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ABSTRACT 0F THE DISCLOSURE 

An electrophotographic process for preparing a multi 
colored copy from a multi-colored original comprises ap 
plying a primary charge on a photosensitive member, ir 
radiating an optical image of a color which it is desired to 
reproduce, applying a secondary discharge contemporane 
ously with irradiating an optical image of colors other 
than said desired color, exposing the whole surface of the 
photosensitive member if necessary, developing the formed 
latent image and transferring the image corresponding to 
the image of the desired color onto a transfer medium, and 
repeating these steps for each color of the multi-colored 
original. 

This invention relates to an electrophotographic process 
capable of copying multi-colored originals. More par 
ticularly, it pertains to a novel electrophotographic process 
capable of reproducing only those portions of the multi 
colored original having a specified color and of obtaining 
a multi-colored reproduction true to the multi-colored 
original by repeating said copying process with respect to 
each color. 
The general technique hitherto employed in electro 

photography for reproducing multi-colored originals, for 
example, of the kind having black letters surrounded by 
red frames, is to uniformly charge a photosensitive body 
having a photoconductive layer, then form a latent image 
corresponding to the black letters by projecting an op 
tical image through a red ñlter, then develop said latent 
image with black toner, and then transfer the developed 
image to paper, etc. Next, the photosenstive plate is 
cleaned and recharged, and a latent image corresponding 
to both the red frames and black letters is formed by pro 
jecting an irradiating optical image through a cyan lilter 
which blocks red. The latent image thus formed is de 
veloped with red toner and the developed image is super 
imposed on said paper, etc. As a result, the black letters 
are liable to be illegible and dirty if there is lack of color 
registration caused by inaccurate superposition of the 
red toner image on the black toner image. Complete 
avoidance of such displacement is hard to obtain because 
it depends upon position matching at time of transfer and 
requires high mechanical precision. Moreover, since red 
toner is placed on black letters, color reproduction lacks 
ñdelity. 

Color control is dependent upon extremely complex fac 
tors when the known process is applied to natural color 
photographs. For example, since a thick red toner image 
is superimposed on a thick black image in reproducing a 
dark red image, only a red or black image is obtained if 
the toner placed on top is opaque. This is especially true 
in cases of business documents composed largely of black 
letters. When a document composed mainly of black let 
ters contains a natural color photograph, the user must 
bear the inconvenience of color shift in the black letters 
caused by the presence of the natural color photograph. 
Moreover, this method has the defect of being unable to 
reproduce just a given color from a multi-colored original. 

This invention olîers a novel electrophotographic proc 
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ess capable of eliminating the above-mentioned inconven 
iences, and it is characterized by converting the difference 
between the light intensity of a desired color to be copied 
and the light intensities of the remaining colors into dif 
ference in copying density by using filters, etc., and by 
converting the difference between the intensity of a spec 
tral wavelength region A of an image of the original and 
the intensity of a spectral wavelength region B into the 
difference in image density. 

Accordingly, an object of this invention is to obtain a 
reproduction of a portion of a multi-colored original hav 
ing a specified or discrete color in a simple manner as com 
pared with conventional techniques. 
Another object of this invention is to obtain a multi 

colored reproduction, not olf-color and with fidelity to the 
original, from a multi-colored original by repeating said 
single color copying process a desired number of times. 
A still further object of this invention is to provide 

means for practicing the invention. 
The present invention will be more apparent from the 

following description referring to the illustrative embodi 
ments shown in the attached drawings, in which: 

FIGS. 1(A), (B), and (C) are explanatory diagrams 
of the electrophotographic process as practiced according 
to the invention; 
FIG. 2 is a diagram showing steps in the production 

of a copy according to said process; 
FIGS. 3 and 4, (A), (B), (C), are explanatory di 

agrams for other embodiments of the invented electro 
photographic process as practiced; and 

