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TEMPERATURE DEPENDENCE OF IMAGE PLANE SHIFT IN EXAMPLE 1
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SCANNING OPTICAL APPARATUS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is a reissue of U.S. Pat. No. 8,953,236,
which further claims priority from Japanese Patent Appli-
cation No. 2012-267991 filed on Dec. 7, 2013, the disclosure

of which 1s incorporated herein by reference in its entirety.

TECHNICAL FIELD

The present invention relates to a scanning optical appa-
ratus suitable for use 1n an electrophotographic 1image form-
ing apparatus or the like.

BACKGROUND ART

A scanning optical apparatus for use 1n an electrophoto-
graphic 1mage forming apparatus converts a beam of light
emitted from a light source ito a dot-like 1mage to be
formed on a target surface of a photoconductor drum or the
like and scans the target surface 1n a direction of an axis of
the photoconductor drum (main scanning direction) with the
dot-like 1mage. The scanning optical apparatus includes a
deflector which detlect a beam of light 1n the main scanning
direction, an illumination optical system provided upstream
of the deflector, and a scanning optical system provided
downstream of the deflector. The 1llumination optical system
focuses the beam of light near the detlector 1n a sub-scanning
direction and makes the same into a parallel or nearly
parallel beam 1n the main scanning direction. On the other
hand, the scanning optical system serves to convert the beam
of light directed from the detlector, into a dot-like image on
the target surface to be scanned.

As the ambient temperature of the scanning optical appa-
ratus (the temperature of the surrounding medium which
comes 1nto contact with the apparatus) changes, the dimen-
sions ol various parts thereol as well as the properties of
various optical elements thereotf will change, and the focal
point would disadvantageously be shifted forward or back-
ward from the target surface. This problem would be con-
spicuous when the illumination optical system includes a
lens made of plastic (resin) which may be adopted 1n view
of cost reduction. In order to address this problem, the
illumination optical system may include a refractive surface
and a diflractive surface so that an undesirable shift of the
focal point (image plane shift) due to change in temperature
1s suppressed. For example, it has been assumed to be
preferable that a ratio of refractive power to diflractive
power of the 1llumination optical system in the main scan-
ning direction 1s 1n a range of 1.43°7 to 2.669, and that a ratio
of refractive power to diflractive power of the 1llumination
optical system 1n the sub-scanning direction 1s in a range of

1.437 to 2.669.

SUMMARY

Applicant has noted that coeflicients of linear expansion
of members for holding the light source and the 1llumination
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2

optical system and a change 1n temperature of the scanning
optical system should be significant, and that a scanning
optical apparatus comprising a housing made of resin having
a great coellicient of linear expansion would be difhicult to
achieve suflicient performance.

With this 1n view, 1t 1s one aspect of the present invention
to provide a scanmng optical apparatus in which proper
temperature compensation can be achieved.

More specifically, according to one or more embodiments
of the present invention, a scanning optical apparatus 1is
provided which comprises a light source, a deflector, an
1llumination optical system and a scan lens. The detflector 1s
configured to deflect a beam of light emitted from the light
source 1n a main scanmng direction. The 1llumination optical
system 1s disposed between the light source and the detlector
and configured to convert the beam of light emitted from the
light source into a beam of light slightly converging 1n the
main scanning direction and focused near the detlector 1n a
sub-scanning direction. The scan lens 1s configured to cause
the beam of light deflected by the deflector to be focused nto
a dot-like 1mage on a target surface to be scanned. The scan
lens satisfies:

0.2=1-s"/Im=0.5 (1)

where s' 1s a distance from an 1image-space principal point in
the main scanning direction to an 1image point, and Im 1s a
focal length 1n the main scanning direction.

The 1llumination optical system has at least one rotation-
symmetric diffractive surface and at least one anamorphic
refractive surface, the i1llumination optical system having a
focal length fi [mm] in the main scanning direction, which
satisfies:

10=f1<2?2 (2)

A ratio mM/mS of a lateral magnification mM 1n the main
scanning direction to a lateral magnification mS 1n the
sub-scanning direction, of an entire optical system which
includes the 1llumination optical system and the scan lens,
satisfies:

mM/mS=1.38 (3)

Furthermore, a holding member provided to retain a
distance between the light source and the illumination
optical system has a coeflicient Z of linear expansion [1/K]
which satisfies:

3.05%10°<Z<9.50x10~> (4)

The 1llumination optical system has a refractive power
¢énM 1n the main scanning direction and a diflractive power
¢dM 1n the main scanning direction, and a ratio ¢gnM/pdM
of the refractive power ¢nM to the diflractive power ¢dM 1n
the main scanning direction satisfies:

o2 (f)=pnM/pdM=g1(f1) (5)

where A(Z)=(1.897x107)Z>+67447+0.5255, B(Z)=(2.964x
107)Z2+56457+0.6494, C(Z)=(3.270x107)Z>+35897 +
0.5250, D(Z)=(5.016x107)Z>+4571Z+0.8139, gl(fi)=i{D
(Z)-B(Z)}/12-5D(Z)/6+11B(Z)/6, [22(f)=i{C(Z)-D(Z)}/
12-5C(Z)/6+11A(Z)/6] g2(f)=filC(Z)-A(Z)}/12-5C(Z)/6+
11A(Z)/6.

