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(54) Multi-beam light scanning optical system and image forming apparatus using same

(57) A multi-beam light scanning optical system in-
cludes n (n ≥ 2) light source (11) means having m (m ≥
2) light emitting points (1a,1b,2a,2b); beam synthesizing
means (5) for synthesizing n x m light beams emitted by
the light source means; deflecting means (10) for de-
flecting n x m light beams from the beam synthesizing
means; an imaging optical system (11) for imaging the
n x m light beams from the deflecting means on a sur-
face (12) to be scanned, wherein the surface to be

scanned is scanned in a main scan direction with n x m
light beams by a deflection scanning operation of the
deflecting means; an aperture stop (9) provided be-
tween the beam synthesizing means (5) and the deflect-
ing means (10), wherein principal rays of the n x m light
beams are intersected at a position of the aperture stop,
and the light beams which are adjacent to each other in
a sub-scan direction on the surface to be scanned are
the beams emitted from different ones of the light source
means.
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Description

FIELD OF THE INVENTION AND RELATED ART

[0001] The present invention relates to a multi-beam
light scanning optical system and an image forming ap-
paratus using the same, more particularly to a multi-
beam light scanning optical system capable of high
speed light scanning of a surface using a plurality of light
source means, particularly suitable for an image forming
apparatus such as a laser beam printer, a digital copying
machine, a multi-function printer or the like.
[0002] A light scanning optical system is widely used
as a writing optical system for a laser beam printer, a
digital copying machine, a multi-function printer or the
like, and there is a demand for high image quality and
high speed scan. In order to raise the scanning speed,
it is considered to increase the number of surfaces of
the polygonal mirror (light deflector) or to raise the rota-
tional frequency of the polygonal mirror to 2times,
3times or even higher, but such a simple change of the
optical factors imparts too high load on the polygonal
mirror motor, and therefore, reaches the performance
limit immediately.
[0003] Various approaches have been proposed to
improve speed. For example, Japanese Laid-open Pat-
ent Application Hei 11 84283 discloses a multi-beam
scanning type in which a parallel line scanning is carried
out using n light beams, by which the speed becomes
n times without changing the rotational frequency of the
light deflector.
[0004] Furthermore, in the proposal, the use is made
with m light sources each having n emitting points, and
the n x m light beams are emitted in substantially the
same direction by beam synthesizing means (complex
prism), by which n x m beams are used. By this beam
synthesizing means, the n x m beams have predeter-
mined angle θB relative to each other in the plane from
which they are emitted, and the plane in which the n x
m beams exist is inclined at a predetermined angle rel-
ative to the main scan direction about the optical axis at
the entrance side, so that light beams are incident on
the scanning line.
[0005] By doing so, the light beams emergent from m
light sources can be disposed in an interlaced manner.
so that expansion of the light beam can be suppressed
as compared with one array laser having n x m emitting
points, and therefore, the size of the rotatable polygonal
mirror and the optical elements may not be increased.
[0006] In addition, the collimator lens and the beam
synthesizing means are unified into a light source appa-
ratus, and the unit is adjusted by rotating about the op-
tical axis thereof to accomplish a high precision adjust-
ment of the clearance between scanning lines.

SUMMARY OF THE INVENTION:

[0007] However, the method described above is not

sufficient to confine the expansion of the light beam in
the main scan direction on the polygonal mirror surface.
In the multi-beam light scanning optical system, the con-
sideration is to be paid to the generation of the jittering
attributable to defocusing in the main scan direction. Re-
ferring to Figure 6, the principle will be described.
[0008] Figure 6 is a main-scanning section view of a
conventional multi-beam light scanning optical system.
For simplicity of explanation, a light source 61 has two
emitting points 61a, 61b.
[0009] The two beams emitted from the light source
61 are incident on a deflection surface (reflection sur-
face) 65a of the polygonal mirror (light deflector) 65 at
an angle θB therebetween in the main scan direction.
The principal rays of the light beams intersect with each
other at the position of an aperture stop 63 disposed im-
mediately after the collimator - lens 62, but they are
spaced apart from each other on the deflection surface
65a and are reflected at positions different from each
other in the main scan direction. In order to image the
beam at the same image height position on the surface
to be scanned 67, the deflection angle (polygonal mirror
angle) deflecting the light beams are different by θ B/2
in the phase as indicated by 65a, and therefore, there
is an angle difference in the main scan direction be-
tween the beams at the same image height positions. If
a defocusing occurs in the main scan direction for one
reason or another (in the example of Figure 6, the sur-
face to be scanned 67 is deviated to a position 67'), a
deviation δY of the imaging position results in the main
scan direction as shown in Figure 6.
[0010] When n x m light beams emitted from m light
sources each having n emitting points are synthesized
by the beam synthesizing means, the generation of the
jittering can be explained by considering a maximum an-
gle between the light beam and the main scan direction
as being θB. Namely, the angle θB increases in propor-
tion to the number of the light beams to be synthesized,
and the deviation δY increases in proportion to the angle
θB.
[0011] The conventional structures involve a problem
that deviation of the imaging positions of the beams re-
sult in the deteriorations of the printing precision and the
image quality.
[0012] The defocusing in the main scan direction is
caused by various factors; for example, imaging per-
formance of the optical parts, positional accuracy be-
tween the parts or the like, which cannot be completely
removed. Accordingly, it is very difficult to prevent the
deteriorations of the printing precision, the image quality
or the like attributable to the deviation of the imaging
positions of the multiple beams.
[0013] Accordingly, it is a principal object of the
present invention to provide a multi-beam light scanning
optical system and an image forming apparatus in which
a deviation, on a surface to be scanned, of an imaging
position of multiple beams emitted from multiple light
source means is reduced to provide a satisfactory print-
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ing precision and image quality.
[0014] According to an aspect of the present inven-
tion, there is provided (1) a multi-beam light scanning
optical system comprising:

n (n ≥ 2) light source means having m (m ≥ 2) light
emitting points;
beam synthesizing means for synthesizing n x m
light beams emitted by said light source means;
deflecting means for deflecting n x m light beams
from said beam synthesizing means;
an imaging optical system for imaging the n x m light
beams from said deflecting means on a surface to
be scanned,
wherein the surface to be scanned is scanned in a
main scan direction with n x m light beams by a de-
flection scanning operation of the deflecting means;
an aperture stop provided between said beam syn-
thesizing means and said deflecting means, where-
in principal rays of the n x m light beams are inter-
sected at a position of said aperture stop, and the
light beams which are adjacent to each other in a
sub-scan direction on the surface to be scanned are
the beams emitted from different ones of said light
source means.