FIGS. 5 through 7 are side views of three embodiments 
of the discharger used in practicing this invention. 
An embodiment of the electrostatic image forming proc 

ess according to the invention now will be described here 
after referring to the attached drawings. Referring to FIG. 
l, 1 is a multi-colored original; 2 is a colored image on the 
multi-colored original 1, having a color, for example, red, 
to be copied; 3 is another image having a color other 
than red, for example, black; 4 is a ñlter that passes the 
color of image 2, in this example a red filter, placed be 
tween the multi-colored original 1 Iand a photosensitive 
member p; 5 is also a ñlter which blocks the color of 
image 2 but passes other colors; 6 is a corona dischargei 
for primary charging; 7 is a discharger which performs 
either AC discharge or secondary charging opposite in 
polarity to the primary charging; p is the photosensi 
tive member comprising a transparent insulating (insula 
tive) layer 8, photoconductive layer 9, and base plate 
10 
Assume that the surface of the insulating layer 8 of 

photosensitive member p is primary charged positively 
(-{-) by the discharger 6 which is optically transparent 
either with the upper part of shield 6, optically open or 
composed of transparent material as shown schematically 
in FIG. 1(A). Contemporaneously with or after the pri 
mary charging an optical image is projected on the same 
surface. The actual means employed for projeting the 
optial image an be either a reflex or direct arrangement 
or other known means the details of which are omitted 
from the drawing. At the regions a of the photosensitive 
member p, only the red component of light from the 
original 1 passes through the filter 4, all other components 
of light being blocked, and reaches the photosensitive 
member p. Due to the light irradiation, the resistance of 
the photoconductive layer 9 is decreased, and negative 
(_) charge (i.e„ opposite in polarity to the primary 
charge) is induced on the back surface of the insulating 
layer 8. At the same time, in the region b, the reflected 
light from the image 2, which in this example is red, also 
reaches the photosensitive member p after passing 
through the filter 4, and a negative charge is induced on 
the back surface of the insulating layer 8 similar to that 
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in the regions a. In the region c, however, no light reaches 
the photosensitive member p since the image 3 is black 
(absence of color) and no light is reflected. Therefore, 
at this location the resistance of the photoconductive 
layer 9 is not decreased and negative (-) charge is not 
induced on the back surface of the insulating layer 8. The 
same thing happens even when the image 3 has a distinct 
color containing no red, for example blue, since the re 
viiected light from such an image Would be interrupted by 
the filter 4. In this way, negative (_) charge, i.e.„ oppo 
site in polarity to the primary charge, is induced on the 
back surface of the insulating layer 8 of the photosensi 
tive member p in the regions a and b but not the region c. 

Alternatively, projection of the optical image can be 
accomplished by using light of a single wave-length hav 
ing the color desired for reproduction instead of using a 
iilter. 

Next, upon the photosensitive member p that has been 
through the above-mentioned process, an optical image 
of the above-mentioned original 1 is projected as shown 
in iFIG. l(B) through the filter 5, which blocks red light, 
simultaneously with further charging, i.e., either second 
ary charging opposite in polarity to the primary charge or 
AC disharge using, respetively, for the discharge 7 either 
a ~DC discharger or an AC discharger. In either case the 
shield ’71 should be open optically similar to discharger 6. 
The drawing shows the case in which an AC discharger 
is used. 

During this step in the regions a, those rays of light 
reñected from the original 1 except red will pass through 
the filter 5 and reach the photosensitive member p. Upon 
receipt of this light, the resistance of the photoconductive 
layer 9 is decreased »and the negative (_) charge which 
was previously induced on the back surface of the insu 
lating layer 8 is eliminated along with the removal of the 
positive (-1-) charge from the front surface. 

