the mode of FIGS. 5 and 6, the need to si 
multaneously expose and develop is obviated, and devel 
oping can occur at any time after exposure, since the 
image so produced on the free transfer sheet surface 232 
(332 in FIG. 7) is longlasting. Therefore, the photocon 
ductive surface can be light irradiated either through 
the supporting transparent conductor 228 or through the 
transparent transfer sheet. 
A constant voltage corona device 334 is used for charg 

ing as shown in FIG. 8, parts A and B, which device is 
known in the art as a variable current or variable charge 
deposition device. The amount of charge deposited de 
pends on the sign and magnitude of the voltage or the 
capacitance which the device detects. Thus, if voltage de 
tected is of the same sign as the charges being deposited 
by the device, then less charge will accumulate in the high 
voltage area read out by the device. If the device deposits 
charges of opposite sign to the voltage being detected, 
more charge will accumulate in the higher voltage areas. 
High capacitance areas will acquire more charge from 
the device than low capacitance areas in order to attain 
the same voltage potential. Electrostatic contrast enhance 
ment is possible with such a device. 

Referring particularly to FIG. 7, a composite 320 is 
provided comprising a conductor plate 328, photocon 
ductor 325 having a photoconductive surface 324, and 
a transfer sheet 322 having its lower surface 330 in con 
tact with, but removable from, the photoconductive sur 
face 324. The photoconductor 325 or transfer sheet 322 
or both, has a uniform (in this case, negative) charge in 
its contacting surface. The exposure step shown for the 
composite 320 results in the previously described voltage 
and capacitance differences between the exposed and 
unexposed areas of the photoconductive surface 324 (and 
corresponding areas of transfer sheet surface 332); By 
the use of a constant voltage-variable current corona 
charging device 334, as shown in FIG. 8, parts A and B, 
the differences noted above are recorded on the free 
surface 332 of the transfer sheet 322 as charge density 
differences, thereby creating a real, longlasting electro 
static image independent of the decay rate of the photo 
conductive surface 324. In effect, the internal voltage 
differences between the light exposed and the unexposed 
areas of the composite 320 are recorded on the free trans 
fer sheet surface 332 as charge density differences. De 
pending on the polarity of charging device 334, either a 
positive or negative real electrostatic image can be 
recorded on the free transfer sheet surface 332 relative 
to a one polarity toner. For simplicity, FIGS. 8A and 8B 
show only charge differentials. FIG. 8, part A, represents 
the charge density build-up utilizing a free transfer sheet 
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surface 332 processed according to the mode of FIGS. 
1 and 2, while FIG. 8, part B, represents the charge den 
sity build-up utilizing a free transfer sheet surface 332 
processed according to the mode of FIGS. 3 and 4. 
So long as the transfer sheet 332, after use of the 

charging device 334 as per FIG. 8, remains in contact 
with the photoconductive surface 324 and the composite 
320 is kept in the dark, the free transfer sheet Surface 
332 does not exhibit apparent voltage differences and, 
thus cannot be toned (except in the case of the high decay 
rate photoconductor as referred to in FIGS. 5 and 6, 
after decay). Thus, it is necessary to either remove the 
transfer sheet 322 from the photoconductive Surface 324 
and place it on a grounded conductor with the lower 
transfer sheet surface 330 contacting the same before 
toning the free surface 332 can take place, or to discharge 
the photoconductive surface 324 by exposing it to light 
and then tone the free transfer sheet 332 in place in the 
composite 320. It is only when either of these steps is 
taken that the charge differences on the free transfer 
sheet surface 332 are converted into real voltage dif 
ferences and toning can proceed. 

