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(57) ABSTRACT 

An optical scanning apparatus a deflector configured to 
respectively deflect first and second light beams by a first 
deflection Surface and scan first and second scanned surfaces 
in a main scanning direction, and first and second imaging 
optical systems configured to respectively collect the first and 
second light beams deflected by the deflector to the first and 
second scanned surfaces. The first and second imaging opti 
cal systems include a shared multistage lens including first 
and second optical Surfaces arranged in a Sub-Scanning direc 
tion to which each of the first and second light beams enters, 
the second scanned surface is disposed on a position closer to 
the deflector than the first scanned Surface, and a second 
optical path length from the first deflection surface to the 
second scanned surface is longer than a first optical path 
length from the first deflection surface to the first scanned 
Surface. 
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OPTICAL SCANNINGAPPARATUS AND 
IMAGE FORMINGAPPARATUS INCLUDING 

THE SAME 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to an optical scanning 
apparatus included in an image forming apparatus, such as a 
laser beam printer (LBP), a digital copying machine, and a 
multifunction printer (MFP). 
0003 2. Description of the Related Art 
0004 As an optical scanning apparatus included in an 
image forming apparatus, an optical Scanning apparatus is 
known which can optically scan photosensitive Surfaces 
(Scanned Surfaces) of a plurality of photosensitive members at 
the same time by a single deflector. A patent literature (Japa 
nese Patent Application Laid-Open No. 2013-64857) 
describes an optical scanning apparatus which is downsized 
by disposing a mirror on each optical path from a deflector to 
each scanned surface to bend each optical path. A patent 
literature 2 (Japanese Patent Application Laid-Open No. 
2014-48563) describes an optical scanning apparatus which 
adopts a multistage lens in which a plurality of lens Surfaces 
is combined by overlapping with each otherina Sub-Scanning 
direction to reduce the number of lenses. A patent literature 3 
(Japanese Patent Application Laid-Open No. 2007-155838) 
describes an optical scanning apparatus which devises 
arrangement of mirrors for reflecting a light beam passed 
through a multistage lens to reduce the number of mirrors. 
0005. However, in the optical scanning apparatuses 
described in the patent literatures 1 to 3, optical path lengths 
with respect to each scanned surface are the same with each 
other, so that a degree of freedom in arrangement of each 
optical component is low, and it is difficult to avoid interfer 
ence of a light beam with an imaging lens while downsizing 
the entire apparatus. 
0006 According to the optical scanning apparatus 
described in the patent literature 1, the imaging lens is 
arranged between two mirrors on an optical path correspond 
ing to a photosensitive member closer to the deflector, and if 
each component is arranged so as not to interfere the light 
beam, it is difficult to further thin the entire apparatus. 
According to the optical scanning apparatus described in the 
patent literature 2, three mirrors are arranged on an optical 
path corresponding to the photosensitive member closer to 
the deflector to avoid interference of the multistage lens with 
the light beam, and it is difficult to reduce the number of 
components in the entire apparatus. According to the optical 
scanning apparatus described in the patent literature 3, a large 
reflection angle of a mirror is set on an optical path corre 
sponding to the photosensitive member closer to the deflector 
to avoid interference of the multistage lens with the light 
beam, so that a distance between two mirrors is long, and the 
apparatus becomes large. 

SUMMARY OF THE INVENTION 

0007. The present invention is directed to the provision of 
an optical scanning apparatus in which the number of com 
ponents are reduced and a height of a Sub-Scanning direction 
is sufficiently reduced and an image forming apparatus 
including the optical scanning apparatus. 
0008 According to an aspect of the present invention, An 
optical scanning apparatus include first and second light 

Feb. 11, 2016 

sources, a deflector configured to respectively deflect first and 
second light beams emitted from the first and second light 
Sources by a first deflection Surface and scan first and second 
scanned Surfaces in a main scanning direction, and first and 
second imaging optical systems configured to respectively 
collect the first and second light beams deflected by the 
deflector to the first and second scanned surfaces, wherein the 
first and second imaging optical systems include a shared 
multistage lens including first and second optical Surfaces 
arranged in a Sub-Scanning direction to which each of the first 
and second light beams enters, wherein the second scanned 
Surface is disposed on a position closer to the deflector than 
the first scanned surface, and wherein a second optical path 
length from the first deflection surface to the second scanned 
Surface is longer than a first optical path length from the first 
deflection surface to the first scanned surface. 

0009. Further features of the present invention will 
become apparent from the following description of exem 
plary embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a diagrammatic illustration (a sub-scan 
ning cross section drawing) of main parts of an optical scan 
ning apparatus according to a first exemplary embodiment of 
the present invention. 
0011 FIGS. 2A and 2B are diagrammatic illustrations (a 
main scanning cross section drawing) of main parts of the 
optical scanning apparatus according to the first exemplary 
embodiment of the present invention. 
0012 FIG. 3 is a diagrammatic illustration (a sub-scan 
ning cross section drawing) of main parts of an incident 
optical system according to the first exemplary embodiment 
of the present invention. 
0013 FIGS. 4A and 4B illustrate field curvature in a main 
scanning direction and a Sub-Scanning direction according to 
the first exemplary embodiment of the present invention. 
0014 FIGS. 5A and 5B illustrate f() characteristics 
according to the first exemplary embodiment of the present 
invention. 

0015 FIGS. 6A and 6B illustrate scanning line bending 
according to the first exemplary embodiment of the present 
invention. 

(0016 FIGS. 7A and 7B illustrate a spot shape on each 
image height according to the first exemplary embodiment of 
the present invention. 
0017 FIGS. 8A and 8B illustrate main scanning jitters 
according to the first exemplary embodiment of the present 
invention. 
0018 FIG. 9 is a schematic diagram of a multistage lens 
Surface of a multistage lens according to the first exemplary 
embodiment of the present invention. 
0019 FIGS. 10A to 10C illustrate shapes of an imaging 
lens 7 according to the first exemplary embodiment of the 
present invention. 
0020 FIG. 11 is a diagrammatic illustration (a sub-scan 
ning cross section drawing) of main parts of an optical scan 
ning apparatus according to a second exemplary embodiment 
of the present invention. 
0021 FIGS. 12A and 12B are diagrammatic illustrations 
(a main scanning cross section drawing) of main parts of the 
optical scanning apparatus according to the second exem 
plary embodiment of the present invention. 
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0022 FIG. 13 is a diagrammatic illustration (a sub-scan 
ning cross section drawing) of main parts of an incident 
optical system according to the second exemplary embodi 
ment of the present invention. 
0023 FIGS. 14A and 14B illustrate field curvature in a 
main scanning direction and a Sub-Scanning direction accord 
ing to the second exemplary embodiment of the present 
invention. 
0024 FIGS. 15A and 15B illustrate f() characteristics 
according to the second exemplary embodiment of the 
present invention. 
0025 FIGS. 16A and 16B illustrate scanning line bending 
according to the second exemplary embodiment of the 
present invention. 
0026 FIGS. 17A and 17B illustrate a spot shape on each 
image height according to the second exemplary embodiment 
of the present invention. 
0027 FIGS. 18A and 18B illustrate main scanning jitters 
according to the second exemplary embodiment of the 
present invention. 
0028 FIG. 19A to 19C illustrate shapes of an imaging lens 
7 according to the second exemplary embodiment of the 
present invention. 
0029 FIG. 20 is a diagrammatic illustration (a sub-scan 
ning cross section drawing) of main parts of an optical scan 
ning apparatus according to a third exemplary embodiment of 
the present invention. 
0030 FIG. 21 is a diagrammatic illustration (a sub-scan 
ning cross section drawing) of main parts of an image forming 
apparatus according to the exemplary embodiments of the 
present invention. 

DESCRIPTION OF THE EMBODIMENTS 

0031. Various exemplary embodiments, features, and 
aspects of the invention will be described in detail below with 
reference to the drawings. A scale of each drawing may be 
different from an actual scale for the sake of convenience. The 
same reference numerals are used for the same members 
throughout the drawings to avoid repetition in descriptions. In 
the following descriptions, a main scanning direction (a Y 
direction) is a direction perpendicular to a rotation axis (or a 
Swing axis) of a deflector and an optical axis direction (an X 
direction) (i.e., a direction that the deflector scans the scanned 
Surface), and a Sub-Scanning direction (a Z direction) is a 
direction parallel to the rotation axis (or the Swing axis) of the 
deflector. Further, a main scanning cross section (an XY cross 
section) is a cross section perpendicular to the Sub-Scanning 
direction (i.e., a cross section including the main scanning 
direction and the optical axis), and a Sub-Scanning cross sec 
tion (a ZX cross section) is a cross section perpendicular to 
the main scanning direction (i.e., a cross section including the 
Sub-Scanning direction and the optical axis). 
0032 FIGS. 1 to 3 are diagrammatic illustrations of main 
parts of an optical scanning apparatus 100 according to a first 
exemplary embodiment of the present invention. FIG. 1 is a 
ZXcross section drawing (a Sub-Scanning cross section draw 
ing), FIGS. 2A and 2B are XY cross section drawings (a main 
scanning cross section drawings), and FIG. 3 is a YZ cross 
section drawing. In FIGS. 2A and 2B, an optical path 
reflected by a mirror is developed and the mirroris omitted. In 
each drawing, main parts of the optical scanning apparatus 
100 is magnified, and other members are omitted. 
0033. The optical scanning apparatus 100 according to the 
present exemplary embodiment is a tandem type optical scan 
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ning apparatus which respectively records image information 
pieces corresponding to four different hues (K. C. M. and Y) 
on four different Scanned surfaces (photosensitive Surfaces) 
8A to 8D at the same time. The optical scanning apparatus 
100 includes light sources 1A to 1D, incident optical systems 
LA to LD, a deflector 5, imaging optical systems SR and SL, 
and mirrors M1 to M3. According to the present exemplary 
embodiment, components included in the optical scanning 
apparatus 100 are each arranged symmetrically on both right 
and left sides across the deflector 5. The configuration and its 
optical action are the same on the right side and the left side, 
so that the configuration (a scanning unit) on the right side 
(+X side) of the deflector is mainly described below. 
0034. As illustrated in FIG.3, a first light beam Raemitted 
from a first light source 1A and a second light beam Rb 
emitted from a second light source 1B are guided to the 
deflector 5 by the incident optical systems LA and LB. At that 
time, the light beams Ra and Rb are deflected by a deflection 
surface (a first deflection surface) 5a among a plurality of 
deflection surfaces of the deflector 5. A point C0 in the draw 
ing is a deflection point (a reference point) when a principal 
ray of the light beam on the axis is deflected, and a plane P0 
is a plane (a reference plane) passing through the deflection 
point C0 and perpendicular to the rotation axis of the deflector 
5. The light beams Ra and Rb entered into the deflection 
surface5a are crossed and deflected at the deflection point C0 
in the Sub-Scanning cross section. In the following descrip 
tions, a length of an optical path from the deflection point C0 
to each scanned surface is regarded as an optical path length 
from the deflection surface 5a to each scanned surface. 
0035. As illustrated in FIG. 1, the imaging optical system 
SR includes imaging lenses 6 and 7, and both lenses are 
shared by the light beams Ra and Rb. According to the present 
exemplary embodiment, the imaging lens 6 which is the clos 
est to the deflector 5 in the optical path has a symmetrical 
shape in the Sub-Scanning direction with respect to a refer 
ence plane P0 (the same shape with respect to the light beams 
Ra and Rb). On the other hand, the imaging lens 7 which is the 
closest to the Scanned surface in the optical path has an 
asymmetrical shape in the Sub-Scanning direction with 
respect to the reference plane P0, namely a shape on an upper 
side and a shape on a lower side with respect to the reference 
plane P0 are different in both of the main scanning cross 
section and the Sub-Scanning cross section. 
0036 More specifically, the imaging lens 7 is a multistage 
lens in which a first imaging portion 7A including a first 
optical Surface and a second imaging portion 7B including a 
second optical Surface are arranged in the Sub-Scanning direc 
tion. Adoption of the multistage lens with this configuration 
realizes reduction of the number of the imaging lenses con 
stituting the imaging optical system SR and also reduction of 
size and cost of the optical scanning apparatus 100. In the 
following descriptions, a portion corresponding to the light 
beam Ra is referred to as a first imaging optical system SA, 
and a portion corresponding to the light beam Rb is referred to 
as a second imaging optical system SB in the imaging optical 
system SR. 
0037. The light beam Ra deflected by the deflector 5 is 
collected by the imaging lens 6 and the first imaging portion 
7A, reflected by the mirrors M3, and guided to a first scanned 
surface 8A (K). The light beam Rb deflected by the deflector 
5 is collected by the imaging lens 6 and the second imaging 
portion 7B, reflected by the mirror M1 (a first mirror) and the 
mirror M2 (a second mirror), and guided to a second Scanned 
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surface 8B (C). According to the present exemplary embodi 
ment, a mirror other than the first and the second mirrors (a 
mirror other than the mirror M1 and the mirror M2) is not 
disposed on an optical path from the deflection surface 5a to 
the scanned surface 8B. 