In the region b, the reflected light from the image 2 
is blocked by the filter 5 and does not reach the photo 
sensitive member p. Therefore, the resistance of the pho 
toconductive layer 9 at this location does not decrease. 
As a result, the negative (_) charge previously induced 
on the back of the insulating layer 8 does not disappear 
even though the discharge from the discharger 7 is ap 
plied. Instead the negative charge attracts the positive 
(-{-) charge and greatly reduces the effect of the dis 
charging action. Thus the positive (-1-) charge developed 
during the primary charging remains on the surface of the 
insulating layer. 

In the region c, since no light is reflected by the image 
3 (it is black in this example), no light reaches the photo 
sensitive member p, and the resistance of the photocon 
ductive layer 9 does not decrease. However, since no neg 
ative (_) charge was induced on the back surface of 
the insulating layer 8 during the primary charging, the dis 
charging action of discharger 7 is not inhibited and the 
positive (+) charge on the insulating layer in ths loca 
tion is removed. 

After completion of the above-mentioned process, the 
surface of the photosensitive member p is subjected to 
unpatterned or blanket radiation to Which the photocon 
ductive layer 9 is sensitive (whole surface exposure) as 
shown in FIG. l(C) to release the induced charge in the 
photoconductive layer which is not bound by the charge 
on the insulating layer 8 and to increase the electrostatic  
contrast. Next, the latent image on the photosensitive 
member p is developed as shown in FIG. 2(1) by using 
colored toner or oñ-set master toner having the same 
color as the picture image and is transferred onto the 
transfer paper 11. Thus a specified color 2 can be selec 
tively reproduced from the multi-colored original 1. 
An embodiment of the above-mentioned photosensitive 

member p was made as follows: Onto an aluminum base 
plate 10, selenium was evaporated to a thickness of about 
30p. at a temperature of about ̀ 60" C. t0 which a polyester 
film, 25u in thickness, was adhered. 
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4 
Another photosensitive member was prepared by melt 

ing at about 500° C. for about three hours, a mixture of 
Se 90%, Te 10% and a small amount of Ge (0.004 
0.5 % ), then heating it at about 250°-350° C. in a vacuum 
(below 10-4l mm. Hg) and evaporating it on an aluminum 
base plate held at 58° C. to a thickness of about 50p., to 
which a polyester film, 25a in thickness was secured by 
an epoxy adhesive. The surface of the aluminum base 
plate was oxidized before the evaporation step. In either 
case, excellent results were obtained. 

This three-layer photosensitive member p has proper 
ties intermediate N-type and =Ptype, having a specific 
resistance of 1013 Sl cm., and capable of being charged 
to over 500 v., either positive or negative. 
As another embodiment of this invention it is also pos 

sible to use a photosensitive member comprising the above 
mentioned three layers but with the base plate 10 con 
sisting of an insulating layer. When this photosensitive 
member is used, it is sufficient to place the photosensitive 
member on an electrically conductive holding plate or 
to apply voltages, opposite in polarity, to both surfaces 
of the photosensitive body during charging or discharg 
ing according to the above-mentioned process. 
A four-layer photosensitive member p’ having a base 

plate 10 comprising an insulating layer 101 and an elec 
trically conductive layer 102 as shown in FIG. 3 can be 
used in place of the photosensitive member p. The addi 
tion of the insulating layer 101 enables highly sensitive 
photoconductive materials, hitherto incapable of use as 
the photoconductive layer 9 because of their low re 
sistance, to be used while at the same time avoiding 
damage due to insulation breakdown of the photosensitive 
body. 
FIG. 3 is an explanatory diagram of the photosensitive 

member p' for the same conditions as the embodiment 
shown in FIG. 1. As shown in FIG. 3(A), an optical 
image is projected onto the photosensitive member p' 
either contemporaneously with or after the primary charg 
ing. Only light that can pass through the lilter 4 reaches 
the photosensitive member p’ and the portions of the 
photoconductive layer 9 corresponding to the light 
pattern is charged as shown in FIG. 3 (A). 

