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57 ABSTRACT 
An electrostatographic reproduction apparatus cable 
of producing a polychromatic copy of a color original 
upon a copy material comprising: 

1. light scanning means for forming a light image of 
the color original; 

2. beam splitting means for separating the light 
image into at least a first and second light beam, 
which are conducted along different optical paths 
of equal lengths through separate filters of dis 
similar colors; 

3. a uniformly charged photoconductive area at the 
terminus of each optical path, each area being 
simultaneously discharged in imagewise configu 
ration by the light beam impinging upon it; 

4, means for separately developing the respective 
imaged areas with toner compositions of different 
colors to form developed images of different 
colors; and 

5. means for moving a copy material in sequential 
contact with the developed photoconductive 
areas whereby the developed images are trans 
ferred thereto in substantially perfect registration 
to thereby form a composite color image. 

10 Claims, 4 Drawing Figures 
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COLORXEROGRAPHY 

This invention relates to polychromatic electrostato 
graphic imaging and, more particularly, a xerographic 
system wherein an original is light scanned, and the 
resultant light beam is separated into at least two parts 
which are sent through separate filters and used to 
simultaneously discharge in imagewise configuration 
separate charged photoconductive areas. The 
imagewise discharged photoconductive areas are 
developed with toner compositions of different colors 
and the developed images are successively transferred 
in registered configuration onto a copy material which 
may be a stack of separate sheets or a continuous copy 
web. In one embodiment, separate photoconductive 
surfaces are placed at the terminus of each optical 
path. The size and location of the photoconductive sur 
faces are such that the copy material traveling from one 
surface to another, receives superimposed toner images 
of different color thereby producing a color reproduc 
tion of the original. By employing photoconductive sur 
faces of different circumferences, each surface can be 
driven by the same drive means at the same lineal 
speed, the copy material can likewise move at one and 
the same speed, and critical timing problems, which 
would arise if three photoconductor surfaces of the 
same circumference were used, are obviated. 
The electrostatographic system of this invention may 

suitably include three photoconductive areas, each 
being discharged in imagewise configuration represen 
tative of a single color component of the original, and 
developed with toner of a primary color, whereby when 
all three developed images are superimposed on the 
copy material, a full color reproduction of the original 
is created. 
The formation and development of latent electro 

static images on an electrostatographic imaging surface 
is well known. The basic electrostatographic process, 
as taught by C. F. Carlson in U.S. Pat. No. 2,297,691, 
involves placing a uniform electrostatic charge on a 
photoconductive insulating layer, exposing the layer to 
a light and shadow image to dissipate the charge on the 
areas of the layer exposed to the light and developing 
the resulting latent electrostatic image by depositing on 
the image a finely-divided electroscopic material 
referred to in the art as “toner". The toner will nor 
mally be attracted to those areas of the layer which 
retain a charge, thereby forming a toner image cor 
responding to the latent electrostatic image. This 
powder image may then be transferred to a support sur 
face such as paper. The transferred image may sub 
sequently be permanently affixed to the support sur 
face as by heat. The powder image may be fixed to the 
photoconductive layer if elimination of the powder 
image transfer step is desired. Other suitable fixing 
means such as solvent or overcoating treatment may be 
substituted for the foregoing heatfixing step. 

Prior to the present invention, it was known that a 
color original could be reproduced electrostatographi 
cally by sequential exposure of one or more charged 
photoconductive surfaces to light images representing 
the proportionate amount of a color in the original 
copy. Sequential development of the imaged surfaces 
with toners of different primary colors gives the desired 
full color reproduction. 
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2 
In order to achieve a full color reproduction of the 

color original using this method, it is required that 
three light images be formed and it is critical that the 
images be superimposed upon each other on the copy 
material in near-perfect registry. This requires three ex 
posures and elaborate mechanical drive arrangements 
to synchronize the movements of the copy material and 
the three sequentially imaged photoconductive sur 
faces. 
The electrostatographic preparation of a color copy 