BRIEF DESCRIPTION OF THE DRAWINGS

The above aspect, 1ts advantages and further features of
the present invention will become more apparent by describ-
ing in detail i1llustrative, non-limiting embodiments thereof
with reference to the accompanying drawings, in which:
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FIG. 1 1s a sectional view of a scanming optical apparatus
according to one exemplary embodiment taken along a main
scanning plane;

FIG. 2 1s a perspective view showing an illumination
optical system according to one embodiment;

FIG. 3 1s a diagram for explaining a lateral magnification
of a scan lens;

FIG. 4 1s a graph showing temperature dependence of an
image plane shift according to Example 1;

FIG. 5 1s a graph showing a relationship between power
ratios pnM/¢pdM 1n the main scanning direction and amounts
of image plane shift, when a coethicient Z of linear expansion
is 3.05x107":

FIG. 6 1s a graph showing a relationship between power
ratios pnM/¢pdM 1n the main scanning direction and amounts
of image plane shift, when a coetlicient Z of linear expansion
is 6.50x107":

FIG. 7 1s a graph showing a relationship between power
ratios pnM/¢pdM 1n the main scanning direction and amounts
of image plane shift, when a coetlicient Z of linear expansion
is 9.50%x107>; and

FIG. 8 1s a graph showing ranges of power ratios ¢nM/
¢dM 1n the main scanning direction with an image plane
shift falling within £1 [mm] in the main scanning direction.

DESCRIPTION OF EMBODIMENTS

A detailed description will be given of an illustrative,
non-limiting embodiment of the present invention with
reference made to the drawings where appropriate.

As shown i FIG. 1, a scanning optical apparatus 10
according to one embodiment comprises a integrally-
molded resinous (plastic) housing 8 and several components
housed therein which includes a semiconductor laser 1 as an
example of a light source, an aperture stop 2, a diflraction
lens 3 as an example of an i1llumination optical system, a
polygon mirror 5 as an example of a deflector, and an f-theta
(10) lens 6 as an example of a scan lens. With these
components, a laser beam emitted from the semiconductor
laser 1 1s converged into a spot-like 1mage on a target
(to-be-scanned) surface 9A of a photoconductor drum 9, and
the target surface 9A 1s scanned with the spot-like 1mage.
The aperture stop 2 1s configured as a rib having a through
hole, and the rib 1s provided inside the housing 8 integrally
with the housing 8. The difiraction lens 3 1s bonded directly
to the housing 8.

This housing 8 1s a holding member provided to retain a
distance between the semiconductor laser 1 as a light source
and the diflraction lens 3 as an 1llumination optical system,
and the expansion and contraction of the holding member
due to change 1n temperature would affect the quality of an
image formed on the target surface 9A. In the scanning
optical apparatus 10 configured according to this embodi-
ment, the coetlicient Z of linear expansion 1s 1n the range of:

3.05%x107°=Z=9.50x10™" (4)

In other words, the holding member 1s made of a material
which has a relatively great coethlicient Z of linear expansion.
In order to reduce variation 1n the amount of 1image plane
shift which would result from change in temperature, 1t 1s
preferable that the coeflicient Z of linear expansion be made
smaller 1 possible; that is, the following range may be
preferable:

3.05x107°<Z<7.40x107° (6)

The holding member 1s not necessarily composed of a
single part, but may be an assembly of several parts. For
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4

example, the holding member may be a combination of parts
made of metal and parts made of resin material. In this case,
the resultant of coetlicients of linear expansion of these parts
which hold the light source and the illumination optical
system to thereby retain the distance between them may be
considered to be the coeflicient Z.

The semiconductor laser 1 1s a device configured to
generate a slightly divergent laser beam (a beam of light). A
light-emitting element of the semiconductor laser 1 1s con-
figured to give off and interrupt light emissions 1n accor-
dance with an 1image formed on the target surface 9A of the
photoconductor drum 9 under control of a controller (not
shown).

The aperture stop 2 1s a member having an opeming which
determines a size in the sub-scanning direction of a laser
beam emitted from the semiconductor laser 1.

The diffraction lens 3 1s disposed between the semicon-
ductor laser 1 and the polygon mirror 5 and configured to
convert the beam of light emitted from the semiconductor
laser 1 and passed through the aperture stop 2 into a beam
of light slightly converging 1in a main scanning direction (the
direction of the beam of light sweeping laterally with respect
to the direction of travel thereof 1n FIG. 1; the direction of
deflection thereof eflected by the polygon mirror 5) and
focused near a specular surface 5A of the polygon mirror 5
in a sub-scanning direction (the direction perpendicular to
the main scanning direction and to the drawing sheet of FIG.
1).