Next, as shown in FIG. 3(B), either secondary charg 
ing or AC discharging is performed While projecting an 
optical image through the filter 5. The charged state at 
this time is as shown in FIG. 3(B). After the preceding 
steps, radiant energy to which the photoconductive layer 
9 is sensitive, is applied all over the surface of the photo 
conductive layer to the extent necessary to increase the 
electrostatic contrast as shown in FIG. 3(C). 
An embodiment of the above-mentioned 4-layer photo 

sensitive member p' may be constructed as follows: On 
an electrically conductive aluminum base plate a poly 
ester film, 6p. in thickness, is fastened with an epoxy 
resin adhesive. A coating of copper-activated cadmium 
sulfide consisting of particles of about 10p in diameter, 
is applied thereon to a thickness of about 50p, using 
cellulose acetate as the bonding agent. Thereupon, a 
polyester film, 20u in thickness, is fastened thereto using 
an epoxy resin adhesive. 
The insulating layers in the photosensitive member 

used in this invention are composed of insulating sub 
stances having charge holding properties, and can be se 
lected from among organic and inorganic insulating 
materials. As for the electrically conductive layer, metal 
lic materials, paper and other electrostatically conductive 
materials can be employed. 

FIG. 4 is an explanatory diagram of the process of 
an embodiment of this invention when DC corona dis 
charge reverse in polarity to the primary charge polarity 
is used as the secondary discharge. FIGS. 4(A), (B), and 
(C) correspond to (AB), (B), and (C) of FIG. l, re 
spectively. However, differences exist in the charged states 
of the photosensitive member, and the electrostatic image 
formed here is higher in potential in areas corresponding 
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to the light area (background) of the original than in 
areas corresponding to the dark area. 
The region b of FIG. 4(B) which is different in 

charged state from that of FIG. 1 will 'be explained. Upon 
application of the negative (_) secondary discharge, 
charging is influenced by the negative charge trapped in 
the interface between the photoconductive layer 9 and 
the insulating layer 8, and only positive charge due to 
the primary charge is eliminated with the surface of the 
insulating layer 8 developing either zero charge or a 
slightly negative charge. 

It is, therefore, sufficient for obtaining a multi-colored 
reproduction from a multi-colored original 1, to use fil 
ters that correspond to each color and to repeat the 
process described above for each of the colors to be re 
produced. To describe a complete example, an optical 
image that has passed through a cyan (red blocking) 
filter is projected onto the above-described three-layer 
photosensitive member contemporaneously with charg 
ing by a primary charger. Next, the photosensitive mem 
ber is simultaneously exposed to the optical image that 
has passed a red filter and subjected to AC corona dis 
charge by an AC discharger. Then whole surface ex 
posure is accomplished. The electrostatic latent image 
thus formed is developed with cyan toner according to 
conventional developing methods. The developed image 
is transferred to a transfer medium by appropriate means. 
The photosensitive member is cleaned and then discharged 
with whole surface exposure. 

Next, the optical image of the above-mentioned original 
is impressed on the photosensitive member through a 
magenta (green blocking) yfilter along with primary 
charging, and then while projecting the same optical im 
age through a green filter, an AC corona discharge is 
applied with the AC discharger. Then whole surface ex 
posure is again performed and the latent image is de 
veloped with magenta toner. The image is then trans 
ferred onto the above-mentioned transfer medium after 
matching positions. The foregoing operation is repeated 
again but now with a yellow (blue blocking) filter and 
a blue filter being used in that order. Yellow toner is 
used for development. The image formed by the yellow 
toner is also transferred and superimposed on the image 
already present on the above-mentioned transfer medium. 

