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57) ABSTRACT 
An electrophotographic multicolor reproducing de 
vice comprises a table for supporting an object to be 
copied, sources of light for illuminating said object, 
color separation optical means for separating the 
image of said object into a number of colors and hav 
ing exposure positions for said respective colors, elec 
trically charging means and visualizing means both 
corresponding in number to said exposure positions, a 
photosensitive member, and means for carrying said 
photosensitive member along said electrically charging 
means, said exposure positions and said visualizing 
means. A detection marking means for registration 
may be additionally provided thereto. 

1 Claim, 9 Drawing Figures 
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MULTICOLOR ELECTROPHOTOGRAPHIC 
REPRODUCTION DEVICE 

This is a continuation of application Ser. No. 40,942, 
filed May 25, 1970. 
This invention relates to an electrophotographic mul 

ticolor image reproducing device using a color separa 
tion optical system, and more particularly to process 
control for the multicolor image reproduction of high 
quality free from color misregistration. 
The known electrophotographic multicolor image 

reproducing device can be generally classified into two 
groups. One of them uses stationary arrangement for 
the object to be copied, optical system and reproduc 
tion photosensitive member (hereinafter referred to as 
"photosensitive member') and movable arrangement 
for the electrically charging means, exposure means 
and developing means. The other type employs mov 
able arrangement for the electrically charging means, 
exposure means and developing means but stationary 
arrangement for the photosensitive member. 
The former type has a merit in that a high quality of 

the multicolor image reproduction can be obtained 
without the problem of color misregistration, while it 
has a demerit in that the device is large-sized and com 
plicated in construction and that a high speed of repro 
ducing operation is difficult to realize. The latter type 
is just opposite to the former type in merit and demerit 
and, if the problem of color misregistration can be 
overcome, this type would be more advantageous. This 
latter type is further divided into two groups, one of 
which uses a drum-like or belt-like photosensitive 
member on which a toner image is formed through 
electrically charging, exposing and developing pro 
cesses and transferred onto a paper to effect a com 
plete image reproduction, and the other type uses a cut 
photosensitive member which is carried by a suitable 
carriage means so that a complete copy can be ob 
tained directly on the cut photosensitive member. 

In the last-named type of the multicolor image repro 
ducing device, the amount of movement of the photo 
sensitive member is previously set and controlled by a 
cam or like means so as to be in accordance with the 
exposure position or exposure start timing. This re 
quires the control means to be of high accuracy and of 
sufficient durability to withstand a long-term use, and 
thus the device becomes complicated and expensive. 
Also, the drum-like or belt-like shape photosensitive 
member allows only a predetermined portion thereof to 
be always used as the effective photosensitive part, 
leaving the other part unused at all, and this reduces 
the life of the photosensitive member. 
The present invention contemplates to overcome all 

these drawbacks in the prior art. 
It is therefore an object of the present invention to 

provide an electrophotographic multicolor image re 
producing device in which an image to be reproduced 
is separated into a plurality of color images by an opti 
cal separation system and these separated color images 
are positioned in respective exposure positions lying in 
a common horizontal plane or in a common circular 
circumference. 

It is another object of the present invention to pro 
vide an electrophotographic multicolor image repro 
ducing device in which a photosensitive member is 
moved along said exposure positions and which com 
prises electrically charging means and visualizing 
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means disposed respectively upstream and downstream 
of the exposure positions in the path of the photosensi 
tive member. 

It is still another object of the present invention to 
form a detection marking in a photosensitive member 
and control the positioning of the photosensitive mem 
ber in the exposure positions with the aid of the detec 
tion signal provided by the detection marking. 
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According to the present invention, a multicolor, for 
example, three-color, image reproduction is effected as 
follows. An object to be copied is illuminated by 
sources of light to provide image-carrier light, which is 
directed through pellicle mirrors and prisms to three 
exposure positions corresponding to three colors de 
rived by three different color separation filters. A pho 
tosensitive member is moved to a first of the three ex 
posure positions, where it is stopped so as to be ex 
posed to a first color light and at the same time to light 
for the formation of a detection marking. Thereafter, 
the photosensitive member is further moved to a sec 
ond exposure position. At this stage of its movement, 
the photosensitive member is electrically charged and 
visualized by electrically charging means and visualiz 
ing means disposed upstream and downstream of each 
exposure position. When the photosensitive member 
has reached the second exposure position, detector 
means detects the detection marking formed in the 
photosensitive member to stop and set the photosensi 
tive member in the second exposure position. Such op 
eration is repeated to move the photosensitive member 
to a third exposure position where it is exposed to a 
third color light to thereby provide a three-color image 
reproduction. If four or more colors are desired, the ex 
posure positions and the optical means for directing the 
image-carrier light to the exposure positions may corre 
spond in number to those four or more colors and the 
above-described operation may be repeated as fre 