0038 According to the present exemplary embodiment, 
the imaging lens 7 closest to the scanned Surface is disposed 
on the deflector 5 side closer than all mirrors on the optical 
path of the imaging optical system SR. In other words, no 
other imaging lens is disposed on the optical path on the 
scanned surface side from the imaging lens 7, and no imaging 
lens is disposed on the optical path on the Scanned Surface 
side from the mirror M1 closest to the deflector 5. Accord 
ingly, a length of the imaging lens 7 in the main scanning 
direction can be shortened, and the optical scanning apparatus 
100 can be downsized. 

0039. When the configuration in which all mirrors are 
disposed behind all of the imaging lenses and the light beams 
are reflected after passing through all of the imaging lenses is 
adopted as in the case of the present exemplary embodiment, 
it is necessary to avoid interference of each reflected light 
beam with each imaging lens. However, the above-described 
related art documents include configurations in which an 
optical path length with respect to each scanned Surface is 
equal to each other and thus have an issue of increase of a size 
of an entire apparatus and the number of mirrors. 
0040. According to the present exemplary embodiment, 
the optical scanning apparatus 100 is constituted in Such a 
manner that a second optical path length from the deflector 5 
to the scanned surface 8B which is spatially closest from the 
deflector 5 is longer than a first optical path length from the 
deflector 5 to the scanned surface 8A which is spatially far 
thest from the deflector 5. Accordingly, compared with the 
case that each optical path has the same length, the present 
exemplary embodiment can lessen a reflection angle of the 
mirror M1 (an angle between the light beam Rb reflected by 
the mirror M1 and the reference plane P0) which is necessary 
to avoid interference of each imaging lens with each light 
beam. Thus, according to the present exemplary embodiment, 
the light beam Rb from the imaging lens 7 can be guided to the 
scanned surface 8B only by the mirror M1 and the mirror M2 
while avoiding the interference with each imaging lens, and 
the number of components constituting the optical scanning 
apparatus 10 can be reduced. 
0041. In addition, as illustrated in FIG. 1, the mirror M1 
according to the present exemplary embodiment is disposed 
on an upper side with respect to a center position of an outer 
shape of the imaging lens 7 in the Sub-Scanning direction and 
reflects the light beam Rb from the imaging lens 7 upward to 
the imaging lens 7. Further, the mirror M2 according to the 
present exemplary embodiment is disposed on an upper side 
with respect to the center position of the outer shape of the 
imaging lens 7 in the Sub-Scanning direction and reflects the 
light beam Rb from the mirror M1 so as to pass through 
between the imaging lens 6 and the imaging lens 7 to guide it 
to the scanned surface 8B. The second optical path length is 
thus set longer than the first optical path length, so that a first 
reflection point on the mirror M1 and a second reflection point 
on the mirror M2 of the light beam Rb can be positioned on 
the same side with respect to the center position of the outer 
shape of the imaging lens 7 in the Sub-Scanning direction. 
Accordingly, the mirror M2 can be disposed to a position 
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closer to the reference plane P0, and a height of the optical 
scanning apparatus 100 in the Sub-Scanning direction can be 
sufficiently reduced. 
0042. According to the present exemplary embodiment, it 

is configured that the light beam Rb reflected by the mirror 
M2 passes through between the imaging lens 6 and the imag 
ing lens 7, however, the configuration is not limited to the 
above-described one. In other words, the optical path from the 
deflector 5 to the imaging lens 7 and the optical path from the 
mirror M2 to the scanned surface 8B are only necessary to be 
configured to cross each other in the Sub-Scanning cross sec 
tion. According to the above-described configuration, there is 
no light beam passing below each imaging lens, and thus a 
configuration of an optical box storing each optical compo 
nent can be simplified. 
0043 FIG. 2A is a main scanning cross section drawing in 
which an optical path from the light Source 1A to the Scanned 
surface 8A is developed. FIG. 2B is a main scanning cross 
section drawing in which an optical path from the light source 
1B to the scanned surface 8B is developed. As illustrated in 
these drawings, according to the present exemplary embodi 
ment, the optical path lengths of the respective imaging opti 
cal systems SA and SB are differentiated from each other, so 
that a degree of freedom in arrangement of each optical com 
ponent is improved. When the shorter optical path length is 
defined as T1, and the longer optical path length is defined as 
T2, it is desirable that T1 and T2 satisfy a following condi 
tional equation (1). 

25s T2-T1s65 (1) 

0044) When a value is less than a minimum value of the 
conditional equation (1), it is difficult to restrict a height of the 
optical scanning apparatus 100 while avoiding interference of 
the light beam Rb with the imaging lens 7. Further, when a 
value is greater than a maximum value of the conditional 
equation (1), it is necessary to enlarge a shape difference 
between the first imaging portion 7A and the second imaging 
portion 7B in the imaging lens 7, and it is difficult to integrally 
mold the respective portions. In addition, it is further desir 
able to satisfy a following conditional equation (1a) to restrict 
the height of the optical scanning apparatus 100 while reduc 
ing the number of components. 

0045. According to the present exemplary embodiment, 
the optical path length corresponding to the imaging optical 
system SA is given as Ta-T1=155.733 mm, the optical path 
length corresponding to the imaging optical system SB is 
given as Tb-T2=197,000 mm, and T2-T1=41.267 mm is 
obtained, so that the conditional equations (1) and (1a) are 
satisfied. 
0046. As described above, in order to differentiate optical 
path lengths from each other and reduce the shape difference 
between the first imaging portion 7A and the second imaging 
portion 7B in the imaging lens 7, it is desirable to appropri 
ately set convergence of each light beam entering into the 
deflection Surface 5a in the main scanning cross section (con 
Vergence of the imaging optical system). In the main scanning 
cross section, when an optical distance (the optical path 
length) from a rear principal plane of the imaging optical 
system to the scanned Surface is defined as Sk (mm), and a 
focal length of the imaging optical system is defined as f 
(mm), the convergence of the imaging optical system is 
expressed as m=1-Sk/f. A state of the light beam entering into 
the deflection Surface 5a in the main Scanning cross section is 
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different according to the convergence. When the conver 
gence is given as m=0, the light beam is a parallel light beam, 
when the convergence is given as m-0, the light beam is a 
divergent light beam, and when the convergence is given as 
m0, the light beam is a convergent light beam. 
0047. When the convergence of the imaging optical sys 
tem corresponding to the shorter optical pathis defined as m1, 
and the convergence of the imaging optical system corre 
sponding to the longer optical path is defined as m2, it is 
desirable that m1 and m2 satisfy a following conditional 
equation (2). 

0.048. When a value is less than a minimum value of the 
conditional equation (2), it is necessary to enlarge the shape 
difference between the first imaging portion 7A and the sec 
ond imaging portion 7B to produce a difference in the optical 
path lengths, and it is difficult to integrally mold the respec 
tive portions. Further, when a value is greater than a maxi 
mum value of the conditional equation (2), an absolute value 
of either one of the convergence m1 and m2 becomes large, 
andjitter of the main Scanning direction (main scanningjitter) 
is largely generated which is caused by Surface eccentricity (a 
shift eccentricity error) of each deflection surface included in 
the deflector 5. In addition, it is further desirable to satisfy a 
following conditional equation (2a) to restrict the height of 
the optical scanning apparatus 100 while reducing the num 
ber of components. 

0049. In the main scanning cross section, an optical path 
length from a rear principal plane of the imaging optical 
system SA to the scanned surface 8A is defined as Sk1 (mm), 
and a focal length of the imaging optical system SA is defined 
as fl (mm). Further, in the main scanning cross section, an 
optical path length from a rear principal plane of the imaging 
optical system SB to the scanned surface 8B is defined as Sk2 
(mm), and a focal length of the imaging optical system SB is 
defined as f2 (mm). Furthermore, first convergence of the 
imaging optical system SA and second convergence of the 
imaging optical system SB are respectively defined as m1 =1- 
Sk1/fl and m2=1-Sk2/f2. In this regard, according to the 
present exemplary embodiment, the convergence of the imag 
ing optical system SA is given as ma=m1 =0.047, the conver 
gence of the imaging optical system SB is given as mb-m2=- 
0.254, and m1-m2=0.30 is obtained, so that the conditional 
equations (2) and (2a) are satisfied. In addition, when a 
greater one of Imlandm2 is defined as m, it is desirable that 
m satisfies a following conditional equation (3). 

0050. When a value is less than a minimum value of the 
conditional equation (3), it is necessary to enlarge the shape 
difference between the first imaging portion 7A and the sec 
ond imaging portion 7B to produce a difference in the optical 
path lengths, and it is difficult to integrally mold the respec 
tive portions. Further, when a value is greater than a maxi 
mum value of the conditional equation (3), the main scanning 
jitter is largely generated which is caused by the shift eccen 
tricity error of each deflection surface included in the deflec 
tor 5. In addition, it is further desirable to satisfy a following 
conditional equation (3a). 

O.22<n <0.4 (3a) 

0051. According to the present exemplary embodiment, 
since m=m2|=0.254 is given, the conditional equations (3) 
and (3a) are satisfied. 
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0052. When a scanning image height is defined as Y (mm), 
and a scanning field angle corresponding to the scanning 
image height Y is defined as 0(rad), a scanning characteristic 
(K0 characteristic) of the imaging optical system SR is 
expressed by an expression Y=K0. Here, a coefficient K 
which is a ratio of the scanning field angle 0 to the scanning 
image height Y is defined as the K0 coefficient. When, the K0 
coefficient of the imaging optical system corresponding to the 
shorter optical pathis defined as K1, and the K0 coefficient of 
the imaging optical system corresponding to the longer opti 
cal path is defined as K2, it is desirable that K1 and K2 satisfy 
a following conditional equation (4). 

0053. When a value is less than a minimum value of the 
conditional equation (4), it is difficult to realize both of the K0 
characteristic and correction of a field curvature in the main 
scanning direction. Further, when a value is greater than a 
maximum value of the conditional equation (4), it is neces 
sary to enlarge the shape difference between the first imaging 
portion 7A and the second imaging portion 7B to produce a 
difference in the optical path lengths, and it is difficult to 
integrally mold the respective portions. In order to reduce the 
shape difference between the first imaging portion 7A and the 
second imaging portion 7B and to obtain an excellent image 
forming performance, it is further desirable to satisfy a fol 
lowing conditional equation (4a). 

