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ABSTRACT OF THE DISCLOSURE 
vAn electrophotographic element is made having n 

photoconductive insulating layers and n-1 insulating 
layers respectively interposed between said n photocon 
ductive insulating layers, where n=2, 3 . . . i—l, 
i, . . . IN. The photoelectric current generated in the 
ith photoconductive layer is greater than that generated 
in the (i—'l)th photoconductive layer, the I(i—l)th 
layer being on the exposed side of the element. 

BACKGROUND OF THE INVENTION 

{Field of invention 

The present invention relates to electrophotography, 
and more particularly to a photosensitive material used 
in electrophotography. 

[Description of prior art 
Electrophotography is de?ned as a technique wherein 

copies of photographs or prints are made by charging an 
electrophotosensitive material and image exposing the 
photosensitive material to form an electrostatic latent 
image on the surface of a photoconductive insulating 
layer. The electrostatic latent image is developed with 
the electrostatic forces of line colored charged particles. 

In electrophotography a photoconductive insulating 
material which consists of photoconductive ?ne powders 
containing mainly amorphous selenium or cadmium sul 
?de dispersed in electric insulating binder is used. Be 
sides, zinc oxide, titanium oxide and the like is normal 
ly used as the ?ne photoconductive powder. The photo 
conductive powder is dispersed in the electric insulating 
binder and coated on a conductive base such as a metal 
plate, metal sheet, paper sheet or plastic sheet treated 
with conductive material to form an electrophotosensi 
tive material. This material is uniformly charged on the 
photoconductive insulating layer by corona discharge or 
the like. The charge is maintained according to its di 
electricity in the dark portion of the photoconductive 
insulating layer. When the photoconductive insulating 
layer is exposed with a picture image, the charged insu 
lating layer is discharged to an extent proportional to 
the exposed light intensity so as to form a charge pat 
tern on the surface of the photoconductive insulating 
layer. The electrostatic latent image formed on the sur 
face of the photoconductive insulating layer as described 
above is then developed for instance by being cascaded 
with charged colored resin powder. Since some of the 
charge remains on the unexposed areas of the photocon 
ductive insulating layer, a large amount of the colored 
resin powder will adhere to the unexposed areas and a 
high density powder image will be created on the photo 
conductive insulating layer. When the colored resin pow 
der is a thermoplastic, the powder image is ?xed by heat 
fusing. 

There is no established theory explaining how the 
static charge on the charged photoconductive insulating 
layer is discharged by light exposure but it is believed 
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2 
to occur as follows: Aetinic light is absorbed near the 
surface of the photoconductive layer. The free charge 
carriers carry photoelectric current exclusively in the vi 
cinity of the surface of the photoconductive insulating 
layer. ‘It is therefore necessary in order to increase the 
sensitivity, to transfer these free charged carriers as close 
as possible to the base, that is to lengthen the range of 
the free charge carrier as much as possible. Alternative 
ly, the sensitivity can be indirectly increased by making 
the thickness of the photoconductive insulating layer as 
thin as possible, or by making it possible for the actinic 
light to penetrate the photoconductive insulating layer. 
In any event, it is most important that the range of the 
free charged carriers of the photoconductive insulating 
layer of high sensitivity be as long as possible. 
The electrophotographic gradation of the electrophoto 

graphic photosensitive material with the photosensitive 
layer of photoconductive insulating material having a 
long range free charged carrier, as described above, is 
generally sharp. That is, the density varies from fog 
density to maximum density in the range of 0.8 to 1.0 on 
a log exposure value scale graded. This sharpness is very 
favorable for copying a line drawing or stipple but is un 
suitable for copying picture photographs having a con 
tinuous gradation. 

SUMMARY OF THE \INVEN'TION 

The present invention provides an electrophotographic 
photosensitive material having a gradual photographic 
gradation using photoconductive insulating materials and 
having long range free charged carriers. The present in 
vention further provides a method of manufacturing the 
electrophotographic photosensitive material which can 
change the gradation of the photograph from sharp to 
gradual by use of a highly sensitive photoconductive 
insulating material having long range free charge 
carriers. 
The electrophotographic photosensitive material pro 

vided by the present invention comprises a base and. a 
photosensitive layer. The base is not essential and may be 
omitted. The base may be conductive or not, and may 
be transparent or opaque to light or radiation. The photo 
sensitive layer consists of at least two photoconductive 
insulating layers and a thin insulating layer sandwiched 
Ibetween said photoconductive insulating layers. These 
photoconductive insulating layers should be able to meet 
the following conditions: 
The unexposed side of the photoconductive insulating 