As shown 1n FIG. 2, the diffraction lens 3 1n this embodi-
ment has an incident-side surface 3 A (surface at a light beam
incident side on which the beam of light strikes) configured
as a rotation-symmetric diflractive surface and an exit-side
surface 3B (surface at a light beam exit side from which the
beam of light goes out) configured as an anamorphic refrac-
tive surface. In view of the costs, 1t may be preferable that
the diffraction lens 3 1s a single lens made of plastic (resin).
However, the 1llumination optical system consistent with the
present invention 1s not limited to this specific configuration;
for example, the 1llumination optical system may comprise
a lens made of glass, and the number of lenses (surfaces) 1s
also not limited to one but may be more as long as the
illumination optical system 1s provided with at least one
refractive surface and at least one diflractive surface. In
order to reduce aberration such as a spherical aberration of
the 1llumination optical system, 1t may be preferable that the
illumination optical system be configured to have the rota-
tion-symmetric diflractive surface provided at a lens surface
closest to the light source, and to have the anamorphic
refractive surface provided at a lens surface from which the
beam of light exits the illumination optical system.

The diflraction lens 3 has a focal length fi [mm] in the
main scanmng direction, which satisfies:

10=fi2? (2)

As the focal length fi 1s not less than 10 [mm], the lateral
magnification can be moderately restricted so that the mag-
nification will not become too great. As the focal length 11 1s
not greater than 22 [mm], the apparatus can be designed to
be compact 1n size, and the loss of the efliciency of use of
light 1n the semiconductor laser 1 can be suppressed.

Also 1in this embodiment, a ratio mM/mS of a lateral
magnification mM in the main scanning direction to a lateral
magnification mS 1n the sub-scanning direction, of an entire
optical system which includes the 1llumination optical sys-
tem (diflraction lens 3) and the scan lens (1-theta lens 6) and
other components, 11 any, provided between the 1llumination
optical system and the scan lens, satisfies:

mM/mS=1.38 (3)
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As shown 1n Examples which will be described later, the
ratio of magnification mM/mS 1n the main scanning direc-
tion not less than 1.38 serves to reduce the amount of 1mage
plane shift caused by the change 1n ambient temperature.

The diffraction lens 3 has a diffractive power ¢dM 1n the
main scanning direction and a refractive power ¢nM 1n the
main scanning direction, and a ratio ¢nM/¢dM of the
refractive power ¢nM to the diffractive power ¢dM of the
diffraction lens 3 1n the main scanning direction satisfies:

(3)

where A(Z)=(1.897x10")Z°+67447+0.5255, B(Z)=(2.964x
107)Z7+56457+0.6494, C(Z)=(3.270x107)Z*+35897Z+
0.5250, D(Z)=(5.016x107)Z>+45717+0.8139, gl(fi)=fi{D
(2)-B(Z)}/12-5D(Z)/6+11B(Z2)/6, [22(H)=ti{C(Z)-D(Z)}/
12-5C(2)/6+11A(Z)/6] g2(fi)=filC(Z)-A(L)}/12-5C(Z)/6+
11A(Z)6, and the focal length fi 1n the main scanning
direction 1s 1n the range as indicated 1n 1nequality (2) above
(10=11=22).

Since the condition indicated by 1nequality (5) 1s satisfied,
the 1mage plane shift (i.e., a change in the position of 1image
plane due to the change in temperature and the change in
wavelength of the beam of light, called “mode hopping™)
can be suppressed satistactorily 1n the main scanning direc-
tion. To be more specific, the amount of 1image plane shift in
the main scanning direction 1s not greater than 1 [mm] and
the amount of 1mage plane shift in the sub-scanning direc-
tion 1s not greater than 4 [mm] with a change 1n temperature
of £30° C. from a reference temperature of 25° C., with the
result that a suflicient performance for illumination can be
achieved in the range of temperatures at which the apparatus
1s operated for actual use.

The polygon mirror 3 has a plurality of specular surfaces
5A disposed equidistantly from an axis 5B of rotation of the
polygon mirror 5; the polygon mirror 5 1n this embodiment
as shown 1n FIG. 1 has four specular surfaces 5A by way of
example. The polygon mirror 5 spins at a constant rotational
speed about the axis 3B of rotation and reflects and deflects
a beam of light having passed through the difiraction lens 3
in the main scanmng direction.

The scanning optical apparatus 10 includes only one
t-theta lens 6 1n this embodiment. The f-theta lens 6 1is
configured to convert the beam of light having been reflected
and thus deflected by the polygon mirror 5 1nto a spot-like
image to be focused on the target surface 9A to be scanned.
The f-theta lens 6 1s also configured to correct an optical face
tangle error of each specular surface 5A of the polygon
mirror 5. The f-theta lens 6 has i-theta characteristics such
that the beam of light deflected at a constant angular velocity
by the polygon mirror 5 1s converted 1into a beam of light that
scans the target surface 9A at a constant linear velocity.