0054 According to the present exemplary embodiment, 
the K0 coefficient of the imaging optical system SA is given 
as Ka=K1=132.0 (mm/rad), the K0 coefficient of the imaging 
optical system SB is given as Kb=K2=167.0 (mm/rad), and 
K1/K2=0.79 is obtained, so that the conditional equations (4) 
and (4a) are satisfied. 
0055 As illustrated in FIG.3, the incident optical systems 
LA and LB according to the present exemplary embodiment 
respectively include aperture stops 2A and 2B, coupling 
lenses 3A and 3B, and cylindrical lenses (cylinder lenses) 4A 
and 4B. The incident optical systems LA and LB are a sub 
scanning oblique incidence optical system in which the light 
beams Ra and Rb are entered obliquely to the deflection 
Surface 5a in the Sub-Scanning cross section. When Such a 
Sub-Scanning oblique incidence optical system is adopted, 
each light beam can be separately deflected while Suppressing 
increase in the size of each deflection surface in the sub 
scanning direction. 
0056. In this regard, if an oblique incidence angle to the 
reference plane P0 is too large, it is difficult to correct defor 
mation of a spot due to a twist of wavefront aberration, 
whereas if the oblique incidence angle is too small, it is 
difficult to separate each optical path. Thus, according to the 
present exemplary embodiment, the oblique incidence angles 
of the incident optical systems LA and LB are respectively set 
to CSA=-3.0° and C.S.B=3.0°, and absolute values of the both 
oblique incidence angles are set to be 3.0°, so that the correc 
tion of the spot deformation and separation of each optical 
path are facilitated. 
0057 According to the present exemplary embodiment, a 
semiconductor laser is adopted as a light source, the light 
beams Ra and Rb emitted from the light sources 1A and 1B 
are divergent light beams, and the incident optical systems 
LA and LB convert the light beams Ra and Rb into approxi 
mately parallel light beams in the Sub-Scanning cross section. 
In addition, in the main scanning cross section, the light beam 
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Ra is converted into a weak convergent light beam (set to 
m=0.047) by the coupling lens 3A, and the light beam Rb is 
converted into a weak divergent light beam (set to m=-0.254) 
by the coupling lens 3B. In this regard, an anamorphic Surface 
is adopted to a light emitting Surface of each of the coupling 
lenses 3A and 3B, and a curvature radius of the main scanning 
cross section of each lens is differentiated, so that each con 
Vergence is set to a desired value. 
0058. The aperture stops 2A and 2B have an aperture 
diameter different from each other in the sub-scanning direc 
tion so that same spot diameters (a 1/e2 slice diameter of a 
peak light amount of the spot) are obtained on the respectively 
corresponding scanned surfaces 8A and 8B. The cylindrical 
lenses 4A and 4B respectively collect the light beams Ra and 
Rb which are formed (controlled their light amounts) by the 
aperture stops 2A and 2B and collected by the coupling lenses 
3A and 3B to the deflection surface 5a only in the sub 
scanning cross section to form a line image long in the main 
scanning direction. In this regard, in the main scanning cross 
section, respective angles C. between optical axes (or princi 
pal rays of the light beams Ra and Rb entering into the 
deflection surface 5a) of the incident optical systems LA and 
LB and optical axes of the imaging optical systems SA and 
SB are given as C=90°. 
0059. The incident optical systems LA and LB according 

to the present exemplary embodiment both include the same 
configurations except for shapes of the apertures formed on 
the aperture stops 2A and 2B and shapes of the light emitting 
surfaces of the coupling lenses 3A and 3B, and the optical 
path lengths from the light sources 1A and 1B to the deflec 
tion surface5a are also the same with each other. As described 
above, arrangement of optical components constituting the 
respective incident optical systems LA and LB are common 
alized, so that types of holding portions for holding each 
component and types of assembly tools can be reduced, and 
the productivity can be improved. 
0060. The deflector 5 according to the present exemplary 
embodiment is a rotating polygon mirror (a polygon mirror) 
including four deflection surfaces of which diameter of a 
circumscribed circle is 20 mm and is rotated in a direction 
indicated by an arrow Aata constant speed by a driving force 
generated by a driving unit (a motor), not illustrated. As 
illustrated in FIG. 2, each of the scanned surfaces 8A and 8B 
can be optically scanned in a direction indicated by an arrow 

laser wavelength (nm) 
laser irradiation angle in main scanning cross section 
(deg) 
laser irradiation angle in Sub-scanning cross section 
(deg) 
refractive index of coupling lens 3A 
refractive index of cylindrical lens 4A 
refractive index of imaging lens 6 
refractive index of first imaging portion 7A 
coordinate of rotation axis of polygon mirror (mm) 
defining deflection point on axis as (0, 0, 0) 
K0 coefficient (mm/rad) 
circumscribed circle diameter (mm) 
number of Surfaces of polygon mirror 
maximum scanning field angle (deg) 
stop diameter of aperture stop 2A (mm) 
(aperture has rectangular shape) 
effective scanning width (mm) 
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B by the rotation of the deflector 5. As illustrated in FIG. 1, 
when the light beams Ra and Rb are deflected by the deflec 
tion surface 5a of the deflector 5, light beams R'a and R'b 
emitted from light sources 1C and 1D of a scanning unit on a 
left side (-X side) with respect to the deflector 5 are deflected 
by a deflection surface different from the deflection surface 
5a. Then, the light beams R'a and R'b are guided to scanned 
surfaces 8C(M) and 8D(Y) by the imaging optical system SL 
having the same optical action as that of the above-described 
imaging optical systemSR. According to the above-described 
configuration, images in four colors, namely yellow (Y), 
magenta (M), cyan (C), and black (Bk), can be simulta 
neously formed. 
0061 Next, the configuration of the imaging optical sys 
tem is described in detail below. The configuration of the 
imaging optical system SB is the same as that of the imaging 
optical system SA except for the imaging lens 7. So that the 
imaging optical system SA is mainly described below. The 
imaging optical system SA collects the light beam Ra 
deflected by the deflector 5 on the scanned surface 8A and 
form a spot image. The imaging optical system SA is config 
ured so that the deflection surface 5a and the scanned surface 
8A are optically conjugated in the Sub-Scanning cross section. 
In other words, the imaging optical system SA forms a Surface 
tilt correction optical system which performs correction (Sur 
face tilt correction) on an influence due to a difference (a 
surface tilt) in an angle of tilt of each deflection surface in the 
Sub-Scanning cross section. 
0062. The following Tables 1 to 4 show specification val 
ues, optical arrangement, and a Surface shape of each imaging 
lens of the optical scanning apparatus 100 according to the 
present exemplary embodiment. In Table 1, specification val 
ues and lens arrangement of the incident optical system LA 
and the imaging optical system SA are shown. In Table 2, lens 
shapes of the incident optical system LA and the imaging 
optical system SA are shown. In Table 3, specification values 
and lens arrangement of the incident optical system LB and 
the imaging optical system SB are shown. In Table 4, lens 
shapes of the incident optical system LB and the imaging 
optical system SB are shown. Columns of the optical arrange 
ment in Tables 1 and 3 show coordinates of reflection points 
on the respective mirrors of the light beams Ra and Rb 
advancing toward a centerofanimage (an axial image height) 
in the main scanning direction on the scanned surface. 
TABLE 1 

Specification Value 

w 790 
Cl 90 

CSA -3 

n3A 1.762 
n4 1524 
nó 1524 
infa 1524 
X direction -5.683 
Y direction 4.315 
K 132.2O 
Rp (p20 
MEN 4 
0max 47.7 
Y direction 1.92 
Z direction 2.08 
W 210 
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TABLE 2-continued 

coupling lens 3A cylindrical lens 4A imaging lens 6 first imaging portion 7A 

incident light emitting incident light emitting incident light emitting incident light emitting 
Surface Surface Surface Surface Surface Surface Surface Surface 

UPPER m2 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO 1121 OE-05 7.3277E-05 
m4 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO 5.2648E-08 -3.0515E-08 
mó 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO -1.2745E-10 13199E-11 
m8 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO S.O799E-14 -5.1954E-14 
m10 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO 1.1301E-17 3.1990E-17 
m12 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 
m14 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 
m1 6 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 

LOWER m2 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO -3.1564E-O6 S.S14OE-OS 
m4 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO -4.5842E-O8 -6.1096E-08 
mó 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO 6.9331E-11 3.1353E-11 
m8 1. I OOOOOE--OO OOOOOE--OO OOOOOE--OO -3.7376E-14 13154E-14 
m10 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO -4.8091E-18 -18O27E-17 
m12 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 
m14 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 
m1 6 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 

additional C3 OOOOOE--OO -2.OOOOE-03 OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 
shape 

TABLE 3 

Specification Value 

laser wavelength (nm) w 790 
laser irradiation angle in main scanning cross section Cl 90 
(deg) 
laser irradiation angle in Sub-Scanning cross section CSB 3 
(deg) 
refractive index of coupling lens 3B n3 1.762 
refractive index of cylindrical lens 4B n4 1524 
refractive index of imaging lens 6 nó 1524 
refractive index of second imaging portion 7B 7B 1524 
coordinate of rotation axis of polygon mirror (mm) X direction -5.683 
defining deflection point on axis as (0, 0, 0) Y direction 4.315 
K0 coefficient (mm/rad) K 167.OO 
circumscribed circle diameter (mm) Rp (p20 
number of Surfaces of polygon mirror MEN 4 
maximum scanning field angle (deg) 0max 37.7 
stop diameter of aperture stop 2B (mm) Y direction 2.OO 
(aperture has rectangular shape) Z direction 2.74 
effective scanning width (mm) W 210 
distance from rear principal plane of imaging optical Sk 171734 
system B to scanned Surface in main scanning cross 
Section (mm) 
focal length of imaging optical system B in main f 136.966 
Scanning cross section (mm) 
convergence (1 - Skif) mb -O.254 
optical path length of imaging optical system B (mm) Tb 197 
(distance from deflection Surface to scanned surface) 
Sub-scanning cross magnification in imaging optical Bb -3.07 
system B (times) 
reflection angle of mirror M1 (deg) Y1 -4.8 
reflection angle of mirror M2 (deg) Y2 -50.O 
resolution in main scanning direction (dpi) Dpi m 600 
resolution in Sub-Scanning direction (dpi) Dpi S 600 

Optical Arrangement 

optical axis direction 
origin of each surface (expressed in direction cosine) 

X Y Z. X Y Z. 
coordinate coordinate coordinate component component component 

light source 1B O.OOO -113.844 -5.966 O.OOO -O.999 -0.052 
aperture stop 2B O.OOO -97.866 -5-129 O.OOO -O.999 -0.052 
coupling lens 3B incident Surface O.OOO -95.548 -S.OO7 O.OOO -O.999 -0.052 

light emitting Surface O.OOO -92.SS2 -4.850 O.OOO -O.999 -0.052 
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0063. In the optical axis direction of the imaging optical 
system SR, a distance from the scanned surface 8B to the 
reflection point on the first mirror M1 is defined as LD1, and 
a distance from the scanned surface 8A to the reflection point 
on the first mirror M1 is defined as LD2. In this regard, each 
component is arranged to satisfy the condition LD1>LD2, 
more specifically to satisfy that LD1 and LD2 are respectively 
46.886 (mm) and 20.114 (mm), according to the present 
exemplary embodiment. 
0064. According to the optical scanning apparatuses 
described in the patent literatures 1 to 3, each component 
needs to be arranged to satisfy LD1<LD2 to equalize an 
optical path length to each scanned Surface with each other, 
and thus it is difficult to downsize the entire apparatus while 
avoiding interference of the light beam Rb with the imaging 
lens 7. In contrast, according to the present exemplary 
embodiment, each component can be arranged to satisfy the 
condition LD1 >LD2 by making the optical path length cor 
responding to the imaging optical system SB longer than the 
optical path length corresponding to the imaging optical sys 
tem SA. In other words, the reflection point of the light beam 
Rb on the first mirror M1 can be brought closer to the scanned 
surface 8A than the scanned surface 8B, and thus the above 
described issue can be solved. 

