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[ 5 7] ABSTRACT 
An integral imaging member used for formation of a 
frost imaging pattern on the surface thereof is dis 
closed which comprises; a transparent substrate, a 
conductive layer over said substrate, an arsenic trisele 
nide photoconductive layer, with a frostable thermo 
plastic layer on the outer surface of said member on 
which the frost image pattern is formed. Between the 
photoconductive and conductive layer a blocking 
layer is interposed to reduce dark decay characteris~ 
tics of the photoconductive layer upon charging 
thereof, said layer comprising a phenoxy or epoxy 
resin with a thickness of between about 200 and 4,000 
Angstroms. 

14 Claims, 1 Drawing Figure 
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SURFACE DEFORMABLE IMAGINGMEMBER OF 
IMPROVED DARK DECAY CHARACTERISTICS 

This invention broadly relates to an imaging member 
used for the formation of images on surface deformable 
thermoplastic materials having a charged photocon 
ductive layer which is characterized by low dark decay 
characteristics. ‘ 

It is known to form image patterns on surface de 
formable thermoplastic materials by two distinct meth 

' ods. The ?rst of these is known as “relief” imaging and 
is described‘ in U.S. Pat. Nos. 3,055,006; 3,063,872 and 
3,113,179. The other method is referred to as “frost” 
imaging and is described for example, in U.S. Pat. Nos. 
3,196,008; 3,196,01 l 'and'3,258,336. While'both ofthe 
above methods form image patterns by deformation of 
a thermoplastic material responsive to‘ electrostatic 
forces, a fundamental distinction between the two 
methods is that ‘image formation in the “?rst” method 
occurs on uniformly charged areas as a uniform distri 
bution of surface folds or wrinkles whereas image for 
mation in the “relief” method is dependent on electro 
static gradients thus forming a single line deformation 
along the edgede?ned by a charge gradient. Relief im 
aging will therefore not'occur where there is uniform 
charge distribution. The present invention is primarily 
directed to a “frost” type imaging system and member. 

In the usual “frost” method of surface deformation 
imaging, a latent electrostatic image or charge pattern 
is formed on an insulating film which is softenable, as 
by the application of heat or solvent vaponthis being 
speci?cally referred to as the heat deformable member 
of the imaging device. Speci?cally, the latent electro 
static image can be formed by the'use of a suitable pho 
toconductive' layer beneath the deformable member, 
which upon exposure to radiation generates hole 
electron pairs. Depending on the type of photoconduc 
tor and the applied electrical ?eld, the uniformly 
charged deformable member is charge dissipated in 
image con?guration by the transport of a speci?c 
charge through the photoconductive material following 
exposure to radiation to form, a latent image in the pho 
toconductive material. Following exposure, the surface 
of the deformablev layer is recharged with a corona de 
vice to form a surface electrostatic latent image corre 
sponding to the electrostatic latent image formed in the 

' photoconductive layer following light exposure. 
After formation of the “surface” latent electrostatic 

image, the film is softened until the electrostatic forces 
of the charge pattern exceeds the viscosity forces of the 
?lm. When this threshold condition is reached, a series 
of very small surface folds or wrinkles are spontane 
ously formed on the ?lm surface, the depth of the wrin 
kles in a particular area of the ?lm being generally de 
pendent upon the intensity of light exposure and charge 
in the area. This gives the image a “frosted” appear. 
ance. I 

Alternatively, the ?lm may be softened prior to appli 
cation of the uniform charge pattern if the ?lm remains 
sufficiently insulated in a softened state to hold the 
charge. The frost image is set or ?xed by allowing the 
?lm to reharden. In a reversible frost system, it is usu 
ally desirable to later erase the ?xed image after use by 
resoftening the thermoplastic film and maintaining a 
sufficiently low viscosity for appropriate periods of 
time to permit surface tension forces to smooth the ?lm 
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surface. By erasing the surface deformation image at a 
temperature substantially above the ?lms softening 
point and returning the ?lm to its original condition, 
the step of the “frost" imaging process may be typically 
repeated, these comprising in sequence charging, expo 
sure, recharging then again erasing the deformable im 
age, for another repetitive cycle. 
A “frost” imaging member as envisioned in the pres 