Referring to FIG. 3, the i-theta lens 6 has a lateral
magnification {3 in the main scanning direction as expressed
with several parameters thereof which include a distance s
from an object point OB to an object-space principal point
H in the main scanning direction, a distance s' from an
image-space principal point H' in the main scanning direc-
tion to an 1mage point IM, and a focal length fm of the f-theta
lens 6 1n the main scanning direction. As 1/fm=1/s'-1/s 1s
satisfied, the lateral magnification {3 of the f-theta lens 6 1n
the main scanning direction 1s represented as follows:

g2 (f)=gnM/pdM=g1(fi)

p=s"/s=1-s"/Im

In the present embodiment, the lateral magnification
B3(=1-s'/Tm) 1n the main scanning direction of the 1-theta lens
6 1s 1n the following range:

0.2=1-8"/ITm=0.5 (1)
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As the lateral magnification 3 1s not less than 0.2, the
scanning optical apparatus 10 can be designed to be compact
in si1ze. As the lateral magmfication 3 1s not greater than 0.5,
the jitter caused by vibrations of the specular surfaces SA of
the polygon mirror 5 can be reduced low.

Although the illustrative embodiment of the present
invention has been described above, the present invention 1s
not limited to the above-described embodiments. Various
modifications and changes may be made to the specific
structures and arrangement without departing from the scope
of the present invention.

For example, the diffraction lens 3 in the present embodi-
ment 1s configured to have 1ts incident-side surface 3A
configured as a diffractive surface and its exit-side surface
3B configured as a refractive surface, but may be configured
vice versa, 1.e., 1t may have a refractive surface provided at
its incident side and a diffractive surface provided at 1ts exit
side.

The number of specular surfaces 5A of the polygon mirror
5 may be s1x, for example. As a detlector, a vibration mirror
may be used instead of the polygon mirror 3.

EXAMPLES

Inventors named in the present application and their
colleagues have investigated the influence, on the image
plane shift associated with the change in ambient tempera-
ture, of adjustments made to the diflraction lens 3 (1llumi-
nation optical system) by varying the ratio ¢nM/¢pdM of the
refractive power ¢nM 1n the main scanmng direction to the
diffractive power ¢dM 1n the main scanning direction (here-
iafter referred to as “main scanning direction power ratio”).

To be more specific, the amount of 1mage plane shiit 1s
calculated, as in EXAMPLES 1-5, using an optical system
in which a single lens having a diffractive surface and an
anamorphic refractive surface 1s adopted as an 1llumination
optical system, by varying any of (1) magnification ratio
mM/mS, (2) main scanning direction power ratio ¢nM/pdM,
and (3) focal length {i 1n the main scanning direction of the
diffraction lens. For example, the conditions and particulars
of the optical system 1n EXAMPLE 1 are as follows:

Example 1

Wavelength of semiconductor laser: 792.6 [nm]

Range of temperature -5 to 55 [° C.]

Rate of change in wavelength of semiconductor laser:
0.238 [nm/° C.]

Focal length {1 1n main scanning direction of diffraction
lens: 22 [mm

Coellicient 7Z of linear expansion ol member provided to
retain distance between semiconductor laser and diffraction
lens: 3.05x107° [1/K]

Lateral magnification mM 1n main scanning direction of
entire optical system: 6.69

Lateral magnification mS 1n sub-scanning direction of
entire optical system: 4.85

Ratio of magnifications mM/mS: 1.38

Refractive power ¢nM 1n main scanning direction of
diffraction lens: 0.021

Diffractive power ¢dM 1n main scanning direction of
diffraction lens: 0.026

Main scanning direction power ratio ¢nM/pdM: 0.800

Refractive power ¢nS 1n sub-scanning direction of dif-
fraction lens: 0.03267
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Diffractive power ¢dS 1n sub-scanning direction of dif-
fraction lens: 0.02564

Sub-scanning direction power ratio ¢nS/¢pdS: 1.27
Phase function of diffractive surface:

8

coellicient Z of linear expansion takes some different value.

Therefore, for the coetlicients Z of linear expansion=6.50x
10~ [1/K] and 9.50x10~> [1/K], the values at the smallest
magnification ratio mM/mS=1.38 only are selected among

the simulation results and shown 1n FIGS. 6 and 7, respec-
tively.

From observations of simulation results as shown 1n
FIGS. 5-7, the range 1n which the amount of image plane

C, =-0.0128 10 shift 1n the main scanning direction 1s not greater than 1
[mm] and the amount of image plane shift in the sub-
TABLE 1
Optical System imn EXAMPLE 1
RADIUS OF CURVATURE
MAIN SUB-
SURFACE SCANNING SCANNING REFRACTIVE OPTICAL
No. SURFACE DIRECTION DIRECTION DISTANCE INDEX ELEMENT
1 & 0 0.970 1
2 0 0 0.250 1.511 GLASS COVER
3 % % 21.84 1
4 DIFFRACTIVE 0 0 2.000 1.527 DIFFRACTION
SURFACE LENS
S ANAMORPHIC —25.686 -16.124 56.78 1
SURFACE
6 o % 42.35 1
7 ANAMORPHIC 67.257 —12.543 13.00 1.527 0 LENS
SURFACE
8 ANAMORPHIC 152.98 -9.618 OR8.% 1
SURFACE

Temperature dependence of the amounts of 1image plane
shift 1n the main scanning direction and 1n the sub-scanning
direction 1n Example 1 1s shown 1n FIG. 4. FIG. 4 represents
tocal positions shifted in the main scanning direction and the
sub-scanning direction at temperatures of —5° C. and 55° C.
from the image plane position at an ambient temperature
(25° C.).