FIG. 9, parts A and B, depict toning of the free trans 
fer sheet surface 332 shown in FIG. 8, parts A and B, 
respectively, after application of the lower transfer sheet 
surface 330 to a conductor 336 grounded at 338. Such 
toning provides a visible image of high image density and 
resolution. Moreover, the procedure of FIGS. 7, 8 and 9 
is susceptible to an increase in effective photographic 
speed. However, since the charged toner particles contact 
the real electrostatic image directly, some charge removal 
occurs and the numbers of copies which can be made from 
the real electrostatic image is limited unless the transfer 
sheet 322 is an electret or a material with electret sta 
bility. Accordingly, in many instances, this mode will 
have particular application where the transfer sheet 322 
is to have the visible image affixed directly thereto, as in 
microimagery, X-ray, transparencies and photographic 
rints. 
p Modification of the mode of FIGS. 5 and 6 to en 
compass real electrostatic image recording on the free 
transfer sheet surface can be made, as previously de 
scribed. Thus, simultaneous exposure of the photoconduc 
tive surface and developing of the free transfer sheet Sur 
face are obviated so long as exposure and constant volt 
age charging are simultaneous. Furthermore, a precharged 
transfer sheet is not required. Charge carriers generated 
in light exposed photoconductor areas produce capaci 
tance differences. The resulting real electrostatic image 
can be developed with the transfer sheet 322 in or out of 
contact with the photoconductive surface 324, since the 
charge on the photoconductive Surface 324 is automatical 
ly dissipated before development (due to the high dark 
decay rate). However, the photoconductor 325 should be 
grounded or the transfer sheet 322 should be placed on 
the grounded conductor 336 as shown in FIG. 9, parts 
A and B. 

FIG. 10 

In this embodiment, the real electrostatic image formed 
by the procedures set forth above is used to make a very 
large number of copies by applying the side 332 bearing 
the real electrostatic image to a blocking layer 340 on the 
grounded conductor 336, rather than placing the lower 
side 330 of the transfer sheet 332 thereon. The uncharged, 
or uniformly charged, lower side 330 is now free and 
exposed and can be developed with toner.342. The block 
ing layer 340 is verythin and may comprise, for example: 
aluminum oxide or thin plastic films such as polyethylene 
or polystyrene. The blocking layer 340 is not critical if 
the voltage on the transfer sheet is below the breakdown 
voltage, but is preferred to provide good contrast. The 
blocking layer 340 prevents drain-off of the charge from 
charged transfer sheet surface 332 through the con 
ductor 336. 
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10 
The real electrostatic image on the transfer sheet Sur 

face 332 induces a corresponding latent electrostatic 
image on the uncharged, or uniformly charged, Surface 
330, which image can be toner developed, transferred 
to receiving sheets (copy sheets) and fixed, redeveloped, 
etc. The real electrostatic image is strong and protected 
from dissipation, since the transfer sheet 322 is an ex 
cellent insulator. Accordingly, the lifetime of the real 
electrostatic image is very great and toner developing of 
the side 330 does not affect its durability. Extension of 
the durability of the image to be reproduced is thus 
accomplished in a simple effective way which readily 
lends itself to multiple copying and modular layout, with 
separate exposing and developing-duplicating areas, for 
more effective and simplified machine construction and 
operation. A reversal mirror should be used during ex 
posure to produce proper copy image orientation. 

In each of the foregoing embodiments, it is preferred 
that the thin insulating film have high lateral electrical 
resistivity, at least 1018 ohms/square of surface, to pre 
vent image spread, High bulk resistivity, at least 10 
ohm-cm, is desirable to assure localized latent electro 
static images with long electrical lifetimes so that number 
of copies is not limited unnecessarily. 

It will also be understood that due to the inherent 
ability of various modes of the present process to produce 
multiple copies of the same image from a single exposure, 
various techniques can be applied for the sequential ap 
plication of toners of various colors to provide multi 
colored copies. It will be further understood that the 
various modes of the present process are readily adapt 
able for use with a variety of equipment components 
heretofore utilized in the electrostatic copying art. More 
over, the present process, while simple, rapid and effec 
tive, produces copies of superior contrast and resolution. 
Other advantages are as set forth in the foregoing. 
Various changes, modifications and alterations can be 

made in the present process, its steps and parameters. All 
Such changes, modifications and alterations as are with 
in the scope of the appended claims form part of the 
present invention. 
I claim: 
1. An improved electrostatic reproduction process, 

comprising: 
placing a sheet of insulating transfer material having 
a bulk resistivity of at least 1015 ohm-cm, bearing 
an electrostatic charge on one side thereof, on a 
photoconductive surface to form a temporary com 
posite, with said one side in contact with said photo 
conductive surface, said photoconductive surface 
being of the n-p type and electrostatically charged 
to the same polarity as said one side of said transfer 
sheet, before said transfer sheet is placed thereon, at 
a potential relative to said transfer sheet insufficient 
to permit charge transfer therebetween; 

exposing said photoconductive surface with said trans 
fer material in place to a light pattern; 

developing said transfer sheet while said transfer sheet 
is in place on said photoconductive surface to form 
a first visible image thereon corresponding to said light pattern; 

transferring said first visible image from said transfer 
sheet to a receiver sheet; and 

fixing said first visible image on said receiver sheet. 
2. An improved electrostatic reproduction process, 