employs the same principles used in lithography for 
substractive color printing. This involves formation of 
three or more light images, each image representing the 
proportionate amount of a colored toner to be used in 
developing the exposed photoconductive surface. To 
do this, requires separation of the colors of the original. 
Color separation is effected through the absorption and 
transmission characteristics of the transparent ink films 
printed on a white paper original. The yellow ink in the 
original reflects almost as much red and green as the 
paper, but almost completely absorbs blue. Thus, yel 
low controls where blue reflects from the white paper. 
A blue filter transmitting only its third of the spectrum 
is the correct filter to use to provide correct filter 
separation tone values for a yellow toner. The desired 
effect is to record only where the blue light comes from 
the original. When a positive is made from this "nega 
tive', it will be a record of the minus-blue (yellow) of 
the copy. 
The magenta ink on the original absorbs green light 

without disturbing the reflectance of the red and blue 
light by the paper. A green filter which transmits its 
own third of the spectrum will be the proper filter to 
record the red areas of the original. When a positive is 
made from this negative with magenta toner, it will 
record the minus-green (red) areas of the original. 
The blue ink (cyan) in the original absorbs red light 

without disturbing the reflectance of the green and blue 
light. A red filter which transmits its own third of the 
spectrum is used to control the red light reflected by 
the copy. Developing the resultant negative with cyan 
ink will give a positive which is a record of the blue 
areas in the original. 
The fact that the described process entails three 

sequential light scanning steps to sequentially expose 
the photo-conductive surfaces is obviously disad 
vantageous from several standpoints. Since the light 
source must be energized three times for each full color 
reproduction, the number of copies which can be made 
from a given light source is concomitantly reduced by a 
factor of three and the power requirement for each 
copy is increased by the same factor. The copy output 
capability is significantly and adversely affected since 
the exposure time is a rate limiting factor for any given 
electrostatographic copying system. 

In view of the importance of color reproduction 
capabilities and the emphasis on copy system speed and 
efficiency, there is an existing need for a color 
reproduction process which avoids the deficiencies of 
known processes. 

Accordingly, an object of this invention is to provide 
an electrostatographic apparatus which has the capaci 
ty to conveniently produce color images using one or 
more photoconductive areas to transfer different color 
images of a color original to a copy material. 
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It is another object of this invention to provide a 
color reproduction system which employs an improved 
optical system which does not depend upon multiple 
light scanning of a color original to form color separa 
tion images on a photoconductive surface. 

Is another object to provide means of accomplishing 
this objective without the requirement for elaborate 
drive trains to impart critically timed non-synchronous 
movement to separate photoconductive surfaces. Still 
further, it is an object of this invention to produce color 
images electrostatographically using a plurality of 
photoconductive areas moving at a single lineal speed 
synchronously with the moving copy material. Other 
objects will be apparent from the ensuing description of 
this invention in conjunction with the accompanying 
drawing in which: 

FIG. 1 is a schematic representation of one copying 
system of this invention employing three separate 
photoconductive surfaces imaged simultaneously by a 
single light scanning of an original document. 

FIG. 2 is a graphic illustration of the travel of two 
points on the copy material relative to three imaged 
photoconductive surfaces, moving at the same lineal 
speed. 
FIG.3 is a graphic illustration of the image inversions 

and reversals at the several mirrors and light splitters in 
the light path, showing that by the system given in FIG. 
1, the three images arrive in phase with respect to both 
each other and the original. 

FIG. 4 is a schematic representation of another em 
bodiment of this invention in which a single photocon 
ductive surface is simultaneously imaged in three 
separate areas with color separation images of the 
original copy. 
These and other objects are accomplished in ac 

cordance with this invention by the provision of an op 
tical system which uses the light image produced by a 
single scanning of a color original to simultaneously 
form color separation images on three different 
photoconductive areas. The light image formed by 
scanning the original copy is passed through a focusing 
lens assembly separated by beam splitters into at least 
three light beams which are color filtered and con 
ducted along optical paths of equal lengths to expose 
separate photoconductive areas and thereby record the 
respective color separation images. 
An essential part of the present invention is that a 

single light scanning of the original copy can be em 
ployed to simultaneously produce three or more color 
separation images on three or more separate photocon 
ductive areas, thus overcoming the difficulties inherent 
in known reproduction systems which required a 
separate light scanning step for each color separation 
image. The choice of specific beam splitting devices, 
color filters or photoconductors is not a critical part of 
the present invention. Thus, monochromatic beam 
splitters can be used to concurrently separate the light 
beam into parts and produce one color separation 
image or the beam splitting and color filtration func 
tions can be performed by separate beam splitting and 
filter devices. Similarly, conventional commercial sub 
tractive printing processes which divide the color spec 
trum into thirds and produces three color separation 
images can be used herein, but other modifications in 
volving a lesser or greater number of color separations 
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4. 
are also useful. Similarly, the color separation images 
can be used to image separate areas on one photocon 
ductive surface or three separate photoconductive sur 
faces. 
The present invention will be further described in 