From the values (amounts) of 1image plane shift varying
according to temperature as shown in FIG. 4, values of
which the absolute values are relatively large are selected for
cach of the amounts of image plane shift in the main
scanning direction and in the sub-scanning direction, and a
graph 1s created which shows a relationship between the
main scanning direction power ratios ¢nM/¢pdM and the
maximum absolute values of image plane shift. For
example, 1 FIG. 4, the maximum of the absolute value of
image plane shift 1n the main scanning direction 1s 0.3 [mm]
at —5° C., while the maximum of the absolute value of image
plane shift 1n the sub-scanning direction 1s 3.4 [mm] at 535°
C. In the graph of FIG. 5, these values of image plane shait
0.3 [mm] (solid lines connecting black diamond marks) and
3.4 [mm] (solid lines connecting white diamond marks) are
plotted at ¢nM/pdM=0.80.

Other values (amounts of 1image plane shift in the main
scanning direction and in the sub-scanming direction)
obtained similarly by varying the parameters of the focal
lengths fi, the magmfication ratios mM/mS and the main
scanning direction power ratios ¢nM/¢pdM are plotted 1n
FIG. 5§ from which 1t 1s shown that the higher the magnifi-
cation ratio mM/mS 1s, the smaller the maximum absolute
value of 1mage plane shiit (of the amounts of image plane
shift) shows. The same tendency 1s observed when the

35

40
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55

60
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scanning direction 1s not greater than 4 [mm] 1s three-

dimensionally shown 1n FIG. 8. It has been confirmed that
if the amount of image plane shift in the main scanning
direction 1s not greater than 1 [mm], then the amount of
image plane shiit in the sub-scanming direction 1s always not
greater than 4 [mm)].

In FIG. 8, rnidge lines A(Z), B(Z), C(Z) and D(Z) are
quadric curves obtained by approximation from the dots
plotted for three values of the coeflicient Z of linear expan-

sion: 3.05x107°, 6.50x107> and 9.50x107".

By making use of the ndge lines A(Z), B(Z), C(Z) and
D(Z), the range of the main scanning direction power ratio
onM/pdM 1n which the following inequality 1s satisfied 1s
depicted 1n FIG. 8.

g2(fi)=gpnM/@pdM=g1(f)

where A(Z)=(1.897x10"Z*+67447+0.5255, B(Z)=(2.964x
101727 +56457+0.6494, C(Z)=(3.270x107)Z*+35897Z+
0.5250, D(Z)=(5.016x107)7Z*+45717Z+0.8139, gl(fi)=fi{D
(Z2)-B(Z)}12-5D(2)/6+11B(2)/6, [g2(h)=H{C(Z)-D(Z)}/
12-5C(2)/6+11A(Z2)/6] g2(f)=filC(L)-A(ZL)}/12-5C(Z)/6+
11A(Z)6, and the focal length fi 1n the main scanning
direction 1s 1n the range of 10={i=22 [mm].

If the main scanning direction power ratio pnM/¢pdM falls
within the range shown 1n FIG. 8, the amount of 1image plane
shift with a coeflicient Z of linear expansion of the holding
member falling within the range of 3.05x10°<Z<9.50x107>
and a focal length fi of the 1llumination optical system falling
within the range of 10-22 [mm] can be restricted within the
range of not greater than 1 [mm] 1 the main scanmng
direction and 4 [mm] 1n the sub-scanning direction. Accord-
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ingly, proper temperature compensation in the scanning
optical apparatus can be achieved.

Besides Example 1 described above, several other
examples 1n which proper temperature compensation can be
achieved under the above conditions will be described
below.

Example 2

10

The scanning optical apparatus in Example 2 1s config-
ured such that the coeflicient Z of linear expansion 1s

6.50x107> [1/K] and the focal length fi is 22 [mm]. The other

conditions for simulation are as follows:
Wavelength of semiconductor laser: 792.6 [nm]
Range of temperature -5 to 55 [° C.]

Rate of change in wavelength of semiconductor laser:
0.238 [nm/° C.]

Focal length fi 1n main scanning direction of di
lens: 22 [mm

Coetlicient Z of linear expansion of member provided to
retain distance between semiconductor laser and diffraction
lens: 6.50x107> [1/K]

Lateral magnification mM 1n main scanning direction of
entire optical system: 6.70

Lateral magnification mS 1n sub-scanning direction of
entire optical system: 4.85

Ratio of magnifications mM/mS: 1.38

Refractive power ¢nM 1n main scanning direction of
diffraction lens: 0.024

Difiractive power ¢dM 1n main scanmng direction of
diffraction lens: 0.022
Main scanning direction power ratio ¢nM/¢pdM: 1.100

Refractive power ¢nS i1n sub-scanning direction of dif-
fraction lens: 0.03621

Diflractive power ¢dS in sub-scanning direction of dif-
fraction lens: 0.02198

Sub-scanning direction power ratio ¢nS/pdS: 1.65

Phase function of diffractive surface:

15

Traction

20

25

30

35
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In this Example 2, the amount of image plane shift 1s 0.3
[mm] 1n the main scanning direction and 3.5 [mm] in the
sub-scanning direction.