layer has a higher sensitivity in the spectroscopic region 
than in the exposed side of the photoconductive insulat 
ing layer. Any photoconductive insulating layer between 
the opposite sides of the photoconductive insulating layers 
has a lower sensitivity than the unexposed side of the 
photoconductive insulating layer and higher sensitivities 
than the photoconductive insulating layer on the exposed 
side in the spectroscopic region or in another spectro~ 
scopic region. Each photoconductive insulating layer is 
transparent to light within at least a portion of the spec 
troscopic range where the unexposed side of the photo 
conductive insulating layers is sensitive. 
The exposed side of the photoconductive layer is the 

photoconductive insulating layer, on the top of the photo 
senstitive material, formed by providing a photosensitive 
layer on the opaque base, and the unexposed side photo 
conductive insulating layer is the photoconductive insulat 
ing layer at the bottom of said photosensitive layer. In 
both cases, the photosensitive material is exposed from 
the photosensitive layer side. When the photosensitive ma 
terial having the photosensitive layer is provided on a 
transparent base and is exposed from the base side, the 
photoconductive insulating layer on the top of the photo 
sensitive material becomes the unexposed side of the 
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photoconductive insulating layer and the photoconductive 
insulating layer on the bottom of the photosensitive layer 
becomes the exposed side of the photoconductive insulat 
ing layer. ' 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. l-a, l-b and 1-c are cross-sectional views of 

photosensitive material showing the structure of the con 
ventional single layer and semisingle layer photosensitive 
material; ' 

FIG. 2 is a diagram showing the variation with exposure 
time of the electric surface potential of the electrophoto 
sensitive material shown in FIGS. l-a, l-b and 1-0; 
FIG. 3 is a diagram showing the relation between the 

log exposure value and the optical density of the photo 
sensitive layer consisting of a singlp photoconductive in 
sulating layer; . 
FIG. 4 is a cross-sectional view of an embodiment of 

the electrophotosensitive material in accordance with the 
present invention consisting of two photoconductive in 
sulating layers; 
FIGS. 5 and 6 are diagrams showing variations with 

exposure time of the surface electric potential of the elec 
trophotosensitive material shown in FIG. 4; 
FIG. 7 is a diagram showing the characteristic curve 

representing the variation of the optical density with log 
exposure value of the photoconductive insulating layer 
consisting of two layers shown in FIG. 4; 

. FIG. 8 is a cross-sectional view of the electrophoto 
sensitive material consisting of three photoconductive 
insulating layers; and 
FIG. 9 is a diagram showing the similar characteristic 

' curve, as one shown in FIG. 7, of the electrophotosensitive 
material shown in FIG. 8. ‘ 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The photosensitive layer, in accordance with the present 
invention, preferably is applied to a conductive base. Each 
photoconductive insulating layer has long range free 

' charge carriers. Desirably, the range of the free charge 
carrier is longer than Lu. The free charge carries may be 
electrons or positive holes and both may be characterized 
-by a long range. Each photoconductive insulating layer 
may be constructed with quite different types of material 
so long as the layer meets certain necessary conditions. For 
instance, a photosensitive material prepared by forming 
a layer of red sensitive photoconductive powder dispersed 
in an insulating binder on a conductive base, an insulating 
thin layer is formed thereon, and a uniform layer of blue 
green sensitive amorphous selenium is deposited thereon. 
The photosensitive material is then exposed from the 
selenium side. The purpose of the insulating layer is to 
prevent the free charge carriers generated in each photo 
conductive insulating layer from moving to the adjacent 
photoconductive insulating layer and - drifting therein. 
Therefore the thin insulating layer should be able to pre 
vent the drift of the free charge carriers. If the require 
ments are met, the insulating layer is as thin as possible. 
It is not advantageous for the insulatinglayer to be com 
pletely insulating. 

