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(57) Abstract

Optical mechanisms for exposure of
the photoconductive member(s) in prior art
color copiers are complex. The complexity
arises, in part, from the need to space the
elements of the optical mechanisms and ac-
curately align the elements in their relative
positions to insure projection of the respec-
tive light images toward desired spaced lo-
cations. This complexity problem is elimi-
nated by using a simplified optical arrange-
ment for an electrophotographic copier for
making multicolor reproductions of a mui-
ticolor original document. The copier in-
cludes at least one charged photoconduc-
tive member (18a) which is exposed by pri-
mary color separation images of an origi-
nal document (D) to form corresponding
latent image charge patterns. The primary  *
color separation images are projected onto
the photoconductive member (18a) by the
simplified optical arrangement which has a
catadioptric-type lens assembly (60) opti-
cally located between the original document (D) and the photoconductive member (18a). The lens assembly includes a re-
fractive lens (61) and a plurality of dichroic mirrors (62, 64, 66) each being tilted with respect to the others and each being
spectrally reflective to a different primary color. Polychromatic light emanating from the copier's exposure platen (14)
passes through the refractive component (61) of the lens assembly, strikes the dichroic mirrors (62, 63, 66) and becomes co-
lor separated. The color separated light then passes back through the refractive lens (61) to form color separated images at
discrete spacial locations on the photoconductive member (18a).
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COLOR ELECTROPHOTOGRAPHIC COPIER
WITH CATADIOPTRIC LENS
This invention relates generally to
electrophotographxc copiers, and more particularly
5 to en electrophotographic copiler for making multi-
color reproductions of a multicolor original

document.
In makiag multicolor reproductioms with an

electrophotographic copier, typically e light image

10 of & multicolor original document is projected
through primary color filters (rad, greenm, end blue)
to form color seperation images. The color separa-
tion images esxpose & moving electrostatically
charged photoconductive member. Exposure may take

15 place sequentially by illuminating the document
three times, and projecting the light images respec-
tively through the color filters, or simultaneocusly
by illuminating the document once and dividing the-
light image into color separation images such as by

20 beam splitters or dichroic mirrors. Exposure forms
latent image charge patternms in spaced areas om &
photoconductive member corresponding to the color
separation images. The latent image charge patterns
are respectively developed with complimentary

25 colored toner material (e.g., cyan, magenta, and
yellow). The developed images are then transferraed
to a receiver sheet in registerad superimposed rela-
tionship to form a multicolor reproduction of the
multicolor original.

30 - In en alternative color cobier configura~
tion, separate electrostatically charged photocon-
ductive members are exposed by respective color
separation images to form the latent image charge
patterns. O0f course, with plural photoconductive

35 mpembers, there is a duplication of certain of the
copier mechanisas (e.g., photoconductive members,




W0 82/02606

16

15

20

[£8]
wy

30

-2-

chargers, cleaning apparatus). However, steps of
the copying process can be carried out in paréllel.
This results in an equal number of copies being
reproduced per unit time (with respect to apparatus
having one photoconductive member) at rvelatively
reduced photoconductive member and receiver shaet
transport velocities.

Optical mechanisms for exposure of the
photoconductive member(s) in prior art color copiers
are complex (see, for example: U.S. Patant No.
3,690,756 issued September 12, 1972 in the name of
Smith, and U.S. Patent No. 3,841,751 issued October
15, 1974 in the name of Draugelis et al). The com-
plexity arises, in part, from the need to space the
elements of the optical mechanisms and accurately
align the elements in their relative positions to
insure projection of the respective light images

toward desired spaced locations.

3

This invention is directed to z simplified

optical arrangement for use in an electrophoto- .
graphic copier for making multicolor reproductions
of a2 multicolor original document. The copier
includes at least one charged photoconductive member
which is exposed by primary color separation images
of an original document to form corrasponding latent
image charge patterns. The primary color separation
images are projected onto the photoconductive member
by the simplified optical arrangement which com-
prises ‘a catadioptric-type lens assembly optically
located betwsen the original document and the photo-
conductive member. The lens assembly comprises a
tefractive lens and a plurality of dichroic mizrors
which are optically aligned om a common optical
axis. Each mirror has a spectral reflectance and
tansmittance which differs from the others, and

each mirror is tilted with respect to the other
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mitrrors. The refractive lems serves both to direct
polychromatic light emanating from the copier's
exposure platen toward the dichroic mirrors and to
project color-separated light, as reflected by the
S  dichroic mirrors, toward the photoconductive recor-
ding element(s) to form thereon distinct, color
separated images at spacially separated locatiouns.