Example 3

The scanning optical apparatus in Example 3 1s config-

ured such that the coeflicient Z of linear expansion 1s
6.50x107> [1/K] and the focal length fi is 10 [mm]. The other
conditions for simulation are as follows:

Wavelength of semiconductor laser: 792.6 [nm]
Range of temperature -5 to 55 [° C.]

Rate of change in wavelength of semiconductor laser:
0.238 [nm/° C.]

Focal length fi in main scanning direction of diffraction
lens: 10 [mm

Coefllicient Z of linear expansion of member provided to
retain distance between semiconductor laser and diffraction

lens: 6.50x107> [1/K]

Lateral magnification mM i1n main scanning direction of
entire optical system: 15.11

Lateral magnification mS 1n sub-scanning direction of
entire optical system: 10.95

Ratio of magnifications mM/mS: 1.38

Refractive power ¢nM 1n main scanning direction of
diffraction lens: 0.034

Diffractive power ¢dM 1n main scanning direction of
diffraction lens: 0.049

Main scanning direction power ratio ¢gnM/pdM: 1.100

Refractive power ¢nS 1n sub-scanning direction of dif-
fraction lens: 0.06649

Diffractive power ¢dS 1n sub-scanning direction of dif-
fraction lens: 0.04929

Sub-scanning direction power ratio ¢nS/¢pdS: 1.35

Phase tunction of diffractive surface:

40
10 10
p=) Cur b= ) Cpr
n=1 n=1
C; =-0.0110 45 C; =-0.0246
TABLE 2
Optical System imn EXAMPLE 2
RADIUS OF CURVATURE
MAIN SUB-
SURFACE SCANNING SCANNING REFRACTIVE OPTICAL
No. SURFACE DIRECTION DIRECTION DISTANCE INDEX ELEMENT

1 oy e 0.970 1
2 <0 o 0.250 1.511 GLASS COVER
3 oy e 21.73 1
4 DIFFRACTIVE 0 0 2.000 1.527 DIFFRACTION

SURFACE LENS
5 ANAMORPHIC -21.791 -14.548 57.35 1

SURFACE
6 0 0 42 .35 1
7 ANAMORPHIC 67.257 -12.543 13.00 1.527 {6 LENS

SURFACE
8 ANAMORPHIC 152.98 -9.618 8.8 1

SURFACE
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TABLE 3

Optical Svstem in EXAMPLE 3

12

RADIUS OF CURVATURE

MAIN SUB-
SURFACE SCANNING SCANNING REFRACTIVE OPTICAL
No. SURFACE DIRECTION DIRECTION DISTANCE INDEX ELEMENT
1 o e 0.970 1
2 o e 0.250 1.511 GLASS COVER
3 oy e 8.47 1
4 DIFFRACTIVE o0 o0 2.000 1.527 DIFFRACTION
SURFACE LENS
5 ANAMORPHIC -9.716 —7.924 56.33 1
SURFACE
6 o e 42.35 1
7 ANAMORPHIC 67.257 —12.543 13.00 1.527 10 LENS
SURFACE
8 ANAMORPHIC 152.98 -9.618 O8.% 1
SURFACE

In this Example 3, the amount of image plane shiit 1s 0.7
[mm] 1n the main scanning direction and 3.7 [mm] in the
sub-scanning direction.

Example 4

The scanning optical apparatus in Example 4 1s config-
ured such that the coeflicient 7Z of linear expansion 1s
9.50x107> [1/K] and the focal length fi is 22 [mm]. The other

conditions tor simulation are as follows:

Wavelength of semiconductor laser: 792.6 [nm]

Range of temperature -5 to 55 [° C.]

20
Ratio of magnifications mM/mS: 1.38

Refractive power ¢nM 1n main scanning direction of
diffraction lens: 0.028

»5  Diflractive power ¢dM 1n main scanning direction of
diffraction lens: 0.018

Main scanning direction power ratio ¢nM/¢pdM: 1.500

Refractive power ¢nS 1n sub-scanning direction of dif-
fraction lens: 0.03958

30
Diffractive power ¢dS 1n sub-scanning direction of dif-
fraction lens: 0.01845

Sub-scanning direction power ratio (¢pnS/¢dS: 2.15

Phase tunction of diffractive surface:

TABLE 4

Optical Syvstem in EXAMPLE 4

SURFACE
No. SURFACE
1
2
3
4 DIFFRACTIVE
SURFACE
5 ANAMORPHIC
SURFACE
0
7 ANAMORPHIC
SURFACE
8 ANAMORPHIC
SURFACE

Rate of change in wavelength of semiconductor laser:
0.238 [nm/° C.]