Basically two types of photosensitive material are pro 
vided by the present invention; one in which the spectro 
scopic range of each photoconductive insulating layer is 
different from that of the others, and one in which each 
photoconductive insulating layer has the same spectro 
scopic range but a di?erent sensitivity from the others. 
.Mixed types of the two are also contemplated within the 
scope of this invention. 
Powders containing large proportions of cadmium sul 

?de or cadmium carbonate are used as a photoconductive 
powder. Superior photoconductivity is obtained with 
photoconductive powders having cadmium iodide adsorbed 
thereon. The photoconductive powder is dye-sensitized 
with a dye and the sensitivity or spectral-sensitivity within 
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the region of the photoconductive powders is increased 
and the spectral-sensitive region is provided with the 
photoconductive powder. For instance, by adding crystal 
violet, a new spectral-sensitive region is obtained from 
600 my to 700 mu. Red sensitive photoconductive powders, 
sensitized as described above, are dispersed in a resinous 
binder, and applied on a conductive base to make an un 
exposed photoconductive insulating layer. A resinous thin 
layer is coated thereon. Further, the non-coloring photo 
conductive powder dispersed in a resinous binder is applied 
to make an exposed photoconductive insulating layer. This 
non~coloring photoconductive insulating layer has a sensi- ' 
tivity of between 400 my and 600m”. The photoconductive ~ 
powder is sensitized by various types of coloring matter 
in various spectral-sensitive regions. It is possible to in 
crease the spectral-sensitive range by adding other ma 
terial other than a coloring material. For instance, the 
spectral-sensitive region can be broadened by substituting 
part of the sulfur in the cadmium sul?de with selenium. 
Variation of the spectral-sensitivity is not however a basic 
problem of this invention. 
The photoconductive powder containing mostlycad 

mium sul?de and cadmium carbonate with adsorbed cad 
mium iodide, can be sensitized to. various sensitivities by 
dye-sensitization. Another type of photosensitive material 
having a photosensitive layer is obtained by applying a 
layer dispersed with a highly sensitized photoconductive 
powder, applying a layer dispersed with a poorly sensitized 
photoconductive powder, and interposing therebetween a 
thin insulating layer. The highly sensitized powder is 
exposed to light which is not completely absorbed into the 
poorly sensitized photoconductive powder where the 
absorbed light generates photoelectric current. Photoelec 
tric current is also generated in the unexposed layer. Since 

’ the actinic light intensity in the unexposed side is normally 
low, the desired sensitivity should be higher than at the 
exposed side. 
A photosensitive layer consisting of two photoconduc 

tive insulating layers has so far been described, but a 
photosensitive layer having three or more layers can be 
prepared in basically the same way. > 
The desired property of the photoconductive insulating 

layer or insulating thin layer for making a complex 
photosensitive layer in accordance with present invention 
is summarized as follows: i 

(l) The range of the free positive holes and/or free 
electrons of the photoconductive insulating layer is long. 

(2) The thin insulating layer is able to prevent the 
free charge carried generated in the photoconductive in 
sulating layer from moving into or drifting into a photo 
conductive insulating layer on the opposite side of the 
thin insulating layer. 

(3) The photoconductive insulating layer and the in 
sulating layer are light transparent in at least a part of the 
spectral-sensitive region of the photoconductive layers 
at a position nearer to the unexposed side than the photo 
conductive insulating or the insulating thin layers. 

(4) Each photoconductive insulating layer has a dif 
ferent spectral-sensitive region from either that of others, 
or, when two or more photoconductive insulating layers 
have the same spectral sensitivity region, the one which is 
closer to the unexposed side has the higher sensitivity in 
the spectral region. , 

