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(57) ABSTRACT 

An optical scanning apparatus for optically scanning a 
surface to be scanned at a constant velocity includes a light 
source for emitting a light ?uX, a ?rst optical lens system for 
coupling the light ?uX emitted by the light source to a 
subsequent optical lens system, a second optical lens system 
for forming the light ?uX received from the ?rst optical lens 
system into a line irnage extending in a direction corre 
sponding to a main scanning direction for the surface to be 
scanned, an optical de?ector for de?ecting the light ?uX 
formed as the line irnage via a de?ecting re?ective plane 
thereof, Which is located near Where the line image is 
formed, and a third optical lens system for condensing the 
de?ected light ?uX as an optical beam spot on the surface to 
be scanned. The second optical lens system includes at least 
one plastic lens and one glass lens, and a surface of the at 
least one plastic lens of the second optical lens system is 
con?gured such that a change in a curvature of ?eld in 
directions corresponding to the main scanning direction and 
the sub scanning direction, respectively, Which is caused by 
a change in the plastic lens of the third optical lens system 
due to changes in an operating temperature, is corrected and 
compensated. 
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OPTICAL SCANNING APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of pending appli 
cation No. 09/239,686 ?led Jan. 29, 1999. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an optical scanning 
apparatus, and more particularly to an optical scanning 
apparatus Which is constructed to correct a change in the 
curvature of ?eld of a lens caused by an operating tempera 
ture change so as to form a small-diameter optical beam spot 
on a surface to be scanned regardless of changes in the 
operating temperature. 

[0004] 2. Description of Related Art 

[0005] An optical scanning apparatus is often provided in 
laser printers, digital copying machines or facsimile 
machines. It is also Well knoWn to use plastic material for 
manufacturing a lens to reduce the cost of the lens or to form 
a surface of the lens so as to have a speci?c shape. For a 
scanning image forming lens used for forming a de?ected 
light ?ux into an image on a scanning surface, there are 
proposed various lens shapes for correcting the curvature of 
?eld and the constant velocity characteristics, and plastic 
material is knoWn to be suitable for forming such lens shapes 
to achieve such correction of curvature of ?eld. 

[0006] The curvature of ?eld and the refractive index of 
the surface of a plastic lens both change in accordance With 
a change in the volume of the lens due to an operating 
temperature change. As a result, the lens performance and 
especially the curvature of ?eld changes in accordance With 
changes in the operating temperature. A change of the 
curvature of ?eld causes an increase in the diameter of an 
optical beam spot formed on a scanning surface, and con 
sequently, loWers the resolution of optical scanning and 
images formed by such scanning. 

[0007] A change of the curvature of ?eld of a plastic lens 
caused by a temperature change occurs in an opposite 
manner in positive and negative lenses. Accordingly, a 
change of the curvature of ?eld of a plastic scanning image 
forming lens caused by a temperature change can be cor 
rected by arranging another plastic lens having a poWer 
opposite to that of the scanning image forming lens along an 
optical path betWeen a light source and an optical de?ector. 
Such an arrangement offsets the change in the curvature of 
?eld of the plastic scanning image forming lens by having a 
suitable change in the curvature of ?eld of another plastic 
lens, as disclosed in Japanese Patent Laid-open Publication 
Nos. 8-160330 and 8-292388. 

[0008] In the optical scanning apparatus described in JP 
8-160330 and 8-292388, the plastic lens arranged betWeen 
the light source and the optical de?ector does not have a 
poWer relative to a direction corresponding to a main 
scanning direction. Therefore, the plastic lens arranged 
betWeen the light source and the optical de?ector does not 
correct a change of the curvature of ?eld in the direction 
corresponding to the main scanning direction Which is 
caused by the changes in operation temperature. As a result, 
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an increase in the diameter of the optical beam spot in the 
main scanning direction cannot be prevented. The direction 
corresponding to a main scanning direction herein refers to 
the direction corresponding a scanning direction of an 
optical scanning apparatus along an optical path from a light 
source to a scanning surface and the direction corresponding 
to a sub scanning direction refers to a direction correspond 
ing to a sub scanning direction of the optical scanning 
apparatus along the same light path, Which is substantially 
perpendicular to the main scanning direction. 

[0009] Further, for preventing an increase of an optical 
beam spot diameter in the sub scanning direction, it is 
knoWn that Wave-front aberration must be considered not 
only for paraxial light ?uxes but also for the entire light 
?uxes. 

SUMMARY OF THE INVENTION 

[0010] Preferred embodiments of the present invention 
overcome the problems described above by providing an 
optical scanning apparatus, Which is constructed and 
arranged to include a plastic lens for a scanning image 
forming lens for forming a de?ected light ?ux into an image 
on a scanning surface such that the plastic lens corrects any 
change in the curvature of ?eld in both the main scanning 
direction and the sub scanning direction, Which change in 
curvature of ?eld is caused by a change in operating tem 
perature, and to consequently form an optical beam spot 
having a very small diameter on the scanning surface 
regardless of changes in the operating temperature. 

[0011] The preferred embodiments of the present inven 
tion also provide an optical scanning apparatus Which is 
constructed to correct an effect of the change in the curvature 
of ?eld relative to the paraxial light ?uxes in the sub 
scanning direction and also to correct the Wave-front aber 
ration relative to the entire light ?uxes in the sub scanning 
direction. 

[0012] According to a speci?c preferred embodiment of 
the present invention, an optical scanning apparatus includes 
a light source, a ?rst optical lens system, a second optical 
lens system, an optical de?ector and a third optical lens 
system. A semiconductor laser or a light emitting diode 
(LED) may be used as the light source. The ?rst optical lens 
system couples a divergent light ?ux emitted from the light 
source to a subsequent optical lens system, Which is the 
second optical lens system. The ?rst optical lens system 
converts the light ?ux emitted from the light source either to 
a parallel light ?ux or to a Weak converging or Weak 
diverging light ?ux. The second optical lens system forms 
the light ?ux emerged from the ?rst optical lens system into 
a line image extending in a direction corresponding to the 
main scanning direction. The optical de?ector has a de?ect 
ing re?ective surface located near Where the line image is 
formed and de?ects the light ?ux re?ected by the de?ecting 
re?ective surface. A rotating polygonal mirror, a rotating 
single-surface mirror or a rotating double-surface mirror 
may be used for the optical de?ector. The third optical lens 
system condenses the de?ected light ?ux on a surface to be 
scanned as an optical beam spot so as to scan the surface to 
be scanned. The third optical lens system preferably includes 
at least one plastic lens. The third optical lens system may 
include tWo or more lenses, or may be constructed by a 
combination of one or more lenses and a concave-shaped 
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mirror having an image forming function. A ?at-surface 
mirror may be arranged to bend a light path for the de?ected 
light ?uX, in addition to the third optical lens system, 
betWeen the optical de?ector and the surface to be scanned, 
depending upon the arrangement of the optical scanning 
apparatus. The second optical lens system preferably 
includes at least one plastic lens and one glass lens. 

[0013] According to one feature of preferred embodiments 
of the present invention, the surface of the plastic lens in the 
second optical lens system is formed such that a change in 
the curvature of ?eld in the main scanning direction and in 
the sub scanning direction caused by a change in the volume 
of the plastic lens in the third optical lens system, Which is 
caused by a change in the operating temperature, is accu 
rately and completely corrected. Accordingly, the change in 
the curvature of ?eld in the main scanning direction and the 
sub scanning direction, Which is caused by changes in the 
operating temperature, is substantially prevented and 
thereby the diameter of the optical beam spot is kept very 
small. 

[0014] In the above described optical scanning apparatus, 
the plastic lens of the third optical lens system may be 
con?gured to have a positive poWer in both directions 
corresponding to the main scanning direction and the sub 
scanning direction, respectively, and the plastic lens of the 
second optical lens system may be con?gured so as to be an 
anamorphic lens having a negative poWer in both directions 
corresponding to the main scanning direction and the sub 
scanning direction and the glass lens of the second optical 
lens system may be con?gured to have a positive poWer at 
least in the sub scanning direction. By constructing the 
second optical lens system as described above to achieve a 
synergistic effect of the glass and plastic lenses, the char 
acteristics required for the second optical lens system can be 
distributed betWeen the glass and plastic lenses. More spe 
ci?cally, the plastic lens of the second optical lens system is 
arranged and constructed to eliminate any effects of changes 
in the curvature of ?eld in the third optical lens system 
caused by changes in an operating temperature. As a result, 
the design of the second optical lens system can be greatly 
facilitated and the eXcellent performance of the second 
optical lens system can be achieved relatively easily. 