0065. In the optical axis direction of the imaging optical 
system SR, a distance from the light emitting Surface of the 
imaging lens 7 to the reflection point on the first mirror M1 is 
defined as LM1, and a distance from the reflection point on 
the first mirror M1 to the scanned surface 8A is defined as 
LM2. In this regard, each component is arranged to satisfy the 
condition LM1 >LM2, more specifically to satisfy that LM1 
and LM2 are respectively 30.503 (mm) and 20.114 (mm), 
according to the present exemplary embodiment. Accord 
ingly, the reflection point of the first mirror M1 can be brought 
closer to the scanned surface 8A than the light emitting Sur 
face of the imaging lens 7, and the entire apparatus can be 
downsized while avoiding interference of the imaging lens 7 
with the light beam Rb. 
0066. The light emitting surfaces of the cylindrical lenses 
4A and 4B according to the present exemplary embodiment 
are diffractive Surfaces on which diffraction gratings are 
formed. The cylindrical lenses 4A and 4B are formed by 
injection molding using a plastic material and form a tem 
perature compensation optical system which compensates a 
change in a refraction power caused by an environmental 
variation with a change in a diffraction power caused by a 
wavelength variation of the semiconductor laser. When a 
diffraction order is defined as M, and a designed wavelength 
is defined as W. diffractive surfaces of the cylindrical lenses 
4A and 4B are defined by a phase function (p=27tM/W(C3Z2). 
According to the present exemplary embodiment, the first 
order diffracted light is used, and thus the diffraction order is 
given as M=1, and the designed wavelength is given as w-790 
nm. Z is a position of the Z direction in FIG. 3, and C3 is a 
coefficient. 

0067 Meridional line shapes (a shape in the main scan 
ning cross section) of the incident Surfaces and the light 
emitting Surfaces of the imaging lenses 6, 7A, and 7B accord 
ing to the present exemplary embodiment are all aspherical 
shapes expressed by functions up to twelfth order. When an 
intersection point of each lens surface (an optical Surface) and 
each optical axis is defined as a point of origin, an axis in the 
optical axis direction is defined as the X axis, and an axis 
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perpendicular to the X axis in the main scanning cross section 
is defined as the Yaxis, a meridional line shape X is expressed 
by a following expression. 

Y21 R Expression 1 
X = + 

1 + (1 - (1 + K)(Yf R)) 
BY + BY + Bxy + Boy' -- BY' 

0068. Here, R is a curvature radius (a curvature radius of 
the meridional line) in the main scanning cross section, and K. 
B4, B6, B8, B10, and B12 are aspherical coefficients. The 
aspherical coefficients B4, B6, B8, and B12 may be respec 
tively different on an oppositeside of the light source (+Yside 
in FIG.2) and on the light source side (-Yside in FIG.2) with 
respect to the optical axis of the optical scanning apparatus 
100. Accordingly, the meridional line shape can be asym 
metrical with respect to the optical axis in the main scanning 
direction. In Tables 2 and 4, values on the opposite side of the 
light source with respect to the optical axis are B4U. B6U. 
B8U, B10U, B12U, values on the light source side with 
respect to the optical axis are B4L, B6L, B8L, B1OL, and 
B12L, and these values are set to the same values. 
0069 Sagittal line shapes (a shape in the sub-scanning 
cross section) of the incident Surface and the light emitting 
Surface of the imaging lenses 6, 7A, and 7B according to the 
present exemplary embodiment is expressed by a following 
expression. 

Expression 2 

0070 A sagittal line shape S is a surface shape in a cross 
section perpendicular to the main Scanning cross section 
including a Surface normal on the meridional line at each 
position (each image height) in the main scanning direction, 
and M kin the expression is the aspherical coefficient. r is a 
curvature radius (a curvature radius of the Sagittal line) in the 
Sub-Scanning cross section at a position away a distance Y 
from the optical axis in the main scanning direction and 
expressed by a following expression. 

1 1 Xpression 3 
= + EY’ + Ey + Ey + Es Y+ Elo Y' Exp 

0071. Here, r is the curvature radius of the sagittal line on 
the optical axis, and E2, E4, E6, E8, and E10 are sagittal line 
change coefficients. When the aspherical coefficients E2 to 
E10 are differentiated on the light source side and on the 
opposite side with respect to the optical axis, an amount of the 
aspheric Surface of the Sagittal line shape can be set to asym 
metrical in the main scanning direction. A term of a first 
degree in the expression of the Sagittal line shape S contrib 
utes to a tilt amount (a Sagittal line tilt amount) of the lens 
Surface in the Sub-Scanning cross section. Thus, regarding the 
aspherical coefficients MO 1 to M16 1, when values 
MO 1U to M16 1U on the opposite side of the light source 
with respect to the optical axis are differentiated from values 



US 2016/0041492 A1 

of MO 1L to M16 1L on the light source side with respect 
to the optical axis side, the Sagittal line tilt amount can be 
asymmetrically changed in the main scanning direction. 
0072 Regarding the imaging lens 7 according to the 
present exemplary embodiment, as shown in Tables 2 and 4. 
the meridional line shape and the Sagittal line shape (a cur 
Vature of the Sagittal line and the Sagittal line tilt amount) are 
differentiated in the first imaging portion 7A and the second 
imaging portion 7B. As described above, the aspherical coef 
ficients regarding the first optical Surface and the second 
optical Surface constituting the multistage lens Surface 
included in the imaging lens 7 are differentiated from each 
other to optimize the respective surface shapes, and thus the 
optical characteristics of the imaging optical systems SA and 
SB of which optical paths are different from each other can be 
individually corrected. 
0073. According to the present exemplary embodiment, 
the first optical Surface included in the first imaging portion 
7A and the second optical surface included in the second 
imaging portion 7B are formed into the Surface shapes 
expressed by the expressions different from each other as 
shown in Tables 2 and 4, and thus an excellent image forming 
performance can be obtained in each of the imaging optical 
systems SA and SB. However, if the shape difference between 
the first imaging portion 7A and the second imaging portion 
becomes too large to correspond to the respective optical path 
lengths different from each other, it is difficult to integrally 
mold the respective portions. 
0.074 Thus, according to the present exemplary embodi 
ment, values of the curvature radius of the meridional line R 
and the aspherical coefficient Kare equalized with each other 
in the first imaging portion 7A and the second imaging por 
tion 7B So as to make shapes near the optical axis (on the 
optical axis and its periphery) identical in the main scanning 
direction. Accordingly, the first imaging portion 7A and the 
second imaging portion 7B can be configured to satisfy the 
above-described conditional equations (2) and (2a) while 
reducing the shape difference therebetween, and the excellent 
image forming performance can be obtained. In a precise 
sense, the shapes near the optical axis in the main scanning 
direction are not necessarily identical, and the similar effect 
can be obtained by constituting the shapes approximately 
identical. Further, according to the present exemplary 
embodiment, a shape of each lens surface is defined by the 
above-described expressions (functions). However, it is not 
limited to these expressions, and the shape may be defined by 
other expressions. 
0075 FIGS. 4A and 4B are graphs illustrating field curva 
ture (defocus characteristics) in the main scanning direction 
and the Sub-Scanning direction according to the present exem 
plary embodiment. FIG. 4A corresponds to the light beam Ra. 
and FIG. 4B corresponds to the light beam Rb. According to 
the present exemplary embodiment, an effective width of an 
image (a width of an effective scanning area on the scanned 
surface) is given as W-210 mm. As illustrated in FIG. 4A, 
regarding the imaging optical system SA, the field curvature 
in the main scanning direction is given as dim=1.8 mm, and the 
field curvature in the Sub-Scanning direction is given as 
dS=1.1 mm. As illustrated in FIG. 4B, regarding the imaging 
optical system SB, the field curvature in the main scanning 
direction is given as dm-2.0 mm, and the field curvature in the 
Sub-Scanning direction is given as dS=1.6 mm. Accordingly, it 
can be understood that the field curvature are appropriately 
corrected in both of the imaging optical systems SA and SB. 
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(0076 FIGS.5A and 5B are graphs illustrating fe) charac 
teristics dy1 according to the present exemplary embodiment. 
FIG. 5A corresponds to the light beam Ra, and FIG. 5B 
corresponds to the light beam Rb. The f6 characteristic dy1 
here indicates a difference between a position (image height) 
to which the light beam actually reaches on the Scanned 
Surface and a design value (ideal image height) thereof. As 
illustrated in FIG. 5A, a difference in the imaging optical 
system SA is 0.23 mm at a maximum, and as illustrated in 
FIG. 5B, a difference in the imaging optical system SB is 0.26 
mm at a maximum. Thus, according to the present exemplary 
embodiment, an image clock (a light emitting timing of the 
light source) is varied according to each image height, and the 
difference of the f) characteristic dy1 is reduced to suppress 
color displacement in the main scanning direction. A deficient 
correction of the f) characteristic may be electrically cor 
rected by changing the image clock, however, if the difference 
of the ff) characteristic becomes too large, a spot diameter 
itself in the main scanning direction changes. However, as 
illustrated in FIGS. 5A and 5B, according to the present 
exemplary embodiment, the difference of the f6 characteris 
tics to change the spot diameter itself does not occur, and thus 
occurrence of density unevenness in an image can be Sup 
pressed. 
0077 FIGS. 6A and 6B are graphs illustrating scanning 
line bending dz according to the present exemplary embodi 
ment. FIG. 6A corresponds to the light beam Ra, and FIG. 6B 
corresponds to the light beam Rb. The Scanning line bending 
dZhere indicates a difference between a focus position in the 
Sub-Scanning direction at each image height and a focus posi 
tion in the Sub-Scanning direction at a center of the image (an 
axial image height). As illustrated in FIG. 6A, a difference in 
the imaging optical system SA is 7 um at a maximum, and as 
illustrated in FIG. 6B, a difference in the imaging optical 
system SB is 6 um at a maximum. However, a level of either 
difference does not affect an image to be formed. 
(0078 FIGS. 7A and 7B illustrate cross-sectional shapes of 
spots at each image height according to the present exemplary 
embodiment. FIG. 7A corresponds to the light beam Ra, and 
FIG. 7B corresponds to the light beam Rb. FIGS. 7A and 7B 
illustrate spot shapes in cross sections sliced at 2%. 5%, 10%, 
13.5%, 36.8%, and 50% of the peak light amount of the spot 
at each image height Y. Normally, in the optical scanning 
apparatus adopting the Sub-Scanning oblique incidence opti 
cal system, a phenomenon is observed in which a spot is 
deformed due to a twist of the wavefrontaberration. However, 
according to the present exemplary embodiment, the power 
arrangement of each lens Surface and the Sagittal line tilt 
amounts of the incident Surface and the light emitting Surface 
of the imaging lens 7 are optimized, and thus the scanning line 
bending and the twist of the wavefront aberration are both 
corrected. 