ent invention, generally comprises a transparent sub 
strate, an overlying transparent conductive layer, a 
photoconductive layer and the deformable layer used 
for “frosting.” More speci?cally, it was determined 
that when a p-type photoconductive material such as 
vitreous arsenic triselenide (Aszsea) was employed as 
the photoconductive layer, with this type of material 
having the ability to transport holes in preference to 
electrons, that two problems resulted; ?rst of all, it was 
found that the transparent conductive layer injected 
holes into the photoconductive layer, thereby giving 
rise to objectionally high dark decay, when the deform 
able layer is charged negatively, and secondly, it was 
determined that structural integrity of the device is 
weakened by poor adherence of the photoconductive 
material to the transparent conductive layer. 

It is therefore determined that the above two prob 
lems could be obviated by the incorporation in the re 
cited frost device of a “blocking” adhesive layer to re 
duce injection of holes into the photoconductive mate 
rial by the adjacent conductive layer thus reducing the 
dark decay thereof, as well as to improve adhesion be 
tween the layers. 

SUMMARY OF THE INVENTION 

The present invention therefore relates to an imaging 
member, suitable for “frost” imaging which comprises 
a transparent substrate, an overlying transparent, con 
ductive layer, with a blocking layer between said con 
ductive layer and an arsenic triselenide photoconduc 
tive material which overlays the conductive layer. The 
top layer of the recited device comprises a frostable 
thermoplastic material as is normally employed in frost 
imaging. Optionally, a screen of appropriate spatial fre 
quency can be employed in the above device to force 
the frostable thermoplastic material to deform into its 
“quasi-resonant” form. 
The above described blocking layer of the device of 

the instant invention comprises a high molecular 
weight resinous material selected from the group of 
epoxy and phenoxy resins to both effectively reduce 
dark decay of the described photoconductor and pro 
vide adhesive bonding of the photoconductive material 
to the conductive layer. 

It is therefore an object of the present invention to 
provide an imaging device of improved characteristics 
for surface deformation imaging processes. 
Another object of the instant invention is elimination 

of excessive dark decay in such an imaging device when 
a p-type photoconductive material is employed as an 
integral part thereof. 
Another object of the instant invention concerns the 

provision of a frost imaging device of good structural 
integrity as well as good electrical characteristics. 
These and other objects are accomplished in accor 

dance with the present invention by the following de 
scription thereof appended by the accompanying ex 
amples. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the imaging member of the instant 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, the transparent substrate layer 2 
of the imaging member set forth, comprises a suitable 
support material, which is transparent to a wide range 
of actinic radiation, preferably glass. The particular 
material used for this layer or the thickness thereof is 
not critical to functional properties of the instant imag 
ing member, but rather is based principally on the sup 
port and optical properties provided 
The conductive layer 3 which overlays the support 

layer comprises a conductive layer, of a prescribed 
thickness, which is essentially transparent and which 
has a wide range of spectral transmission in the actinic 
region of the spectrum. The thickness of the described 
layer will vary depending on the speci?c material em 
ployed but will generally be between 100 and 200 Ang 
stroms. Suitable materials, although not limiting, in 
clude metallic substances such as chromium or gold, 
mixtures thereof or mixtures of these metals with vari 
ous metallic or non-metallic oxides such as a bismuth 
oxide (Bi2O_-;), etc. The speci?c substance employed as 
the conductive layer of the instant imaging member is 
not intended to be limiting, providing it is essentially 
transparent at a thickness which provides sufficient 
conductivity, as well as mechanical strength. 
The photoconductive layer 4 adjacent to the conduc 

tive layer comprises in the context of a present inven 
tion, a p-type of photoconductive material that will 
transport holes in preference to electrons, preferably 
arsenic triselenide (AsZSeQ). Therefore, with exposure 
being carried out through the transparent substrate of 
the instant device, the overlying deformable layer 6, is 
charged negatively so that the more mobile holes will 
be transported to the deformable layer 
photoconductive layer interface upon imagewise expo 
sure to selectively lower the potential across the photo 
conductive layer and upon recharging create sur?cial 
deformations or “frosting” on layer 6. The thickness of 
the described photoconductive layer is not critical to 
the practice of the instant invention although it is pref 
erably between about 10 to 20 microns. 
Overlying the photoconductive layer 4 is deformable 

layer 6 which comprises a frostable thermoplastic ma 
terial selected from among those which are suitable for 
this purpose and which are described in US. Pat. No. 
3,196,01 l. The speci?c frostable thermoplastic mate 
rial employed is not considered at all critical for the 
practice of the instant invention and any one suitable 
for this purpose may be employed. The thickness ofthe 
deformable layer will be on the order of about 1 to 2 
microns, although the speci?c thickness will be depen 
dent on factors such as the speci?c material employed, 
reusability, charging, and/or other functional charac 
teristics of the device. 