[0015] Further, the plastic lens of the second optical lens 
system may include at least one surface Which has a non-arc 
shape in the sub scanning cross section. As a result, changes 
in the curvature of ?eld in the main scanning direction and 
the sub scanning direction caused by changes in the oper 
ating temperature are substantially prevented and further, the 
spherical aberration in the sub scanning direction is reduced. 
Accordingly, the diameter of the optical beam spot is kept 
very small and has a much more uniform and constant siZe. 
It is also possible for the plastic lens of the second optical 
lens system to include at least one surface Which has a 
non-arc shape in both the main scanning direction and the 
sub scanning direction. 

[0016] Furthermore, the plastic lens of the second optical 
lens system may include a surface Which has a symmetrical 
shape relative to the optical aXis and Which has a negative 
poWer. Thereby, treatment and measurement of the plastic 
lens are facilitated and the eccentric tolerance of the plastic 
lens is increased. 

[0017] According to another speci?c preferred embodi 
ment of the present invention, the third optical lens system 
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functioning as a scanning image forming lens includes at 
least one plastic lens Which has a positive poWer at least in 
the direction corresponding to the sub scanning direction. 
The second optical lens system includes at least one plastic 
lens and one glass lens as in the above described preferred 
embodiment. The plastic lens preferably has a negative 
poWer at least in the direction corresponding to the sub 
scanning direction and has at least one surface having a 
non-arc shape in the sub scanning cross section. The glass 
lens preferably has a positive poWer at least in the sub 
scanning direction. Therefore, any change in the curvature 
of ?eld in the sub scanning direction caused by changes in 
the operation temperature is substantially prevented and the 
spherical aberration in the sub scanning direction is greatly 
decreased. Accordingly, the diameter of the optical beam 
spot is kept very small. 

[0018] Further, in any of the above described preferred 
embodiments, the third optical lens system may be con 
structed by one plastic anamorphic lens having positive 
poWers Which are different in the main scanning direction 
and the sub scanning direction and the second optical lens 
system may be constructed to include one plastic and one 
glass lenses. Thus, the total number of lenses in the optical 
scanning apparatus may be reduced and consequently, the 
construction and the assembly of the optical scanning appa 
ratus are simpli?ed and the cost of the apparatus is signi? 
cantly decreased. Moreover, because the plastic lens can be 
made by a mold and can be easily formed to have a desired 
shape, it is relatively easy to form the plastic lens so as to 
have a desired non-arc shape. 

[0019] According to still another speci?c preferred 
embodiment of the present invention, the third optical lens 
system includes at least one plastic lens having a positive 
poWer at least in the direction corresponding to the sub 
scanning direction. The second optical lens system is con 
?gured to include at least tWo lenses, one made of plastic and 
the other made of glass. The plastic lens of the second 
optical lens system preferably has a negative poWer in the 
direction corresponding to the sub scanning direction, and in 
addition, has at least one surface having a non-arc shape in 
the main scanning cross section and one surface having a 
non-arc shape in the sub scanning cross section. The glass 
lens has a positive poWer at least in the direction corre 
sponding to the sub scanning direction. The glass lens may 
have a poWer in the direction corresponding to the main 
scanning direction also. Because of the above con?guration 
including the surface having a non-arc shape in the main 
scanning direction, the plastic lens of the second optical lens 
system also has a poWer in the main scanning direction. 

[0020] The above poWer of the plastic lens of the second 
optical system in the direction corresponding to the main 
scanning direction may be set so as to be opposite to that of 
the plastic lens of the third optical lens system. That is, the 
plastic lens of the second optical lens system may include a 
negative poWer in the direction corresponding to the main 
scanning direction also. When the plastic lens of the second 
optical lens system includes a negative poWer in the direc 
tion corresponding to the main scanning direction, the 
plastic lens of the third optical lens system (scanning image 
forming lens) is positive. 

[0021] In the preferred embodiment described in the pre 
vious paragraph, the plastic lens of the second optical lens 



US 2002/0089731 A1 

system may be con?gured so as to include a surface having 
a negative power only in the direction corresponding to the 
sub scanning direction and a non-arc shape in the sub 
scanning cross section and a surface having a negative 
poWer only in the direction corresponding to the main 
scanning direction and a non-arc shape in the main scanning 
cross section. Further, the plastic lens of the second optical 
lens system may be con?gured to have a surface having a 
negative poWer only in the direction corresponding to the 
sub scanning direction and a non-arc shape in the sub 
scanning cross section, and a coaXial non-spherical surface, 
Which is formed to have a symmetrical shape relative to the 
optical ads. 

[0022] These and other features, advantages and elements 
of the present invention Will be apparent from the folloWing 
detailed description of the preferred embodiments With 
reference to the accompanying draWings as described beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a diagram illustrating a preferred embodi 
ment of an optical scanning apparatus of the present inven 
tion; 
[0024] FIGS. 2(a) and 2(b) are diagrams illustrating the 
curvature of ?eld and the constant velocity characteristics of 
a ?rst eXample of preferred embodiments of the present 
invention, respectively; 
[0025] FIG. 3 is a diagram illustrating a spherical aber 
ration of an optical beam spot at a Zero image height of a 
second eXample of the preferred embodiments of the present 
invention; 
[0026] FIG. 4 is a diagram illustrating the spherical aber 
ration of an optical beam spot at a Zero image height of a 
comparative eXample for comparison to the second eXample 
of the preferred embodiments; 

[0027] FIG. 5 is a diagram illustrating the spherical aber 
ration of an optical beam spot at a Zero image height of a 
third eXample of the preferred embodiments; 

[0028] FIG. 6 is a diagram illustrating the spherical aber 
ration of an optical beam spot at a Zero image height of a 
comparative eXample for comparison to the third eXample; 

[0029] FIGS. 7(a) and 7(b) are diagrams illustrating the 
curvature of ?eld and the constant velocity characteristics at 
an operating temperature of about 20 degrees centigrade of 
a fourth eXample of the preferred embodiments, respec 
tively; 

[0030] FIG. 8 is diagram illustrating the spherical aber 
ration in the sub scanning cross section of the fourth 
eXample shoWn in FIG. 7; 

[0031] FIG. 9 is diagram illustrating the spherical aber 
ration in the sub scanning cross section of a comparative 
eXample 1 for comparison to the fourth eXample; 

[0032] FIG. 10 is diagram illustrating the spherical aber 
ration in the main scanning cross section of the fourth 
eXample shoWn in FIG. 7; 

[0033] FIG. 11 is a diagram illustrating the spherical 
aberration in the main scanning cross section of a compara 
tive eXample 2 for comparison to the fourth eXample shoWn 
in FIG. 7; 
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[0034] FIG. 12 is a diagram illustrating the spherical 
aberration embodiments in the sub scanning cross section of 
a ?fth eXample of the preferred; and 

[0035] FIG. 13 is diagram illustrating the spherical aber 
ration in the main scanning cross section of a comparative 
eXample 3 for comparison to the ?fth eXample. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0036] Speci?c preferred embodiments of the present 
invention Will noW be described. 

[0037] In FIG. 1 Which illustrates a preferred embodiment 
of an optical scanning apparatus in accordance With the 
present invention, a semiconductor laser as a light source 10 
emits a laser ?uX preferably having a Wave length of about 
780 nm at about 20 degrees centigrade, for eXample. A ?rst 
optical lens system 12 couples a divergent light ?uX from the 
light source 1 to a subsequent optical system. The ?rst 
optical lens system 12 may preferably be constructed by a 
glass lens, Which is hardly in?uenced by operating environ 
ment conditions, such as temperature. Further, the ?rst 
optical lens system 12 preferably may be formed to have a 
non-spherical shape for preventing spherical aberration. 

[0038] A second optical lens system 14 preferably 
includes a plastic lens 141 and a glass lens 142, and 
condenses a light ?uX incident from the ?rst lens system 12 
so as to form a line image Which eXtends in a direction 
corresponding to the main scanning direction. The plastic 
lens 141 preferably has a negative poWer in both directions 
corresponding to the main scanning direction and the sub 
scanning direction, respectively, and the glass lens 141 
preferably has a positive poWer at least in the direction 
corresponding to the sub scanning direction. That is, the 
glass lens 142 preferably has a positive poWer Which is 
greater than the negative poWer of the plastic lens 141 in the 
direction corresponding to the sub scanning direction, and 
the second optical lens system 14 as a Whole has a positive 
poWer for forming the above-described line image extending 
in a direction corresponding to the main scanning direction. 