[0015] According to a second aspect of the present
invention, there is provided (2) a multi-beam light scan-
ning optical system according to aspect 1, further com-
prising a coupling lens provided for each of said m light
source means, said coupling lens directs the light
beams emitted from said n emitting points toward said
beam synthesizing means.
[0016] According to a third aspect of the present ; in-
vention, there is provided (3) a multi-beam light scan-
ning optical system according to aspect 1, further com-
prising optical means for converting the n x m light
beams to line images extending in the main scan direc-
tion on or adjacent a deflection surface of said deflecting
means.
[0017] According to a fourth aspect of the present in-
vention, there is provided (4) a multi-beam light scan-
ning optical system according to the third aspect, where-
in said aperture stop is disposed between said optical
means and said deflecting means, and a distance Lh,
measured in a direction of an optical axis from said op-
tical means to a light reflection point on the deflection
surface of said deflecting means and a distance Lp,
measured in the optical direction, from said optical
means to said aperture stop, satisfy:

[0018] According to a fifth aspect of the present inven-
tion, there is provided (5) a multi-beam light scanning
optical system according to aspect 3, wherein a width,
measured in the main scan direction, of the light beam

Lh/2< Lp.

emitted from said optical means is larger than a width,
measured in the main scan direction, of the deflection
surface of said deflecting means.
[0019] According to a sixth aspect of the present in-
vention, there is provided (6) a multi-beam light scan-
ning optical system comprising:

a first light source means having two light emitting
points;
a second light source means having one light emit-
ting point;
beam synthesizing means for synthesizing three
light beams emitted by said first and second light
source means;
deflecting means for deflecting three light beams
from said beam synthesizing means;
an imaging optical system for imaging the three light
beams from said deflecting means on a surface to
be scanned,

wherein the surface to be scanned is scanned in
a main scan direction with three light beams by a deflec-
tion scanning operation of the deflecting means;

an aperture stop provided between said beam
synthesizing means and said deflecting means, wherein
principal rays of the three light beams are intersected at
a position of said aperture stop, and the light beams
which are adjacent to each other in a sub-scan direction
on the surface to be scanned are the beams emitted
from different ones of said light source means.
[0020] According to a seventh aspect of the present
invention, there is provided (7) a multi-beam light scan-
ning optical system according to the sixth aspect, further
comprising a coupling lens provided for each of said first
and second source means, said coupling lens directs
the light beams emitted from said emitting points of said
light source means toward said beam synthesizing
means.
[0021] According to an eighth aspect of the present
invention, there is provided (8) a multi-beam light scan-
ning optical system according to the sixth aspect, further
comprising optical means for converting the three light
beams to line images extending in the main scan direc-
tion on or adjacent a deflection surface of said deflecting
means.
[0022] According to a ninth aspect of the present in-
vention, there is provided (9) a multi-beam light scan-
ning optical system according to the eighth aspect,
wherein said aperture stop is disposed between said op-
tical means and said deflecting means, and a distance
Lh, measured in a direction of an optical axis from said
optical means to a light reflection point on the deflection
surface of said deflecting means and a distance Lp,
measured in the optical direction, from said optical
means to said aperture stop, satisfy:

Lh/2< Lp.
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[0023] According to a tenth aspect of the present in-
vention, there is provided (10) a multi-beam light scan-
ning optical system according to the third aspect, where-
in a width, measured in the main scan direction, of the
light beam emitted from said optical means is larger than
a width, measured in the main scan direction, of the de-
flection surface of said deflecting means.
[0024] According to an eleventh aspect of the present
invention, there is provided (11) a multi-beam light scan-
ning optical system comprising:

n (n ≥ 2) light source means having m (m ≥ 2) light
emitting points;
beam synthesizing means for synthesizing n x m
light beams emitted by said light source means;
deflecting means for deflecting n x m light beams
from said beam synthesizing means;
an imaging optical system for imaging the n x m light
beams from said deflecting means on a surface to
be scanned,

wherein the surface to be scanned is scanned in
a main scan direction with n x m light beams by a de-
flection scanning operation of the deflecting means,

wherein a width, measured in the main scan direc-
tion, of the light beam emitted from said optical means
and incident on the deflection surface is larger than a
width, measured in the main scan direction, of the de-
flection surface of said deflecting means, and the light
beams which are adjacent to each other in a sub-scan
direction on the surface to be scanned are the beams
emitted from different ones of said light source means.
[0025] According to a twelfth aspect of the present in-
vention, there is provided (12) a multi-beam light scan-
ning optical system comprising:

a first light source means having two light emitting
points;
a second light source means having one light emit-
ting point;
beam synthesizing means for synthesizing three
light beams emitted by said first and second light
source means;
deflecting means for deflecting three light beams
from said beam synthesizing means;
an imaging optical system for imaging the three light
beams from said deflecting means on a surface to
be scanned,

wherein the surface to be scanned is scanned in
a main scan direction with three light beams by a deflec-
tion scanning operation of the deflecting means;

wherein a width, measured in the main scan direc-
tion, of the light beam emitted from said optical means
and incident on the deflection surface is larger than a
width, measured in the main scan direction, of the de-
flection surface of said deflecting means, and the light
beams which are adjacent to each other in a sub-scan

direction on the surface to be scanned are the beams
emitted from different ones of said light source means.
[0026] According to a thirteenth aspect of the present
invention, there is provided (13) a multi-beam light scan-
ning optical system according to the first aspect, where-
in a clearance D, measured in the main scan direction,
of the emitting point, a focal length fcol of said coupling
lens, a distance L1 from said aperture stop to the de-
flection surface of said deflecting means, and a focal
length ffθ, measured in the main scan direction, of said
imaging optical system, and a recording density DPI, in
the main scan direction, on the surface to be scanned,
satisfy:

[0027] According to a fourteenth aspect of the present
invention, there is provided (14) a multi-beam light scan-
ning optical system according to the sixth aspect,
wherein a clearance D, measured in the main scan di-
rection, of the emitting point, a focal length fcol of said
coupling lens, a distance L1 from said aperture stop to
the deflection surface of said deflecting means, and a
focal length ffθ, measured in the main scan direction, of
said imaging optical system, and a recording density
DPI, in the main scan direction, on the surface to be
scanned, satisfy:

[0028] According to a fifteenth aspect of the present
invention, there is provided (15) a multi-beam light scan-
ning optical system according to the eleventh aspect,
wherein a clearance D, measured in the main scan di-
rection, of the emitting point, a focal length fcol of said
coupling lens, a distance L1 from said aperture stop to
the deflection surface of said deflecting means, and a
focal length ffθ, measured in the main scan direction, of
said imaging optical system, and a recording density
DPI, in the main scan direction, on the surface to be
scanned, satisfy:

[0029] According to a sixteenth aspect of the present
invention, there is provided (16) a multi-beam light scan-
ning optical system according to the twelfth aspect,
wherein a clearance D, measured in the main scan di-
rection, of the emitting point, a focal length fcol of said
coupling lens, a distance L1 from said aperture stop to
the deflection surface of said deflecting means, and a
focal length ffθ, measured in the main scan direction, of
said imaging optical system, and a recording density
DPI, in the main scan direction, on the surface to be
scanned, satisfy:

(D x L1)/(fcol x ffθ) % (25.4/DPI)x(1/4).

(D x L1)/(fcol x ffθ) % (25.4/DPI)x(1/4).

(D x L1)/(fcol x ffθ) % (25.4/DPI)x(1/4).
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[0030] According to a seventeenth aspect of the
present invention, there is provided (17) an image form-
ing apparatus comprising a multi-beam light scanning
optical system as defined in the first aspect, said appa-
ratus further comprising a photosensitive member dis-
posed at the position of said surface to be scanned, a
developing device for developing, into a toner image, an
electrostatic latent image formed on said photosensitive
member by light rays deflected by said multi-beam light
scanning optical system, a transfer device for transfer-
ring the toner image onto a transfer material, and a fixing
device for fixing the toner image transferred onto the
transfer material thereon.
[0031] According to an eighteenth aspect of the
present invention, there is provided (18) an image form-
ing apparatus comprising a multi-beam light scanning
optical system as defined in the first aspect, said appa-
ratus further comprising a printer controller for convert-
ing code data supplied form an external device to an
image signal and for supplying the converted data to
said multi-beam light scanning optical system.
[0032] According to a nineteenth aspect of the
present invention, there is provided (19) an image form-
ing apparatus comprising a multi-beam light scanning
optical system as defined in the sixth aspect, said ap-
paratus further comprising a photosensitive member
disposed at the position of said surface to be scanned,
a developing device for developing, into a toner image,
an electrostatic latent image formed on said photosen-
sitive member by light rays deflected by said multi-beam
light scanning optical system, a transfer device for trans-
ferring the toner image onto a transfer material, and a
fixing device for fixing the toner image transferred onto
the transfer material thereon.
[0033] According to a twentieth aspect of the present
invention, there is provided (20) an image forming ap-
paratus comprising a multi-beam light scanning optical
system as defined in the sixth aspect, said apparatus
further comprising a printer controller for converting
code data supplied form an external device to an image
signal and for supplying the converted data to said multi-
beam light scanning optical system.
[0034] According to a twenty-first aspect of the
present invention, there is provided (21) an image form-
ing apparatus comprising a multi-beam light scanning-
optical system as defined in the eleventh aspect, said
apparatus further comprising a photosensitive member
disposed at the position of said surface to be scanned,
a developing device for developing, into a toner image,
an electrostatic latent image formed on said photosen-
sitive member by light rays deflected by said multi-beam
light scanning optical system, a transfer device for trans-
ferring the toner image onto a transfer material, and a
fixing device for fixing the toner image transferred onto
the transfer material thereon.

(D x L1)/(fcol x ffθ) % (25.4/DPI)x(1/4).
[0035] According to a twenty-second aspect of the
present invention, there is provided (22) an image form-
ing apparatus comprising a multi-beam light scanning
optical system as defined in the eleventh aspect, said
apparatus further comprising a printer controller for con-
verting code data supplied form an external device to
an image signal and for supplying the converted data to
said multi-beam light scanning optical system.
[0036] According to a twenty-third aspect of the
present invention, there is provided (23) an image form-
ing apparatus comprising a multi-beam light scanning
optical system as defined in the twelfth aspect, said ap-
paratus further comprising a photosensitive member
disposed at the position of said surface to be scanned,
a developing device for developing, into a toner image,
an electrostatic latent image formed on said photosen-
sitive member by light rays deflected by said multi-beam
light scanning optical system, a transfer device for trans-
ferring the toner image onto a transfer material, and a
fixing device for fixing the toner image transferred onto
the transfer material thereon.
[0037] According to a twenty-fourth aspect of the
present invention, there is provided (24) an image form-
ing apparatus comprising a multi-beam light scanning
optical system as defined in the twelfth aspect, said ap-
paratus further comprising a printer controller for con-
verting code data supplied form an external device to
an image signal and for supplying the converted data to
said multi-beam light scanning optical system.
[0038] These and other objects, features and advan-
tages of the present invention will become more appar-
ent upon a consideration of the following description of
the preferred embodiments of the present invention tak-
en in conjunction with the accompanying drawings, in
which:
[0039] Figure 1 is a main-scanning section view of a
multi-beam light scanning optical system according to
Embodiment 1 of the present invention.
[0040] Figure 2 is a view illustrating a condition ex-
pression of defocus in the main scan direction.
[0041] Figure 3 is a main-scanning section view of a
multi-beam light scanning optical system according to
Embodiment 2 of the present invention.
[0042] Figure 4 is a main-scanning section view of a
multi-beam light scanning optical system according to
Embodiment 3 of the present invention.
[0043] Figure 5 is a sub-scan section view of an image
forming apparatus (electrophotographic printer) using
the multi-beam scanning optical system according to an
embodiment of the present invention.
[0044] Figure 6 illustrates a principle of defocus in the
main scan direction.
[0045] The embodiments are now described with ref-
erence to the drawings:

(Embodiment 1)

[0046] Figure 1 is a sectional view (main-scanning
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section view) of a major part of a multi-beam scanning
optical system according to Embodiment 1 of the
present invention.
[0047] In this specification, a main-scanning section
is a view of a plane including an optical axis of an imag-
ing optical system and a light beam (ray) deflected by
the light deflector, and a sub-scan section is a view of a
plane including an optical axis of the imaging optical sys-
tem and perpendicular to the main-scanning section.
[0048] In this Figure, designated by 11 is a light source
apparatus comprising first and second light source
means 1, 2; the first light source means 1 includes two
emitting points 1a, 1b, and the second light source
means 2 includes two emitting points 2a, 2b, too.
[0049] 3, 4 designated by reference numerals 3, 4 are
coupling lenses (collimator lenses) disposed corre-
sponding to the first and second light source means 1,
2 to convert the four beams emitted from the first and
second light source means 1, 2 to afocal light beams (or
substantially converging beams, or substantially diverg-
ing light beams) and to direct them to a beam synthe-
sizing means 5 which will be described hereinafter.
[0050] In this embodiment, the light source apparatus
11 comprises two light source means 1, 2, namely the
first and second light source means 1, 2, but it may com-
prises three or more light source means, and the first
and/or second or subsequent light source means may
include three or more emitting points
[0051] Designated by 5 is a beam synthesizing means
comprising a complex prism constituted by a plurality of
prisms. It is provided on a surface on which the light
beam is incident from the first light source means 1 with
a half-wave plate 6, and is provided on an inside surface
with a polarization beam splitter surface, and it is further
provided on an emergent surface with a quarter-wave
plate 7.
[0052] The half-wave plate 6 converts the polarizing
direction of the beam emergent from the first light source
means 1 to a linear polarization light ((P polarization) in
the plane of the sheet of the drawing of this Figure. The
polarization beam splitter surface functions to reflect the
linear polarization light (S polarization) perpendicular to
the sheet of the drawing, and transmits the linearly po-
larized light (P polarization) in the sheet of the drawing.
The quarter wave plate 7 converts the two polarized
beams having different 90°polarizing directions synthe-
sized by the beam synthesizing means 5 to respective
circularly polarized light beams (left-hand circular polar-
ization and right-hand circular polarization). By the con-
version of the two linear polarized beams having differ-
ent polarizing directions, the reflectance difference of
the optical part due to the difference in the polarizing
direction, can be eliminated, thus accomplishing uni-
form light quantities of the scanning beams.
[0053] In this embodiment, the polarizing directions of
the two light beams incident from the first light source
means 1 are rotated by 90°, and the two light beams are
reflected by the polarization beam splitter surface, so

that they are synthesized with the two light beams inci-
dent from the second light source means 2.
[0054] Designated by 8 is an optical means, more par-
ticularly, a cylindrical lens having predetermined refract-
ing power only in the sub-scan direction to focus the four
beams emergent from the beam synthesizing means 5
on the deflection surface (reflection surface) 10a of the
light deflector 10 (deflecting means) or on the neighbor-
hood thereof, in the form of a line image extending in
the main scan direction.
[0055] Designated by 9 is an aperture stop is dis-
posed adjacent the deflection surface 10a of the light
deflector 10 in the optical path between the cylindrical
lens 8 and the light deflector 10 such that condition ex-
pression (1) which will be described hereinafter is sat-
isfied. By the provision of the aperture stop 9, an expan-
sion of the four beams in the main scan direction in the
deflection plane of the light deflector 10 can be confined,
so that deflection plane is not enlarged.
[0056] In this embodiment, the principal rays of the
four beams emergent from the first and second light
source means 1, 2 intersect at the position of the aper-
ture stop 9, so that light beams adjacent in the sub-scan
direction on the surface to be scanned 12 are the beams
emitted from the different light source means.
[0057] Designated by 10 is a light deflector as a de-
flecting means, which includes, for example, rotatable
polygonal mirror (polygonal mirror) having six reflecting
surfaces. It is rotated at a constant speed in the direction
indicated by an arrow A in the Figure by a driving means
such as a motor (unshown).
[0058] Designated by 11 is an imaging optical system
(scanning lens system) having a condensing function
and a f-θproperty. It comprises two lenses, namely, first
and second scanning lenses 11a, 11b which function to
image the light beam modulated in accordance with im-
age information and having been subjected to reflection
deflection of the light deflector 10, on a photosensitive
drum surface 12 (surface to be scanned) and which pro-
vides a conjugate relation in the sub-scan direction be-
tween the deflection plane 10a of the light deflector 10
and the photosensitive drum surface 12, by which tilting
of the beam is corrected.
[0059] In this embodiment, the four beams having
been subjected to the light modulation in accordance
with the image information and emitted from the first and
second light source means 1, 2 are converted to a sub-
stantially parallel light beams (or substantially converg-
ing beam, or substantially diverging light beam) by the
associated coupling lenses 3, 4, and are synthesized by
a beam synthesizing prism 5 such that they are emitted
substantially the same directions. The four substantially
parallel beams synthesized by the beam synthesizing
prism 5 are incident on the cylindrical lens 8. The light
beams incident on the cylindrical lens 8 are emergent
without change in the main-scanning plane and transmit
through the aperture stop 9 (partly blocked). In the sub-
scan plane, the beams are converged and transmitted
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through the aperture stop 9 (partly blocked), so that they
are formed into line images (extending in the main scan
direction) on the deflection surface 10a of the light de-
flector 10. The four beams having been subjected to the
reflection deflection by the deflection surface 10a of the
light deflector 10, are imaged as spots on the photosen-
sitive drum surface 12 by the respective scanning lens
system 11. By rotating the light deflector 10 in the direc-
tion indicated by arrow A in the Figure, the photosensi-
tive drum surface 12 is scanned optically in the direction
(main scan direction) indicated by an arrow B at a con-
stant speed. By doing so, the photosensitive drum sur-
face 12 (recording material) is simultaneously scanned
with the four scanning beams to carry out image record-
ing.
[0060] In this embodiment, the beam synthesizing
prism 5 synthesizes the beam such that one of the prin-
cipal rays of the beams emitted from the second light
source means 2 is within the angle formed between the
principal rays of th etwo light beams emitted from the
first light source means 1, by which the four light beams
are intersected in an interlaced manner in the main-
scanning plane at the position of the aperture stop 9. In
other words, the principal ray from light source 16 strikes
the deflection plane 10a at a point between the principal
rays from light sources 2a and 2b, and the principal ray
from light source 2b strikes the deflection plane 10a at
a point between the principal rays from light source 1a
and 1b. A principal ray from one light source is thus be-
tween the two principal rays from the other light source.
By the synthesization in this manner (interlaced inter-
section), the expansion of the four light beams in the
deflection plane 10a in the main scan direction, can be
sufficiently suppressed, so that jittering attributable to
the defocusing in the main scan direction can be re-
duced.
[0061] Figure 2 illustrates a dispositional condition of
the aperture stop in this embodiment. In this Figure, the
same reference numerals as in Figure 1 are assigned
to the elements having the corresponding functions.
[0062] The description will be made as to how condi-
tion expression (2) results. In Figure 2, the light source
means 1, 2 have only one emitting points, respectively,
for simplicity, and the condition expression (2) is ex-
plained with two beams.
[0063] Additionally, the beam synthesizing means 5,
the half-wave plate 6 and the quarter-wave plate are
omitted for simplicity of explanation.
[0064] In this Figure, parameters are set such that
when a distance, measured in the direction of the optical
axis from the cylindrical lens 8 to the light reflection point
on the deflection surface 10a of the light deflector 10 is
Lh, and a distance, measured in the direction of the op-
tical axis from the cylindrical lens 8 to the aperture stop
9 is Lp, the following is satisfied:

Lh/2<Lp (1)

[0065] By doing so, the distance h' between the prin-
cipal rays of the two light beams (emitted from the first
and second light source means 1, 2) on the deflection
surface 10a can be reduced.
[0066] The parameters are set such that when a dis-
tance, measured in the main scan direction, of the emit-
ting points of the first and second light source means 1,
2 as seen from the surface to be scanned, is D, a focal
length of the cylindrical lens 8 is fcol, a distance from the
aperture stop 9 to the deflection surface 10a of the light
deflector 10 is L1, a focal length of the imaging optical
system 11 in the main scan direction is ffθ, and a record-
ing density in dots per inch on the surface to be scanned
in the main scan direction is DPI, the following is satis-
fied:

[0067] By doing so, in this embodiment, a deviation of
the imaging positions of the light beam x from the two
light source means 1, 2, is suppressed.
[0068] The description will be made as to the technical
significance of the condition expression (2).
[0069] When the aperture stop 9 is disposed at a po-
sition between the cylindrical lens 8 and the light deflec-
tor 10 as shown in Figure 2, the distance h' between the
principal rays of the two beams on the deflection surface
10a is as follows, since the angle formed between the
two beams emergent from the coupling lens (3 and 4)
has to be constant:

[0070] The angle between two beams emergent from
the imaging optical system 11 is:

[0071] Thus, it is a deviation δY between the imaging
positions of the two beams in the case of 1mm defocus
in the main scan direction.
[0072] In this embodiment, the elements are set such
that said condition expression (2) is satisfied, such that
amount δY is not more than 1/4 pixel in the recording
density, which is a tolerable range. By this, a satisfactory
image is provided.
[0073] Thus, in this embodiment, the aperture stop 9
is disposed at a specific position, and the four light
beams emitted from the first and second light source
means 1, 2 are interlaced, so that maximum angle θB
of the four beams with respect to the main scan direction
is reduced, by which the jittering due to the defocusing
in the main scan direction is reduced.
[0074] Moreover, in this embodiment, the elements

(D x L1)/(fcol x ffθ) % (25.4/DPI)x(1/4). (2)

h' = (D/fcol) x L1

h'/ffθ = (D x L1)/(fcol x ffθ)
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are set such that said condition expression (1) and/or
the condition expression (2) is satisfied, by which the
deviation of the imaging positions of the plurality of
beams can be reduced, thus accomplishing a satisfac-
tory printing precision and high image quality.
[0075] If the beam conversion by the coupling lenses
3, 4 provides a substantially converging beam or a sub-
stantially divergent light, a jittering in the main scan di-
rection is produced by the deflection scanning. Howev-
er, by selecting such a direction that it offsets the multi-
beam jittering produced upon the beam being incident
on the surface of the photosensitive drum at a predeter-
mined angle in the sub-scan direction, the total jittering
in the case of the multi-beam can be reduced.
[0076] In this embodiment, four beams emitted from
two light source means each having two emitting points
are synthesized, but the example can be generalized
into synthesization of a plurality of beams emitted from
m (m ≥ 2) light source means each having n (n ≥ 2) emit-
ting points.

(Embodiment 2)

[0077] Figure 3 is a sectional view (main-scanning
section view) of a major part in the main scan direction
of a multi-beam light scanning optical system according
to Embodiment 2. In this Figure, the same reference nu-
merals as in Figure 1 are assigned to the elements hav-
ing the corresponding functions.
[0078] This embodiment is different from the Embod-
iment 1 in that light source apparatus 31 comprises a
first light source means 21 having one emitting point 21a
and a second light source means 22 having two emitting
points 22a, 22b. The other structures and optical func-
tions are substantially the same as with Embodiment 1,
and the similar effect are provided.
[0079] In the Figure, designated by 31 is a light source
apparatus which comprises first light source means 21
having one emitting point 21a and second light source
means 22 having two emitting points 22a, 22b.
[0080] The beam synthesizing means is constructed
such that principal ray of the light beam emitted from the
first light source means 21 is within an angle formed be-
tween two principal rays of the light beams emitted from
the second light source means 22. By doing so, in this
embodiment, expansions of the three beams on the de-
flection surface 10a of the light deflector 10 can be sup-
pressed, so that jittering resulting from defocusing can
be reduced. The effect provided by the position of the
aperture stop 9 is similar to that in Embodiment 1.
[0081] The effect of the conversion to the substantially
converging beam or to the diverging light beam by the
coupling lenses 3, 4 is the same as with Embodiment 1,
and the jittering can be offset by the jittering produced
by the incident angle of the light beam on the surface
12 of the photosensitive drum.