(0079 Accordingly, as illustrated in FIGS. 7A and 7B, fine 
spot shapes with less twist can be obtained throughout all 
image heights. However, according to the present exemplary 
embodiment, to suppress the difference of the surface shapes 
between the first imaging portion 7A and the second imaging 
portion 7B, occurrence of coma aberration at an off-axis 
image height is allowed within a range not affecting an image. 
Thus, as illustrated in FIG. 7B, side lobes in the main scan 
ning direction become larger at the image heights Y=-105. 
-50, 50, and 105. However, a hue of the scanned surface (a 
photosensitive drum) corresponding to the imaging optical 
system SB is cyan, and an effect on an image is Small com 
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pared to the imaging optical system SA corresponding to a 
photosensitive drum for black. 
0080 FIGS. 8A and 8B illustrate main scanning jitters dy2 
when a shift eccentricity error in the deflection surface is 10 
um. FIG. 8A corresponds to the light beam Ra, and FIG. 8B 
corresponds to the light beam Rb. As illustrated in FIG. 8A, 
the main scanning jitter in the imaging optical system SA is 
0.8 um at a maximum, and as illustrated in FIG. 8B, the main 
scanning jitter in the imaging optical system SB is 5.1 um at 
a maximum, so that the jitters can be suppressed to a level 
causing no problem. 
0081. The imaging lens 7 according to the present exem 
plary embodiment is arranged in Such a manner that a center 
position of the outer shape in the Sub-Scanning direction 
coincides with a reference plane P0, and the centerposition of 
the outer shape becomes aboundary portion between the first 
imaging portion 7A and the second imaging portion 7B. In 
addition, the optical axis of the first imaging portion 7A is set 
to a position shifted 2.24 mm below from the reference plane 
P0 in the sub-scanning direction, and the optical axis of the 
second imaging portion 7B is set to a position shifted 2.24 
mm above from the reference plane P0 in the sub-scanning 
direction. According to the above-described configuration, 
positions of the respective optical axes to be references of the 
expressions defining the first and the second optical Surfaces 
can be arranged near the entering positions of the light beams 
Ra and Rb, so that it becomes easier to associate the Surface 
shape with the image forming performance, and evaluation of 
the Surface shape at the time of molding can be facilitated. 
0082 In the first imaging portion 7A and the second imag 
ing portion 7B, intersection points with respective optical 
axes are defined as Surface vertices. In this regard, as shown in 
Tables 1 and 3, positions of the respective surface vertices of 
the incident surface and the light emitting surface of the first 
imaging portion 7A and positions of the respective Surface 
Vertices of the incident Surface and the light emitting Surface 
of the second imaging portion 7B coincide with each other in 
the main scanning direction and in the optical axis direction. 
According to the above-described configuration, the shape 
difference between the first imaging portion 7A and the sec 
ond imaging portion 7B near the optical axis can be Sup 
pressed to a minimum. In this regard, “coincidence' 
described here includes “approximate coincidence', and the 
similar effect can be obtained if the configurations do not 
precisely coincide with each other. 
0083 FIG.9 is a schematic diagram (a sub-scanning cross 
section drawing) illustrating of the boundary portion of the 
light emitting Surface (the multistage lens Surface) of the 
imaging lens 7. In FIG. 9, a scale and a shape are different 
from the actual ones (which are enlarged and emphasized) to 
facilitate understanding of the descriptions. According to the 
present exemplary embodiment, shapes (a curvature and a 
Sagittal line tilt amount in the Sub-Scanning cross section) of 
the first optical Surface included in the first imaging portion 
7A and the second optical surface included in the second 
imaging portion 7B in the Sub-Scanning cross section are 
different from each other in the entire effective area in the 
main scanning direction. Thus, entering and emitting 
amounts of the first optical Surface and the second optical 
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surface at the boundary portion are different from each other 
in the Sub-Scanning cross section at each image height in the 
main scanning direction, and the boundary portion therebe 
tween will be a discontinuity. In other words, as illustrated in 
FIG.9, the first optical surface and the second optical surface 
are shifted from each other at the boundary portion in the 
optical axis direction (the X direction), and a level difference 
is generated therebetween. 
I0084 FIG.10A is a graph illustrating a difference between 
a meridional line shape of the first optical Surface and a 
meridional line shape of the second optical Surface included 
in the imaging lens 7. In FIG. 10A, a vertical axis indicates a 
meridional line shape difference, and when a sign of the shape 
difference is positive, it indicates that the second imaging 
portion 7B is at a position farther from the deflector than the 
first imaging portion 7A in the optical axis direction. In addi 
tion, when the sign of the shape difference is negative, it 
indicates that the second imaging portion 7B is at a position 
closer to the deflector than the first imaging portion 7A. 
According to the present exemplary embodiment, arrange 
ment and Surface shapes of the incident Surface and light 
emitting Surface of the imaging lens 7 are respectively set so 
that the difference between the meridional line shapes of the 
first imaging portion 7A and the second imaging portion 7B is 
brought to Zero on the optical axis and its periphery. In addi 
tion, the meridional line shape of the second optical Surface 
on a side of which optical path length is longer is changed to 
separate away from the deflector 5 with respect to the first 
optical Surface on a side of which optical path length is shorter 
toward the end portion from the optical axis in the main 
scanning direction. 
I0085 More specifically, when the shape difference 
between the first imaging portion 7A and the second imaging 
portion 7B on the optical axis is defined as X(O), it is config 
ured that the shape difference X(O) of the incident surface is 
0 (mm), and the shape difference X(O) of the light emitting 
Surface is 0 (mm). Next, when considering off-axis coordi 
nates, for example, -40, -30, +30, and +40 (mm), away from 
the optical axis in the main scanning direction, the shape 
difference between the first imaging portion 7A and the sec 
ond imaging portion 7B at each coordinate is described as 
follows. The shape difference at each coordinate of the inci 
dent surface is given as X(-40)=900 (mm), X(-30)=245 
(mm), X(+30)=245 (mm), and X(+40)=825 (mm). Further, 
the shape difference at each coordinate of the light emitting 
surface is given as X(-40)=1189 (mm), X(-30)=362 (mm), 
X(+30)–362 (mm), and X(+40)=1110 (mm). 
I0086. As described above, according to the present exem 
plary embodiment, the shapes of the first imaging portion 7A 
and the second imaging portion 7B are set so as to make the 
shape difference at the off-axis larger than the shape differ 
ence on the optical axis. By changing the difference between 
the meridional line shapes as described above, the meridional 
line shape difference can be minimized for obtaining an 
excellent optical performance in both of the imaging optical 
systems SA and SB of which optical path lengths are differ 
ent, and molding of the imaging lens 7 is facilitated. In a 
precise sense, the difference between the meridional line 
shapes near the optical axis is not necessarily to be Zero, and 
the similar effect can be obtained by constituting the differ 
ence to be approximately Zero. 
I0087. When a maximum value of the surface shape differ 
ence between the first optical surface and the second optical 
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Surface is defined as Xmax (mm) in the entire area of a light 
beam using area (an effective area) of the imaging lens 7, it is 
desirable that Xmax satisfies a following conditional equa 
tion (5). 

0.1s, maxils.S.0 (5) 

0088. When a value is greater thana maximum value of the 
conditional equation (5), the imaging lens 7 warps in the 
Sub-Scanning cross section at the time of injection molding, 
and curvature of a scanning line and the wavefront aberration 
may be deteriorated. Further, when a value is less than a 
minimum value of the conditional equation (5), it is difficult 
to satisfy both of the image forming performances of a main 
scanning image plane and theft) characteristic in the imaging 
optical system SA and the imaging optical system SB. In 
addition, it is further desirable to satisfy a following condi 
tional equation (5a). 

0.2smaxls3.0 (5a) 

0089. According to the present exemplary embodiment, 
Xmax of the incident surface is 0.90 (mm), Xmax of the light 
emitting surface is 1.19 (mm), and both values satisfy the 
conditional equations (5) and (5a). As described above, the 
convergence ma of the imaging optical system SA and the 
convergence mb the imaging optical system SB are differen 
tiated from each other so as to bring the scanned surface into 
focus when the shapes of the first imaging portion 7A and the 
second imaging portion 7B near the optical axis approxi 
mately coincide with each other in the main scanning cross 
section. 
0090 FIG. 10B is a graph illustrating a difference between 
a thickness of the first imaging portion 7A and a thickness of 
the second imaging portion 7B. The thickness described here 
is a distance from the incident Surface to the light emitting 
Surface at each position (each image height) of the imaging 
lens 7 in the main scanning direction According to the present 
exemplary embodiment, as illustrated in FIG. 10B, a thick 
ness difference near the optical axis is Zero, and the thickness 
of the first imaging portion 7A becomes larger than the thick 
ness of the second imaging portion 7B toward the end portion 
from the optical axis in the main scanning direction. Since the 
thickness difference is changed as described above, an effect 
to strengthen a negative power of the second imaging portion 
7B relatively to the first imaging portion 7A toward the end 
portion from the optical axis in the main scanning direction 
can be obtained. According to the effect, when a minimum 
shape difference is provided, the field curvature in the main 
scanning direction can be appropriately corrected in both of 
the imaging optical systems SA and SB of which optical paths 
are different from each other. In a precise sense, the thickness 
difference near the optical axis is not necessarily to be Zero, 
and the similar effect can be obtained by constituting the 
difference to be approximately zero. 
0091. When a maximum value of the thickness difference 
between the first imaging portion 7A and the second imaging 
portion 7B is defined as dmax (mm) in the entire effective area 
of the imaging lens 7, it is desirable that dmax satisfies a 
following conditional equation (6). 

0.05sldmaxls5.0 (6) 

0092. When a value is greater thana maximum value of the 
conditional equation (6), the imaging lens 7 warps in the 
Sub-Scanning cross section at the time of injection molding, 
and the curvature of the scanning line and the wavefront 
aberration may be deteriorated. Further, when a value is less 
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than a minimum value of the conditional equation (6), it is 
difficult to satisfy both of the image forming performances of 
a main scanning image plane and the fe) characteristic in the 
imaging optical system SA and the imaging optical system 
SB. In addition, it is further desirable to satisfy a following 
conditional equation (6a). 

0.1sldmaxls4.0 (6a) 

0093. According to the present exemplary embodiment, 
dmax is 0.29 (mm), and both of the conditional equations (6) 
and (6a) are satisfied. 
0094 FIG. 10C is a graph illustrating a level difference 
between the first imaging portion 7A and the second imaging 
portion 7B at the boundary portion. In FIG. 10C, a vertical 
axis indicates the level difference at the boundary portion, in 
other words, a shift (a difference between entering and emit 
ting amounts) between the first optical Surface and the second 
optical Surface at the boundary portion in the optical axis 
direction. When a sign of the level difference is positive, it 
indicates that the second imaging portion 7B is at a position 
farther from the deflector than the first imaging portion 7A in 
the optical axis direction. In addition, when the sign of the 
level difference is negative, it indicates that the second imag 
ing portion 7B is at a position closer to the deflector than the 
first imaging portion 7A. As illustrated in FIG. 10C, the level 
difference is less than or equal to 1400 um in the entire area of 
the light beam using area of the imaging lens 7. Thus, occur 
rence of deformation and tendency of the lens surface due to 
a stress of thermal deformation near the level difference 
which is caused by the level difference at the time of injection 
molding of the imaging lens 7 can be suppressed to a level 
causing no problem. 
0095. In addition, according to the present exemplary 
embodiment, when a focusing magnification in the Sub-Scan 
ning cross section of the imaging optical system correspond 
ing to the longer optical path is defined as Bs, it is desirable 
that BS satisfies a following conditional equation (7). 

0096. When a value is greater thana maximum value of the 
conditional equation (7), deterioration of pitch variation due 
to the surface tilt and the deficient correction of the wavefront 
aberration occur. Further, when a value is less than a mini 
mum value of the conditional equation (7), the imaging lens 7 
closest to the scanned surface on the optical path gets too 
close to the Scanned surface. As a result, even if the optical 
path lengths corresponding to the imaging optical system SA 
and the imaging optical system SB are differentiated from 
each other, it is difficult to avoid interference of the light beam 
Rb with the imaging lens 7. In addition, it is further desirable 
to satisfy a following conditional equation (7a). 