Finally, the cleaned photosensitive body is charged 
by the primary charger with whole surface exposure, 
followed by lAC corona discharge by means of the AC 
discharger while the optical image is being projected with 
out a filter. After another whole surface exposure, the 
electrostatic image is developed with ‘black toner and 
transferred onto the above-mentioned transfer medium 
in similar manner to the above. 
Then the composite toner image formed on the trans 

fer medium is Ifixed to the above-mentioned trans 
medium by any suitable method, for example, by heat 
fixing. In this way a color copy is produced from four 
superimposed colored images. 
As for the characteristics of the photoconductive layer 

of the photosensitive member in the present electrophoto 
graphic process, it is desirable to have a dark resistance 
of more than 10o1 S2 cm., preferably more than 1011 Q 
cm., in the presence of both positive corona charging 
and negative corona charging. Those photoconductive 
layers hitherto used which are greatly dependent on the 
polarity of charging will not always yield good results. 
It is, therefore, advisable in order to realize the afore 
mentioned characteristics to install an insulating layer or 
a barrier layer which impedes the flow of charge between 
the photoconductive layer and the electrically conductive 
base plate. This property can be also obtained by the use 
of true semiconductors. Substances that show internal 
polarization can also be used. Those that have a wide 
range of spectral sensitivity are desirable. Particularly, 
CdS, CdSe, ZnO, ZnS, PbO, anthracene etc. should be 
used. 
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The corona dischargers 6 and 7 are preferably con 
structed with tungsten wire 12 of .05 to .10 mm. diameter. 
However, this does not bar the use of such discharge elec 
trodes as needles, etc. Whether the corona dischargers 6 
and 7 are constructed separately as shown in FIG. 5, 
with filters 4 and 5 attached, respectively thereto, or the 
corona dischargers 6 and 7 are combined into one as 
sembly as shown in FIG. 6 with the filters 4 and 5 at 
tached in tandem, they are more conveniently handled 
than when the corona dischargers 6 and 7 and the filters 
4 and 5 are installed separately. 
When primary charging and optical image irradiation 

is not performed simultaneously, it is advisable to arrange 
the ñlter 4 between the corona dischargers 6 and 7 as 
shown in FIG. 7. It is also convenient to mount two filters 
having complementary colors in a single frame, preparing 
such frames for individual colors, and to insert a required 
one into the upper part of the discharger either manually 
or automatically. 
When combining the corona dischargers 6 and 7 and 

the filters 4 and 5 into one unit, the upper surface of the 
corona discharger must be made translucent. It is advisable 
to provide a translucent electrically conductive layer 
linked with the shield plate 13 of the corona dischargers 
6 and 7, inside the filters 4 and 5. It is possible to direct 
the AC corona discharge very effectively upon the photo 
sensitive member by installing insulating layers of 50a t0 
200g in thickness, for instance a polyester film and a trans 
lucent insulating layer, inside the above-mentioned shield 
plate 13 and the above-mentioned translucent electrically 
conductive layer, respectively. 
The filters 4 and 5 can be inserted into the path of the 

light for illuminating the original instead of inserting them 
into the path of the reflected optical image. 

Since this invention is constructed as mentioned above, 
it is possible to obtain a specified colored reproduction 
from a multi-colored original, selectively and very easily. 

It is also possible to obtain a multi-colored reproduc 
tion, which is faithful in color production to the original 
and has no color mismatching, from a multi-colored orig 
inal by repeating this copying process the required num 
ber of times. 

Furthermore, when, for instance, it is desired to re 
produce a dark red image, the corresponding dark red 
color can be reproduced by superimposing a thin red toner 
image upon a thin black toner image without using a 
semi-transparent toner. 

It is of course possible to use electrode charging or 
other conventional methods besides the use of corona dis 
charge when performing the primary charging and sec 
ondary discharging steps. 

I claim: 
1. An electrophotographic process in which an electro 

static latent image of a desired color of a multi-colored 
original image pattern is formed on a photosensitive mem 
ber including a photoconductive layer and an insulative 
layer overlying said photoconductive layer which com 
prises the steps of applying to said insulative layer a 
charge of one polarity and exposing said photoconductive 
layer to a first optical image derived from said original 
image pattern and of said desired color, and then subject 
ing said insulative layer to further charging with either a 
D.C. discharge of opposite polarity to said one polarity 
or with an A.C. discharge while exposing said photocon 
ductive layer to a second optical image derived from said 
original image pattern and of the colors in said original 
except said desired color. 