FIGS. l-a, 1-b and 1-0 are cross-sectional views of 
photosensitive materials showing the structure of the 
conventional single layer and semisingle layer photosensi 
tive material. In FIG. l-a a single photoconductive 
insulating layer is formed on a conductive base 1. A 
description of the invention will be set forth according to 
a case in which the photoconductive insulating layer con 
sists of photoconductive powder containing cadmium 
sul?de and cadmium carbonate with adsorbed cadmium 
iodide dispersed in a resinous binder. When the surface of 
the photosensitive material is charged into negative polar 
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ity and exposed to blue light, the surface electric potential 
is attenuated as shown in FIG. 2 with the curve 1. The 
blue light generates a pair of free electrons and a positive 
hole in the vicinity of the surface of the photoconductive 
insulating layer. As a result of free electron drift toward 
base 1, the surface electric potential is attenuated as 
shown in FIG. 2 with the curve 1. If the photoconductive 
material is charged into a positive polarity and exposed 
to blue light, the surface electric potential is represented 
by the curve 2 in FIG. 2, which shows that it is dil?cult 
for the positive holes to drift from close to the surface 
toward base 1. It is apparent that the photoconductive 
insulating layer has a su?iciently long range of electrons 
and insu?icient range of positive holes. The thickness of 
the photoconductive insulating layer employed here is 
about 80_u. The surface electric potential in case that the 
photosensitive material is charged negatively and exposed 
to red light is shown in FIG. 2 with the curve 3, which 
shows that the photosensitive material has little sensi 
tivity for red. The photosensitive material shown in FIG. 
1-b is made by applying the non-sensitized photoconduc 
tive insulating layer 3 on a base 1 and applying thereon 
a coloring matter sensitized photoconductive insulating 
layer 4. The surface electric potential of the photosensi 
tive material shown in FIG. l-b is represented by the 
curve 4 in FIG. 2 when charged on the surface thereof 
into negative polarity and exposed to red light from the 
photoconductive insulating layer 4 side. This shows that 
free charge carriers are generated only in the photocon 
ductive insulating layer 4 since the photoconductive in 
sulating layer 3 is not sensitive for red light, and that the 
generated free charge carriers move from the layer 4 to 
the layer 3 and drift in layer 3 till the free charge car 
riers reach the base 1 to attenuate the surface electric 
potential. That is, it is apparent from the above be 
havior of free charge carriers that the carriers are able 
to move to the adjacent photoconductive insulating layer. 
The photosensitive material shown in FIG. l-c is made 
by applying the coloring matter sensitized photoconduc 
tive insulating layer 5 on a base 1 and applying thereon 
a non-sensitized photoconductive insulating layer 6. 
The surface electric potential of the photosensitive ma 
terial shown in FIG. l-c is represented by the curve 5 
and 6 in FIG. 2 when charged on the surface thereof into 
negative polarity and exposed to red light. The curve 5 
is one in which the thickness of the photoconductive in 
sulating layers 5 and 6 is the same, and the curve 6 is one 
in which the ratio of the thickness of layer 5 to 6 is 1/ 9. 
In both cases, the free charge carriers are generated only 
in the coloring matter sensitized photoconductive insul 
lating layer 5 since the exposure light is red light. The 
free positive holes do not drift substantially, therefore the 
positive holes never move into the layer 6 and drift there 
in. The free electrons drift only in the layer 5 toward 
the base 1. Therefore, the surface potential is attenuated 
to the extent corresponding to the moved amount of 
the free charge carriers in the photoconductive insulating 
layer 5. The surface potential of this photosensitive ma 
terial in the case that the surface of the photosensitive 
material on the exposed side is charged into positive 
polarity and exposed to red light is represented by the 
curve 7 in FIG. 2. In this case, the free electrons gen 
erated in the layer 5 is moved into the layer 6 and drift up 
to the surface thereof. In the layer 5 on the other hand, 
even down in the layer near the base 1 some amount of 
free electrons are generated and are moved toward the 
layer 6. Therefore, the surface potential as a whole is 
attenuated as represented by the curve 7 in FIG. 2. As 
described hereinabove, in the case that two photoconduc 
tive insulating layers are superposed in direct contact 
with each other without interposing any insulating layer, 
the free charge carriers generated in one of the layers are 
easily movable to the other photoconductive insulating 
layer. Therfore even the photosensitive layer consisting 
of two photoconductive insulating layers behaves as if it 
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consisted of single layer except as to the spectroscopic 
sensitivity. As described hereinabove and as shown in 
FIG. 3, the semisingle layer and single layer have almost 
the same photographic characteristic curve. 
The ordinate in FIG. 3 represents the optical density 

when developed with colored (black) charged resinous 
powder, and the abscissa represents the log of the ex 
posure light value. The part 8 of the curve in the ?gure 
represents the developed density of the image of unex 
posed or low exposure part. In the photosensitive layer 
described in the above description, the density varies 
from the fog (almost zero) density to the maximum 
density in the range of 0.8 to 1.0 in the log scale of 
the expousure light value. 
FIG. 4 shows an embodiment of the electrophotographic 