connection with the drawings. In FIG. 1 is depicted an 
imaging system of the invention in which an optical 
system with two light splitters and three color filters is 
used to form three color separation images on three 
separate photoconductive surfaces. 
A color original depicted by reference numeral 1 is 

moved, in the direction shown, past exposure lamps 2 
producing a light beam image which passes through slit 
3 along path 4 through focusinglens 5 and along path 6 
to light splitter No. 1 shown generally by reference nu 
meral 7. At point 8 the beam is split into 2 parts shown 
generally by reference numerals 9 and 10. The part of 
the light beam conducted along path 10 proceeds to 
light splitter No. 2 shown generally by reference nu 
meral 11. At point 12 the beam is separated and con 
ducted along paths 13 and 14 respectively. 
The beam conducted along path 13 impinges upon 

mirror No. 4 shown by reference numeral 15. The 
reflected light follows path 16 through blue filter 17 to 
give one color separation image which impinges upon 
photoconductive drum 18 at point 19. As Drum No. 3 
rotates in the direction shown, point 19 passes 
developer station shown generally by reference nu 
meral 20 whereat yellow toner is supplied to the 
imaged drum surface. Further rotation of drum 3 past 
the developer station brings the developed imaged 
drum to point 38 at which the image is transferred to 
the copy material shown generally by line 35. 

Returning now to the other part of the light beam 
emitted by light splitter No. 2. The light proceeds along 
path 14 to mirror No. 3 shown by reference numeral 
21. The reflected light proceeds along path 22 to mir 
ror No. 2 shown by reference numeral 23. The 
reflected light proceeds along path 24 through green 
filter 25 to give a second color separation image which 
impinges at point 27 on Drum No. 2 shown by 
reference numeral 26. As Drum No. 2 rotates in the 
direction shown, the remaining charge on its surface 
cause it to attract red toner at developer station 28 thus 
producing a developed image on the surface of the 
drum for transfers to copy material 35 at point 37. 
The other part of the light beam emitted by light 

splitter No. 1 is used to discharge Drum No. 1 in 
imagewise fashion. Thus, the beam proceeds along path 
9 to mirror No. 1 shown by reference numeral 29 
whereat it is reflected along path 30 through red color 
filter 31 to form the third color separation image on the 
surface of Drum No. 1 (reference numeral 32) at point 
33. As Drum No. 1 is rotated in the direction shown, it 
passes developer station 34 whereat it is developed 
with blue toner in imagewise fashion corresponding to 
the blue component of color original 1. Further rota 
tion past developer station 34 brings the developed 
image to point 36 at which it is to be transferred to 
copy material 35. 
Thus it can be seen from the description of the 

system shown in FIG. 1 that the light beam resulting 
from the single scanning of a color original, after 
passage through primary color filters, is used to simul 
taneously image Drum No. 1, Drum No. 2 and Drum 
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No. 3, each of which is then developed with a color 
toner whose color is determined by the concepts of 
subtractive color printing processes. Accordingly, 
Drum No. 1 after imaging through a red filter and 
development with blue pigment is imbued with a 
developed image corresponding to the blue com 
ponents of the color original. Likewise, Drum No. 2, 
after imaging through a green filter and development 
with a red pigmented toner, has a red image cor 
responding to the red component of the color original. 
Similarly, the Drum No. 3 after imaging through a blue 
filter and development with yellow toner, as described 
above, has an image corresponding to the yellow com 
ponents of the color original. As the copy material 
moves along the path between copy input point 35 and 
output point 39, it comes in sequential contact with 
Drums Nos. 1, 2 and 3 at points 36, 37 and 38 respec 
tively. In the embodiment shown in FIG.1 the drums 
are rotated at the same lineal speed and by virtue of dif 
ference in circumference of the respective drums, the 
respective images are superimposed upon the web thus 
giving the desired color reproduction. The manner in 
which this is accomplished can be readily compre 
hended from the following detailed description of the 
movement of each drum as the copy material moves at 
a single rate of speed between the points 35 and 39. 
Again referring to FIG. 1, the light beam produced 