Optically, in the present‘ imaging device a suitable 
screen 5 may be employed as shown in FIG. 1 between 
the conductive layer and the transparent substrate. The 
use of a screen with appropriate spatial frequency per 
mits one to modulate the imaging light to produce a si 
nusoidal electrostatic ?eld which forces the thermo 
plastic layer into its “quasi-resonant" form of exposure. 

20 

30 

35 

40 

45 

50 

60 

65 

4 
A screen suitable for the instant device comprises a 
chromium screen between the substrate and conduc 
tive layer. 
While the above described component layers and 

materials could be combined to yield an effective frost 
imaging device, it was determined that several prob 
lems existed with such a device. Among these were not 
only dif?culties in securing adhesion between the pho 
toconductive and transparent conductive layer, but the 
transparent conducting layer will also inject holes into 
the bulk of the photoconductor, when the deformable 
layer is negatively charged, thus increasing dark decay 
of the photoconductive material to an unacceptable 
level. It was found that both of these problems could be 
overcome by the incorporation of a layer between the 
photoconductive and conductive layer to provide ad he 
sion as well as block the injection of holes from the 
conductive layer into the bulk of the photoconductor. 
Referring speci?cally to FIG. 1 the blocking layer 7 as 
illustrated, is interposed between the photoconductive 
and conductive layers. The blocking layer must com 
prise a material having not only good adhesive qualities 
but the ability to block the holes long enough for the 
recharging step of a typical frost imaging cycle to take 
place. On the other hand, to provide a hole trapping 
mechanism which traps the holes too well, would make 
the frosted image dif?cult to erase. The speci?c materi 
als which have been found suitable for this purpose in 
clude epoxy or phenoxy type resins, the epoxy resins 
suited for this purpose being characterized by a molec 
ular weight of between about 5,000 and 8,000, and the 
phenoxy resins being characterized by repetitive mo 
lecular units of the type; 

Speci?c resins of both type which have been found suit 
able include Araldite 6099 epoxy resin having a molec 
ular weight of about 65,000 available from CIBA Cor 
poration, Summit, N.J., and Bakelite Phenoxy PAHJ 
with a molecular weight of about 35,000 available from 
Union Carbide Corporation, New York, NY. Either of 
these types of materials perform extremely well in pro 
ducing good adhesive bonds between the photoconduc 
tor and the conductive layer without the photoconduc 
tor cracking. 
The thickness of the blocking layer which comprises 

the above materials in the instant imaging device is crit 
ically defined between about 200 and 4,000 Angstrom 
units. This particular thickness range has been found to 
be particularly effective in reducing dark decay of the 
arsenic triselenide photoconductive layer of the instant 
invention to an acceptable level. The preferred thick 
ness range of the blocking layer will be about 500 to 
1,500 Angstrom units. If the thickness varies from 
within this range, for example if it is below the range, 
it becomes ineffective to block the injection of holes 
long enough for the recharging step which forms a sur 
face electrostatic latent image corresponding to that 
formed in the photoconductive layer following light ex 
posure. On the other hand, if the thickness is above of 
this range it becomes dif?cult to erase the image and 
permit repetitive use. 
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Having described the invention above, the following 
examples are given to more fully illustrate speci?c em 
bodiments thereof. The examples are given for illustra 
tive purposes only and are not intended to be limiting ' 
on the scope of the invention. 