The invention, and its objects and advan-
rages, will become more apparent ia the detailed

10 description of the preferred embodiment presentad
below. '

In the detailed description of the prefer-
rad embodiment of the invention presented below,
reference is made to the accompanying drawings in

15 which:
| Fig. 1 is a schematic side elevational
view, in cross-sectiom, of a color electrophoto-
-graphic copier including the optical arrangement

.

according to this invention;

20 Fig. 2 is an end elevatiomal view of the
copier of Fig. 1, with portioms removed to faciitate
viewing, taken from the left of Fig. IL.

Raferring now to the drawings, a color
electrophotographic copier is schematically shown
25 having 2 housing 12 including a tranmsparent platen
14 for suppor
copied. The copier of the preferred embodiment
includes a plurality of photoconductive members lé6a,
. 16b, 16c, although other arrangement of photoconduc-
30 tive members could also be employed without

departing from the scope of this invention (e.g.,

i
ting an original document to be

one photoconductive member having a plurality of
spaced image receiving areas). The photoconductive
membars are formed of photoconductive material,

35 sensitive to light in the primary color rangs red,

green, blue), fixed to conductive support material,
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such as described, for example, in U.S. Patent No.
3,615,414 issued October 26, 1971 in the name of .-
Light. Of course the photoconductive material of '
the members could be individually tailored to be

5 respectively sensitive to substantially one primary

v,

color. The members are raspectively mounted on
equal diameter, rotatable drums 18a, 18b, 1l8c
supported in the housing. An electrical grounding
path is provided for members through the drums. The
10 drums are drivenm inm a counterclockwise direction
(when viewed in the direction of Fig. 1) by a motor
20. '
The motor 20 is controlled by a copier logic and -
contzol unit L, which also controls the activation
15 of the various processing stationms and tramsport
elements of the copier in respoase to timing signals
produced by the motor. Such timing signals are
produced by a timing signal generator 21 such as
&escribed, for example, in U.S. Patent No. 3,790;270'
20 issued February 5, 1974 in the name of Donohue. The
logic and comtrol unit includes, for example, an
Intel 8080 microprocessor available from Intel
Corporation of Sacramento, California. The unit L
is operatively coupled to an operatot programmable
25 input and display panel P so as to rteceive imput
signals, such as the number of desired copies and a
start copy cycle, produced by the panel.
When an original document is to be tepro-
duced, the operator places the document (e.g., docu-
30 ment D), information side down, on the transparent
platen 14, and programs the panel P. On receiving
the start copy cycle signal, the logic and control
unit L turas on the motor 20 to rotate the drums
18a, 18b, and 18c and activates the timing generator
35 21 to initiate control of the processing stations.
Particularly, D.C. or biased A.C. chargers 22a, 22b,
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22¢, located respectively in juxtaposition with the
photoconductive members, are selectively turned on
to electrostatically charge the respective members
uniformally prior to exposure &s they rotate past
the chatgers. The rotating members arte then
respectively exposed to primary color separation
light images in the manner to be explained below.
The members become conductive in the areas struck by
light, leaving latent imags charge patterns
corresponding tespectively to the primary color
separation light images.

Developing stations 2@3, 24b, 24c are
supported in the housing 12 in juxtaposition with
respective photoconductive members l6a, 1l6b, léc.
The developing statioms are, for example, of the
magnetic brush type disclosed im U.S. Patent No.
3,543,720 issued December 1, 1970 in the names of
Drexler et al. Such developing statioms contain
triboelectrically charged carrier particles and
marking particles tespectively complimentary to
primary colots (i.e., cyan, magenta, and yellow).
Specifically, if member l6a is to be exposed to a
blue color separation image, the particles in
station 24a are yellow. Then member 16b would De
exposed to a green color separation image and the
particles in statiom 24b would be magenta; and
member 16c would be exposad to a red color separa-
tion image and the patticles in station 24c would be
cyan. The marking particles, are for example, of
the type shown in U.S. Patent No. 3,893,935, issued
July 8, 1975 in the names of Jadwin et al. Magnetic
brushes 26 bring the complimentary colored matking
particles into contact with the respective photocon-
ductive members. The latent image charge patterns
on the members attract the marking particles so that