[0039] An optical de?ector 16 preferably includes a rotat 
ing polygon mirror having a de?ecting re?ective surface 
16A located near Where the line image is formed, and rotates 
at a constant speed so as to de?ect a light ?uX re?ected by 
the de?ecting re?ective surface 16A at equiangular velocity. 

[0040] Athird optical lens system 18 Which functions as a 
scanning image forming lens preferably includes a single 
plastic lens, and condenses a de?ected light ?uX so as to 
form an optical beam spot on a scanning surface 20, Which 
is a surface to be scanned. The third optical lens system 18 
enables the scanning surface to be scanned 20 by the optical 
beam spot at constant velocity. The third optical lens system 
18 further enables the line image to be formed at the position 
of the scanning surface 20 With the line image as the object 
point in the direction corresponding to the sub scanning 
direction. The third optical lens system 18 is preferably an 
anamorphic lens having a larger positive poWer in the 
direction corresponding to the sub-scanning direction than in 
the direction corresponding to the main scanning direction. 
Because the third optical lens system 18 is a single plastic 
lens, When the operating temperature changes, the image 
forming position de?ned by the third optical lens system 18 



US 2002/0089731 A1 

signi?cantly changes for both directions corresponding to 
the main scanning direction and the sub scanning direction. 

[0041] For example, When the temperature increases, the 
image forming position de?ned by the third optical lens 
system 18 changes in a positive direction (to the right in 
FIG. 1) for both directions corresponding to the main 
scanning direction and the sub scanning direction, respec 
tively. In this preferred embodiment, therefore, for offsetting 
the above change in the image forming position of the third 
optical lens system 18 caused by the temperature change, the 
plastic lens 141 having a negative poWer in both directions 
corresponding to the main scanning direction and the sub 
scanning direction, respectively, is used in the second optical 
lens system 14. The plastic lens 141 changes the image 
forming position in a negative direction (to the left in FIG. 
1) for both directions corresponding to the main scanning 
direction and the sub scanning directions, respectively, When 
the temperature rises. Accordingly, the change in the image 
forming position de?ned by the third optical lens system 18 
in the positive direction is offset by the change in the image 
forming position by the plastic lens 141 in the negative 
direction. Thus, even When the operating temperature 
changes, the diameter of an optical beam spot is kept very 
small on the surface to be scanned. 

[0042] Five examples of preferred embodiments Will be 
explained herein beloW. The optical arrangement is prefer 
ably substantially the same for all of the examples as 
illustrated in FIG. 1 

[EXAMPLEl] 
[0043] The radius of curvature R, the lens thickness D at 
a center portion thereof, the refractive index N at an oper 
ating Wave length, and the non-spherical surface coef?cient 
of each optical element at the operating temperature of about 
20 degrees and about 50 degrees centigrade are shoWn 
beloW. For each optical lens, the incident surface is indicated 
by a suf?x “1” and the emerging surface by a suf?x “2”. 
When the radius of curvature differs betWeen the directions 
corresponding to the main scanning direction and the sub 
scanning direction, respectively, the radius of curvature for 
the direction corresponding to the main scanning direction is 
indicated by a suffix “m” and the radius of curvature for the 
direction corresponding to the sub scanning direction by a 
suffix “s”. 

Operating 20 50 
temperature (centigrade) 
Light source 780.0 787.8 
operating Wave 
length (nm) 
The ?rst Object point 0 —0.01001 
optical lens R1 00 00 
system: R2 —9.761 —9.763 
(coupling lens) D 2.800 2.801 

N 1.675 1.6748 
The second R1m w w 

optical lens R1S —14.80 —14.831 
system: R2 90.00 90.189 
(plastic lens) D 3.000 3.006 

N 1.5244 1.52165 
The second R1m w w 

optical lens R2m w 00 
system: R1S 9.520 9.5221 
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-continued 

(glass lens) R25 00 00 
D 3.000 3.001 
N 1.511249 1.511160 

The third R1m 155.000 155.326 
optical lens R1A4 —9.46500E—07 —9.40562E-07 
system: R1A6 3.85000E-1O 3.80983E-10 
(scanning image R1A8 —8.11300E—14 —7.99473E—14 
forming lens) RlAlU 1.00000E-17 9.81297E-18 

R15 -ss.s50 —89.037 
D 13.500 13.528 
N 1.524400 1.521650 
Rzm —141.000 —141.296 

R2A6 2.44000E-1O 2.41454E-10 

R2A1D 2.8000OE-17 2.74763E-17 
R25 -15.220 -15.252 

[0044] In the above example, assuming that i=1 (incident 
surface)—2 (emerging surface), Rim represents the radius of 
curvature or paraxial radius of curvature in the direction 
corresponding to the main scanning direction, Ris represents 
the radius of curvature or paraxial radius of curvature in the 
direction corresponding to the sub-scanning direction, Ri 
represents the radius of curvature in the coaxial surface, and 
RiA4-RiAlO represent the non-spherical surface coef?cient, 
respectively. Further, “E and the value folloWing E” in a 
numerical value represents the poWer of 10; e.g., “E-9” 
means 10-9, the numerical value being applied to the num 
ber immediately preceding it. 

[0045] In the ?rst example, both incident and emerging 
surfaces of the scanning image forming lens Which functions 
as the third optical lens system preferably have a non-arc 
shape in the horiZontal cross section that is substantially 
parallel to the direction corresponding to the main scanning 
direction including the optical axis (herein referred to as the 
main scanning cross section). The non-arc shape is 
expressed in the folloWing formula (1), Which is Widely 
knoWn as a formula of a non-arc surface, Wherein X is the 
coordinate in the direction of the optical axis, Y is the 
coordinate in the main scanning direction (perpendicular to 
the optical axis), Rirn is the paraxial radius of curvature, Ki 
is the cone constant, and RiA4, RiA?, RiAs, RiAlO are respec 
tively coef?cients of higher degree: 

\/ [1-(1+19Y2/Rim2}]+{RiA4Y“+RiA6Y6+RiA8Y8+RiAlD Y1 (1) 

[0046] The cone constants K1 and K2 of the ?rst and 
second surfaces of the scanning image forming lens as the 
third optical lens system are —59.97 and 4.69, respectively. 

[0047] Further, the radius of curvature in the sub scanning 
cross section of the third optical lens system (scanning 
image forming lens) at each position of the coordinate Y in 
the direction corresponding to the-main scanning direction is 
expressed by the folloWing polynomial: 

and R1S=—88.850 and R2S=—15.220 at the operating tem 
perature of about 20 degrees centigrade. 

[0049] In the incident surface (i= 1) of the third optical lens 
system, a1=b1=c1=. . . =0, that is, the radius of curvature in 
the sub scanning cross section does not change, and in the 
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emerging surface (i=2), a2=—2.2076E-03, b2=2.43846E-06, 
c2=-2.72962E-10, d2=-1.13767E-12, e2=1.0764E-15, £2= 
3.11961E-19. 

[0050] Next, the optical arrangement on the light path 
from the second optical lens system to the scanning surface 
is described. 

[0051] The light ?ux emerging from the ?rst optical lens 
system (coupling lens) is a Weak converging light ?ux. That 
is, the ?rst optical lens system converts a divergent light ?ux 
from the light source into a Weak converging light ?ux. The 
position Where the converging light ?ux is naturally con 
densed (Without passing through the other optical lens) is 
called a natural condensing point. 

[0052] The optical arrangement of the ?rst example is 
de?ned by the folloWing values, Wherein “S” is the distance 
from the incident surface of the second optical lens system 
to the natural condensing point, “L1” is the distance from the 
emerging surface of the ?rst plastic lens of the second 
optical lens system to the incident surface of the second 
glass lens of the second optical lens system, “L2” is the 
distance from the emerging surface of the second lens of the 
second optical lens system to the de?ecting re?ective sur 
face of the optical de?ector, “L3” is the distance from the 
de?ecting re?ective surface of the de?ector to the incident 
surface of the third optical lens system (the scanning image 
forming lens) and “L4” is the distance from the third optical 
lens system to the scanning surface, respectively: 

S 174.3 mm 

L1: 4 mm 

L2: 40 mm 

L3: 33.2 mm 

L4 139.3 mm 

[0053] The semiconductor laser of the light source and the 
?rst optical lens system functioning as the coupling lens are 
preferably packaged in a common aluminum tube. Because 
the coef?cient of linear expansion of aluminum is 2.3E-05(/° 
C.), assuming that the focal length of the ?rst optical lens 
system is about 14.5 mm, the object point of the ?rst optical 
lens system moves aWay from the ?rst optical lens system by 
the distance of about 0.01001 mm, Which is calculated by the 
equation of 2.3E—05><30><14.5. 