by scanning the color original is simultaneously con 
ducted along optical paths of equal lengths to impinge 
upon the three photoconductive drums which are 
caused to rotate at the same lineal speed during imag 
ing, development, transfer, etc. Concomitantly, the 
copy material is moved along the indicated path at a 
speed which is equal to the speed at which the drums 
are moving. In the time that it takes for a point on a 
copy material to move between points 35 and 36 (a 
distance which is shown in FIG. 1 as X), Drum No. 1 is 
moved one half revolution, so that the first point to be 
imaged at point 33 and the point on the copy material, 
simultaneously reach transfer station 36. By imparting 
a charge to the copy material using a conventional 
charging means such as a corotron (not shown in FIG. 
1,), the developed image corresponding to the blue 
components of the color original is transferred to the 
copy material as it and Drum No. 1 move in 
synchronous relationship past point 36. The blue 
imaged copy material continues to move along the path 
between points 36 and 37 (shown in FIG. 1 as X). 
Drum No. 2 (shown by reference numeral 26) which 

is imaged simultaneously with the imaging of Drum No. 
1 is rotated one half revolution by the time the copy 
material reaches point 37. Since the drums are being 
simultaneously rotated at the same lineal speed, the 
lineal distance between imaging point 27 and transfer 
point 37 of Drum No. 2 must be equal to the sum of one 
half the circumference of Drum No. 1 and the distance 
X in order that the copy material and the first image 
point of Drum No. 2, reach point 37 simultaneously. If 
this condition is met, then the developed red image of 
Drum No. 2 is transferred to the copy material in per 
fect registry with the blue toner-developed image previ 
ously deposited at point 36. The transfer is effected by 
imparting a suitable charge by conventional means to 
the copy material whereby the toner on Drum No. 2 is 
electrostatically attracted from the drum surface to the 
copy material. 
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6 
As the copy material continues to move along its 

path from point 37, it arrives at point 38 on Drum No. 
3. Since the imaging of Drum No. 3 was simultaneous 
with the imaging of the other two drums, and, by defini 
tion, all drums are moving at the same lineal speed, the 
size of Drum No. 3 must be such that one half its cir 
cumference is equal to the distance which the copy web 
moves in traversing its path between points 35 and 38. 
If this condition is met, then the material will have 
moved with its two previously imparted images to point 
38 in the time that it takes for Drum No. 3 to make one 
half revolution whereby the image which is imparted at 
point 19 and developed at developer station 20 reaches 
point 38 at the proper time to enable superimposition 
of the yellow image in perfect registry with the other 
images. Thus, the copy material after being charged by 
conventional means, receives the yellow developed 
image in perfect registry with the other two images at 
point 38. As will be obvious from the foregoing discus 
sion, the distance between points 37 and 38 (shown as 
X in FIG. 1) must be such that the sum of X and one 
half the circumference of Drum No. 2 is equal to one 
half the circumference of Drum No. 3. 

After full imaging by the afore-described process the 
copy material is conducted past a fixing station (not 
shown) to permanently affix the images thereto and is 
then collected in a collection station (not shown) at 
point 39. 
Subsequent to image transfer, each drum is cleaned 

and recharged by conventional means (not shown) in 
preparation for future reproduction cycles. 
By referring to FIG. 2 which shows the relative 

movement of two points from start to finish along the 
copying path versus two points on the respective 
photoconductive surfaces, one can see graphically the 
movement of the copy material relative to the move 
ment of the respective drums. Here again, the copy web 
moves at the same lineal speed as the drum surfaces. In 
step 1 a first point on the copy material is positioned at 
the input side of the copy material path. The leading 
edge of the image indicated by an "X" is in the 12 o'- 
clock position shown respectively by the reference nu 
merals 51A, 51B and 51C. In step 2 the leading edge of 
the copy material (indicated by a check mark) has 
moved the distance X, bringing it into contact with 
Drum No. 1, while the trailing edge of the copy materi 
al, indicated by a circle appears at point 50. Simultane 
ously, Drum No. 1 rotates one half revolution thereby 
bringing the leading edge of the image (X) in contact 
with the leading edge of the copy material. 