0097. According to the present exemplary embodiment, 
the focusing magnification in the Sub-Scanning cross section 
of the imaging optical system SA is given as Ba -2.29 
(times), the focusing magnification in the Sub-Scanning cross 
section of the imaging optical system SB is given as Bb=-3.07 
(times), and Bs-Bb is obtained, so that those values satisfy 
both of the conditional equations (7) and (7a). 
0098. As described above, the optical scanning apparatus 
100 according to the present exemplary embodiment can 
Sufficiently reduce a height of the Sub-Scanning direction 
while reducing the number of components. 
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0099 FIGS. 11 to 13 are diagrammatic illustrations of 
main parts of an optical scanning apparatus 200 according to 
a second exemplary embodiment of the present invention. 
FIG. 11 is a ZX cross section drawing (a Sub-Scanning cross 
section drawing), FIGS. 12A and 12B are XY cross section 
drawings (a main scanning cross section drawing), and FIG. 
13 is a YZ cross section drawing. The optical scanning appa 
ratus 100 according to the above-described first exemplary 
embodiment guides the light beam Rb which is deflected and 
reflected to an upper side (+Z side) than the reference plane 
P0 by the deflector 5 to the scanned surface 8B. In contrast, 
the optical scanning apparatus 200 according to the present 
exemplary embodiment is different from the optical scanning 
apparatus 100 according to the first exemplary embodiment at 
the point that the light beam Rb which is deflected and 
reflected to a lower side (-Z side) than the reference plane P0 
by the deflector 5 is guided to the scanned surface 8B. 
0100. In other words, according to the present exemplary 
embodiment, the light beam Rb from the imaging lens 7 is 
reflected downward to the imaging lens 7 by the mirror M1 
disposed on a lower side with respect to the center position of 
the outer shape of the imaging lens 7 in the Sub-Scanning 
direction as illustrated in FIG. 11. In addition, the light beam 
Rb from the mirror M1 is reflected and guided to the scanned 
surface 8B by the mirror M2 disposed on the lower side with 
respect to the center position of the outer shape of the imaging 
lens 7 in the Sub-Scanning direction. According to the above 
described configuration, the present exemplary embodiment 
can realize both of avoidance of interference of the light beam 
Rb with the imaging lens 7 and downsizing of the apparatus 
while reducing a difference between the optical path lengths 
of the imaging optical system SA and the imaging optical 
system SB than the first exemplary embodiment. 
0101. According to the present exemplary embodiment, 
the optical path length corresponding to the imaging optical 

laser wavelength (nm) 
laser irradiation angle in main scanning cross section 
(deg) 
laser irradiation angle in Sub-Scanning cross section 
(deg) 
refractive index of coupling lens 3A 
refractive index of cylindrical lens 4A 
refractive index of imaging lens 6 
refractive index of first imaging portion 7A 
coordinate of rotation axis of polygon mirror (mm) 
defining deflection point on axis as (0, 0, 0) 
K0 coefficient (mm/rad) 
circumscribed circle diameter (mm) 
number of Surfaces of polygon mirror 
maximum scanning field angle (deg) 
stop diameter of aperture stop 2A (mm) 
(aperture has rectangular shape) 
effective scanning width (mm) 
distance from rear principal plane of imaging optical 
system A to scanned surface in main scanning cross 
section (mm) 
focal length of imaging optical system A in main 
scanning cross section (mm) 
convergence (1 - Skif) 
optical path length of imaging optical system A (mm) 
(distance from deflection Surface to Scanned Surface) 
Sub-Scanning cross magnification in imaging optical 
system A (times) 
reflection angle of mirror M3 (deg) 
resolution in main scanning direction (dpi) 
resolution in Sub-Scanning direction (dpi) 
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system SA is given as Ta-T1=161.114 mm, the optical path 
length corresponding to the imaging optical system SB is 
given as Tb-T2=197,000 mm, and T2-T1=35.886 mm is 
obtained, so that the conditional equations (1) and (1a) are 
satisfied. In addition, the convergence of the imaging optical 
system SA is given as ma=m 1=0.008, the convergence of the 
imaging optical system SB is given as mb-m2=-0.254, and 
m1-m2=0.26 is obtained, so that the conditional equations 
(2) and (2a) are satisfied. 
0102. As described above, according to the present exem 
plary embodiment, the difference between the optical path 
lengths is Small in comparison with the first exemplary 
embodiment, and thus the difference between the conver 
gence can be reduced in comparison with the first exemplary 
embodiment. Accordingly, when the convergence of the 
imaging optical system SA is set to a small value close to Zero 
(ma=0.008-0), the light beam entering into the deflector 5 
can be an approximately parallel light beam in the main 
scanning cross section. Thus, the imaging optical system SA 
according to the present exemplary embodiment can Suppress 
the main scanning jitter generated due to large convergence. 
0103) According to the present exemplary embodiment, 
m= m2|=|mb|=0.254 is obtained, and the conditional equa 
tions (3) and (3a) are satisfied. Further, the K0 coefficient of 
the imaging optical system SA is given as Ka=K1=136.5 
(mm/rad), the K0 coefficient of the imaging optical system 
SB is given as Kb=K2=167.0 (mm/rad), and K1/K2=0.82 is 
obtained, so that the conditional equations (4) and (4a) are 
satisfied. 
0104 Similar to the first exemplary embodiment, specifi 
cation values, optical arrangement, and a Surface shape of 
each imaging lens of the optical scanning apparatus 200 
according to the present exemplary embodiment are shown in 
the following Tables 5 to 8. 
TABLE 5 

Specification Value 

w 790 
Cl 90 

CSA 3 

n3A 1.762 
n4 1524 
nó 1524 
infa 1524 
X direction -5.683 
Y direction 4.315 
K 136.50 
Rp (p20 
MEN 4 
0max 47.7 
Y direction 1.90 
Z direction 2.14 
W 210 
Sk 135.848 

f 136.966 

8 O.OO8 

Ta 161114 

fa -2.36 

Y3 45.2 
Dpi m 600 
Dpi S 600 
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coupling lens 3A cylindrical lens 4A imaging lens 6 

incident light emitting 
Surface Surface 

m10 1 
m12 1 
m14 1 
m1 6 1 

additional C3 
shape 

laser wavelength (nm) 
laser irradiation angle in main scanning cross section 
(deg) 
laser irradiation angle in Sub-Scanning cross section 
(deg) 
refractive index of coupling lens 3B 
refractive index of cylindrical lens 4B 
refractive index of imaging lens 6 
refractive index of second imaging portion 7B 
coordinate of rotation axis of polygon mirror (mm) 
defining deflection point on axis as (0, 0, 0) 
K0 coefficient (mm/rad) 
circumscribed circle diameter (mm) 
number of Surfaces of polygon mirror 
maximum scanning field angle (deg) 
stop diameter of aperture stop 2B (mm) 
(aperture has rectangular shape) 
effective scanning width (mm) 
distance from rear principal plane of imaging optical 
system B to scanned Surface in main scanning cross 
Section (mm) 
focal length of imaging optical system B in main 
Scanning cross section (mm) 
convergence (1 - Skif) 
optical path length of imaging optical system B (mm) 
(distance from deflection Surface to scanned surface) 
Sub-scanning cross magnification in imaging optical 
system B (times) 
reflection angle of mirror M1 (deg) 
reflection angle of mirror M2 (deg) 
resolution in main scanning direction (dpi) 
resolution in Sub-Scanning direction (dpi) 

light source 1B 
aperture stop 2B 
coupling lens 3B incident Surface 

light emitting Surface 
cylindrical lens 4B incident Surface 

light emitting Surface 
polygon mirror 5 deflection surface 5a 

(deflection point on axis) 
imaging lens 6 incident Surface 

light emitting Surface 
Second imaging portion 7B incident surface 

light emitting Surface 
mirror M1 reflection surface 
mirror M2 reflection surface 
scanned surface 8B 

15 

TABLE 6-continued 

incident 
Surface 

OOOOOE--OO 
OOOOOE--OO 
OOOOOE--OO 
OOOOOE--OO 
OOOOOE--OO 

light emitting incident 
Surface Surface 

OOOOOE--OO 
OOOOOE--OO 
OOOOOE--OO 
OOOOOE--OO 

-2.OOOOE-03 OOOOOE--OO 

TABLE 7 

Specification Value 

w 
Cl 

CSB 

X direction 
Y direction 
K 
Rp 
MEN 
0max 
Y direction 
Z direction 
W 
Sk 

Optical Arrangement 

origin of each surface 

coordinate coordinate coordinate 

O.OOO 
O.OOO 
O.OOO 
O.OOO 
O.OOO 
O.OOO 
O.OOO 

17.200 
23.200 
39.200 
44.2OO 
86.690 
27.817 
27.817 

-113.844 
-97.866 
-95.548 
-92.SS2 
-79.770 
-76.774 

O.OOO 

-0.237 
-0.237 
-0.237 
-0.237 

O.OOO 
-0.237 

light emitting 
Surface 

OOOOOE--OO 
OOOOOE--OO 
OOOOOE--OO 
OOOOOE--OO 
OOOOOE--OO 

incident 
Surface 
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first imaging portion 7A 

light emitting 
Surface 

-93746E-18 -1995SE-17 
OOOOOE--OO OOOOOE--OO 
OOOOOE--OO OOOOOE--OO 
OOOOOE--OO OOOOOE--OO 
OOOOOE--OO OOOOOE--OO 

790 
90 

-3 

1.762 
1524 
1524 
1524 

-5.683 
4.315 

167.OO 
(p20 
4 

37.7 
2.OO 
2.74 

210 
171734 

136.966 

-O.254 
197 

-3.07 

4.8 
-40.0 
600 
600 

optical axis direction 
(expressed in direction cosine) 

Z. X Y Z. 
component component component 

S.966 O.OOO -O.999 O.OS2 
S.129 O.OOO -O.999 O.OS2 
5.007 O.OOO -O.999 O.OS2 
4.8SO O.OOO -O.999 O.OS2 
4.181 O.OOO -O.999 O.OS2 
4.024 O.OOO -O.999 O.OS2 
O.OOO 

O.OOO 1.OOO O.OOO O.OOO 
O.OOO 1.OOO O.OOO O.OOO 

-2.240 1.OOO O.OOO O.OOO 
-2.240 1.OOO O.OOO O.OOO 
-2.755 O.996 O.OOO O.O84 
-13125 O.766 O.OOO -0.643 
-63.702 O.OOO O.OOO -1.OOO 

A surface vertex position is expressed by coordinates when defining a deflection point on axis as (X,Y,Z) = (0, 0, 0) (unit:mm) 
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TABLE 8 

coupling lens 3B cylindrical lens 4B imaging lens 6 second imaging portion 7B 

incident light emitting incident light emitting incident light emitting incident light emitting 
Surface Surface Surface Surface Surface Surface Surface Surface 

Main Scanning Direction 

R ce -15.8362 ce -38143E--O1 -2.3O21E--O1 -2.8381E--O2 3.446OE--O2 
K OOOOOE--OO -3.9315E-O1 -2.O156E--OO -4.7798E--O2 -4.3345E-02 

UPPER B2 u OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 
B4 u OOOOOE--OO 6.2445E-06 -44448E-06 - 16855E-07 -3.3155E-06 
B6 u OOOOOE--OO 5.8484E-09 12596E-O8 -9.2369E-10 13461E-09 
B8 u OOOOOE--OO OOOOOE--OO OOOOOE--OO 4.7087E-13 -7.157OE-13 
B10 u OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 2.2O34E-16 
B12 u. OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 

LOWER B2 OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 
B4 OOOOOE--OO 6.2445E-06 -44448E-06 - 16855E-07 -3.3155E-06 
B6 OOOOOE--OO 5.8484E-09 12596E-O8 -9.2369E-10 13461E-09 
B8 OOOOOE--OO OOOOOE--OO OOOOOE--OO 4.7087E-13 -7.157OE-13 
B10 OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 2.2O34E-16 
B12 OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 