photosensitive material in accordance with the present 
invention. The dye-sensitized photoconductive insulating 
layer 9 is applied on a conductive base 8 and non-sensi 
tized photoconductive insulating layer 11 is formed thereon 
interposing an insulating thin layer 10 to make an electro 
photographic photosensitive material. This photosensitive 
material is exposed from the photoconductive insulating 
layer 11 side. The photoconductive insulating layer 9 on 
the non-exposed side of this photosensitive material is 
panchromatic and the opposite photoconductive insulating 
layer 11 on the exposed side is sensitive to blue-green. 
That is, this photosensitive material has similar character 
istics to that shown in FIG. l-c. But it is different there 
from in that an insulating layer is interposed between 
the photoconductive insulating layers. When this photo 
sensitive material is charged into negative polarity and ex 
posed to blue-green light free electrons and positive holes 
are generated in the vicinity of the surface of the photo 
conductive insulating layer 11 and the free electrons drift 
toward the base 8. But the free charge carriers are pre 
vented from moving to the other layers by the insulating 
thin layer 10. Therefore when exposed to blue-green light, 
only in the photoconductive insulating layer 11 the charges 
are discharged, and the surface potential is attentuated 
as represented by the curve 8 in FIG. 5. When this photo 
sensitive material is charged into negative polarity and 
exposed to red light, the surface potential is represented 
by the curve 9 in FIG. 5. In this case, only in the photo 
conductive insulating layer 9 are the free charge carriers 
generated and only in this layer are the charges dis 
charged. The curves in FIG. 5 represent the variation of 
the surface potential when the photoconductive insulating 
layers 9 and 11 have almost the same thickness. If the 
thickness of the layers are different from each other, the 
residual surface potential after exposure is different from 
that in said case wherein the thickness of two layers are 
the same. As apparent from the above description, in the 
photosensitive material in accordance with the present in 
vention shown in FIG. 4, the photoconductive insulating 
layers 9 and 11 are discharged independently, and the two 
layers never interfere rwith each other in discharging as 
the photosensitive material as shown in FIG. 1-c wherein 
the photoconductive insulating layers 5 and 6 interfere 
each other. Accordingly, when the photosensitive material 
shown in FIG. 4 is negatively charged, and exposed to red 
and then blue-green light or vice versa, the surface po 
tential is attenuated as represented by the curve 10 in 
FIG. 6. The part 12 of the curve 10 is a part attenuated 
in case of exposed to red (or blue-green) light and the 
part 13 thereof is a part in case of exposed to blue-green 
(or red) light. The part 14 of the curve 10 represents the 
potential when not exposed and disappears if the red (or 
blue-green) light then blue-green (or red) light are ex 
posed successively thereon, then the curve changes into 
the curve as represented by the curve 11 in FIG. 6. Since 
there is no failure of the reciprocity law in these photo 
sensitive material, a curve of the relation of density to 
exposure as the curve 12 in FIG. 7 is obtained by ex 
posing through a light intensity scale and developing the 
exposed photosensitive material. The density varies from 
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the fog (almost zero) density to the maximum density in 
the range of 1.6 to 2.0 on the log scale of the exposure 
value. This is almost twice as large as the Ivariable range 
of the photosensitive material consisting of single photo 
conductive insulating layer. 
A photosensitive material having three photoconductive 

insulating layers is shown -with its cross-section in FIG. 
8. This photosensitive material is prepared by applying 
to a base 15 a photoconductive insulating layer 16 highly 
sensitized for red light, and applying thereto a photo 
conductive insulating layer 18 lowly sensitized for red 
light and interposing an insulating thin layer therebetween. 
Further, onto the layer is applied a non-sensitized photo 
conductiveinsulating layer 20 and interposing an insulat 
ing thin layer 19. When this photosensitive material is 
negatively charged and exposed to blue-green light, the 
free charge carriers are generated mainly in the photo 
conductive insulating layer 20 and only this layer 20 is 
discharged. When exposed to red light, free charge carriers 
‘are generated in the photoconductive insulating layers 16 
and 18, and the charges are discharged independently in 
respective photoconductive insulating layer, that is, the 
free charge carriers generated in the photoconductive in 
sulating layer 18 do not move into the photoconductive in 
sulating layer 16. Since the photoconductive insulating 
layers 16 and 18 are sensitive for red light and the layer 
16 on the unexposed side is sensitized higher than the 
layer 18 on the exposed side, even the attenuated red light 
reaching the layer 16 through the layer 18, where it is 
absorbed to some extent, causes discharging in the layer 
‘16 as much as in the layer 18. In the photosensitive ma 
terial shown in FIG. 8, the layers are independently dis 
charged since the insulating thin layer is interposed be 
tween the photoconductive insulating layers. Therefore in 
this case, as described above, the density varies from the 
‘fog density to the maximum density in the range of the 
sum of the ranges of the exposure values on log scale of 
the two photoconductive insulating layers when exposed 
through a light intensity scale and developed. This result 
is shown in FIG. 9. 
As the three layers photoconductive insulating layer 

having a structure shown in FIG. 8, a photoconductive 
insulating layer consisting of three layers having different 
spectroscopic sensitivity from one another, and as the 
photoconductive insulating layer consisting of two or 
three layers having the structure as shown in FIGS. 4 or 
8, a photoconductive insulating layer consisting of layers 
having the same spectroscopic sensitivity. 