(Embodiment 3)

[0082] Figure 4 is a sectional view (main-scanning
section view) of a major part in the main scan direction
of a multi-beam light scanning optical system according
to Embodiment 2. In this Figure, the same reference nu-
merals as in Figure 1 are assigned to the elements hav-
ing the corresponding functions.
[0083] This embodiment is different from Embodi-
ment 1 in that multi-beam light scanning optical system
is constructed by an over-field scanning optical system.
The other structures and optical functions are substan-
tially the same as with Embodiment 1, and the similar
effect are provided.
[0084] Four light beams are incident on the deflection
surface 20a of the light deflector 20 having 12 surfaces,
astride a plurality of deflection surfaces in the main-
scanning section (the light beam has a width larger than
the width of the deflection surface 20a measured in the
main scan direction), and therefore, the width of the de-
flection surface 20a in the main scan direction functions
as an aperture stop in effect. The scanning optical sys-
tem having such a relation between the incident beam
and the deflection surface is called "over-field scanning
optical system".
[0085] When a plurality of light beams emitted from a
plurality of light source means are synthesized by beam
synthesizing means (complex prism) and are incident
on the deflection surface with predetermined angle dif-
ferences in the main-scanning plane in the case of the
over-field scanning optical system, the light beams have
to intersect at one point on the deflection plane. The
beams intersecting at one point in the deflection plane,
are deflected with a predetermined phase difference.
However, since the reflection points are common, the
principal rays of the light beams directing toward the im-
aging optical system reach the same image height po-
sitions on the surface to be scanned through the same
optical path. For this reason, the jittering due to the de-
focusing in the main scan direction is not produced in
principle. The deflection surfaces provide ideal disposi-
tions of the aperture stops.
[0086] In this embodiment, as described hereinbe-
fore, the four beams emitted from the first and second
light source means 21, 22 are incident astride the plu-
rality of deflection surfaces, by which the jittering attrib-
utable to the defocusing in the main scan direction can
be eliminated in principle.

(Embodiment 4)

[0087] The description will be made as to Embodi-
ment 4 of the multi-beam light scanning optical system
according to the present invention.
[0088] This embodiment is different from Embodi-
ment 2 in that multi-beam light scanning optical system
is constructed by an over-field scanning optical system.
The other structures and optical functions are substan-
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tially the same as with Embodiments 2 and 3, and the
similar effect are provided.

(Image Forming Apparatus)

[0089] Figure 5 is a sectional view of a major part of
an image forming apparatus (electrophotographic print-
er) according to an embodiment of the present inven-
tion, taken in a sub-scan section, said image forming
apparatus using the multi-beam light scanning optical
system according to Embodiment 1, 2, 3 or 4. In Figure
5, designated by reference numeral 104 is an image
forming apparatus. The image forming apparatus 104 is
supplied with a code data Dc from an external equip-
ment such as a personal computer or the like. The code
data Dc are converted to image data (dot data) Di by a
printer controller 111 in the apparatus. The image data
Di is supplied into a light scanning unit 100 having the
structures described with the foregoing Embodiments 1,
2, 3 or 4. The light scanning unit (multi-beam light scan-
ning optical system) 100 emits a light beam (beam) 103
the strength of which has been modulated in accord-
ance with the image data Di, and the photosensitive sur-
face of the photosensitive drum 101 is scanned with the
light beam 103 in the main scan direction.
[0090] The photosensitive drum 101 (electrostatic la-
tent image bearing member, or photosensitive member)
is rotated in the clockwise direction in the Figure by a
motor 115. With the rotation, photosensitive surface of
the photosensitive drum 101 moves relative to the light
beam 103 in a sub-scan direction which is perpendicular
to the main scan direction. Above the photosensitive
drum 101, a charging roller 102 is provided, and it is
contacted to the surface of the photosensitive drum 101
to uniformly charge the surface of the photosensitive
drum 101. The surface of the photosensitive drum 101
electrically charged by the charging roller 102 is ex-
posed to the light beam 103 deflected by the light scan-
ning unit 100.
[0091] Since the light beam 103 is modulated in ac-
cordance with the image data Di as described above,
an electrostatic latent image is formed on the surface of
the photosensitive drum 101 by the exposure to the light
beam 103. The electrostatic latent image is developed
into a toner image by a developing device 107 disposed
downstream of the exposure position of the light beam
103 with respect to the rotation of the photosensitive
drum 101.
[0092] The toner image provided by the developing
device 107 is transferred onto a sheet 112 (transfer ma-
terial) by a transfer roller (transfer device). 108 disposed
opposed to the photosensitive drum 101 below the pho-
tosensitive drum 101. The sheet 112 is accommodated
in a sheet cassette 109 at a front side of the photosen-
sitive drum 101 (righthand side in Figure 5), but it may
be manually fed. At an end of the sheet cassette 109,
there is a sheet feeding roller 110 to feed the sheet 112
from the sheet cassette 109 to the feeding path.