Simultaneously, the image is formed on Drums No. 2 
and No. 3; however, in view of the larger size of the 
latter, the leading edges of the images have not yet 
reached the path of copy travel. Thus, in the case of 
Drum No. 2 the leading edge has rotated approximately 
one quarter a revolution to point 52 and in the case of 
Drum No. 3 the leading edge has rotated approximately 
one eighth of a revolution to point 53. In all three cases 
the trailing edges of the images shown by a dot are 
located in the 12 o'clock position of the drum. 

In step No. 3 the leading edge of the copy moves the 
distance X, as Drum No. 2 rotates a further quarter of a 
revolution bringing the leading edge of the image 
thereon into contact with the leading edge of the copy 
at point 54. During the travel of the copy past Drum 
No. 1 it receives the image of that drum as both the 
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drum and the copy move in contact with each other at 
the same lineal speed. Accordingly, by the time the 
leading edge of the copy reaches Drum No. 2 it has 
received the image present on the left half of Drum No. 
1. Meanwhile continuing its rotation at the same lineal 
speed, both the leading and trailing edges of the image 
on Drum No. 3 have still not reached the copy path 
although they have approached it to a greater degree 
than in step 2. 

In step 4 it can be seen that the leading edge of the 
copy has traversed the distance between the centers of 
rotation of Drums Nos. 2 and 3. Thus the leading edge 
of the copy is in contact with the leading edge of the 
image on Drum No. 3 whereas the trailing edge of the 
copy has moved past the point of contact with Drum 
No. 2. As Drum No. 3 continues to rotate and the copy 
continues to move, the image on Drum No. 3 is trans 
ferred to the copy material. 

In step 5 the trailing edge of the copy has reached the 
transfer point of Drum No. 3 thus traversing the 
distance X between the centers of rotation of Drums 
Nos. 2 and 3. The simultaneous continued rotation of 
Drum No. 3, brings the trailing edge of the image to the 
point of transfer of the image to the copy thus complet 
ing the transfer of the images in registration with each 
other on the copy material. 

It is a requirement of the present invention that the 
optical path between the color original and the three 
photoconductive surfaces be identical. Once either the 
optical path length or the size of the drums to be used 
are decided upon, then the other can be determined. 

It is important not only that the images arrive at the 
three drum surfaces simultaneously but also that they 
be in phase with each other. FIG. 3 shows the inver 
sions and reversals which occur as the light beam 
passes through the lens and various light splitters and 
mirrors shown in the system represented in FIG. 1. Like 
numerical designations are used in both FIG. 1 and 
FIG. 3 to designate various light splitters, mirrors and 
drums. It can be seen by following the image of the 
letter "E" through the separate light paths that the 
reversals and inversions occasioned by the light split 
ters and mirrors in each path cause the respective 
images to arrive at the copy in phase with each other. 
FIGS. 1, 2 and 3 show an embodiment of the present 

invention in which three separate photoconductive sur 
faces are simultaneously imaged by the single light 
scanning of an original document. The present inven 
tion also encompasses systems in which a single con 
tinuous photoconductive surface is simultaneously 
imaged in three areas with a color separation image and 
each imaged area is separately developed with color 
toner. The separation images can then be sequentially 
transferred in registry to a copy material by known 
means to produce a full color reproduction of the color 
original. A schematic representation of such a system is 
shown in FIG, 4. 

Referring now to FIG. 4, a color original shown by 
reference numeral 100 is in position over scanning sta 
tion 101 consisting of slit 102, lamps 103 and focusing 
lens 104. In the optical path of lens 104 is monochro 
matic light splitter No. 1 shown by reference numeral 
105, monochromatic light splitter No. 2 (106) and mir 
ror 107. Photoconductive belt 108 travels around top 
guide roller 109 and bottom guide roller 110, in the 
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8 
direction shown, from charging station 111, to expo 
sure stations 112, 113 and 114 respectively, and past 
developer stations 115, 116 and 117 where powder 
images are formed by attraction of toner to the charged 
portions of the photoconductive belt. Copy material 
(for example, a sheet of paper) is fed into the nip 118 
formed between top guide roller 109 and copy roll 119. 
Transfer of the powder image from the photoconduc 
tive belt to the sheet of the support material is effected 
by means of the corona transfer device 119a that is 
located at or immediately after the line of contact 
between the support material and the photoconductive 
belt. In operation, the electrostatic field created by the 
corona transfer device is effective to tack the support 
material electrostatically to the belt surface, whereby 
the support material moves synchronously with the belt 
while in contact therewith. Simultaneously with the 
tacking action, the electrostatic field is effective to at 
tract the toner particles comprising the powder image 
from the photoconductive belt and cause them to ad 
here electrostatically to the surface of the support 
material. 
The support material with the powder image travels 