Sub-Scanning Direction 

r ce -152164 5.8621E--O1 S.OOOOE--O1 1.6137E--O1 9.3012E--O1 -16496E--O1 
UPPER E2 u. OOOOOE--OO OOOOOE--OO -4.0637E-OS 6.45O8E-OS 8.8221E-OS 

E4 u OOOOOE--OO OOOOOE-00 - 7.2436E-O8 -18984E-O7 -15735E-07 
E6 u OOOOOE--OO OOOOOE--OO 9.1894E-11 2.416SE-10 14032E-10 
E8 u OOOOOE--OO OOOOOE--OO OOOOOE--OO -1.1795E-13 -3.656OE-14 
E10 u OOOOOE--OO OOOOOE--OO OOOOOE--OO 9.3OSOE-18 -74921E-18 

LOWER E2 OOOOOE--OO OOOOOE--OO -4.0637E-OS 6.45O8E-OS 8.8221E-OS 
E4 OOOOOE--OO OOOOOE-00 - 7.2436E-O8 -2.240SE-O7 -19775E-07 
E6 OOOOOE--OO OOOOOE--OO 9.1894E-11 3.309SE-10 2.5121E-10 
E8 OOOOOE--OO OOOOOE--OO OOOOOE--OO -2.745SE-13 -18581E-13 
E10 OOOOOE--OO OOOOOE--OO OOOOOE--OO 9.2721E-17 5.5617E-17 
mO 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO -6.5129E-O2 S.S854E-O2 

UPPER m2 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO -7.8946E-O6 - 6.85 14E-OS 
m4 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO -3.81O8E-08 3.1322E-08 
m6 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO 11148E-10 -9.6611E-12 
m8 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO -5.2353E-14 4.5267E-14 
m10 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO -1.0469E-17 -3.1862E-17 
m12 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 
m14 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 
m1 6 1 u OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 

LOWER m2 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO 6.1463E-O6 -5.1154E-OS 
m4 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO 5.8312E-08 6.3996E-08 
mó 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO -7.8929E-11 -3.0974E-11 
m8 1. I OOOOOE--OO OOOOOE--OO OOOOOE--OO 3.4393E-14 - 16293E-14 
m10 1 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO 9.3746E-18 1995SE-17 
m12 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 
m14 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 
m1 6 1 OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 

additional C3 OOOOOE--OO -2.OOOOE-03 OOOOOE--OO OOOOOE--OO OOOOOE--OO OOOOOE--OO 
shape 

0105. According to the present exemplary embodiment, further reduced than the first exemplary embodiment. 
each component is also arranged to satisfy the condition 
LD1>LD2, more specifically to satisfy that LD1 and LD2 are 
respectively 58.873 (mm) and 8.127 (mm), as with the case of 
the first exemplary embodiment. In addition, each component 
is arranged to satisfy the condition LM1 >LM2, more specifi 
cally to satisfy that LM1 and LM2 are respectively 42.490 
(mm) and 8.127 (mm). As shown in Tables 6 and 8, according 
to the present exemplary embodiment, the aspherical coeffi 
cients corresponding to the Surface shapes of the first imaging 
portion 7A and the second imaging portion 7B are differen 
tiated from each other as with the case of the first exemplary 
embodiment. 
0106. According to the present exemplary embodiment, 
the difference between the optical path lengths is small in 
comparison with the first exemplary embodiment, therefore 
the shape difference between the first imaging portion 7A and 
the second imaging portion 7B in the imaging lens 7 can be 

According to the first exemplary embodiment, the shapes of 
the first imaging portion 7A and the second imaging portion 
7B near the optical axis in the main scanning direction are 
approximately the same. However, according to the present 
exemplary embodiment, the shapes near the optical axis in the 
Sub-Scanning direction also have vertically symmetrical 
shapes across the boundary portion. More specifically, values 
of the curvature radius R of the meridional line, the aspherical 
coefficient K, and the curvature radius r of the sagittal line of 
the incident surface are respectively the same in the first 
imaging portion 7A and the second imaging portion 7B. 
Further, an aspherical coefficient mo 1 indicating the Sagit 
tal line tilt amount on the optical axis is set to a value having 
a same absolute value and an opposite sign in the first imaging 
portion 7A and the second imaging portion 7B. 
0107 FIG. 14A is a graph illustrating field curvature in the 
main scanning direction and the Sub-Scanning direction 
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according to the present exemplary embodiment. As illus 
trated in FIG. 14A, regarding the imaging optical system SA, 
the field curvature in the main scanning direction is given as 
dm=1.9 mm, and the field curvature in the sub-scanning 
direction is given as dS=1.6 mm. In addition, as illustrated in 
FIG. 14B, regarding the imaging optical system SB, the field 
curvature in the main scanning direction is given as dm 2.0 
mm, and the field curvature in the Sub-Scanning direction is 
given as ds 1.6 mm. Accordingly, it can be understood that 
the field curvature are appropriately corrected in both of the 
imaging optical systems SA and SB. 
0108 FIGS. 15A and 15B are graphs illustrating ft) char 
acteristics dy1 according to the present exemplary embodi 
ment. As illustrated in FIG. 15A, a difference in the imaging 
optical system SA is 0.16 mm at a maximum, and as illus 
trated in FIG. 15B, a difference in the imaging optical system 
SB is 0.26 mm at a maximum. According to the present 
exemplary embodiment, the difference of the f) characteris 
tics to change the spot diameter itself does not occur, and thus 
occurrence of density unevenness in an image can be Sup 
pressed. 
0109 FIGS. 16A and 16B are graphs illustrating scanning 
line bending dz according to the present exemplary embodi 
ment. As illustrated in FIG.16A, a difference in the imaging 
optical system SA is 7um at a maximum, and as illustrated in 
FIG. 16B, a difference in the imaging optical system SB is 6 
um at a maximum. However, a level of either difference does 
not affect an image to be formed. 
0110 FIGS. 17A and 17B illustrate cross-sectional shapes 
of spots at each image height according to the present exem 
plary embodiment. According to the present exemplary 
embodiment, the power arrangement of each lens Surface and 
the Sagittal line tilt amounts of the incident Surface and the 
light emitting Surface of the imaging lens 7 are also opti 
mized, and thus the scanning line bending and the twist of the 
wavefront aberration are both corrected. Accordingly, fine 
spot shapes with less twist can be obtained throughout all 
image heights. 
0111 FIGS. 18A and 18B illustrate main scanning jitters 
dy2 when a shift eccentricity error in the deflection surface is 
10 Lum. As illustrated in FIG. 18A, the main scanning jitter in 
the imaging optical system SA is 0.8 um at a maximum, and 
as illustrated in FIG. 18B, the main scanning jitter in the 
imaging optical system SB is 5.1 um at a maximum, so that 
the jitters can be Suppressed to a level causing no problem. 
0112 FIG. 19A is a graph illustrating a difference between 
a meridional line shape of the first optical Surface and a 
meridional line shape of the second optical Surface included 
in the imaging lens 7. According to the present exemplary 
embodiment, arrangement and Surface shapes of the incident 
Surface and light emitting Surface of the imaging lens 7 are 
respectively set so that the first imaging portion 7A and the 
second imaging portion 7B have approximately no difference 
in the meridional line shapes on the optical axis and its periph 
ery. In addition, the meridional line shape of the second 
optical Surface on a side of which optical path length is longer 
is changed to separate away from the deflector 5 with respect 
to the first optical surface on a side of which optical path 
length is shorter toward the end portion from the optical axis 
in the main scanning direction. According to the present 
exemplary embodiment, Xmax of the incident surface is 0.28 
(mm), Xmax of the light emitting Surface is 0.44 (mm), and 
both values satisfy the conditional equations (5) and (5a). 
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0113 FIG. 19B is a graph illustrating a difference between 
a thickness of the first imaging portion 7A and a thickness of 
the second imaging portion 7B. According to the present 
exemplary embodiment, a thickness difference near the opti 
cal axis is also approximately Zero, and the thickness of the 
first imaging portion 7A becomes larger than the thickness of 
the second imaging portion 7B toward the end portion from 
the optical axis in the main scanning direction. Further, 
according to the present exemplary embodiment, dmax is 
0.17 (mm), and both of the conditional equations (6) and (6a) 
are satisfied. 
0114 FIG. 19C is a graph illustrating a level difference 
between the first imaging portion 7A and the second imaging 
portion 7B at the boundary portion. The level difference is 
less than or equal to 600 um in the entire area of the light beam 
using area of the imaging lens 7. According to the present 
exemplary embodiment, the focusing magnification in the 
Sub-Scanning cross section of the imaging optical system SA 
is given as Ba -2.36 (times), the focusing magnification in 
the Sub-Scanning cross section of the imaging optical system 
SB is given as Bb=-3.07 (times), and Bs-Bb is obtained, so 
that those values satisfy both of the conditional equations (7) 
and (7a). 
0.115. As described above, the optical scanning apparatus 
200 according to the present exemplary embodiment can 
further reduce the shape difference between the first imaging 
portion 7A and the second imaging portion 7B which is 
necessary for obtaining an excellent optical performance by 
setting the difference between the optical path lengths corre 
sponding to the imaging optical system SA and the imaging 
optical system SB smaller than that of the first exemplary 
embodiment. In addition, as illustrated in FIGS. 19A to 19C, 
each of the shape difference, the thickness difference, and the 
level difference at the boundary portion in the main scanning 
direction can be made smaller than those of the first exem 
plary embodiment, and thus the present exemplary embodi 
ment can further improve an issue at the time of injection 
molding, such as a warp of a lens caused by Vertical asym 
metry property of the shape of the imaging lens 7. 
0116 FIG. 20 is a ZX cross section drawing (a sub-scan 
ning cross section drawing) of an optical scanning apparatus 
300 according to a third exemplary embodiment. The optical 
scanning apparatus 300 according to the present exemplary 
embodiment is different from the optical scanning apparatus 
100 according to the first exemplary embodiment at the point 
that the optical scanning apparatus 300 adopts a multistage 
polygon mirror having deflection Surfaces each of which is 
vertically divided into two as the deflector 5. Since the mul 
tistage polygon mirror is adopted as the deflector 5, the light 
beam emitted from each light source can be entered into the 
deflection Surface 5a without an angle in the Sub-Scanning 
cross section, and thus the Surface shape of the imaging lens 
7 can be simplified in comparison with the first exemplary 
embodiment which adopts the Sub-Scanning oblique inci 
dence optical system. More specifically, the imaging lens 7 
can be designed without using a sagittal line tilt for correcting 
curvature of a scanning line and a twist of a wavefront aber 
ration caused by the Sub-Scanning oblique incidence optical 
system. 

Image Forming Apparatus 

0117 FIG. 21 is a diagrammatic illustration (a ZX cross 
section drawing) of main parts of an image forming apparatus 
according to the exemplary embodiments of the present 
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invention. The image forming apparatus 60 is a tandem type 
color image forming apparatus which includes the optical 
scanning apparatuses 100 according to any one of the above 
described exemplary embodiments and records image infor 
mation in parallel on photosensitive surfaces of four photo 
sensitive drums. 

0118. As illustrated in FIG. 21, an external device 52, such 
as a personal computer, outputs a color signal of each color, 
namely R (red), G (green), and B (blue). These color signals 
are converted into respective image data (dot data) pieces of Y 
(yellow), M (magenta), C (cyan), and K (black) by a printer 
controller 53 in the apparatus and input to the optical scanning 
apparatus 100. The printer controller 53 controls each unit, 
Such as a motor described below, in the image forming appa 
ratus 60 in addition to the conversion of data. 