[0054] Further, the coef?cient of linear expansion of the 
other optical elements are as folloWs, respectively; 

[0055] The ?rst optical lens system (coupling lens): 
8.6E-06 

[0056] The ?rst lens (plastic lens) of the second optical 
lens system: 7.0E-05 

[0057] The second lens (glass lens) of the second opti 
cal lens system: 7.5E-06 

[0058] The third optical lens system (scanning image 
forming lens): 7.0E-05 

[0059] FIG. 2 illustrates the curvature of ?eld and the 
constant velocity characteristics of the optical scanning 
apparatus of the ?rst example at an operating temperature of 
about 20 degrees centigrade. As illustrated, both the curva 
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ture of ?eld and the constant velocity characteristics are 
accurately and completely corrected. 

[0060] The change in the curvature of ?eld in the main and 
sub scanning directions in the ?rst example When the 
operating temperature is changed from about 20 degrees to 
about 50 degrees centigrade are as folloWs: 

0 mm 108 mm 

Image height main sub main sub 

Curvature of ?eld change —0.1 —0.1 —0.1 —0.1 
by the ?rst optical lens system 
Curvature of ?eld change —0.9 —3.7 —0.6 —3.1 
by the ?rst lens of 
the second optical lens system 
Curvature of ?eld change 0.0 0.5 0.0 0.4 
by the second lens of 
the second optical lens system 
Curvature of ?eld change 1.1 4.1 1.0 3.5 
by the third optical lens system 
Curvature of ?eld change 0.1 0.8 0.3 0.7 
as the Whole lens system 

[0061] Thus, although the curvature of ?eld changes in the 
positive direction both in the main scanning direction and 
the sub scanning direction caused by a change in the volume 
of the plastic lens in the third optical lens system in 
accordance With a change in the operating temperature, 
because the curvature of ?eld changes in the negative 
direction both in the main scanning direction and the sub 
scanning direction due to a change in the volume of the ?rst 
lens of the second optical lens system in accordance With 
changes in the operating temperature, the total change in the 
curvature of ?eld of the Whole optical lens system is 
suppressed in both the main scanning direction and the sub 
scanning direction despite changes in the operating tempera 
ture. 

[0062] Further, in this ?rst example of the preferred 
embodiments, the ?rst lens (plastic lens) of the second 
optical lens system is an anamorphic lens having a negative 
poWer in both directions corresponding to the main scanning 
direction and the sub scanning direction, respectively, and 
the emerging surface of the ?rst lens preferably has a 
concave shape and is symmetrically relative to the optical 
axis. Because of the symmetrical shape, treatment and 
measurement of the emerging surface of the ?rst lens are 
facilitated, and further the relative eccentric tolerance of 
each surface, particularly, around the optical axis, is 
increased. 

[EXAMPLE2] 
[0063] The second example of the preferred embodiments 
is described next. 

[0064] As described earlier, in order to keep the diameter 
of the optical beam spot small, not only the paraxial imaging 
forming performance but also the spherical aberration 
(Wave-front aberration) on the scanning surface must be 
accurately and completely corrected. 

[0065] Therefore, the plastic lens of the third optical lens 
system is preferably con?gured to have a positive poWer at 
least in the direction corresponding to the sub scanning 
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direction, and the plastic lens of the second optical lens 
system is preferably con?gured to have a negative poWer at 
least in the direction corresponding to the sub scanning 
direction. Further, the plastic lens of the second optical lens 
system includes at least one surface having a non-arc shape 
in the sub scanning cross section, and the glass lens of the 
second optical lens system has a positive poWer at least in 
the sub scanning direction. That is, at least one surface of the 
plastic lens is formed to be non-arc in the sub scanning cross 
section for correcting the spherical aberration (Wave-front 
aberration) on the scanning surface. 

[0066] The radius of curvature R, the lens thickness D, the 
refractive index N at an operating Wave length, and the 
non-spherical surface coefficient of each optical lens at 
about 20 degrees and about 50 degrees centigrade are shoWn 
beloW in a similar manner as in Example 1. 

Operating 20 50 
temperature (centigrade) 
Light source 780.0 787.8 
operating Wave 
length (nm) 
The ?rst Object point 0 —0.01001 
optical lens R1 00 00 
system: R2 —9.761 —9.763 
(coupling lens) D 2.800 2.801 

N 1.675 1.6748 
The second R1S —15.00 15.032 
optical lens R25 00 00 
system: D 3.000 3.006 
(plastic lens) N 1.5244 1.52165 
The second R1m w w 

optical lens R2m w 00 
system: R1S 9.685 9.6872 
(glass lens) R25 00 00 

D 3.000 3.001 
N 1.511249 1.511160 

The third R1m 155.000 155.326 
optical lens R1A4 —9.46500E—07 —9.40562E-07 
system: R1A6 3.85000E-1O 3.80983E-10 
(scanning image R1A8 —8.11300E—14 —7.99473E—14 
forming lens) RlAlU 1.00000E-17 9.81297E-18 

R15 -ss.s50 —89.037 
13.500 13.528 

N 1.524400 1.521650 
R2m —141.000 —141.296 

R2A6 2.44000E-10 2.41454E-10 

R2A1U 2.80000E-17 2.74763E-17 
R25 -15.220 -15.252 

[0067] The ?rst plane (incident surface) of the ?rst lens 
(plastic lens) of the second optical lens system has a non-arc 
shape in the sub scanning cross section. The non-arc shape 
is expressed in the folloWing formula (3), Wherein X is the 
coordinate in the direction of the optical axis, Z is the 
coordinate in the sub scanning direction (perpendicular to 
the optical axis), R5 is the paraxial radius of curvature, K is 
the cone constant, and a4, a6, as, am, . . . are coef?cients of 

higher degree, respectively: 

[0069] Further, the scanning image forming lens Which is 
the third optical lens system has a non-arc shape in the main 
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scanning cross section, Which is expressed by the above 
formula The coefficients of higher degree are as 
described above, and the cone constant of the ?rst and 
second planes K1 and K2 are —59.97 and 4.69, respectively. 

[0070] Further, the curvature of ?eld in the sub scanning 
cross section at each position of the coordinate Y for the 
direction corresponding to the main scanning direction is 
expressed by the above formula (2) for each plane of the 
third optical lens system. For the incident plane, a=a=a=. . . =0, 

and for the emerging plane, a2=—2.20767E-03, 
b2=2.43846E-06, c2=—2.72962E-10, d2=—1.13767E-12, 
e2=1.0764E-15, f2=—3.11961E-19. 

[0071] The optical arrangement from the second optical 
lens system to the scanning surface on the light path is 
substantially the same as in the ?rst example and each 
distance is as follows; 

5: w 

L1: 4 mm 

L2 40 mm 

L3: 33.2 mm 

L4 139.3 mm 

[0072] In this second example, because the distance S 
from the incident surface of the ?rst lens of the second 
optical lens system to the natural condensing point is a, the 
light ?ux from the light source is converted to a parallel light 
?ux by the ?rst optical lens system. 

[0073] The semiconductor laser of the light source and the 
?rst optical lens system functioning as the coupling lens are 
preferably packaged in a common aluminum tube. Because 
the coef?cient of linear expansion of aluminum is 2.3E-05(/° 
C.), assuming that the focal length of the ?rst optical lens 
system is about 14.5 mm, the object point of the ?rst optical 
lens system moves aWay from the ?rst optical lens system by 
the distance of about 0.01001 mm, Which is calculated by the 
equation of 2.3E—05><30><14.5. 