past fuser 120 and is taken up by copy take-off rolls 
121. Just passed the nip formed by rolls 109 and 119 in 
the direction of travel of the photoconductor is clean 
ing brush 122 and photoconductor discharge light 123. 
The imaging system of FIG. 4 will simultaneously 

image photoconductor 108 at points 112, 113 and 114, 
if the optical paths between these points and lens 104 
are of identical length. Identity of optical paths can be 
achieved by positioning the photoconductor at the cor 
rectangle with respect to the vertical component of the 
optical path (i.e., 45). 
Document 100 moves passed slit 102 and reflects an 

image through slit 102 to lens 104. The light image hits 
monochromatic light splitter 105 where the image is 
split into one color separation image which is directed 
to point 112 on photoconductor 108, and the 
remainder of the light image is transmitted to light 
splitter 106. Thus, for example, light splitter 105 can be 
chosen to split off the third of the spectrum which is 
transmitted by a blue filter while transmitting the 
remaining two-thirds to monochromatic light splitter 
106. The image which is split off exposes photoconduc 
tor 108 at point 112 with a blue color separation image 
which will be developed with yellow toner. 
The two-thirds of the spectrum which impinges upon 

monochromatic light splitter 106 is separated by the 
latter into two parts. For example, if light splitter 106 
has the property of reflecting the red third of the spec 
trum, photoconductor 108 at point 113 will form the 
red color separation image of original copy 100 which 
should be developed with green color toner. 
The remaining third of the spectrum is transmitted 

by light splitter 106 to mirror 107 where it reflects onto 
photoconductor 108 at point 114. Development of this 
image with red toner produces a record of the red com 
ponents of the original copy. 
To prepare a full color reproduction by the system of 

FIG. 4, the light source 103 is energized as the original 
copy is moved passed slit 102. Photoconductor 108 is 
caused to move in the direction shown passed charging 
station 111. The light image passing through lens 104 is 
split into color separation images which impinge upon 
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photoconductor 108 at points 112, 113 and 114 
respectively. As both the original document and the 
photoconductor continue to move, the charged 
photoconductor is discharged in imagewise configura 
tion at the three points where light impinges upon it, 5 
thus forming three latent images on the photoconduc 
tor in the areas indicated by reference letters A, B and 
C 
As the imaged photoconductor continues to move in 

the indicated direction, the images pass in proximity to 10 
developer stations 115, 116 and 117. By suitable 
camming arrangements, developer station 115 can be 
activated to develop image A, developer station 116 
can be activated to develop image B and developer sta 
tion 117 can be activated to develop image C. 
As the developed images move toward copy roll 119, 

a sheet of copy material is fed into nip 118 by suitable 
feed means which keep the sheet on the copy roll for 
three revolutions of the latter. Preferably, a uniform 2 
charge is imparted to the sheet to cause it to attract the 
toner image from the photoconductor. Simultaneous 
movement of the copy roll in contact with the three 
imaged areas of the photoconductor causes sequential 
transfer of the three developed images to the copy 25 
sheet in perfect registration with each other. After 
three revolutions, the imaged copy sheet is removed 
from the copy roll by suitable take-off means and then 
conducted passed fuser station 120 to copy take-off 
rolls 121. 30 
The color xerographic system of the present inven 

tion thus provides a simplified way for producing full 
color reproductions of a color original. It is based upon 
the simple concept that two or more photoconductive 
surfaces moving at the same lineal speed can be imaged 
simultaneously, but transferred sequentially to a copy 
web if the photoconductive surfaces are of successively 
larger circumferences. Thus, in other words, this aspect 
of the present invention provides a method for storing 
the image on the second and following photoconduc 
tive surfaces while the first photoconductive surface 
contacts the copy material. The storage capacity is pro 
vided by the greater distance which the image must 
travel on the successively larger photoconductive sur- 45 
faces. It is an advantage of the present invention that 
conventional electrostatographic techniques, equip 
ment and materials can be employed with simple 
modification to achieve the desired results. The ap 
paratus in essence comprises a series of two or more 50 
reproducing stations in the path followed by the copy 
material. The components of each station are those 
required to make a monochromatic reproduction of an 
original, using equipment such as is well known in the 
art and commercially available. 55 
Reference is made to U.S. Pat. No. 3,301,126 