‘It should be readily understood that there may also be 
used a photosensitive material having more than three 
layers as well as the photosensitive material having two 
or three photoconductive insulating layers. 
When the photosensitive material consisting of a plu 

rality of photoconductive insulating layers is used, it is de 
sirable that the characteristic curves are continued in se 
ries as shown in FIG. 9. This is controllable by regulating 
the spectral sensitivity, absolute sensitivity (e.g., the de 
gree of dye sensitization), and thickness of the photocon~ 
ductive insulating layers and the light property used. 
The insulating thin layer prevents the free charge car 

riers generated in each photoconductive insulating layer 
from drifting into the other layers as described above. If 

> the thickness of the insulating layer to the total thickness 
of the photosensitive layeris too great, the non-sensitive, 
residual potential becomes higher and fog density in 
creases. Therefore, it is necessary to make the thickness 
of the insulating thin layer as thin as possible for decreas 
ing thenon-sensitive residual potential. 
As the exposure increases, charges of opposite polarity 

are generated on the opposite surfaces of the insulating 
thin layer. These charges are desired to be neutralized 
through the insulating layer with a constant time inter 
val. 
This constant time interval depends on the time inter 

val of using the photosensitive material, that is, the in 
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terval of the electrophotographic process such as charg 
ing, exposing, developing and the like, and generally pre 
ferred to be 1 to 10 seconds. The purpose of the insulating 
thin layer is in e?fect to prevent the free positive holes 
generated in the photoconductive insulating layer on the I 
unexposed side from drifting and being captured and to 
prevent the free charges generated in the photoconductive 
insulating layer on the exposed side from drifting and 
being captured or neutralize them. For that reason, the 
term “insulating thin layer” may be changed to “drift pre 
venting layer of the free charge carriers” in a more strict 
sense. In this speci?cation and in the appended claims, the 
term “insulating thin layer”. is used and will be used as a 
term havingsuch meaning as described hereinabove. 
Therefore, the insulating thin layer is preferred to be 

extremely thin and to be a material having a low insula 
tion resistance. The material is preferred to a speci?c re 
sistance of 109-45149 cm. and to have high resistance in 
the lateral direction. 

Practically, various types of thin layer forming high 
molecular materials can be used, and a compound con 
taining pigment powders which are transparent for some 
light added to the high molecular material can also be 
used as the insulating thin layer. The pigment powder 
may itself have some degree of photoconductivity. It is 
necessary, however, that these materials should have a 
short range free charge carrier, that is, the range, of the 
free charge carries should not be longer than the thick 
ness of the think layer. The thickness of the insulating 
thin layer is preferred to ‘be less than 1,u. 
Now the method of preparing and using the photograph 

ic photosensitive material in accordance with the present 
invention will be described in detail as to some examples 
thereof. 

EXAMPLE 1 

An electrophotosensitive material consisting of two 
photoconductive insulating layers one of which is red sensi 
tive on the unexposed side and the other of which is blue 
green sensitive was prepared as follows: 

Fine photoconductive particles were obtained by pre 
paring a slurry which was made by adding 160 parts by 
weight of yellow-orange pigment cadmium-yellow-orange 
#4700 (made by Mitsubishi Metal Co., Ltd.) and 40 parts 
by weight of cadmium iodide into ethanol allowing it to ’ 
stand for 24 hours, thereafter removing the ethanol by 
evaporation and ?ring for 24 hours at 200° C. A photo 
sensitive coating material A was prepared by mixing 100 
parts by weight of photoconductive ?ne particles prepared 
by the preceding process and 50 weight parts of a thermo 
setting acrylic resin coating material Magicrone #200 
clear (made by Kansai Paint Co., Ltd.), which is dis 
persed for 18 hours with a magnetic ball mill. Fine par 
ticles of sensitized photosensitive material were obtained ' 
by adding to 100 parts by weight of photoconductive ?ne 
particles. 0.1 weight part of Malachite Green, a sensi 
tizing dye, dissolved in ethanol to make a slurry. The 
slurry was allowed to stand for 24 hours and the ethanol 
was removed by evaporation at 80° C. Using this pow 
der, a photosensitive coating material B was obtained by 
the same process as employed in preparing the non-sensi 
tized powder. The photosensitive coating material B was 
applied on an aluminum plate which had been treated to 
remove grease by spray coating. The Magicrone #200 
clear was applied thereon as the insulating thin layer, 
and the photosensitive coating material A was applied on 
the exposed side as the photoconductive insulating layer. 
After the aluminum plate with the layers thus coated was 
sufficiently dried at 70°' C., the plate was heated for 30 
minutes at 150° C., whereby an electrophotosensitive ma 
terial consisting of two photoconductive insulating layers 
having strong coating layers was obtained. The thickness 
of each layer after heating was 20p. at the base side, 15p. 
at the exposed side, and about 1p. at the'thin insulating 
layer. ' . 
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The photosensitive material consisting of two photo 