Comprising: 
placing a sheet of insulating transfer material having 

a bulk resistivity of at least 105 ohm-cm., bearing 
an electrostatic charge on one side thereof, on a 
photoconductive surface to form a temporary com 
posite, with said one side in contact with said photo 
conductive surface, said photoconductive surface 
being of the n-p type and electrostatically charged 
to the same polarity as said one side of said transfer 
sheet, before said transfer sheet is placed thereon, at 
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a potential relative to said transfer sheet insufficient 
to permit charge transfer therebetween; 

exposing said photoconductive surface with said trans 
fer material in place to a light pattern; 

developing said transfer sheet while said transfer sheet 
is in place on said photoconductive surface to form 
a first visible image thereon corresponding to said 

... light pattern; and 
fixing said first visible image on said transfer sheet. 
3. The process of Claim 1 wherein after said transfer, 

a transfer sheet is again placed on said photoconductive 
surface, and the free surface of said transfer sheet is 
developed to form a second visible image thereon cor 
responding to said first visible image, after which said 
second visible image is transferred to a receiver sheet and 
is fixed on said receiver sheet. 

4. The process of Claim 3 wherein the same transfer 
sheet is utilized to bear in sequence both said first and 
said second visible image. 
. 5. The process of Claim 3 wherein said steps of appli 
cation of said transfer sheet, development, transfer and 
fixing are repeated without reexposure of said photo 
conductive surface, to provide a plurality of fixed visible 
images on a plurality of receiving sheets. 

6. The process of Claim 3 wherein separate transfer 
sheets are utilized to bear first and second visible images 
and wherein each transfer sheet subsequent to said first 
transfer sheet is not precharged. 

7. The process of Claim 1 wherein said photoconduc 
tive surface is extremely light sensitive with a high dark 
decay rate and is disposed on a transparent substrate and 
wherein said exposing and developing are effected simu 
taneously, and said photoconductive surface is exposed 
to said light pattern through said substrate. 

8. An improved electrostatic reproduction process, 
comprising: 

placing a sheet of insulating transfer material having 
a bulk resistivity of at least 1015 ohm-cm, bearing an 
electrostatic charge on one side thereof on a photo 
conductive surface capable of photoresponse in the 
presence of an induced image to form a temporary 
composite, said photoconductive surface being of an 
n-type when said electrostatic charge is positive and 
a p-type when said electrostatic charge is negative; 

exposing said photoconductive surface with said trans 
fer material in place to a light pattern; 

charging the free surface of said transfer sheet to a 
constant voltage during or after said exposure to re 
cord a real electrostatic image on the surface thereof; 

separating said transfer sheet from said photoconduc 
tive surface and placing said free surface of Said 
transfer sheet, bearing said real electrostatic image, 
into contact with a blocking layer on a grounded 
conductor; 

developing said transfer sheet while on said blocking 
layer to form a visible image thereon corresponding 
to said light pattern; 

transferring said visible image to a receiver sheet; and 
fixing said visible image on said receiver sheet. 
9. The process of Claim 8 wherein said photoconduc 

tive surface is extremely light sensitive with a high dark 
decay rate. 

10. The process of Claim 1 wherein said transfer sheet 
comprises a thin insulating film. 

11. The process of Claim 10 wherein said one side of 
said thin insulating film has been subjected to corona 
charging to electrostatically charge the same. 

12. An improved electrostatic reproduction process, 
comprising: 

placing a sheet of insulating transfer material having 
a bulk resistivity of at least 1015 ohm-cm., bearing 
an electrostatic charge on one side thereof, on a 
photoconductive surface capable of photoresponse in 
the presence of an induced image to form a tempo 
rary composite, with said one side in contact with 
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12 
said photoconductive surface, said photoconductive 
surface being of an n-type when said electrostatic 
charge is positive and a p-type when said electro 
static charge is negative; 

exposing said photoconductive surface with said trans 
fer material in place to a light pattern; 

developing said transfer sheet while said transfer sheet 
is in place on said photoconductive surface to form 
a first visible image thereon corresponding to said 
light pattern; and 

fixing said first visible image on said transfer sheet. 
13. The process of Claim 12 wherein said transfer 

sheet is thereafter separated from Said photoconductive 
surface before said fixing, 