(Osborne et al.) and U.S. Pat. No. 3,062,109 (Mayo et 
al.) for disclosures of known techniques, and apparatus 
which can be readily modified for use in the present in 
vention. Each of the photoconductive surfaces used 
herein comprises a photoconductive layer on the con 
ductive substrate which can be suitably formed in the 
shape of a drum or any other continuous surface. The 
surface may also include a nonphotoconductive layer 
on the photoconductive surface as taught for example 
in commonly assigned U.S. Pat. Nos. 3,146,145 (Kin 
sella) and 3,251,686 (Gundlach). As in the apparatus 
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10 
disclosed in the patents referred to, each photoconduc 
tive surface of the apparatus of the present invention 
must be subjected to the following operations to 
complete a reproduction cycle: 

1. A photoconductive surface is imbued with a 
uniform electrostatic charge. 

2. An exposure station at which the light beam is pro 
jected onto the photoconductive surface to dissipate 
the drum charge in exposed areas thereof and thereby 
form a latent electrostatic image of the copy to be 
reproduced. 

3. A developing station at which a xerographic 
developing material including toner particles having an 
electrostatic charge opposite to that of the electrostatic 
latent image, is brought into contact with the 
photoconductive surface whereby the toner particles 
adhere to the electrostatic latent image to form a pow 
dered image in the configuration of the copy being 
reproduced. 

4. A transfer station at which the toner powder image 
is electrostatically attracted from the photoconductive 
surface to the copy web material. 

5. A photoconductive cleaning and discharge station 
at which the photoconductive surface is brushed to 
remove residual toner particles remaining thereon after 
the image has been transferred to the copy web and at 
which the surface is exposed to a relatively bright light 
source to effect substantially, complete discharge of any 
residual electrostatic charge remaining thereon. 
Further, the apparatus of the present invention must 
comprise one or more stations at which the imaged 
copy web is subjected to treatment which permanently 
affixes the image thereto. This result can be accom 
plished in any of several ways depending upon the na 
ture of the toner. If the toner is a pigmented ther 
moplastic material, fixation is readily accomplished by 
passing the imaged copy web through a fusing unit 
which causes the toner particle to momentarily melt 
and become permanently affixed to the copy web. 

In order to obtain full color reproduction of a color 
original, the apparatus of this invention must have 
three separate photoconductive areas simultaneously 
imaged by light passing through different color filters 
and developed with a color toner, the color of which is 
dictated by the color of the filter. Colored toners are 
well known in the art. They are pigmented ther 
moplastic materials in particulate form. The ther 
moplastic material which forms the matrix of the toner 
particles can be any homopolymer or copolymer previ 
ously used in electrostatographic reproduction 
processes. A commonly used material is a copolymer of 
styrene and a acrylic acid ester containing 65 percent 
styrene and 35 percent of the acrylate. Other suitable 
materials are disclosed in U.S. Pat. No. 3,502,582 
(Clemens et al.) and U.S. Pat. No. 3,079,342 (In 
salaco). Color imparting materials which can be used 
can be used can be chosen from those disclosed in U.S. 
Pat. No. 3,384,488 (Talagen et al.) For full color 
reproduction, toner compositions of three complimen 
tary colors must be supplied to three separate 
photoconductive areas. Less than full color reproduc 
tion can be achieved by using two photoconductive 
areas. Again it should be noted that the choice of ther 
moplastic material and coloring for the toner composi 
tion is well within the skill of the art and does not com 
prise an aspect of the presentinvention. 
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The system described above may be modified in ways 
which will be obvious to those skilled in the art. Thus, 
the photoconductive surface may be a continuous belt 
traveling around two or more rollers between the vari 
ous stations required for producing and transferring a 
developed electrostatic image to a copy material. In 
stead of one fusing step after all images are transferred 
to the copy material, it may be desired to improve copy 
quality by fixing each color separation image before the 
next is transferred to the copy material. Filters of other 
colors than those specifically employed hereinabove 
may be used. Similarly, other combinations of mirrors, 
light splitters and lenses may be substituted for those 
specifically shown in FIGS. 1 and 4. Such modifica 
tions, and others which are obvious to those skilled in 
the art, are encompassed by the present invention 
which is limited only by the appended claims. 
What is claimed is: 
1. An electrostatographic reproduction apparatus 