conductive insulating layers obtained as described above 
has a blue-green and red light sensitivity. It was sensitive 
for the green light of a tungsten lamp light at 2700“ K. 
through the Fuji Filter K# 17, and for the red light of 
the same light source through the Fuji Filter K#7. When 
exposed to a mixed light of these two frequencies through 
an optical density wedge for 0.5 second, and developed 
with a magnetic brush, this photosensitive material was 
developed with an image having a variable density from 
fog to the maximum density in a range on a log scale of 
the exposure of twice as large as that of the photosensitive 
material consisting of a single photoconductive insulating 
layer. That is, the photographic gradation is half of that 
of the photosensitive material consisting of a single layer. 
When preparing the photosensitive material in accord 

ance with this embodiment, a photosensitive material was 
made without applying the intermediate insulating thin 
layer. This photosensitive material was also sensitive to 
both blue-green and red light, but the photographic gra~ 
dation was almost the same as that of the photosensitive 
material consisting of a single photoconductive insulating 
layer. 

EXAMPLE 2 
An electrophotographic photosensitive material con 

sisting of two photoconductive insulating layers which 
is panchromatic at the opposite surfaces thereof and 
wherein the photoconductive insulating layer on the un 
exposed side has a higher sensitivity than the photocon 
ductive insulating layer on the exposed side, was prepared 
as follows: 

Dried sensitized photoconductive ?ne particles were 
prepared by adding an ethanol solution with a resolved 
sensitizing brilliant green coloring matter of 0.1 part by 
weight to 100 parts by weight of non-sensitized photo 
conductive powder which ‘was made by adding cadmium 
iodide to cadmium yellow orange #4700 obtained in the 
Example 1. The composition was formed into a slurry, 
left to stand for 24 hours and heated to 80° C. to vapor 
ize the ethanol. A photosensitive coating material C was 
prepared by adding 50 parts by weight of said Magicrone 
#200 clear to 100 parts by weight of said photoconduc 
tive powder, and dispersing it for 18 hours. By the same 
process, sensitized photoconductive powder which was 
made by adding 0.02 part by weight of sensitized coloring 
matter brilliant green to 100 parts by weight of said non 
sensitized photoconductive powder was prepared. Using 
the photoconductive powder photosensitive coating, mate 
rial D was prepared. 
On a degreased aluminum sheet, said photosensitive 

coating material was applied, and another coating mate 
rial made 'by the following process was coated thereon 
to form an insulating thin layer. That is, a coating mate 
rial made by adding 80 parts by weight of cadmium car 
bonate powder of less than 0.1a diameter to 50 parts by 
weight of said Magicrone #200 clear. The composition 
as formed was dispersed for 24 hours in a ball mill and 
was thereafter used as the insulating thin layer. Onto this 
layer, a photosensitive coating material -D was coated. 
The aluminum sheet with these layers coated was dried 
by heating for 45 minutes at 70° C. and heated for 30 
minutes at 150° C. (Thickness after heating was 15/1. at 
the low sensitized layer, 20a at high sensitized layer, and 
In at the insulating thin layer.) 
The electrophotosensitive material obtained by the 

process as described above had a strongly sensitized layer 
of panchromatic. That is, the layer was sensitive in the 
range of 400 my to 700 mp. of wavelength, although the 
sensitivity became somewhat attenuated around 550 mp. 
The electrophotosensitive material thus obtained was 

charged into a negative polarity by corona discharge, 
exposed to white light through an optical density wedge, 
and developed by magnetic brush methods. Thus photo 
graphic gradation of about half of that of the photosen 
sitive material consisting of single layer was obtained. 
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But when the photosensitive material was removed of 
its thin insulating layer, prepared at the same time, photo 
graphic gradation was approximately the same as that 
of the photosensitive material consisting of single layer. 