- quently as the number of the colors to thereby provide 
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a multicolor copy consisting of four or more colors. 
The quantity of light reaching each exposure position 
can be adjusted as by pellicle mirrors in accordance 
with the photosensitivity of the photosensitive member 
in use. 
The present invention will be described further in de 

tail referring to the accompanying drawing wherein: 
FIG. 1 is a longitudinal cross-sectional view showing 

an example of the electrophotographic multicolor 
image reproducing device according to the present in 
vention; 
FIG. 2 is a perspective view of an embodiment of the 

carriage for carrying the photosensitive member ac 
cording to the present invention; 
FIG. 3 shows, in longitudinal cross section, another 

example of the device according to the present inven 
tion using an endless photosensitive member; 
FIG. 4 is an enlarged perspective view showing an ex 

ample of an essential part of FIG. 3; 
FIG. 5 is an enlarged perspective view showing an 

other example of the essential part of FIG. 3; 
FIG. 6 is a cross-sectional elevation showing an ex 

ample of an optical means forming the detection mark 
ing for positioning the photosensitive member in the 
exposure positions and used in FIG. 3; 
FIG. 7 shows an example of the means for detecting 

the detection marking; and 
FIGS. 8 and 9 illustrate modifications of the embodi 

ment in FIG. 3 using an endless photosensitive member 
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formed of three layers, FIG. 8 including an arrange 
ment for effecting the electrically charging process 
contemporaneously with the exposure process and 
FIG. 9 including an arrangement for effecting the elec 
tric charging after the exposure. 

Referring to FIG. 1, there is shown an electrophoto 
graphic multicolor image reproducing device of the 
present invention using a photosensitive member such 
as cut paper or the like. The device includes three 
color separation means 1 which contains first and sec 
ond pellicle mirrors 2 and 3, prisms 4 to 6, a mirror 7 
and a lens 8 which are disposed under a predetermined 
optical condition. 
A pair of light sources 9 is provided to illuminate an 

object 10. Light beam. A carrying the image of the ob 
ject 10 passes through the lens 8, then a part of the light 
beam A passes through the first pellicle mirror 2 and is 
directed to a first focus exposure position P1 through 
prisms 4 and 5. The other part of the light which has 
passed through the lens 8 is reflected perpendicularly 
to an optic axis a by the first pellicle mirror 2 and 
reaches the second pellicle mirror 3, where a part of 
that light is directed downwardly perpendicularly to an 
optic axis a and finally reaches a second focus expo 
sure position P2 through the mirror 7 and prism 4. The 
other part of the light which has reached the second 
pellicle mirror 3 passes therethrough to reach the prism 
6, where it is reflected downwardly perpendicularly to 
an optic axis as and finally reaches a third focus or ex 
posure position P3. 
The first and second pellicle mirrors 2 and 3 may be 

formed of thin collodion film or any other suitable thin 
film having gold, silver, aluminium or other suitable 
metal attached thereto by vacuum evaporation. 
As described above, the image-carrier light A which 

has passed through the lens 8 is directed along three 
paths a to as to reach three different exposure posi 
tions P1 to P3 which all lie in a common horizontal 
plane. Thus, three identical optical images are formed 
in the respective exposure positions P1 to P3. As illus 
trated in FIG. 1, it is now assumed that the prisms 4, 5 
and 6 are positioned relative to one another in a rela 
tion that S = S, and that the second pellicle mirror 3 
and mirror 7 are positioned relative to each other in a 
relation that S = S/2 = S/2. Then the distance be 
tween the first and second exposure positions P1 and 
P2 and the distance between the second and third ex 
posure positions P2 and P3 are equal to each other. 
The exposure positions P1 to P3 have respective color 
separation filters 11 to 13 through which the objective 
image is color-separated and projected to each expo 
sure positions. However, it should be noted that the op 
tical means for effecting the color separation is not lim 
ited to the illustrated example. 
A pair of rails 14 is disposed parallel to the exposure 