2. An electrophotographic process according to claim 
1, wherein said first optical image is derived from said 
original by exposing said photoconductive layer to an 
image of said original image pattern through a ffirst filter 
that transmits said desired color, and wherein said second 
optical image is derived from said original by exposing 
said photoconductive layer to an image of said original 
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through a second iilter that transmits the colors in said 
original image pattern except said desired color. 

3. An electrophotographic process according to claim 
1, wherein said formed latent image is developed with 
a colored developing agent having the color of said de 
sired color and wherein said developed image is trans 
ferred to a transfer medium. 

4. An electrophotographic process according to claim 
3, wherein the steps of the process are repeated for super 
imposing in registration on said transfer medium suc 
cessive developed images for at least two of the colors 
in said original image pattern. 

5. An electrophotographic process according to claim 
1, wherein said photoconductive layer is exposed to said 
first optical image while said charge of one polarity is 
being applied to said insulative layer. 

6. An electrophotographic process according to claim 
1, wherein said photoconductive layer is exposed to said 
Íirst optical image following the application of said charge 
of one polarity to said insulative layer. 

7. An electrophotographic process according to claim 
1, wherein said member further includes a base plate un 
derlying said photoconductive layer. 

8. An electrophotographic process according to claim 
7, wherein said base plate is comprised of electrically con 
ductive material. 

9. An electrophotographic process according to claim 
7, wherein said base plate is comprised of insulative nia 
terial. 

10. An electrophotographic process according to claim 
7, wherein said base plate comprises an insnlative mem~ 
ber and an electrically conductive member underlying 
said insulative member. 

11. An electrophotographic process according to claim 
1, wherein said step of applying said charge of one po 
larity and said step of further charging are practiced by 
applying corona discharge to said insulative layer. 

12. ÍAn electrophotographic process according to claim 
11, wherein said step of further charging is practiced by 
applying to said insulative layer a D.C. corona discharge 
of polarity opposite to said one polarity. 

13. An electrophotographic process according to claim 
11, wherein said step of further charging is practiced by 
applying to said insulative layer an A_C. corona discharge. 

14. An electrophotographic process according to claim 
1, wherein said first optical image is derived from said 
original image pattern by illuminating the original image 
pattern with light of a single Wave-length having said de 
sired color. 
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15. An electrophotographic process according to claim 

2, wherein said step of applying said charge of one polari 
ty and said step of further charging are practiced with 
first and second corona discharging means, and said iirst 
and second tilters are mounted on said first and second 
discharging means, respectively, for applying said first 
and second optical images therethrough. 

16. An electrophotographic process according to claim 
1S, wherein said first and second discharging means are 
integrated in a unitary structure side-by-side. 

17. An electrophotographic process according to claim 
2, wherein said step of applying said charge of one polari 
ty and said step of further charging are practiced with 
first and second discharging means supported side-by-side 
with a gap therebetween, and said tirst íilter is mounted 
between said discharging means bridging said gap and 
said second filter is mounted on said second discharging 
means whereby said ffirst optical image is transmitted be 
tween said discharging means and said second optical 
image is transmitted through said second discharging 
means. 

1S. An electrophotographic process according to claim 
1, wherein said photocondnctive layer is exposed to un 
patterned light after said step of further charging, and 
the formed latent image is thereafter utilized to provide a 
developed image. 

19. An electrophotographic process according to claim 
3, wherein, preceding the step of developing but after the 
step of further charging, said photoconductive layer is ex 
posed to unpatterned light. 

20. An electrophotographic process according to claim 
19, wherein the steps of the process are repeated for 
superimposing in registration on said transfer medium 
successive developed images for at least two of the colors 
in said original. 
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