EXAMPLE 3 

Onto a conductive glass, the photosensitive coating 
material A, prepared in Example 1, was coated with the 
thickness of 15a after heating. A coating material con 
taining Aerozyl (silica powder made by Degussa, West 
Germany) instead of the coating material containing 
cadmium carbonate, as in Example 2, was applied as the 
insulating thin layer thereon. The thickness of the insu 
lating thin layer after heating was less than 1.0“. Onto 
this layer, the photosensitive coating material D, as pre 
pared in Example 2, was coated with a thickness of 15a. 
Said coating material for the insulating thin layer was 
applied at a thickness of less than 111., and the photosensi 
tive material C in Example 2 was applied thereon at a 
thickness of 30].!“ And this was dried for 3 hours at 70° 
C. and heated for 30 minutes at 150° C. 
The electrophotographic photosensitive material pre 

pared as described above was charged by corona dis 
charge exposed from the conductive glass, that is, base 
side, and developed from the opposite side by a magnetic 
brush. The photographic gradation of the developed 
image was about 1/3 of that of the electrophotosensitive 
material consisting of a single layer. 
The invention has been described in detail with refer 

ence to some embodiments thereof, but it will be under 
stood that variations and modi?cations can be effected 
within the spirit and scope of the invention as described 
hereinabove and as de?ned in the appended claims. 
What is claimed is: 
1. An electrophotographic element comprising n photo 

conductive insulating layers where n=2, 3, . . . i-l, 
i, . . . N the ?rst layer being on the exposed side of 
the element and the nth being on the unexposed side and 
n—1 thin, continuous insulating layers respectively inter 
posed and non-removably connected between said n 
photoconductive insulating layers, the thickness of each 
said thin insulating layer being less than 1 micron where 
the range of any free charge carriers generated in either 
of the photoconductive insulating layers on the respective 
opposite sides of said thin insulating layer is less than 
the thickness of said thin insulating layer and the speci?c 
resistance of each of said thin insulating layers being in 
the range from 109 to 1014 ohm-centimeters, and wherein 
the photoelectric current generated by radiation employed 
during the exposure step of the imaging cycle in the ith 
photoconductive insulating layer is greater than that gen 
erated in the (i—l)th photoconductive insulating layer 
and where the (i—l)th photoconductive insulating layer 
and insulating layer between the (i—l)th and ith photo 
conductive insulating layers transmit light in at least a 
portion of the spectral wavelength region to which the 
ith photoconductive insulating layer is sensitive. 

2. An element as in claim 1 wherein n=2. 
3. An element as in claim 2 where the second photo 

conductive insulating layer is sensitive to light over a 
[first wavelength range and where said ?rst photocon 
ductive insulating layer is sensitive to light over a second 
wavelength range smaller than said ?rst wavelength range. 

4. An element as in claim 3 where said ?rst wave 
lentgh range approximately extends from 400 to 700 
millimicrons. 

5. An element as in claim 4 where said second wave 
length ranged approximately extended from 400 to 600 
millimicrons. 

6. An element as in claim 2 where the second photo 
conductive insulating element is responsive to light over 
a ?rst wavelength range and the ?rst photoconductive 
layer is responsive to light over approximately the same 
?rst wavelength range, said ?rst photoconductive insulat 
ing layer being less sensitive to light over said ?rst wave 
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length range than said second photoconducti-ve insulating 
layer. 

7. An element as in claim 6 where said ?rst Wave 
length range approximately extends from 400v to 700 
millimicrons and said portion thereof approximately ex 
tends from' 600 to 700 millimicrons. - 

8. An element as in claim 1 where n-=3. 
9. An element as in claim 8 where the third photo 

conductive insulating layer is sensitive to light over a 
?rst wavelength range and the second photoconductive 
insulating layer is also sensitive to light over said ?rst 
wavelength range, said second photoconductive insulating 
layer being less sensitive to light over said ?rst wave 
length range than said third photoconductive insulating 
layer. 

10. An element as in claim 9 where said portion of 
said ?rst wavelength range approximately extends from 
600 to 700 millimicrons. 

11. An element as in claim 9 where the ?rst photo 
conductive insulating layer is sensitive to light over a 
second wavelength range smaller than said ?rst wave 
length range. 

_ 12. An element as in claim 11 where said ?rst wave 
length range approximately extends from 400 to 7100 
millimicrons, said portion of said ?rst wavelength range 
approximately extends from 600 to 700 millimicrons, 
said second wavelength range extends from 400 to 600 
millimicrons. 
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13. An element as in claim 1 where said thininsulating 
layer is selected from the group consisting of acrylic 
resin, cadmium carbon-ate and acrylic resin, and silica 
and acrylic resin. 

14. An element as in claim 13 where said photo 
conductive insulating layers are composed of inorganic 
materials. 
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