positions P1 to P3. On the rails 14 there is mounted a 
carriage 15 carrying thereon a photosensitive member 
16 for reciprocal sliding movement along the rails. The 
carriage 15 has its opposite ends 15 and 15 connected 
to the ends of a tension belt 18 which is made taut by 
a pair of spaced apart pulleys 17. The belt 18 is driven 
by a drive source 19 so as to reciprocally move the pho 
tosensitive member carriage 15. Along the path of the 
photosensitive member 16 and upstream of the respec 
tive exposure positions P1 to P3 (or leftwardly thereof 
as viewed in FIG. 1), there are provided electrically 
charging means 20 to 22. Similarly along the path of 
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4 
the photosensitive member 16 but downstream of the 
respective exposure positions P1 to P3 (or rightwardly 
thereof as viewed in FIG. 1), there are provided devel 
oping means 23 to 25 and fixing means 26 to 28. 

In operation, a start button (not shown) is depressed 
to energize the drive source 19 which drives the belt 18 
and accordingly the carriage 15 carrying thereon the 
photosensitive member 16 for movement in the direc 
tion indicated by an arrow (or in the rightward direc 
tion as viewed in FIG. 1). The moving photosensitive 
member 16 is first electrically charged uniformly by the 
electrically charging means 20, and then carried to the 
first exposure position P1. When the photosensitive 
member 16 reaches that position Pi, a detection mark 
ing 29 formed in the carriage 15 forwardly thereof and 
a detector means 30 cooperate together to properly po 
sition the photosensitive member 16. The detection 
marking 29 and detector means 30 may take the form 
such as aperture 29 and pin 30 or magnetic mark and 
magnetic head. Thereafter, a detection signal is pro 
vided to energize an electromagnet 36 which attracts a 
lever 37 against the compression force of a spring 38 
(see FIG. 2). Thus, one end 37 of the lever 37 is en 
gaged with a recess 39 formed in the adjacent side of 
the carriage 15, which is thereby stopped in the first ex 
posure position P1 and at the same time the drive 
source 19 also stops driving. 
When the photosensitive member 16 has been set in 

the first exposure position P1, the light sources 9 are 
turned on (or alternatively, the lens 8 may be provided 
with a shutter to control the light sources), whereby the 
photosensitive member 16 is exposed to a first color 
light so as to form a first electrostatic latent image 
thereon. 
Upon completion of the first color exposure, the 

electromagnet 36 is deemergized to allow the lever 37 
to be pulled back by the spring 38, so that the engage 
ment between the carriage 15 and the lever end 37 is 
released to move the carriage 15 with the photosensi 
tive member 16 to the second exposure position P2. At 
this stage, the first electrostatic latent image formed on 
the photosensitive member 16 is developed or visual 
ized by a developing means 23 disposed between the 
first and second exposure positions P1 and P2, and 
dried and again electrically charged by the drying 
means 26 and electrically charging means 21 while 
moving toward the second exposure position P2. 
Upon arrival of the photosensitive member 16 at the 

second exposure position P2, the detection marking 29 
of the photosensitive member 16 again cooperates with 
a second detector means 30 so as to properly position 
the photosensitive member 16, whereupon the electro 
magnet 36 is energized by the detection signal and the 
photosensitive member 16 is now set in the second ex 
posure position P2 in the same way as in the first expo 
sure position P1. 
At this stage, there occurs the problem of color mis 

registration between the first color image and subse 
quent color images formed on the photosensitive mem 
ber 16. Such problem may be fully solved by equalizing 
the distances T1, T2 and T3 between the detector 
means and the optic axes a to as for the first to third 
exposures, as shown in FIG. 3. When the photosensitive 
member 16 has been set in the second exposure posi 
tion P2, the light sources 9 are again turned on (or the 
shutter provided for the lens 8 controls the light), 
whereby the photosensitive member 16 is exposed to a 
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second color light to form a second electrostatic latent 
image. 
Upon completion of the second exposure, the photo 

sensitive member 16 is moved through the developing 
means 24, drying means 27 and electrically charging 
means 22 to a third exposure position P3 in the same 
way as described previously. The arrival of the photo 
sensitive member 16 at the third exposure position P3 
is detected by the detector means 30 and the photosen 
sitive member 16 is set in that position P3, where it is 
exposed to a third color light and thereafter carried 
through the developing means 25 and drying means 28 
to provide a complete multicolor image reproduction 
on the photosensitive member 16. 
When all the reproduction processes are finished, the 

electrophotographic device is released from its opera 
tive condition to reverse the rotation of the drive 
source 19 so as to return the carriage 15 to its initial po 
sition (the leftmost position as shown in FIG. 1). Thus, 
the photosensitive member 16 now having a complete 
color image formed thereon may be removed from the 
carriage 15 to thereby terminate the image reproducing 
operation. 