Focal length fi 1n main scanning direction of di
lens: 22 [Mm]

Coetlicient Z of linear expansion of member provided to

retain distance between semiconductor laser and dif
lens: 9.50x107> [1/K]

raction

raction

Lateral magnification mM 1n main scanning direction of

entire optical system: 6.71

Lateral magnification mS 1n sub-scanning direction of

entire optical system: 4.86

RADIUS OF CURVATURE

MAIN SUB-
SCANNING SCANNING REFRACTIVE OPTICAL
DIRECTION DIRECTION DISTANCE INDEX ELEMENT
ve ve 0.970 1
ve ve 0.250 1.511 GLASS COVER
ve ve 21.63 1
ve ve 2.000 1.527 DIFFRACTION
LENS
—-19.035 -13.312 57.99 1
0 0 42.35 1
67.257 -12.543 13.00 1.527 10 LENS
152.98 -9.61R OR.K 1

55
10
p= ) Cur™
n=1
60
C; =-0.0092
s In this Example 4, the amount of image plane shift 1s 0.5

[mm] 1n the main scanning direction and 3.6 [mm] in the

sub-scanning direction.
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Example 5

The scanning optical apparatus in Example 5 1s config-

ured such that the coeflicient 7Z of linear expansion 1s 3
7.40x107> [1/K] and the focal length fi is 22 [mm]. The other
conditions for simulation are as follows:

Wavelength of semiconductor laser: 792.6 [nm]

Range of temperature -5 to 55 [° C.]

Rate of change mn wavelength of semiconductor laser:
0.238 [nm/® C.]

Focal length fi 1n main scanning direction of di

10

raction
15

lens: 22 [nm]

Coellicient Z of linear expansion of member provided to

"y

raction

retain distance between semiconductor laser and di
lens: 7.40x107> [1/K]

Lateral magnification mM 1n main scanning direction of

0

entire optical system: 6.70

Lateral magnification mS 1n sub-scanning direction of
entire optical system: 4.85

Ratio of magnifications mM/mS: 1.38 >

Refractive power ¢nM 1n main scanning direction of
diffraction lens: 0.025

Diffractive power ¢dM 1n main scanmng direction of

14

In this Example 5, the amount of image plane shift 1s 0.4
[mm] 1n the main scanning direction and 3.5 [mm] in the
sub-scanning direction.

Example 6

The scanning optical apparatus in Example 6 1s assumed
to 1nclude a two-lens illumination optical system configu-
ration with a collimating lens having a rotation-symmetric
diffractive surface and a cylinder lens having an anamorphic
refractive surface, wherein the coeflicient Z of linear expan-
sion is 6.50x107> [1/K] and the focal length fi is 22 [mm)].
The other conditions for simulation are as follows:

Wavelength of semiconductor laser: 792.6 [nm]

Range of temperature -5 to 55 [° C.]

Rate of change in wavelength of semiconductor laser:
0.238 [nm/° C.]

Focal length {1 1n main scanning direction of diffraction
lens: 22 [nm]

Coefllicient Z of linear expansion of member provided to
retain distance between semiconductor laser and difiraction
lens: 6.50x107> [1/K]

Lateral magnification mM 1n main scanning direction of
entire optical system: 6.63

Lateral magnification mS 1n sub-scanning direction of
entire optical system: 4.81

Ratio of magnifications mM/mS: 1.38

Refractive power ¢nM 1n main scanning direction of

L 30 A; : .
diffraction lens: 0.021 diffraction lens: 0.024 | | ]
. . L . Diffractive power ¢dM 1n main scanning direction o
Main scanning direction power ratio ¢nM/pdM: 1.200 . . P ® -
_ _ _ ST _ diffraction lens: 0.022
Refractive power ¢nS i1n sub-scanning direction of dif- Main scanning direction power ratio pnM/¢dM: 1.100
fraction lens: 0.03717 s Refractive power ¢nS 1n sub-scanning direction of dif-
Diffractive power ¢dS in sub-scanning direction of dif- fraction lens: 0.03791
fraction lens: 0.02008 Diffractive power ¢dS 1n sub-scanning direction of dif-
. L . fraction lens: 0.02198
Sub-scanning direction power ratio ¢nS/¢dS: 1.77 L, .
‘g o P ' bn>/¢ Sub-scanning direction power ratio ¢nS/¢pdS: 1.72
Phase function of diffractive surface: 0 Phase function of diffractive surface:
10 10
p=> Cur™ p= > Cor™
n=1 n=1
45
C; =-0.0105 C; =-0.0110
TABLE 5
Optical System inm EXAMPLE 5
RADIUS OF CURVATURE
MAIN SUB-
SURFACE SCANNING SCANNING REFRACTIVE OPTICAL
No. SURFACE DIRECTION DIRECTION DISTANCE INDEX ELEMENT
1 0 e 0.970 1
2 0 e 0.250 1.511 GLASS COVER
3 0 e 21.70 1
4 DIFFRACTIVE e O 2.000 1.527 DIFFRACTION
SURFACE LENS
D ANAMORPHIC —-20.928 -14.173 57.53 1
SURFACE
5 % m 42.35 1
7 ANAMORPHIC 67.257 —12.543 13.00 1.527 0 LENS
SURFACE
8 ANAMORPHIC 152.98 -9.618 OR.% 1