[0074] The coef?cient of linear expansion of other optical 
elements are as folloWs: 

[0075] The ?rst optical lens system (coupling lens): 
8.6E-06 

[0076] The ?rst lens (plastic lens) of the second optical 
lens system: 7.0E-05 

[0077] The second lens (glass lens) of the second opti 
cal lens system: 7.5E-06 

[0078] The third optical lens system (scanning image 
forming lens): 7.0E-05 

[0079] The change in the curvature of ?eld in the sub 
scanning direction in the second example When the operat 
ing temperature is changed from about 20 degrees to about 
50 degrees centigrade are as folloWs; 
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Image height 0 mm 10 mm 

Curvature of ?eld change —0.2 —0.1 
by the ?rst optical lens system 
Curvature of ?eld change —3.1 —2.6 
by the ?rst lens of 
the second optical lens system 
Curvature of ?eld change 0.5 0.4 
by the second lens of 
the second optical lens system 
Curvature of ?eld change 4.1 3.5 
by the third optical lens system 
Curvature of ?eld change 1.3 1.2 
as the Whole lens system 

[0080] Thus, although the curvature of ?eld changes in the 
positive direction in the sub scanning direction due to a 
change of the volume of the plastic lens in the third optical 
lens system in accordance With the operating temperature 
change, because the curvature of ?eld in the sub scanning 
direction changes in the negative direction due to a change 
in the volume of the ?rst lens (plastic lens) of the second 
optical lens system in accordance With the operating tem 
perature change, the total change in the curvature of ?eld in 
the sub scanning direction of the Whole optical lens system 
is greatly suppressed, and thereby the diameter of the optical 
beam spot is kept very small. 

[0081] FIG. 3 illustrates the spherical aberration in the sub 
scanning cross section at the image height of 0mm in the 
second example. The spherical aberration is satisfactorily 
and accurately corrected by forming the ?rst plane (incident 
surface) of the ?rst lens of the second optical lens system to 
have the non-arc shape. For comparison, the spherical 
aberration When the incident surface of the ?rst lens of the 
second optical lens system is formed so as to have an arc 

shape in the sub scanning cross section is illustrated in FIG. 
4. 

[0082] Further, the diameter of an optical beam spot, 
Which is de?ned by 1/e2 Where “e” represents the maximum 
light intensity, in each of the main scanning direction and the 
sub scanning direction, is shoWn beloW for both cases Where 
the incident surface of the ?rst lens of the second optical lens 
system has non-arc and are shapes, respectively in the sub 
scanning cross section: 

The ?rst plane 
of the ?rst lens 
of the second optical 
lens system non-arc arc 

Image height 0 mm 108 mm 0 mm 108 mm 

Beam spot diameter 60.6 60.9 60.6 60.9 
in the main scanning 
direction (um) 
Beam spot diameter in the 69.3 68.2 82.0 85.0 
sub scanning direction 

[0083] From this result, it can be seen that the diameter of 
an optical beam spot can be kept very small in the sub 
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scanning direction by including a non-arc surface in the sub 
scanning cross section of a plastic lens used for the second 
optical lens system. 

[EXAMPLE3] 
[0084] In the third example of the preferred embodiments 
of the present invention, the ?rst plane (incident surface) of 
the ?rst lens (plastic lens) of the second optical lens system 
has a non-arc shape in the sub scanning cross section and the 
cone constant and the coef?cient of higher degree of the 
above formula (3) are set as folloWs: 

[0085] The changes in the curvature of ?eld in the main 
scanning direction and the sub scanning direction due to the 
operating temperature change are substantially the same as 
in the ?rst example and are small because the paraxial ?uxes 
are substantially the same as in the ?rst example. 

[0086] In addition, the spherical aberration (Wave front 
aberration) in the sub scanning direction is corrected by 
forming the ?rst plane (incident surface) of the ?rst lens of 
the second optical lens system to have a non-arc shape in the 
sub scanning cross section, and thereby, the diameter of an 
optical beam spot is kept small in a uniform and reliable 
manner. 

[0087] FIG. 5 illustrates the spherical aberration (Wave 
front aberration) in the sub scanning cross section at the 
image height of 0mm of the third example. As illustrated, the 
spherical aberration (Wave front aberration) is satisfactorily 
corrected. For comparison, the spherical aberration When the 
?rst plane of the ?rst lens of the second optical lens system 
has an arc shape in the sub scanning cross section is 
illustrated in FIG. 6. 

[0088] Further, the diameter of an optical beam spot, 
Which is de?ned by 1/e2 Where “e” represents the maximum 
light intensity, in each of the main scanning direction and the 
sub scanning direction, is shoWn beloW for both cases Where 
the incident surface of the ?rst lens of the second optical lens 
system is formed to have non-arc and are shapes, respec 
tively in the sub scanning cross section: 

The ?rst plane 
of the ?rst lens 
of the second optical 
lens system non-arc arc 

Image height 0 mm 108 mm 0 mm 108 mm 

Beam spot diameter 59.8 60.2 59.9 60.2 
in the main scanning 
direction (um) 
Beam spot diameter in the 74.8 73.3 81.9 84.7 
sub scanning direction 

[0089] From this result, it can be seen that the diameter of 
an optical beam spot can be made very small in the sub 
scanning direction by including a non-arc surface in the sub 
scanning-cross section of a plastic lens used for the second 
optical lens system. In the third example, the non-arc shape 
is provided only in the sub scanning cross section of the 
plastic lens of the second optical lens system. However, the 
non-arc shape can be provided also in the main scanning 
cross section. 
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[EXAMPLE4] 
[0090] In the above three examples of the preferred 
embodiments of the present invention, the plastic lens 141 of 
the second optical lens system 14 has a negative poWer in 
both directions corresponding to the main scanning direc 
tions and the sub scanning directions, respectively. In the 
fourth example, the plastic lens 141 has a negative poWer 
only in the sub scanning direction, and further includes at 
least one surface having a non-arc shape in the main 
scanning cross section and one surface having a non-arc 
shape in the sub scanning cross section. The glass lens 142 
of the second optical lens system 14 has a positive poWer at 
least in the direction corresponding to the sub scanning 
direction. The negative poWer of the plastic lens 141 in the 
direction corresponding to the sub scanning direction is 
Weak relative to the positive poWer that the glass lens 142 
has in the same direction and the second optical lens system 
14 as a Whole has a positive poWer in the direction corre 
sponding to the sub scanning direction, such that the second 
optical lens system 14 condenses the light ?ux from the light 
source into a line image extending to the direction corre 
sponding to the main scanning direction. 

[0091] The third optical lens system 18 Which functions as 
a scanning image forming lens includes a single plastic lens, 
and condenses a de?ected light ?ux so as to form an optical 
beam spot on a scanning surface 20, Which is a surface to be 
scanned. The third optical lens system 18 enables the 
scanning surface 20 to be scanned by the optical beam spot 
at constant velocity. The third optical lens system 18 further 
enables the line image to be formed at the position of the 
scanning surface 20 With the line image as the object point 
in the direction corresponding to the sub scanning direction. 
The third optical lens system 18 is preferably an anamorphic 
lens having a larger positive poWer in the direction corre 
sponding to the sub-scanning direction than in the direction 
corresponding to the main scanning direction. Because the 
third optical lens system 18 is preferably a single plastic 
lens, When the operating temperature changes, the image 
forming position de?ned by the third optical lens system 18 
signi?cantly changes for both directions corresponding to 
the main scanning direction and the sub scanning direction, 
respectively. 
[0092] When the operating temperature rises, the image 
forming position de?ned by the third optical lens system 18 
changes in a positive direction (to the right in FIG. 1) for 
both directions corresponding to the main scanning direction 
and the sub scanning direction, respectively. Because the 
positive poWer in the sub scanning direction is large, the 
change in the image forming position in the direction 
corresponding to the sub scanning direction is large. In this 
fourth example, therefore, for offsetting the above change in 
the image forming position in the direction corresponding to 
the sub scanning direction caused by the change in operating 
temperature, the plastic lens 141 having a negative poWer in 
the direction corresponding to the sub scanning direction is 
used in the second optical lens system 14. The plastic lens 
141 changes the image forming position in a negative 
direction (to the left in FIG. 1) in the direction correspond 
ing to the sub scanning direction When the temperature rises. 
Accordingly, the change in the image forming position of the 
third optical lens system 18 in the positive direction is offset 
by the change in the image forming position of the plastic 
lens 141 to the negative direction. Thus, even When the 
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operating temperature changes, the diameter of an optical 
beam spot is kept small on the scanning surface in the sub 
scanning direction. 