In the embodiment of FIG. 1, the exposure and image 
formation have been accomplished with the object to 
be copied 10 and the photosensitive member 16 being 
both stationary, whereas it is also possible to arrange 
the document supporting table 40 and the photosensi 
tive member carriage 15 for synchronous movement 
with each other during the exposure process. 
FIG. 3 shows another embodiment of the present in 

vention, which employs an endless photosensitive belt 
41 formed of a photoconductive material such as ZnO, 
CdS or the like bound with a suitable binder and super 
posed on an electrically conductive belt member. 
The endless photosensitive belt 41 is moved by pull 

leys 42 to 44 so that the upper horizontal portion 
thereof is parallel to the exposure positions P1 to P3, 
During the horizontal movement the photosensitive 
belt 41 is first electrically charged uniformly by the 
electrically charging means 20 and then exposed to a 
first color light in the first exposure position P1, where 
a first electrostatic latent image is formed on that part 
of the photosensitive belt 41 which has been exposed 
to light. 
After the first exposure is completed, the first elec 

trostatic latent image formed on the belt 41 is visual 
ized by the developing means 23, and further subjected 
to subsequent process such as electrically charging, ex 
posure and development, whereby an unfixed multi 
color visible image is provided on the photosensitive 
belt 41. Up to this stage, the FIG. 3 embodiment is sub 
stantially the same as the FIG. 1 embodiment. 

In the embodiment of FIG. 3, the unfixed visible 
image is transferred onto an image transfer member 45 
such as paper or the like by the action of a transfer roll 
46 and the transferred image is fixed by fixing means 
47 to thereby provide a multicolor image reproduc 

tion. 
On the other hand, the photosensitive belt 41, after 

the image thereon has been transferred, is cleaned by 
cleaning means 48 to remove any residual developer 
(which may be in powder or liquid form) so that the 
photosensitive belt may be used repeatedly. 
The illustrated arrangement using such an endless 

photosensitive belt 41 enables the image pick-up and 
reproducing process to take place anywhere in the belt 
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6 
as desired, and the entire area of the photosensitive belt 
surface can be effectively used so that a number of cop 
ies of an original image can be provided continuously. 

The photosensitive member 16 of the cut type has 
been shown to be linearly moved with the carriage 15 
in one direction in FIG. 1, whereas it is also possible ei 
ther to use a rotary disc-like carriage for carrying the 
photosensitive member 16 and dispose the exposure 
positions of the optical separation means in a common 
horizontal plane with respect to the disc surface, or to 
use a rotary drumlike photosensitive member and dis 
pose said exposure positions circumferentially of the 
drum. In either of these alternative cases, the electri 
cally charging means may be disposed before or up 
stream of each exposure position, and the exposure po 
sition detector means and developing means may be 
disposed behind or downstream of each exposure posi 
tion. 
The shown electrically charging process may be elim 

inated if the present invention is used with an electro 
photographic image reproducing system of the type 
whereby a photosensitive member having its photosen 
sitive layer formed of titanium oxide is exposed to im 
age-carrier light so as to form a latent image on the sur 
face of the photosensitive layer due to the plane-light 
electromotive force and developed by water solution 
containing silver or other metal ions. 
FIGS. 8 and 9 illustrate further embodiment of the 

present invention, which employ an endless photosensi 
tive member comprising a transparent insulating layer, 
a photoconductive layer and an insulating layer. In 
FIG. 8, such photosensitive member is moved in the di 
rection indicated by an arrow and charged with a pre 
determined polarity by electrically charging means 20, 
whereafter the photosensitive member is subjected to 
electric charges of the opposite polarity by unshown 
electrically charging means or to removal of electric 
charges by unshown AC discharging means, whereby 
an electrostatic latent image is formed on the photosen 
sitive member. At this stage, the photosensitive mem 
ber may be subjected to a whole surface exposure, if 
required, so as to increase the contrast of the resultant 
electrostatic image. Thereafter, the photosensitive 
member is further carried to developing means, where 
the latent image on the photosensitive member is devel 
oped. The abovedescribed processes are repeated for 
each color to thereby provide a multicolor print. The 
embodiment of FIG. 9 is similar in process to the FIG. 
3 embodiment except that the exposure process pre 
cedes the electrically charging process to form an elec 
trostatic latent image. 
According to the present invention, the image to be 