SURFACE
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TABLE 6

Optical Svstem 1n EXAMPLE 6

16

RADIUS OF CURVATURE

MAIN SUB-
SURFACE SCANNING SCANNING REFRACTIVE OPTICAL
No. SURFACE DIRECTION DIRECTION DISTANCE INDEX ELEMENT

1 o e 0.970 1

2 o e 0.250 1.511 GLASS COVER

3 o e 21.74 1

4 DIFFRACTIVE o0 o0 2.000 1.527 COLLIMATING
SURFACE LENS

5 -21.791 -21.791 1.000 1

6 CYLINDRICAL o 38.372 2.000 1.527 CYLINDER
SURFACE LENS

7 0 o0 53.26

8 oy e 42.35 1

9 ANAMORPHIC 67.257 —12.543 13.00 1.527 10 LENS
SURFACE

10 ANAMORPHIC 152.98 -9.618 O8.% 1

SURFACE

In this Example 6, the amount of image plane shiit 1s 0.3
[mm] in the main scanning direction and 3.1 [mm] 1n the
sub-scanning direction. 55

What 1s claimed 1s:

1. A scanning optical apparatus comprising:

a light source;

a deflector configured to detlect a beam of light from the
light source 1 a main scanmng direction;

an 1llumination optical system disposed between the light
source and the deflector and configured to convert the
beam of light emitted from the light source into a beam
of light slightly converging in the main scanning direc-
tion and focused near the deflector 1n a sub-scanning
direction; [and]

a holding member provided to retain a distance between
the light source and the illumination optical system;
and

a scan lens configured to cause the beam of light deflected
by the detflector to be focused nto a dot-like 1mage on
a target surface to be scanned,

wherein the scan lens satisfies:

30

35

40

0.2<1-s"fm=0.5 45

where s' 1s a distance from an 1image-space principal point of
the scan lens 1n the main scanning direction to an 1mage
point of the scan lens in the main scanning divection, and Im
1s a focal length of the scan lens 1n the main scanning
direction,
wherein the 1llumination optical system has at least one
rotation-symmetric diffractive surface and at least one
anamorphic refractive surface, the 1llumination optical
system having a focal length fi [mm] in the main
scanning direction, which satisfies:

50

55

10=fi=22;

wherein a ratio mM/mS of a lateral magmfication mM 1n
the main scanning direction to a lateral magnification
mS 1n the sub-scanning direction, of an entire optical
system which includes the illumination optical system
and the scan lens, satisfies:

mM/mS=1.38;

wherein [a] #ke holding member [provided to retain a
distance between the light source and the 1llumination
optical system] has a coefficient Z of linear expansion

[1/K] which satisfies:
3.05x107°<Z=<9.50x107>;

wherein the illumination optical system has a refractive
power ¢nM 1n the main scanning direction and a
diffractive power ¢dM 1n the main scanning direction,
and a ratio gnM/pdM of the refractive power ¢nM to
the diflractive power ¢dM 1n the main scanning direc-
tion satisfies:

o2 (f)spnM/pdM=g1(f)
where A(Z)=(1.897x107)Z>+67447+0.5255, B(Z)=(2.964x
10722 +56457+0.6494, C(Z)=(3.270x107)Z>+35897 +

0.5250, D(Z)=(5.016x10")Z°+4571Z+0.8139, gl(fi)=fi{D
(Z2)-B(Z)}12-5D(2)/6+11B(2)/6, [g2(h)=H{C(Z)-D(Z)}/
12-5C(2)/6+11A(Z2)/6] g2(f)=filC(Z£)-A(Z)}/12-5C(Z)/6+
11A(Z)Y6.

2. The scanning optical apparatus according to claim 1,
wherein the illumination optical system [is configured to
have] comprises at least one lens having a first lens surface
closest to the light source and a second lens surface from
which the beam of light exits the illumination optical system,
the rotation-symmetric diffractive surface being provided at
[a] /e first lens surface [closest to the light source], and [to
have] the anamorphic refractive surface being provided at
[a] the second lens surface [from which the beam of light
exits the illumination optical system].

3. The scanning optical apparatus according to claim 1,
wherein the coeflicient Z of linear expansion 1s in the

following range:
3.05x1077=Z<7.40x 107,

4. The scanning optical apparatus according to claim 1,
wherein the i1llumination optical system 1s a single plastic
lens.

5. The scanning optical apparatus according to claim 1,
wherein with a change in temperature of £30° C. from a
reference temperature of 25° C., an amount of 1image plane
shift in the main scanning direction 1s not greater than 1
[mm] and an amount of image plane shift i the sub-
scanning direction 1s not greater than 4 [mmy].

G o e = x
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