[0093] The radius of curvature R, the lens thickness D, the 
refractive index N at an operating Wave length, and the 
non-spherical surface coef?cient of each optical lens at 
about 20 degrees and about 50 degrees centigrade are shoWn 
beloW. For each optical lens, the incident surface is indicated 
by a suf?x “1” and the emerging surface by a suf?x “2”. 
When the radius of curvature differs betWeen the directions 
corresponding to the main and sub scanning directions, 
respectively, the radius of curvature for the direction corre 
sponding to the main scanning direction is indicated by a 
suf?x “m” and the radius of curvature for the direction 
corresponding to the sub scanning direction by a suf?x “s”. 

Operating 20 50 
temperature (centigrade) 
Light source 780.0 787.8 
operating Wave 
length (nm) 
The ?rst Object point 0 —0.01001 
optical lens R1 00 00 
system: R2 —9.761 —9.763 
(coupling lens) D 2.800 2.801 

N 1.675 1.6748 
The second R1m w w 

optical lens R1S —15.00 —15.032 
system: R2m 90.00 90.189 
(plastic lens) R25 00 00 

D 3.000 3.006 
N 1.5244 1.52165 

The second R1m w w 

optical lens R2m w 00 
system: R1S 10.4900 10.4924 
(glass lens) R25 00 00 

D 3.000 3.001 
N 1.511249 1.511160 

The third R1m 155.000 155.326 
optical lens R1A4 —9.46500E—07 —9.40562E-07 
system: R1A6 3.85000E-1O 3.80983E-10 
(scanning image R1A8 —8.11300E—14 —7.99473E—14 
forming lens) RlAlU 1.00000E-17 9.81297E-18 

R15 -ss.s50 —89.037 
D 13.500 13.528 
N 1.524400 1.521650 
R2m —141.000 —141.296 

R2A6 2.44000E-1O 2.41454E-10 

R2A10 2.8000OE-17 2.74763E-17 
R25 -15.220 -15.252 

[0094] In the above example, assuming that i=1(incident 
surface)—2(emerging surface), Rirn represents the radius of 
curvature or paraxial radius of curvature in the direction 
corresponding to the main scanning direction, Ris represents 
the radius of curvature or paraxial radius of curvature in the 
direction corresponding to the sub-scanning direction, Ri 
represents the radius of curvature in the coaxial surface 
(symmetrical shape relative to the optical axis), and RW 
RiAlO represents the non-spherical surface coefficient, 
respectively. Further, “E and the value folloWing E” in a 
numerical value represents the poWer of 10; e.g., “E-17” 
means 10_17, the numerical value being applied to the 
number immediately preceding it. 
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[0095] In the fourth example, the second surface (emerg 
ing plane) of the ?rst optical lens system Which functions as 
the coupling lens has a non-spherical shape. 

[0096] The non-spherical shape is expressed in the fol 
loWing formula (4), Wherein X is the coordinate in the 
direction of the optical axis, r is the distance from the optical 
axis, R is the paraxial radius of curvature, K is the cone 
constant, and a4, a6, as, am, . . . are coef?cients of higher 

[0098] The ?rst plane (incident surface) of the ?rst lens 
(plastic lens) of the second optical lens system has a non-arc 
shape in the sub scanning cross section and a straight line 
shape in the main scanning cross section. The non-arc shape 
is expressed in the above formula (3), Wherein RS(=R1S)=— 
15.00, K=7.6, a4=a6=a8=0.0, a1O=4.0E-7. 
[0099] The second plane (emerging surface) of the ?rst 
lens (plastic lens) of the second optical lens system has a 
non-arc shape in the main scanning cross section and a 
straight line shape in the sub scanning cross section. The 
non-arc shape is expressed in the folloWing formula (5), 
Wherein X is the coordinate in the direction of the optical 
axis, Y is the coordinate in the direction corresponding to the 
main scanning direction, Rrn is the paraxial radius of cur 
vature, K is the cone constant, and a4, a6, as, am, . . . are 

coef?cients of higher degree: 

[0101] Both incident and emerging surfaces of the scan 
ning image forming lens Which is the third optical lens 
system have a non-arc shape in the main scanning cross 
section. The non-arc shape is expressed in the above formula 
(1), and the cone constants K1 and K2 of the ?rst and second 
surfaces of the scanning image forming lens serving as the 
third optical lens system are —59.97 and 4.69, respectively. 

[0102] Further, the radius of curvature in the sub scanning 
cross section plane of the third optical lens system (scanning 
image forming lens) at each position of the coordinate Y in 
the direction corresponding to the main scanning direction is 
expressed by the above polynomial (2), Wherein Ris is the 
radius curvature When Y=0, and R1S=—88.50 and R2S=— 
15.220 at the operating temperature of about 20 degrees 
centigrade. 

[0103] In the incident surface (i=1) of the third optical lens 
system, a1=b1=c1=. . . =0, that is, the radius of curvature in 
the cross section in the sub scanning direction does not 
change, and in the emerging surface (i=2), a2=—2.2076E-03, 
b2=2.43846E-06, c2=—2.72962E-10, d2=—1.13767E-12, 
e2=1.0764E-15, f2=—3.11961E-19. 
[0104] The optical arrangement on the light path from the 
second optical lens system to the scanning surface is de?ned 
by the folloWing values, Wherein “S” is the distance from the 
incident surface of the ?rst lens of the second optical lens 
system to the natural condensing point of the light ?ux 
launched into the ?rst lens of the second optical lens system, 
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“L1” is the distance from the emerging surface of the ?rst 
plastic lens of the second optical lens system to the incident 
surface of the second glass lens of the second optical lens 
system, “L2” is the distance from the emerging surface of 
the second lens of the second optical lens system to the 
de?ecting re?ective surface of the optical de?ector, “L3” is 
the distance from the de?ecting re?ective surface of the 
de?ector to the incident surface of the third optical lens 
system (the scanning image forming lens) and “L4” is the 
distance from emerging surface of the second lens of the 
third optical lens system to the scanning surface, respec 
tively; 

S 174.3 mm 

L1: 4 mm 

L2: 40 mm 

L3: 33.2 mm 

L4 139.3 mm 

[0105] The semiconductor laser of the light source and the 
?rst optical lens system Which functions as the coupling lens 
are preferably packaged in a common aluminum tube. 
Because the coefficient of linear expansion of aluminum is 
2.3E-05(/° C.), assuming that the focal length of the ?rst 
optical lens system is about 14.5 mm, the object point of the 
?rst optical lens system moves aWay from the ?rst optical 
lens system by the distance of about 0.01001 mm, Which is 
calculated by the equation of 2.3E—05><30><14.5. 

[0106] The coef?cient of linear expansion of other optical 
elements are as folloWs: 

[0107] The ?rst optical lens system (coupling lens): 
8.6E-06 

[0108] The ?rst lens (plastic lens) of the second optical 
lens system: 7.0E-05 

[0109] The second lens (glass lens) of the second opti 
cal lens system: 7.5E-06 

[0110] The third optical lens system (scanning image 
forming lens): 7.0E-05 

[0111] FIG. 7 illustrates the curvature of ?eld and the 
constant velocity characteristics of the fourth example at an 
operating temperature of about 20 degrees centigrade. As 
illustrated, both the curvature of ?eld and the constant 
velocity characteristics are satisfactorily corrected. 

[0112] The change in the curvature of ?eld in the main 
scanning direction and the sub scanning direction in the 
fourth example When the operating temperature is changed 
from about 20 degrees to about 50 degrees centigrade are as 
follows; 

0 mm 108 mm 

Image height main sub main sub 

Curvature of ?eld change —O.1 —O.1 —O.1 —O.1 
by the ?rst optical lens system 
Curvature of ?eld change —O.9 —3.3 —O.6 —2.7 
by the ?rst lens of 
the second optical lens system 



-continued 

0 mm 108 mm 

Image height main sub main sub 

Curvature of ?eld change 0.0 0.4 0.0 0.4 

by the second lens of 

the second optical lens system 
Curvature of ?eld change 1.1 4.1 1.0 3.5 

by the third optical lens system 
Curvature of ?eld change 0.1 1.1 0.3 1.1 

as the Whole lens system 

[0113] Thus, although the curvature of ?eld changes in the 
positive direction both in the main scanning direction and 
the sub scanning direction caused by a change in the volume 
of the scanning image forming lens according to the oper 
ating temperature change, because the curvature of ?eld 
changes in the negative direction due to a change in the ?rst 
lens (plastic lens) of the second optical lens system accord 
ing to the operating temperature change, the total change in 
the curvature of ?eld of the Whole optical lens system is 
suppressed in both of the main scanning direction and the 
sub scanning direction. That is, the change in the curvature 
of ?eld in the sub scanning direction is suppressed even 
When the ?rst lens (plastic lens) of the second optical lens 
system does not have a negative poWer in the main scanning 
direction. 