reproduced is color-separated by color separation 
means and all the separated color images are focused 
to the exposure position on a common horizontal plane 
or on a common circular circumference, so that the 
photosensitive member is moved along these exposure 
positions and visualizing means disposed downstream 
of each exposure position. Therefore, a multicolor 
image reproduction can be provided simply by repeat 
ing the electrically charging, exposing and developing 
processes while moving the photosensitive member in 
one direction. Also, the control mechanism for moving 
and stopping the photosensitive member is much sim 
plified to enhance the reproduction speed as well as to 
make the entire device compact in structure. 
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Description will now be made of further examples of 
the means S for forming the detection marking 29 and 
detector means Q with respect to the embodiments of 
FIG. 3 and the following Figures. 
As shown in FIG. 6, marking 51 provided as by a spot 

or slit formed within an optical box 55 is optically pro 
jected onto the non-image-bearing area of the photo 
sensitive member 41 by a source of light 57 through a 
lens 58. Such marking 51 may be detected by detector 
means Q, which may comprise, as shown in FIG. 7, a 
plate 30 having mounted thereon a spot or slit illumina 
tor 52 and a photoelectric converter element 53 such 
as phototransistor or the like. The light from the illumi 
nator 52 is reflected by the photosensitive member 41 
and collected by the photoelectric converter element 
53. There is also provided a shield plate 54 on the plate 
30 between the illuminator 52 and photoelectric con 
verter element 53. 
FIGS. 4 and 5 show examples of the detection means 

according to the present invention. In FIG. 4, an image 
carrier light is projected upon the first exposure posi 
tion and contemporaneously therewith the detection 
marking 51 is formed at the boundary between a first 
formed image O and a second formed image O'. The 
detection marking 51 thus formed is detected by the 
detector means Q disposed in the second and further 
exposure positions, so that the photosensitive member 
41 can be properly stopped in the second and further 
exposure positions with the aid of the detection mark 
ing 51. To stop the photosensitive member 41 in the 
first exposure position, the time required for the photo 
sensitive member 41 to move from its start position to 
the first exposure position is detected as by an unshown 
time delay relay switch whose detection signal acts to 
stop the movement of the photosensitive member 41 in 
the first exposure position. 

In FIG. 5, the photosensitive member 41 is electri 
cally charged at one edge thereof by electrically charg 
ing means 20 (which may be integral with the electri 
cally charging means 20) prior to the first exposure po 
sition, and momentarily exposed to light or stopped so 
that the detection marking 51 is exposed to the detec 
tion mark forming means S so as to develop the mark 
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8 
ing 51 by developing means 23. Such marking 51 is 
then detected by the detector means Q provided in 
each exposure position, whereupon the photosensitive 
member 41 is stopped in each exposure position. The 
detection marking 51 is not limited to the form of spot 
or slit, but it may take any other form that can provide 
a visible reference mark. The term 'visible' does not 
always mean the visibility to the human eyes but in 
cludes any detectability to the detector means Q. 
Thus, in the multicolor electrophotography of the 

present invention, the photosensitive member is 
formed with the detection marking for the exposure po 
sitions and the detection signal produced thereby acts 
to properly set the photosensitive member in each ex 
posure position. Such a system achieves much more ac 
curate positioning of the photosensitive member for 
each exposure process than the prior art system using 
the control cam to position the photosensitive member, 
and ensures multicolor prints of high quality free from 
any color misregistration to be provided at a lower cost. 

What is claimed is: - 
1. An electrophotographic reproduction apparatus 

capable of continuously producing a polychromatic re 
production of a color original comprising: light means 
for forming a light image of the color original, a single 
photoconductive surface movable linearly at its expos 
ing position, optical means for separating the color 
image formed by said light means into at least two color 
separation images, means for conducting said color 
separation images along different optical paths of equal 
length to said photoconductive surface, means for sep 
arately forming on said photoconductive surface elec 
trostatic latent images of each of said color separation 
images, means for separately developing each of said 
color separation images with different marking mate 
rial, the color of which corresponds to the separation 
image being developed by said marking material, and 
means for transferring and affixing the developed im 
ages in superimposed relationship onto a copying mate 
rial, and cleaning means for said photoconductive sur 
face for repetitive use. 
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