0119 The optical scanning apparatus 100 scans photosen 
sitive Surfaces (scanned Surfaces) of photosensitive drums 
(photosensitive members) 21 to 24 as image bearing members 
in the main scanning direction (Y direction) with light beams 
41 to 44 modulated in response to each image data. Each of 
the photosensitive drums 21 to 24 is rotated clockwise by the 
motor, not illustrated, and with this rotation, the photosensi 
tive surface of each photosensitive drum is moved to the 
Sub-Scanning direction (Z direction) with respect to the light 
beams 41 to 44. The photosensitive surfaces of the photosen 
sitive drums charged by a charging roller, not illustrated, are 
exposed to the respective light beams 41 to 44, so that elec 
trostatic latent images are formed on the respective photosen 
sitive surfaces. 

0120. Then, the electrostatic latent images of the respec 
tive colors formed on the photosensitive surfaces of the pho 
tosensitive drums 21 to 24 are developed as toner images of 
the respective colors by developing units 31 to 34. The toner 
images of the respective colors are transferred by a transfer 
unit, not illustrated, to overlap with each other onto a trans 
ferred material conveyed by a conveyance belt 51, and then 
fixed by a fixing unit 70. A sheet of a full color image is thus 
formed by the above-described processes. 
0121. In this regard, a color digital copying machine may 
be configured by connecting a color image reading apparatus 
including a line sensor, such as a charge coupled device 
(CCD) sensor and a complementary metal oxide semiconduc 
tor (CMOS) sensor, as the external device 52 to the image 
forming apparatus 60. 

Modification 

0122) While the present invention has been described with 
reference to exemplary embodiments, it is to be understood 
that the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
modifications, equivalent structures, and functions. 
0123 For example, according to the above-described 
exemplary embodiments, a polygon mirror including a plu 
rality of deflection surfaces is adopted as a deflector, however 
the deflector is not limited to this. A resonance type deflector 
may be adopted which deflects a light beam by reciprocally 
vibrating one single deflection Surface around a Swing axis. 
When the resonance type deflector is used, occurrence of the 
above-described pitch variation caused by the surface tilt and 
main scanning jitter caused by the Surface eccentricity can be 
Suppressed. In addition, the deflector 5 of the optical scanning 
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apparatus 200 according to the second exemplary embodi 
ment may be the multistage polygon mirror described in the 
third exemplary embodiment. 
0.124. According to the above-described exemplary 
embodiments, the multistage lens Surface of the imaging lens 
7 is formed in such a manner that the first optical surface and 
the second optical Surface are discontinuous at the boundary 
portion and has a level difference therebetween, however, it is 
not limited to this. For example, a boundary portion having 
continuity may be formed by expressing an area near the 
boundary portion in a spline shape (the first optical Surface 
and the second optical Surface are connected by a spline 
function), and an entire area of the multistage lens Surface 
may be expressed by a power series polynomial of the main 
scanning direction and the Sub-Scanning direction. 
0.125. According to the above-described exemplary 
embodiments, the imaging optical system is constituted with 
two imaging lenses. However, the imaging optical system is 
not limited to this and may be constituted with three imaging 
lenses or one single imaging lens. In addition, each light 
Source may be a monolithic multiple beam laser including a 
plurality of light emitting points. 
0.126 While the present invention has been described with 
reference to exemplary embodiments, it is to be understood 
that the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
Such modifications and equivalent structures and functions. 
I0127. This application claims the benefit of Japanese 
Patent Applications No. 2014-163209, filed Aug. 8, 2014 and 
No. 2014-163210, filed Aug. 8, 2014, which are hereby incor 
porated by reference herein in their entirety. 
What is claimed is: 
1. An optical scanning apparatus comprising: 
first and second light Sources; 
a deflector configured to respectively deflect first and sec 

ond light beams emitted from the first and second light 
Sources by a first deflection Surface and Scan first and 
second scanned surfaces in a main scanning direction; 
and 

first and second imaging optical systems configured to 
respectively collect the first and second light beams 
deflected by the deflector to the first and second scanned 
Surfaces, 

wherein the first and second imaging optical systems 
include a shared multistage lens including first and Sec 
ond optical Surfaces arranged in a Sub-Scanning direc 
tion to which each of the first and second light beams 
enters, 

wherein the second scanned Surface is disposed on a posi 
tion closer to the deflector than the first scanned surface, 
and 

wherein a second optical path length from the first deflec 
tion Surface to the second scanned Surface is longer than 
a first optical path length from the first deflection surface 
to the first scanned Surface. 

2. The optical scanning apparatus according to claim 1, 
wherein shapes of the first and second optical Surfaces are 
asymmetrical with each other in the Sub-Scanning direction. 

3. The optical scanning apparatus according to claim 1, 
further comprising a first mirror configured to reflect the 
second light beam passing through the second optical Surface; 
and a second mirror configured to reflect the second light 
beam reflected by the first mirror, wherein a first reflection 
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point on the first mirror and a second reflection point on the 
second mirror of the second light beam are positioned on a 
same side with respect to a center position of an outer shape 
of the multistage lens in the Sub-Scanning direction. 

4. The optical scanning apparatus according to claim 3, 
wherein a distance from the first reflection point to the second 
scanned surface is longer than a distance from the first reflec 
tion point to the first scanned Surface in an optical axis direc 
tion. 

5. The optical scanning apparatus according to claim 3, 
wherein a distance from a light emitting Surface of the mul 
tistage lens to the first reflection point is longer thana distance 
from the first reflection point to the first scanned surface in an 
optical axis direction. 

6. The optical scanning apparatus according to claim 3, 
wherein the second reflection point exists on a position farther 
from the second scanned surface than the multistage lens in 
the Sub-Scanning direction. 

7. The optical scanning apparatus according to claim 1, 
wherein an optical path from the deflector to the multistage 
lens and an optical path from the second mirror to the second 
scanned surface cross with each other in a Sub-Scanning cross 
section. 

8. The optical scanning apparatus according to claim 3, 
wherein a mirror other than the first and second mirrors is not 
disposed on an optical path from the first deflection surface to 
the second scanned surface. 

9. The optical scanning apparatus according to claim 1, 
wherein, when the first optical path length is defined as T1 
(mm), and the second optical path length is defined as T2 
(mm), a condition, 

is satisfied. 
10. The optical scanning apparatus according to claim 1, 

wherein, in a main scanning cross section, when an optical 
path length from a rear principal plane of the first imaging 
optical system to the first scanned surface is defined as Sk1 
(mm), a focal length of the first imaging optical system is 
defined as fl (mm), an optical path length from a rear princi 
pal plane of the second imaging optical system to the second 
scanned Surface is defined as Sk2 (mm), a focal length of the 
second imaging optical system is defined as f2 (mm), first 
convergence of the first imaging optical system is defined as 
m1 =1-Sk1/fl, and second convergence of the second imag 
ing optical system is defined as m2=1-Sk2/f2, a condition, 

is satisfied. 
11. The optical scanning apparatus according to claim 1, 

wherein, in a main scanning cross section, when an optical 
path length from a rear principal plane of the first imaging 
optical system to the first scanned surface is defined as Sk1 
(mm), a focal length of the first imaging optical system is 
defined as fl (mm), an optical path length from a rear princi 
pal plane of the second imaging optical system to the second 
scanned Surface is defined as Sk2 (mm), a focal length of the 
second imaging optical system is defined as f2 (mm), first 
convergence of the first imaging optical system is defined as 
m1 =1-Sk1/fl, second convergence of the second imaging 
optical system is defined as m2=1-Sk2/f2, and a greater one 
of Iml and m2 is defined as m, a condition 

is satisfied. 
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12. The optical scanning apparatus according to claim 1, 
wherein, when a K0 coefficient of the first imaging optical 

system is defined as K1, and a K0 coefficient of the 
second imaging optical system is defined as K2, a con 
dition 

0.65sk1, K220.85 

is satisfied. 
13. The optical scanning apparatus according to claim 1, 

wherein a relative surface shape of the second optical Surface 
with respect to the first optical surface has a shape of which 
distance from the deflector increases from an optical axis 
toward an end portion in the main scanning direction. 

14. The optical scanning apparatus according to claim 1, 
wherein, when a maximum value of a surface shape differ 
ence between the first optical surface and the second optical 
Surface is defined as Xmax (mm), a condition 

0.1s, maxils.S.O 

is satisfied. 
15. The optical scanning apparatus according to claim 1, 

wherein the first and second optical Surfaces are disposed to 
be shifted from each other in an optical axis direction at a 
boundary portion. 

16. The optical scanning apparatus according to claim 1, 
wherein a difference between a first thickness corresponding 
to the first optical Surface and a second thickness correspond 
ing to the second optical Surface in the multistage lens 
becomes larger from an optical axis toward an end portion in 
the main scanning direction. 

17. The optical scanning apparatus according to claim 1, 
wherein, when a maximum value of a difference between a 
first thickness corresponding to the first optical Surface and a 
second thickness corresponding to the second optical Surface 
in the multistage lens is defined as dmax (mm), a condition 

0.05sldmaxls5.0 

is satisfied. 
18. The optical scanning apparatus according to claim 1, 

wherein, when a magnification of the second imaging optical 
system in a Sub-Scanning cross section is defined as Bs, a 
condition 

is satisfied. 
19. An image forming apparatus comprising: 
first and second light Sources; 
a deflector configured to respectively deflect first and sec 

ond light beams emitted from the first and second light 
Sources by a first deflection Surface and Scan first and 
second scanned Surfaces in a main scanning direction; 

first and second imaging optical systems configured to 
respectively collect the first and second light beams 
deflected by the deflector to the first and second scanned 
Surfaces, 

a developing unit configured to develop an electrostatic 
latent image formed on the first and second scanned 
Surfaces by the first and second imaging optical systems 
as a toner image: 

a transfer unit configured to transfer the developed toner 
image to a transferred material; and 

a fixing unit configured to fix the transferred toner image to 
the transferred material, 

wherein the first and second imaging optical systems 
include a shared multistage lens including first and Sec 



US 2016/0041492 A1 

ond optical Surfaces arranged in a Sub-Scanning direc 
tion to which each of the first and second light beams 
enters, 

wherein the second scanned Surface is disposed on a posi 
tion closer to the deflector than the first scanned surface, 
and 

wherein a second optical path length from the first deflec 
tion Surface to the second scanned Surface is longer than 
a first optical path length from the first deflection surface 
to the first scanned Surface. 

20. An optical scanning apparatus comprising: 
first and second light Sources; 
a deflector configured to respectively deflect first and sec 
ond light beams emitted from the first and second light 
Sources by a first deflection Surface and Scan first and 
second scanned surfaces in a main scanning direction; 
and 

first and second imaging optical systems configured to 
respectively collect the first and second light beams 
deflected by the deflector to the first and second scanned 
Surfaces, 

wherein the first and second imaging optical systems 
include a shared multistage lens including first and sec 
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ond optical Surfaces arranged in a Sub-Scanning direc 
tion to which each of the first and second light beams 
enters, 

wherein a second optical path length from the first deflec 
tion Surface to the second scanned Surface is longer than 
a first optical path length from the first deflection surface 
to the first scanned Surface, and 

wherein, in a main scanning cross section, when an optical 
path length from a rear principal plane of the first imag 
ing optical system to the first scanned surface is defined 
as Sk1 (mm), a focal length of the first imaging optical 
system is defined as fl (mm), an optical path length from 
a rear principal plane of the second imaging optical 
system to the second scanned Surface is defined as Sk2 
(mm), a focal length of the second imaging optical sys 
tem is defined as f2 (mm), first convergence of the first 
imaging optical system is defined as m1 =1-Sk1/fl, and 
second convergence of the second imaging optical sys 
tem is defined as m2=1-Sk2/f2, a condition, 

is satisfied. 