[0114] Further, in this fourth example of the preferred 
embodiments, the ?rst lens (plastic lens) of the second 
optical lens system has a non-arc shape in both the main and 
sub scanning cross sections, respectively. Therefore, the 
spherical aberration of the Whole optical system is excel 
lently corrected in both the main scanning direction and the 
sub scanning direction, and thereby the diameter of an 
optical beam spot is kept small. 

[0115] FIG. 7 illustrates the spherical aberration of the 
fourth example in the sub scanning cross section, and FIG. 
8 illustrates the spherical aberration of a comparative 
example 1 of the fourth example in the sub scanning 
direction, in Which the ?rst lens of the second optical lens 
system has an arc shape in both the main scanning section 
and the sub scanning cross section. Further, FIG. 9 illus 
trates the spherical aberration of the fourth example in the 
main scanning direction, and FIG. 10 illustrates the spheri 
cal aberration of the above comparative example 1 in the 
main scanning direction. 

[0116] The diameter of an optical beam spot at the image 
height of 0 mm, Which is de?ned by 1/e2 Where “e” repre 
sents the maximum light intensity, in each of the main and 
sub scanning directions, is shoWn beloW for each of the 
fourth example, the comparative example 1 and a compara 
tive example 2 of the fourth example, in Which the ?rst lens 
of the second optical lens system has an arc shape in the 
main scanning cross section: 
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Fourth Comparative Comparative 
example example 1 example 2 

Beam spot diameter 35 37 37 
in the main scanning 
direction (um) 
Beam spot diameter 67 70 67 
in the sub scanning direction 

(1m) 

[0117] From this result, it can be said that the diameter of 
an optical beam spot can be kept small by forming the ?rst 
lens (plastic lens) of the second optical lens system to have 
a non-arc shape in both of the main scanning cross section 
and sub scanning cross section. 

[EXAMPLES] 
[0118] The ?fth example of the preferred embodiments is 
described next. 

[0119] The radius of curvature R, the lens thickness D, the 
refractive index N at an operating Wave length, and the 
non-spherical surface coef?cient of each optical lens at 
about 20 degrees and about 50 degrees centigrade are shoWn 
beloW in a similar manner as in the Example 1. 

Operating 20 50 
temperature (centigrade) 
Light source 780.0 787.8 
operating Wave length (nm) 
The ?rst Object point 0 —0.01001 
optical lens R1 00 00 
system: R2 —9.761 —9.763 
(coupling lens) D 2.800 2.801 

N 1.675 1.6748 
The second R1S —14.80 —14.831 
optical lens R2 90 90.189 
system: D 3.000 3.006 
(plastic lens) N 1.5244 1.52165 
The second R1m w w 

optical lens R2m w 00 
system: R1S 9.520 9.5221 
(glass lens) R25 00 00 

D 3.000 3.001 
N 1.511249 1.511160 

The third R1m 155.000 155.326 
optical lens R1A4 —9.46500E—07 —9.40562E-07 
system: R1A6 3.85000E-1O 3.80983E-10 
(scanning image R1A8 —8.11300E—14 —7.99473E—14 
forming lens) RlAlU 1.00000E-17 9.81297E-18 

R15 -ss.s50 —89.037 
D 13.500 13.528 
N 1.524400 1.521650 
R2m —141.000 —141.296 
R2A4 —1.00300E—06 —9.96708E—07 
R2A6 2.44000E-1O 2.41454E-10 
R2A8 —7.856OOE—14 —7.74148E—14 
R2A1D 2.8000OE-17 2.74763E-17 
R25 -15.220 -15.252 

[0120] The second plane (emerging surface) of the ?rst 
optical lens system is formed to have a non-spherical shape 
symmetrically relative to the optical axis, Which is de?ned 
by the above formula (4), Wherein R(=R2)=90, K=0.27, 
a4=1.2E-4, a6=9.0E-7, a8=6.5E-9, a1O=1.8E-10. 
[0121] The ?rst plane of the ?rst lens (plastic lens) of the 
second optical lens system has a non-arc shape in the sub 
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scanning cross section and a straight line shape in the main 
scanning direction, and the non-arc shape is de?ned by the 
above formula (5), Wherein RS(=R1S)=—14.80, K=10.1, 
a4=a6=a8=a1O=0.0. 

[0122] The second plane (emerging surface) of the ?rst 
lens of the second optical lens system has a non-spherical 
shape symmetrically relative to the optical axis, Which is 
de?ned by the above formula (4) Wherein R(=R2)=90, 
K=—15, a4=6.5E-6, a6=1.0E-6, a10=—3.0E-9. 

[0123] The single plastic lens constituting the scanning 
image forming lens is substantially the same as in the fourth 
eXample and the shape of the ?rst plane (incident surface) 
and the second plane (emerging surface) are de?ned by the 
formula (1) Wherein K1=—59.97 and K2=4.69, and the coef 
?cient of higher degree is Zero. Further, the radius of 
curvature in the sub scanning cross section is de?ned by the 
formula (2) Wherein a1=b1=c1=. . . . =0 (the radius of 
curvature does not change in the sub scanning cross section 
regardless of the position in the sub scanning cross section), 
and for the emerging plane (i=2), a2=—2.20767E-03, 
b2=2.43846E-06, c2=—2.72962E-10, d2=—1.13767E-12, 
e2=1.0764E-15, f2=—3.11961E-19. 

[0124] The optical arrangement on the light path from the 
second optical lens system to the scanning surface is de?ned 
by the folloWing values, Wherein “S” is the distance from the 
incident surface of the ?rst lens of the second optical lens 
system to the natural condensing point of the light ?uX 
launched into the ?rst lens of the second optical lens system, 
“L1” is the distance from the emerging surface of the ?rst 
lens of the second optical lens system to the incident surface 
of the second lens of the second optical lens system, “L2” is 
the distance from the emerging surface of the second lens of 
the second optical lens system to the de?ecting re?ective 
surface of the optical de?ector, “L3” is the distance from the 
de?ecting re?ective surface of the de?ector to the incident 
surface of the third optical lens system (the scanning image 
forming lens) and “L4” is the distance from the emerging 
surface of the third optical lens system to the scanning 
surface, respectively; 

00 (i.e., the light ?uX is parallel) 
4 mm 

40 mm 

33.2 mm 

S 

L2: 
L3: 
L4 139.3 mm 

[0125] The semiconductor laser of the light source and the 
?rst optical lens system Which functions as the coupling lens 
are preferably packaged in a common aluminum tube. 
Because the coef?cient of linear eXpansion of aluminum is 
2.3E-05(/° C.), assuming that the focal length of the ?rst 
optical lens system is about 14.5 mm, the object point of the 
?rst optical lens system moves aWay from the ?rst optical 
lens system by the distance of about 0.01001 mm, Which is 
calculated by the equation of 2.3E-05><30><14.5, When the 
operating temperature rises to about 30 degrees. 

[0126] The coefficient of linear expansion of the other 
optical elements are as folloWs: 
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[0127] The ?rst optical lens system (coupling lens): 
8.6E-06 

[0128] The ?rst lens (plastic lens) of the second optical 
lens system: 7.0E-05 

[0129] The second lens (glass lens) of the second opti 
cal lens system: 7.5E-06 

[0130] The third optical lens system (scanning image 
forming lens): 7.0E-05 

[0131] FIG. 11 illustrates the curvature of ?eld and the 
constant velocity characteristics of the ?fth eXample at an 
operating temperature of about 20 degrees centigrade. As 
illustrated, both the curvature of ?eld and the constant 
velocity characteristics are accurately and satisfactorily cor 
rected. 