EXAMPLE 1 

A “frost” imaging device as de?ned in the instant in 
vention was prepared as follows: a piece of glass having 
a thickness of about one-fourth inch was selected as the 
transparent substrate layer, which was cleansed by 
soaking in chromic acid for several minutes, then 
rinsed with distilled water. Following this, the substrate 
was ultrasonically cleansed for 2 to 5 minutes. 
A chromium optical screen was formed as follows; a 

layer of about 0.04 microns of photoresist was coated 
over the glass substrate, after drying the plate was ex 
posed by an interference pattern generated by an 
Argon ion laser having an output at a wavelength of 
4,579 A and a beam sweep system. The latent pattern 
was spraydeveloped; washed and dried. The photore 
sist was coated with chromium by vacuum evaporation 
and the remaining photoresist with excess-chromium 
removed. The screened substrate was'overcoated with 
a conductive gold layer of about 100-200 Angstrom 
units in thickness, which was vacuum evaporated over 
the screened substrate. Thereafter the blocking layer 
comprising either the epoxy or phenoxy type of resin 
was applied byguniformly applying a dip coating over 
the conductive layer. The photoconductive layer was 
then bonded to the conductive layer by vacuum evapo 
ration of arsenic triselenide (As2Se3) to the composite 
member in a thickness of between about 10 to 20 mi 
crons. After application of the photoconductor, the de 
formable “frostable” thermoplastic layer was applied 
by dip coating the imaging member to yield a “frosta 
ble” thermoplastic layer about 1 to 2 microns in thick 
ness. 

' EXAMPLE 2 

To determine the effectiveness of the described 
blocking layer in reducing dark decay of the arsenic tri 
selenide photoconductive layer, four plates were pre 
pared as generally described in Example 1, but without 
the chromium optical screen or deformable thermo 
plastic layer. All of the described plates were charged 
negatively on the top surface with a conventional co 
rona charging device to a field of about 12 volts/mi 
cron. Following charging, the percentage loss in poten 
tial in the ?rst five seconds after charging of the plate 
is measured as being representative of the dark decay 
of the charged arsenic triselenide layer of the imaging 
member. The four plates were as follows: 

Plate A. a substrate of glass overcoated with a gold 
layer 180 Angstrom units thick, with a 10 micron thick 
layer of arsenic triselenide overthe gold layer. 

Plate B. a substrate of glass overcoated with a con 
ductive layer of gold 180 Angstroms thick, the conduc 
tive layer overcoated with a blocking layer of Araldite 
6099 Epoxy Resin 220 Angstroms thick, with a 10 mi 
cron arsenic triselenide layer over the blocking layer. 

Plate C. a substrate of glass overcoated with a con 
ductive layer of gold, 180 Angstroms thick, the con 
ductive layer being overcoated with a blocking layer of 
Araldite 609,9 Epoxy Resin, 750 Angstroms in thick 
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6 
ness, with a 10 micron layer of arsenic triselenide over 
the blocking layer. 

Plate D. a substrate of glass overcoated with a con 
ductive layer of gold, 180 Angstroms thick, the con 
ductive layer being overcoated with a blocking layer of 
Araldite 6099 Epoxy Resin, 4,000 Angstroms in thick 
ness, with a 10 micron layer of arsenic. triselenide over 
the blocking layer. 
Following charging, measurement of the dark decay 

as described above took place, the dark decay being ex 
pressed below in Table l as the percentage loss in 5 
seconds, of original potential applied to the plate. 

TABLE 1 

ORIGINAL 
POTENTIAL 

PLATE (v0) VOLTS . DARK DECAY (5 sec) 

A 133 32.0% 
B 120 3.3% 
c 110 2.3% 
D 123 2.4% 

It may be seen from the data in Table 1 that the use 
of the epoxy resin blocking layer signi?cantly reduces 
dark decay of the negatively charged arsenic triselenide 
photoconductive layer thus effectively preventing 
charge injection into the bulk of the photoconductive 
layer by the transparent conductive layer. 

EXAMPLE 3 

Two plates were prepared as described in Example 1 
and tested as in Example 2, each plate having a glass 
substrate with a 180 Angstrom thick conductive layer 
of gold thereover, a blocking layer over the conductive 
layer, and with a 15 micron thick layer of arsenic tri 
selenide photoconductor. The blocking layer of one 
plate designated as Plate E, comprised Phenoxy PAHJ 
resin, 870 Angstroms in thickness, while the second 
plate designated as Plate F had a blocking layer com 
prising Phenoxy PAHJ resin 1,000 Angstroms in thick 
ness. Following negative charging of the two imaging 
members with a corona charging device, the percent 
age loss in original charging potential in 5 seconds was 
measured and expressed as dark decay of the respec 
tive plates: This being as follows: 