capable of continuously producing a polychromatic 
reproduction of a color original comprising: light 
scanning means for forming a light image of the color 
original, a single photoconductive surface, means for 
imparting a uniform charge to said photoconductive 
surface, optical means for separating the image formed 
by said light scanning means into at least two separa 
tion images, means for conducting said color separa 
tion images along different optical paths of equal length 
to different areas linearly arranged on said photocon 
ductive surface whereby different areas on said surface 
are simultaneously imaged with different color separa 
tion images of the color original, means for separately 
developing each color separation image with a different 
marking material, the color of which corresponds to 
the separation image being developed by said marking 
material, and means for transferring and affixing the 
developed images in superimposed relationship onto a 
copy material. 

2. The apparatus of claim 1 wherein three color 
separation images are separately formed and 
developed. 

3. The apparatus of claim 2 wherein the color separa 
tion images are blue, green and red. 

4. The apparatus of claim 3 wherein the blue, green 
and red separation images are respectively developed 
with yellow, magenta and cyan marking materials 
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thereby producing a full color reproduction of original . 
subject matter. 

5. An electrostatographic reproduction apparatus 
capable of continuously providing a polychromatic 
reproduction of a color original comprising: 

a. light scanning means for forming a light image of 
the color original; 

b. beam splitting means for separating the light image 
into at least a first and a second light beam, and 
then conducting said beams along different optical 
paths of equal lengths through separate filters of 
dissimilar colors; 

c. a continuous photoconductive surface at the ter 
minus of each optical path, each surface being of a 
predetermined different size and means for mov 
ing each surface at the same lineal speed; 

d. means for sequentially imparting a uniform charge 
to each surface, prior to imagewise discharge ex 
posure of said surface to one of said light beams, 
and means for separately developing the respec 
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tive image surfaces with differently colored mark 
ing compositions; 

e. means for moving a copy web at the same lineal 
speed as said surface in sequential contact with the 
developed photoconductive surfaces whereby the 
developed images are transferred thereto in sub 
stantially perfect registration to thereby form a 
composite color image; 

f, means for cleaning said photoconductive surface 
after image transfer; and, 

g. means for permanently affixing the composite 
image to said copy web, 

the perimeter of each succeeding photoconductive 
surface being equal to the sum of the perimeter of 
the immediately preceding photoconductive sur 
face plus twice the distance separating the transfer 
points of the surfaces, measured along the copy 
web path. 

6. The apparatus of claim 5 in which the light image 
is separated into three light beams which are conducted 
through filters of different complementary colors prior 
to impinging upon the photoconductive surfaces. 

7. The apparatus of claim 5 wherein the photocon 
ductive surfaces are drum-shaped. 

8. The apparatus of claim 5 wherein the surfaces are 
exposed at 0° rotation and image transfer occurs at 
180° rotation. 

9. The apparatus of claim 6 wherein the filters are 
red, blue and green. 

10. An electrostatographic reproduction apparatus 
capable of continuously producing a polychromatic 
reproduction of a color original comprising: 

a. light scanning means for forming a light image of 
the color original; 

b. beam splitting means for separating the light image 
into at least a first and a second light beam, and 
then conducting said beams along different optical 
paths of equal lengths through separate filters of 
dissimilar colors; 

c. a photoconductive surface at the terminus of each 
optical path, each surface being of a predeter 
mined different size and means for moving each 
surface at the same lineal speed; 

d. means for sequentially imparting a uniform charge 
to each surface, prior to imagewise discharge ex 
posure of said surface to one of said light beams, 
and means for separately developing the respec 
tive image surfaces with differently colored mark 
ing compositions; 

e. means for moving a copy web at the same lineal 
speed as said surface in sequential contact with the 
developed photoconductive surfaces whereby the 
developed images are transferred thereto in sub 
stantially perfect registration to thereby form a 
composite color image; 

f, means for cleaning said photoconductive surfaces 
after image transfer, and 

g. means for permanently affixing the composite 
image to said copy web, 

the perimeter of each succeeding photoconductive 
surface being equal to the sum of the perimeter of 
the immediately preceding photoconductive sur 
face plus twice the distance separating the transfer 
points of the surfaces, measured along the copy 
web path. 
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