[0132] The change in the curvature of ?eld in the main 
scanning direction and the sub scanning direction in the ?fth 
eXample When the operating temperature is changed from 
about 20 degrees to about 50 degrees centigrade are as 
folloWs; 

0 mm 108 mm 

Image height main sub main sub 

Curvature of ?eld change —0.1 —0.1 —0.1 —0.1 
by the ?rst optical lens system 
Curvature of ?eld change —0.9 —3.7 —0.6 —3.1 
by the ?rst lens of 
the second optical lens system 
Curvature of ?eld change 0.0 0.5 0.0 0.4 
by the second lens of 
the second optical lens system 
Curvature of ?eld change 1.1 4.1 1.0 3.5 
by the third optical lens system 
Curvature of ?eld change 0.1 0.8 0.3 0.7 
as the Whole lens system 

[0133] Thus, although the curvature of ?eld changes in the 
positive direction both in the main scanning direction and 
the sub scanning direction due to a change in the scanning 
image forming lens in accordance With the operating tem 
perature change, because the curvature of ?eld changes in 
the negative direction both in the main scanning direction 
and the sub scanning direction due to a change in the ?rst 
lens of the second optical lens system in accordance With the 
operating temperature change, the total change in the cur 
vature of ?eld of the Whole optical lens system is suppressed 
in both the main scanning direction and the sub scanning 
direction. 

[0134] FIG. 12 illustrates the spherical aberration of the 
?fth eXample in the sub scanning direction, and FIG. 13 
illustrates the spherical aberration of a comparative eXample 
3 for comparison to the ?fth eXample in the sub scanning 
cross section, in Which the ?rst lens of the second optical 
lens system has an arc shape in both the main scanning cross 
section and the sub scanning cross section. The spherical 
aberration of the ?fth eXample in the main scanning direc 
tion is substantially the same as illustrated in FIG. 10. 

[0135] The diameter of an optical beam spot at the image 
height of 0 mm, Which is de?ned by 1/e2 Where “e” repre 
sents the maXimum light intensity, in each of the main and 
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sub scanning directions, is shoWn below for each of the ?fth 
example and the comparative example 3 for comparison to 
the ?fth example: 

Fifth Comparative 
example example 3 

Beam spot diameter 35 37 
in the main scanning 
direction (,urn) 
Beam spot diameter 67 70 
in the sub scanning direction 
0m) 

[0136] From this result, it can be seen that the diameter of 
an optical beam spot can be made small by forming the ?rst 
plane of the ?rst lens (plastic lens) of the second optical lens 
system to have a non-arc shape in the sub scanning cross 
section and the second plane to have a non-spherical shape 
symmetrically relative to the optical axis. In addition, by 
con?guring the second plane of the plastic lens so as to be 
symmetrical relative to the optical axis, an optical scanning 
image forming apparatus having a large eccentric tolerance 
can be realiZed. 

[0137] While the invention has been particularly shoWn 
and described With reference to preferred embodiments 
thereof, additional modi?cations and variations are possible 
in light of the above teachings. Therefore, it is to be 
understood that Within the scope of the appended claims, the 
present invention may be practiced otherWise than as spe 
ci?cally described herein. 

What is claimed is: 
1. An optical scanning apparatus for optically scanning a 

surface to be scanned at a constant velocity, the optical 
scanning apparatus comprising: 

a light source for emitting a light ?ux; 

a ?rst optical lens system for coupling the light ?ux 
emitted by the light source to a folloWing optical lens 
system; 

a second optical lens system for forming the light ?ux 
from the ?rst optical lens system into a line image 
extending in a direction corresponding to a main scan 
ning direction of the surface to be scanned Which is 
perpendicular to a sub scanning direction; 

an optical de?ector for de?ecting the light ?ux formed as 
the line image via a de?ecting re?ective plane thereof, 
Which is located near Where the line image is formed; 
and 

a third optical lens system for condensing the de?ected 
light ?ux as an optical beam spot on the surface to be 
scanned; Wherein 

the second optical lens system includes a glass lens 
having positive poWer in the sub scanning direction and 
a plastic lens having poWer in both the main scanning 
and the sub scanning directions, With the poWer in the 
sub scanning direction being a negative poWer. 

2. The optical scanning apparatus according to claim 1, 
Wherein the poWer in the main scanning direction is a 
negative poWer. 
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3. The optical scanning apparatus according to claim 2, 
Wherein the plastic lens has a non-arc shape. 

4. The optical scanning apparatus according to claim 1, 
Wherein the plastic lens has a non-arc shape. 

5. An optical scanning apparatus for optically scanning a 
surface to be scanned at a constant velocity, the optical 
scanning apparatus comprising: 

a light source for emitting a light ?ux; 

a ?rst optical lens system for coupling the light ?ux 
emitted by the light source to a folloWing optical lens 
system; 

a second optical lens system for forming the light ?ux 
from the ?rst optical lens system into a line image 
extending in a direction corresponding to a main scan 
ning direction of the surface to be scanned Which is 
perpendicular to a sub scanning direction; 

an optical de?ector for de?ecting the light ?ux formed as 
the line image via a de?ecting re?ective plane thereof, 
Which is located near Where the line image is formed; 
and 

a third optical lens system for condensing the de?ected 
light ?ux as an optical beam spot on the surface to be 
scanned; Wherein 

the second optical lens system includes a glass lens 
having positive poWer in the sub scanning direction and 
at least one plastic lens having a non-arc shape and 
negative poWer in the sub scanning direction. 

6. The optical scanning apparatus according to claim 5, 
Wherein the non arc shape of the least one plastic lens is 
disposed in the sub scanning direction. 

7. The optical scanning apparatus according to claim 5, 
Wherein the non arc shape of the at least one plastic lens is 
disposed in the sub scanning direction and in the main 
scanning direction. 

8. The optical scanning apparatus according to claim 5, 
Wherein the glass lens of the second optical system has no 
poWer in the main scanning direction. 

9. The optical scanning apparatus according to claim 5, 
Wherein the glass lens of the second optical lens system does 
not have a non-arc shape. 

10. The optical scanning apparatus according to claim 5, 
Wherein the non-arc shape of the at least one plastic lens is 
disposed in the sub scanning direction and a center portion 
of the non-arc shape is de?ned by a relationship: A1—A2<0, 
Wherein A1 is a difference betWeen a reference arc shape and 
the non-arc shape at a ?rst surface of the at least one plastic 
lens located at a side of the light source and A2 is a 
difference betWeen a reference linear shape and a linear 
shape at a second surface of the at least one plastic lens 
located at a side of the surface to be scanned. 

11. The optical scanning apparatus according to claim 5, 
Wherein the non-arc shape of the at least one plastic lens is 
disposed in the sub scanning direction and a center portion 
of the non-arc shape is de?ned by a relationship: A1—A2<0, 
Wherein A1 is a difference betWeen a reference linear shape 
and a linear shape at a ?rst surface of the at least one plastic 
lens located at a side of the light source and A2 is a 
difference betWeen a reference arc shape and the non-arc 
shape at a second surface of the at least one plastic lens 
located at a side of the surface to be scanned. 
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12. The optical scanning apparatus according to claim 5, 
Wherein the at least one plastic lens includes a ?rst surface 
and a second surface, Wherein the non-arc shape is located 
on the ?rst surface of the at least one plastic lens. 

13. The optical scanning apparatus according to claim 5, 
Wherein the at least one plastic lens includes a ?rst surface 
and a second surface, Wherein the non-arc shape is located 
on the second surface of the at least one plastic lens. 

14. The optical scanning apparatus according to claim 5, 
Wherein the second lens system has negative poWer in the 
main scanning direction. 

15. The optical scanning apparatus according to claim 5, 
Wherein the second lens system has positive poWer in the sub 
scanning direction. 

16. The optical scanning apparatus according to claim 5, 
Wherein a surface of the at least one plastic lens of the 
second optical lens system is con?gured such that a change 
in a curvature of ?eld in directions corresponding to the 
main and sub scanning directions, respectively, Which is 
caused by a change in the plastic lens of the third optical lens 
system due to changes in an operating temperature, is 
compensated. 

17. An image forming apparatus for forming an image by 
optically scanning a surface to be scanned at a constant 
velocity, the image forming apparatus comprising: 
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a light source for emitting a light ?uX; 

a ?rst optical lens system for coupling the light ?uX 
emitted by the light source to a folloWing optical lens 
system; 

a second optical lens system for forming the light ?uX 
from the ?rst optical lens system into a line irnage 
extending in a direction corresponding to a main scan 
ning direction of the surface to be scanned Which is 
perpendicular to a sub scanning direction; 

an optical de?ector for de?ecting the light ?uX formed as 
the line irnage via a de?ecting re?ective plane thereof, 
Which is located near Where the line image is formed; 
and 

a third optical lens system for condensing the de?ected 
light ?uX as an optical beam spot on the surface to be 
scanned; Wherein 

the second optical lens system includes a glass lens 
having positive poWer in the sub scanning direction and 
at least one plastic lens having a non-arc shape and 
negative poWer in the sub scanning direction. 