PCT/US82/00042
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the images are respectively developed to form
complimentary color separation images.
At a preselected time in the copy cycle, as
determined by the logic and coantrol unit L, a
5 receiver sheet (e.g., sheet S) is fed from the top
of a stack of cut shests 28. A sheet feed
mechanism, such as a rotary vacuum feeder 32 driven
by motot 20 temoves the top sheet from the stack and
delivers such sheet to a rsgistration mechanisa 34,
10 such as shown in U.S. Patent No. 4,019,732 issued
April 26, 1977 in ths name of Hunt, Jt. et al. The
registration mechanism, which is also driven by
motor 20, is comtrolled by the unit L to align the
sheat relative to the developed image on the moving
15 photoconductive member léc. Thus when the sheet is
transported from the mechanism 34 into contact with
such member the sheet is accurately registered with
the developed imdge for transfer of the image to the
sheet. ' o o ' o
20 A transport 38 feeds the shest successively"
past the drums 18c, 18b and 18a. The transport 38
includes a perforated belt 40 of dielectric material
such as polypropylene, for example. The belt is
entrained over conductive transfer rollers 42a, 42b,
25 and 42c and vacuum plenums &44a, 44D. Rotation of
the transfer rollers, induced by a drive mechanisa,
such as motor 20, causes the belt to traverss a
closed loop path in the direction of arrows A at a
speed substantially equal to the peripheral speed of
30 the drums. The plenums &44a, 44b respectively have
ported walls in juxtaposition with the run of the
belt 40 facing the drums. Vacuum in the plenums is
effective through the ported walls and the belt
perforations to tack the sheet to the belt for
35 movement therewith. As the sheet is transported
along the portion of the path adjacent to the photo-
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conductive members, it is brought into contact with
member l6c, then member 16b and finally member l6a.

The transfer rtollers é42a, 42b and 42c;
which are for example of the type shown in U.S.

5  Patent No. 2,807,233 issued September 24, 1957 inm
the name of Fitch, are coupled to a potential soutrce
45 through tespective switches SWa, SWb, SwWec. The
logic and conttol umit L respectively closes
switches SWa, SWb, SWec to elsctrically coanect the

10 transfer tollers to the potential source inm Tesponse
to the contact of the teceiver sheet with the
respective photoconductive members. Of course, thé
transfer tollers could be respectively connected to
independent potential sourcss tailored to optimize

15 transfer for differing electrical characteristics of
respective colorad toner particles. The transier
rollers charge the receiver sheet Co a level greater
than that attracting the marking particles (forming

. the developed images) to the photoconductiﬁe-"_

20 members. The particles are therefore attracted from
the respective photoconductive membars €O the
receiver sheet, in image wise patterns, during rtes-
pective comtact with such members in the nips
between the members and respective transfer

25 rtollers. Transfer of the images is facilitated by
substantially neutralizing the attractive forces on
the marking particles with charge from coronas 362,
36b, 36c respectively associated with the drums 13a,
18b, 18c immediately upstream of the respective

30 transfer nips. ‘

The spacing of the drums 18a, 18b, 18c and
their circumference are selected such that the nips
of transfer rollars 42a, 42b and 42c and respective
photoconductive members 16a, 16b, and léc are

35 separated by a distance equal to an exposure artea
plus the spacing between the trail edge of anm expo-
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sure area and the lead edge of the next area to be
exposed, in the direction of rotation of the drum.
Therefore, when a receiver sheet is registered in
the nip betw=sn rollet 42c and mamber léc telative
to an image on member l6c, movement of such sheet by
transport 38 brings the sheet to the subssquent uips
in accurate timed relation relative to arrival of
images on members 16b and l6éa in the respective
nips. Thus the transferred images are in accurate
superimposed register.