[0093] The sheet 112 now having the unfixed toner
image thereon is fed into a fixing device disposed behind
the photosensitive drum 101 (left side in Figure 5). The
fixing device comprises a fixing roller 113 including a fix-
ing heater (unshown) therein, and a pressing roller 114
press-contacted to the fixing roller 113. The sheet 112
fed from the transfer station is pressed and heated in
the nip formed between the fixing roller 113 and the
pressing roller 114, so that unfixed toner image is fixed
on the sheet 112. At the rear side of the fixing roller 113,
there are sheet discharging rollers 116 to discharge the
sheet 112 on which the toner image is fixed to outside
the apparatus.
[0094] Although not shown in Figure 5, the print con-
troller 111 carries out not only the data conversion but
also control of various parts in the image forming appa-
ratus such as the motor 115 or the polygonal mirror mo-
tor in the light scanning unit 100.
[0095] As described in the foregoing, according to the
embodiments of the present invention, the aperture stop
is disposed at a proper position; principal rays of the
multiple light beams emitted from multiple light source
means intersect with each other at the position of the
aperture stop, so that light beams which are adjacent to
each other in the sub-scan direction on the surface to
be scanned are the ones emitted from different light
source means, by which the clearance between the prin-
cipal rays on the deflection surface can be decreased,
so that generation of the jittering attributable to the de-
focusing in the main scan direction can be suppressed
effectively in the multi-beam light scanning optical sys-
tem and an image forming apparatus using the same.
[0096] In addition, according to the embodiments of
the present invention, by selecting the parameters so as
to satisfy the condition expression or condition expres-
sions, the deviation of the imaging positions of the light
beams can be suppressed to not more than 1/4 pixel of
the resolution in a multi-beam light scanning optical sys-
tem and an image forming apparatus using the same.
By using an over-field scanning optical system with the
multiple light beams synthesized by beam synthesizing
means, the position of the aperture stop becomes ideal,
so that production of the jittering in the main scan direc-
tion attributable to the defocusing can be eliminated in
principle, in a multi-beam light scanning optical system
and in an application using the same.
[0097] While the invention has been described with
reference to the structures disclosed herein, it is not con-
fined to the details set forth and this application is in-
tended to cover such modifications or changes as may
come within the scope of the following claims.

Claims

1. A multi-beam light scanning optical system com-
prising:

15 16



EP 1 300 702 A2

10

5

10

15

20

25

30

35

40

45

50

55

n (n ≥ 2) light source means having m (m ≥ 2)
light emitting points;
beam synthesizing means for synthesizing n x
m light beams emitted by said light source
means;
deflecting means for deflecting n x m light
beams from said beam synthesizing means;
an imaging optical system for imaging the n x
m light beams from said deflecting means on a
surface to be scanned,

wherein the surface to be scanned is scanned
in a main scan direction with n x m light beams by
a deflection scanning operation of the deflecting
means;

an aperture stop provided between said beam
synthesizing means and said deflecting means,
wherein principal rays of the n x m light beams are
intersected at a position of said aperture stop, and
the light beams which are adjacent to each other in
a sub-scan direction on the surface to be scanned
are the beams emitted from different ones of said
light source means.

2. A multi-beam light scanning optical system accord-
ing to Claim 1, further comprising a coupling lens
provided for each of said m light source means, said
coupling lens directs the light beams emitted from
said n emitting points toward said beam synthesiz-
ing means.

3. A multi-beam light scanning optical system accord-
ing to Claim 1, further comprising optical means for
converting the n x m light beams to line images ex-
tending in the main scan direction on or adjacent a
deflection surface of said deflecting means.

4. A multi-beam light scanning optical system accord-
ing to Claim 3, wherein said aperture stop is dis-
posed between said optical means and said deflect-
ing means, and a distance Lh, measured in a direc-
tion of an optical axis from said optical means to a
light reflection point on the deflection surface of said
deflecting means and a distance Lp, measured in
the optical direction, from said optical means to said
aperture stop, satisfy:

5. A multi-beam light scanning optical system accord-
ing to claim 3, wherein a width, measured at the de-
flecting surface in the main scan direction, of the
light beam emitted from said optical means is larger
than a width, measured in the main scan direction,
of the deflection surface of said deflecting means.

6. A multi-beam light scanning optical system com-

Lh/2< Lp.

prising:

a first light source means having two light emit-
ting points;
a second light source means having one light
emitting point;
beam synthesizing means for synthesizing
three light beams emitted by said first and sec-
ond light source means;
deflecting means for deflecting three light
beams from said beam synthesizing means;
an imaging optical system for imaging the three
light beams from said deflecting means on a
surface to be scanned,

wherein the surface to be scanned is scanned
in a main scan direction with three light beams by a
deflection scanning operation of the deflecting
means;

an aperture stop provided between said beam
synthesizing means and said deflecting means,
wherein principal rays of the three light beams are
intersected at a position of said aperture stop, and
the light beams which are adjacent to each other in
a sub-scan direction on the surface to be scanned
are the beams emitted from different ones of said
light source means.

7. A multi-beam light scanning optical system accord-
ing to Claim 6, further comprising a coupling lens
provided for each of said first and second source
means, said coupling lens directs the light beams
emitted from said emitting points of said light source
means toward said beam synthesizing means.

8. A multi-beam light scanning optical system accord-
ing to Claim 6, further comprising optical means for
converting the three light beams to line images ex-
tending in the main scan direction on or adjacent a
deflection surface of said deflecting means.

9. A multi-beam light scanning optical system accord-
ing to Claim 8, wherein said aperture stop is dis-
posed between said optical means and said deflect-
ing means, and a distance Lh, measured in a direc-
tion of an optical axis from said optical means to a
light reflection point on the deflection surface of said
deflecting means and a distance Lp, measured in
the optical direction, from said optical means to said
aperture stop, satisfy:

10. A multi-beam light scanning optical system accord-
ing to Claim 3, wherein a width, measured in the
main scan direction, of the light beam emitted from
said optical means is larger than a width, measured

Lh/2< Lp.
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in the main scan direction, of the deflection surface
of said deflecting means.

11. A multi-beam light scanning optical system com-
prising:

n (n ≥ 2) light source means having m (m ≥ 2)
light emitting points;
beam synthesizing means for synthesizing n x
m light beams emitted by said light source
means;
deflecting means for deflecting n x m light
beams from said beam synthesizing means;
an imaging optical system for imaging the n x
m light beams from said deflecting means on a
surface to be scanned,

wherein the surface to be scanned is scanned
in a main scan direction with n x m light beams by
a deflection scanning operation of the deflecting
means,

wherein a width, measured in the main scan
direction, of the light beam emitted from said optical
means and incident on the deflection surface is larg-
er than a width, measured in the main scan direc-
tion, of the deflection surface of said deflecting
means, and the light beams which are adjacent to
each other in a sub-scan direction on the surface to
be scanned are the beams emitted from different
ones of said light source means.