14. An improved electrostatic reproduction process, 
comprising: 

placing a sheet of insulating transfer material having 
a bulk resistivity of at least 105 ohm-cm, bearing an 
electrostatic charge on one side thereof, on a photo 
conductive surface capable of photoresponse in the 
presence of an induced image to form a temporary 
composite, with said one side in contact with said 
photoconductive surface, said photoconductive Sur 
face being of an n-type when said electrostatic charge 
is positive and a p-type when said electrostatic charge 
is negative; 

exposing said photoconductive surface with said transfer 
material in place to a light pattern; 

developing said transfer sheet while said transfer sheet 
is in place on said photoconductive surface to for 
a first visible image thereon corresponding to said 
light pattern; 

transferring said first visible image from said transfer 
sheet to a receiver sheet; and 

fixing said first visible image on said receiver sheet. 
15. The process of Claim 14 wherein said transfer 

sheet comprises a thin insulating film. 
16. The process of Claim 15 wherein said one side of 

said thin insulating film has been subjected to corona 
charging to electrostatically charge the same. 

17. The process of Claim 14 wherein said transfer sheet 
comprises an electret. 

18. An improved electrostatic reproduction process 
comprising: 

placing a sheet of insulating transfer material having a 
bulk resistivity of at least 1015 ohm-cm., bearing an 
electrostatic charge on one side thereof on a photo 
conductive surface to form a temporary composite, 
said photoconductive surface being of the n-p type 
and electrostatically charged to the same polarity 
as said one side of said transfer sheet, before said 
transfer sheet is placed thereon, at a potential rela 
tive to said transfer sheet insufficient to permit 
charge transfer therebetween; 

exposing said photoconductive surface with said trans 
fer material in place to a light pattern; 

charging the free surface of said transfer sheet to a 
constant voltage during or after said exposure to 
record a real electrostatic image on the surface 
thereof; 

separating said transfer sheet from said photoconductive 
Surface and placing said free surface of said transfer 
sheet, bearing said real electrostatic image, into con 
tact with a blocking layer on a grounded conductor; 

developing said transfer sheet while on said blocking 
layer to form a visible image thereon corresponding 
to said light pattern; r 

transferring said visible image to a receiver sheet; and 
fixing said visible image on said receiver sheet. . 
19. The process of Claim 18 wherein said transfer 

sheet is redeveloped to provide a visible image which is 
then transferred and the process is repeated to provide 
a plurality of visible copies. 

20. An improved electrostatic reproduction process 
comprising: 

placing a sheet of insulating transfer material having 
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a bulk resistivity of at least 105 ohm-cm., bearing 
an electrostatic charge on one side thereof on a 
photoconductive surface to form a temporary com 
posite, said photoconductive surface being of the n-p 
type and electrostatically charged to the same polari 
ty as said one side of said transfer sheet, before said 
transfer sheet is placed thereon, at a potential relative 
to said transfer sheet insufficient to permit charge 
transfer therebetween; 

exposing said photoconductive surface with said trans 
fer material in place to a light pattern; 

charging the free surface of said transfer sheet to a 
constant voltage during or after said exposure to re 
cord a real electrostatic image on the surface thereof; 

separating said transfer sheet from said photoconduc 
tive surface and placing said free surface of said 
transfer sheet, bearing said real electrostatic image, 
into contact with a blocking layer on a grounded 
conductor; 

developing said transfer sheet while on said blocking : 
layer to form a visible image thereon corresponding 
to said light pattern; and 

fixing said visible image on said transfer sheet, 
21. An improved electrostatic reproduction process, comprising: 
placing a sheet of insulating transfer material having a 

bulk resistivity of at least 1015 ohm-cm, bearing an 
electrostatic charge on one side thereof on a photo 
conductive surface capable of photoresponse in the 
presence of an induced image to form a temporary 
composite, said photoconductive surface being of 
an n-type when said electrostatic charge is positive 
and a p-type when said electrostatic charge is nega 
tive; 
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exposing said photoconductive surface with said trans 

fer material in place to a light pattern; 
charging the free surface of said transfer sheet to a 

constant voltage during or after said exposure to 
record a real electrostatic image on the surface 
thereof; 

separating said transfer sheet from said photoconduc 
tive surface and placing said free surface of said 
transfer sheet, bearing said real electrostatic image, 
into contact with a blocking layer on a grounded 
conductor; 

developing said transfer sheet while on said blocking 
layer to form a visible image thereon corresponding 
to said light pattern; and 

fixing said visible image on said transfer sheet. 
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