After transfer at the nip between drum 18z
and roller 42a, the sheet is delivered to a vacuum
transport 48 which, in turm, delivers the sheset to a
fuser apparatus 50. The fuser 50 includes a pair of
pressure rollers at least onme of which is heated, to
permanently fix the registered transiferred images to
the sheet; see for example U.S. Patent No. 4,199,625
issued April 22, 1980 in the name of Stryjewski et
al. "after fusing, the sheet is deliversd to a copy '
output tray 52 for operator retrieval. Meanwhile,
subsequent to transfer, the photoconductive members
are rotated in contact with tespective rotating fur
brushes 54a, 5&4b, S4c to cleanm the members of any
residual marking particles. The brushes are sub-
stantially surrounded with tespective vacuum
housings (not shown) to remove the particles for
tTansport to a storage container, see for axample,
U.S. Patent No. 3,780,391 issued December 25, 1973
in the name of Leenmhouts. Further rtotation of the
drums then brings a cleaned portion 0f the photocon-
ductive members to the area of the respective
chargers 22a, 22b, 22¢c where the members are ready
to be recharged in preparation for a tepeat of the
copy cycle.

In order to obtain the color ssparation
light images of the document D om the platen 14,‘

Yo
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such document is illuminated for example by floures-
cent lamps 56 controlled by the unit L in response
to the start of the copy cycle. A mirror 58 is
rotatably supportad on a pivot 58’ in the path of
the light image reflected from the document. The
platen 14 lies on a portion of a cylinder having a

longitudinal axis perpendicular to the plane of Fi
h

fDGQ

t

('l'

1 ingersecting the pivot 58' at its midpoint so
the distances between any alement of the platen and
the axis are equal to maintain the reflactad light

mage of the document on the platen in focus. The

mirror 58 is rotated about its support pivot 3&' in
a counter-clockwise direction (as viewed in Fig. L),
such as by motor 20, at a syncihironous speed with
Tespact to the rotation of the drums 18z, 13b, 18¢c,

o

to scan the document from tight to left. Spec
cally, the scanning speed at the document plane
(Fron right to left) is substantially equal to the
peripheral speed of the photoconductive members to
prevent smearing of the reflected images projected
onto the members. At the end of the document scan,

to

|
[tH)

e

{

the lamps are turned off and the mirvor is

(%]
o]

ively tapidly rotated im a clockwise ditecti
return the mirror to the position for the next
scan. The return is accomplished, for example,
during the time at which an interframe portion of
the photoconductive members passes through the
exposure area. Of course, other scanning artange-
ments could be employed in accordance with this
invention. '

The reflected light image is projected
the mirror 58 to a catadioptric-type lens assembly
60. The lens assembly 60 comprises a compound
efractive component 61 and a plurality of dichroic

mirrors 62, 64, and 66, spectrally reflective
spectively to the primary colors for separa tiag

&

from
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the reflected light image into primary color separa-
tion images. Catadioptric lenses of this general
type, but without the color separating elements, are
commercially available from Carl Zeiss, Oberkocken,
West Germany. Such lenses are known as a medizal
lenses, and the refractive element is one-half of-a
symmetrical lens such as a Triplet or double Gauss-.
According to the invention, however, the plans
mirror of such lemsaes is replaced with & plurality
of dichroic mirrors that are relatively tilted at
angles selected so that the color separation images
are projectad to exposure ‘areas of respective photo-
conductive members l6a, 16b, 1lbéc through respective

=

slit aperturas 59a, 59b, and 39c. Specificelly, if
D
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image, mirror 66 reflects a blue color separation

image; then member 16b would receive a green color

'separation image reflected from mirror 6% and member

16c would receive & red color sepdration izage.

"

reflected from mirror 62. The platen 14 and mirro

58 are disposed forwardly in the housing 12 (see

-

Fig. 2) with respect to the lens assembly &0 zné
photoconductive members. Further, the zirTor 58 and
the lens assembly 60 are disposed in parallel
angular relationship to the plane oi Tig

vide a folded optical path between the platen and
the photoconductive membars (sge Fig. 2)

mirror does not interfere with the images proje
from the lens assembly to the members. Any key-
stoning effect caused by the angular relatiomship
could be compensated for, if necsssary, by tilted
field lenses. The color separation images of the
document are faithfully transmitted to accurately
expose the members to respectively form correspond-
ing latent image charge patteras. It should be

noted that if the photoconductive mexzbers ars formad

'K
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of strips of material on the drums spliced
rransverse to the direction of rotatiom, the logic
and control unit L times the rotationm of the
respective drums such that the splices do nmot fall
within the image receiving arsas.