12. A multi-beam light scanning optical system com-
prising:

a first light source means having two light emit-
ting points;
a second light source means having one light
emitting point;
beam synthesizing means for synthesizing
three light beams emitted by said first and sec-
ond light source means;
deflecting means for deflecting three light
beams from said beam synthesizing means;
an imaging optical system for imaging the three
light beams from said deflecting means on a
surface to be scanned,

wherein the surface to be scanned is scanned
in a main scan direction with three light beams by a
deflection scanning operation of the deflecting
means;

wherein a width, measured in the main scan
direction, of the light beam emitted from said optical
means and incident on the deflection surface is larg-
er than a width, measured in the main scan direc-
tion, of the deflection surface of said deflecting
means, and the light beams which are adjacent to
each other in a sub-scan direction on the surface to

be scanned are the beams emitted from different
ones of said light source means.

13. A multi-beam light scanning optical system accord-
ing to Claim 1, wherein a clearance D, measured in
the main scan direction, of the emitting point, a focal
length fcol of said coupling lens, a distance L1 from
said aperture stop to the deflection surface of said
deflecting means, and a focal length ffθ, measured
in the main scan direction, of said imaging optical
system, and a recording density DPI, in the main
scan direction, on the surface to be scanned, satis-
fy:

14. A multi-beam light scanning optical system accord-
ing to Claim 6, wherein a clearance D, measured in
the main scan direction, of the emitting point, a focal
length fcol of said coupling lens, a distance L1 from
said aperture stop to the deflection surface of said
deflecting means, and a focal length ffθ, measured
in the main scan direction, of said imaging optical
system, and a recording density DPI, in the main
scan direction, on the surface to be scanned, satis-
fy:

15. A multi-beam light scanning optical system accord-
ing to Claim 11, wherein a clearance D, measured
in the main scan direction, of the emitting point, a
focal length fcol of said coupling lens, a distance L1
from said aperture stop to the deflection surface of
said deflecting means, and a focal length ffθ, meas-
ured in the main scan direction, of said imaging op-
tical system, and a recording density DPI, in the
main scan direction, on the surface to be scanned,
satisfy:

16. A multi-beam light scanning optical system accord-
ing to Claim 12, wherein a clearance D, measured
in the main scan direction, of the emitting point, a
focal length fcol of said coupling lens, a distance L1
from said aperture stop to the deflection surface of
said deflecting means, and a focal length ffθ, meas-
ured in the main scan direction, of said imaging op-
tical system, and a recording density DPI, in the
main scan direction, on the surface to be scanned,
satisfy:

(D x L1)/(fcol x ffθ) % (25.4/DPI)x(1/4).

(D x L1)/(fcol x ffθ) % (25.4/DPI)x(1/4).

(D x L1)/(fcol x ffθ) ≤ (25.4/DPI)x(1/4).

(D x L1)/(fcol x ffθ) % (25.4/DPI)x(1/4).
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17. An image forming apparatus comprising a multi-
beam light scanning optical system as defined in
Claim 1, said apparatus further comprising a pho-
tosensitive member disposed at the position of said
surface to be scanned, a developing device for de-
veloping, into a toner image, an electrostatic latent
image formed on said photosensitive member by
light rays deflected by said multi-beam light scan-
ning optical system, a transfer device for transfer-
ring the toner image onto a transfer material, and a
fixing device for fixing the toner image transferred
onto the transfer material thereon.

18. An image forming apparatus comprising a multi-
beam light scanning optical system as defined in
Claim 1, said apparatus further comprising a printer
controller for converting code data supplied form an
external device to an image signal and for supplying
the converted data to said multi-beam light scan-
ning optical system.

19. An image forming apparatus comprising a multi-
beam light scanning optical system as defined in
Claim 6, said apparatus further comprising a pho-
tosensitive member disposed at the position of said
surface to be scanned, a developing device for de-
veloping, into a toner image, an electrostatic latent
image formed on said photosensitive member by
light rays deflected by said multi-beam light scan-
ning optical system, a transfer device for transfer-
ring the toner image onto a transfer material, and a
fixing device for fixing the toner image transferred
onto the transfer material thereon.

20. An image forming apparatus comprising a multi-
beam light scanning optical system as defined in
Claim 6, said apparatus further comprising a printer
controller for converting code data supplied form an
external device to an image signal and for supplying
the converted data to said multi-beam light scan-
ning optical system.

21. An image forming apparatus comprising a multi-
beam light scanning optical system as defined in
Claim 11, said apparatus further comprising a pho-
tosensitive member disposed at the position of said
surface to be scanned, a developing device for de-
veloping, into a toner image, an electrostatic latent
image formed on said photosensitive member by
light rays deflected by said multi-beam light scan-
ning optical system, a transfer device for transfer-
ring the toner image onto a transfer material, and a
fixing device for fixing the toner image transferred
onto the transfer material thereon.

22. An image forming apparatus comprising a multi-
beam light scanning optical system as defined in
Claim 11, said apparatus further comprising a print-

er controller for converting code data supplied form
an external device to an image signal and for sup-
plying the converted data to said multi-beam light
scanning optical system.

23. An image forming apparatus comprising a multi-
beam light scanning optical system as defined in
Claim 12 said apparatus further comprising a pho-
tosensitive member disposed at the position of said
surface to be scanned, a developing device for de-
veloping, into a toner image, an electrostatic latent
image formed on said photosensitive member by
light rays deflected by said multi-beam light scan-
ning optical system, a transfer device for transfer-
ring the toner image onto a transfer material, and a
fixing device for fixing the toner image transferred
onto the transfer material thereon.

24. An image forming apparatus comprising a multi-
beam light scanning optical system as defined in
Claim 12, said apparatus further comprising a print-
er controller for converting code data supplied form
an external device to an image signal and for sup-
plying the converted data to said multi-beam light
scanning optical system.
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