ORlGlNAL 
POTENTIAL 

PLATE (V0) VOLTS % DARK DECAY (5 sec) 

E 198 5.l% 
F 209 4.3% 

It may therefore be seen that the described phenoxy 
resin blocking layer is e?‘ective insofar as reducing dark 
decay of the negatively charged arsenic triselenide pho 
toconductive layer to an acceptable level. 
While the invention has been described in terms of 

preferred embodiments, it is to be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof 
without departing from the true spirit and scope of the 
invention. In addition, many modifications may be 
made to adopt a particular situation or material to the 
teaching of the invention without departing from its es 
sential teachings. 
What is claimed is: 
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1. An integral imaging member used for the forma 
tion of a frost imaging pattern on the surface of said 
member comprising; a transparent substrate, a trans 
parent conductive layer overlaying said substrate, a 
photoconductive layer consisting essentially of arsenic 
triselenide adjacent to said conductive layer, a blocking 
layer between said photoconductive layer and said con 
ductive layer consisting essentially of a material se 
lected from the group consisting of epoxy and phenoxy 
resins with a thickness between about 200 and 4,000 
Angstroms, and a frostable thermoplastic layer on the 
surface of said member. 1 

2. An imaging member as set forth in claim 1 wherein 
the thickness of said blocking layer is between about 
1,000 to 1,500 Angstroms. 
3. An imaging member as set forth in claim 1 wherein 

said photoconductive layer has a thickness of between 
about 10 to 20 microns. 

4. An imaging member as set forth in claim 1 wherein 
said frostable thermoplastic layer has a thickness of be 
tween about 1 to 2 microns. 

5. An imaging member as set forth in claim 1 wherein 
said substrate comprises glass. 

6. An imaging member as set forth in claim 1 wherein 
said transparent conductive layer comprises a material 
selected from the group consisting of gold, chromium, 
metallic oxides, and mixtures thereof. 

7. An imaging member as set forth in claim 1 wherein 
said conductive layer has a thickness of between about 
100 and 200 Angstroms. 
8. An integral imaging member used for the forma 

tion of a frost imaging pattern on the surface of said 
member comprising; a transparent substrate, a metallic 
spatial frequency screen overlaying said substrate, with 
a transparent conductive layer over said screen, a pho 
toconductive layer consisting essentially of arsenic tri 
selenide adjacent to said conductive layer, a blocking 
layer between said photoconductive layer and said con 
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8 
ductive layer consisting essentially of a material se 
lected from the group consisting of epoxy and phenoxy 
resins with a thickness between about 200 and 4,000 
Angstroms and a frostable thermoplastic layer on the 
surface of said member. 

9. An imaging member as set forth in claim 8 wherein 
said metallic screen is a chromium screen. 

10. An imaging member as set forth in claim 8 
wherein the thickness of said blocking layer is between 
about 500 to 1,500 Angstroms. 

11. An imaging member as set forth in claim 8 
wherein said photoconductive layer has a thickness of 
between about 10 to 20 microns. 

12. An imaging member as set forth in claim 8 
wherein said frostable thermoplastic layer has a thick 
ness of between about 1 to 2 microns. 

13. An imaging member as set forth in claim 8 
wherein said transparent conductive layer comprises a 
material selected from the group consisting of gold, 
chromium, metallic oxides, and mixtures thereof with 
a thickness of between about 100 to 200 Angstroms. 

14. An integral imaging member used for the forma 
tion of a frost imaging pattern on the surface of said 
member comprising; a transparent substrate, a trans 
parent conductive layer overlaying said substrate, with 
a photoconductive layer overlaying said conductive 
layer consisting essentially of arsenic triselenide having 
a thickness of between about 10 and 20 microns, a 
layer with a thickness between about 500 and l,500 
Angstroms between said photoconductive and conduc 
tive layers consisting essentially of a material selected 
from the group consisting of epoxy and phenoxy resins, 
said layer reducing dark decay of said photoconductive 
layer to anacceptable level upon charging thereof, said 
member further having a frostable thermoplastic layer 
over said photoconductive layer and on the outer sur 
face of said member. 

>l= * >l= * * 