In operation of the described copier, thr
scanning cycles are required to make a single full
color reproduction on a teceiver shas:. Alchough
drums 18a, 18b, and 18c ares continuou usl

during the scanning cycles, onaly cha:ger 22¢ is

<
i
o
ct
o
-t
(]
[aN

turned on during the first scant

|~* pai |
H-

latent image is formed and deve d only on photo-
conductive member léc. The logic and control unit L
actuates the feeder 32 in timed relation to the
first scanning cycle so that a receiver sheet is fed

in register (by registration mechanism 34) into the
transfer nip between member l4c and tranmsfer roller

42c to be aligned with the dsvelopad image on membe

l6c. In the mext scanning cycle, only char cer 22b 1is

turned on so that a latent image is formed and .
developed only on photoconductiVe member 16Db.

nips is equal

p—n.

Because the distance between transier 0
to an exposure area plus the spacing bestwaen 2xXpo-

3

sure areas (interframe area), the developed image O
member 16b and the transported receiver sheet atrive
at the transfer nip in tegister (i.e., with the
developed image in registration with the praviously
transferred image om the receiver sheet) so that
transfer in such nip occurs in suparimposed
register. Similarly during the third scenning
cycle, only charger 22a is turned om so that a
latent image is formed and dsveloped omnly on member

16a; and the daveloped image and th uransported

rr
m
¢

(

.J
ey
e
]

recesiver sheset arrive at the

o
s ]
[V}
w
0
(73}
O
m
n.

register. Thus when the docume

three times and the color separation izmages
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developed on the respective photoconductive members,
the developad images reach their respective tran sfe )

l’i

nips in proper timed relation with arrival of the
receiver sheet such that transfer of the images to -
5 the sheet occurs in supesrimposad registar. If
multiple reproductions of one-originél document are
to be made, more than one charger is turned on Dby
the logic and control unit L during zll scanning
t and last cycle, and 2

cr

the firs

10 receiver she £ from supply 28 for each cycle
except the last two. Accordingly the number of
scanning cycles requlred to make the desired number o
of reproductions is equal to the aumber of reprco-

ductions to be made plus two (see Table).

15 TABLE
A. Number of Reproductions to be Made: one
Scan No. : 1 2 - 3 ‘ -l
~charger 22a . : off off on . .
" charger 22b . off om off -
20 charger 22c¢ - : on  off off
sheet feed : yes no no
B. Number of Reproductions to be Made: two
Scan No. : 1 2 3 A
25 charger 22z : 0off off on on
charger 22b : off on on off
cnarger 22c : on on off off
sheet feed yes yes no no

30 C. Number of Reproductioms to be Made : three

Scan No. : 1 2 3 A 5 :

charger 22a : off off om  on on ..

charger 22b : off onm on on off >
- charger 22¢ : on  om on off £f

(VS
w
wn
o
(]
®
()

feed : yes yes ves no no
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D. Number of Reproductions to be Made ;o0
- Scan No. : 1 2 3 ...n n+l n+2
charger 22a . off off on...on oun on
o chatger 22b . off on om...on on Ooff
5 charger 22c . on oa on...on off off
sheet feed : yes yes yes..yes no no
As can be appreciated from thes above Table, the
productivity of the elec ctrophotographic copier 10 of
10 this configuration is very high. That is, multiple
full color reproductions are producsd at a Tate
equal to that of a convantional monochrome copier
plus the time to make two additional reproductioms.

t

The invention has been described in det;il

15 with particular raference to a preferred embodiment
it will be understood that variations

n be effected within tn= spirit

, therecf, but it
and modifications ca
and scope of the invention.
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We Claim:
1. In en electrophotographic copier for
making multicolor reproductions of & multicelor

original document, said copier including a photocon-
uctive recording element and en optical system for

s

d

projecting color separated images of the original
document onto the recording element at spaced loca-
vement wherein said opticel systea

D -type leas comprising a

plurality of dichroic mirrors
igned with said lems on e

h of said mirrors being

fu
0

rilered with respect to the others and having a

tral reflactance, said mirrors being

or separate multicolor light directead
d lens and to raflect such color ‘

separated light back through said lems, whereby said

color separated images are projected on said

recording element.

L
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