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[Fig. 2]

(57) Abstract: An imaging optical system includes a
plurality of lens optical system rows each including a
plurality of lens optical systems arranged in a first direc-
tion. The plurality of lens optical system rows are ar-
ranged in a second direction perpendicular to the first
direction and to an optical axis direction. Each of the
plurality of lens optical systems in each of the plurality
of lens optical system rows is configured to form an erect
equal-magnification image in a cross section perpendicu-
lar to the second direction and contigured to form an in-
verted image in a cross section perpendicular to the first
direction. In a cross section perpendicular to the optical
axis direction , optical axes of the respective plurality of
lens optical systems in adjoining ones of the plurality of
lens optical system rows are separate from one another in
the first direction and being located on a same line.
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DESCRIPTION

Title of Invention

IMAGING OPTICAL SYSTEM AND METHOD FOR MANUFACTURING LENS ARRAY

Technical Field

[6001] The present invention relates to an imaging optical
system, and is suitable for an imaging optical system for use
in an image forming apparatus or an image.reading apparatus,

for example.

Background Art

[0002] Image forming apparatuses and 1mage reading
apparatuses using a lens array optical system (imaging optical
system) including a small-diameter lens array have been
developed recently. For example, image forming apparatuses
and image reading apparatﬁses'that include a built-in unit in
which a lens array dptical system is ﬁeld.in a housing with an
array light source (light-emitting diode (LED)) or a 1line sensor
have been known. The use of thée lens array optical system can
reduce the sizé and cost of such apparatuses.

[0003] A lens array optical system,has the problems that an

imaging light amount and imaging performance on an image plane

" (referring to a sensor surface in the case of an image reading

apparatus, and a photosensitive surface in the case of an image
forming apparatus) tend to drop, and that variations occur in

the imaging light amount and the imaging performance.
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Techniques for solving such problems are discussed in Japanese
Patent Application Laid;Open No. 63-274915 and U.S. Patent
Application Publication No. 2008/0080057.

[0004] Japanese Patent Application Laid-Open No. 63-274915
discusses a lens array optical system in which a plurality of
lens optical systems is arranged in one direction (main array
direction). The lens arrayoptical systemisconfigured so that
the plurality of lens optical systems is arranged in a single
row when seen in a direction (sub array direction) perpendicular
to the main array direction and to an optical axis direction.
Light fluxes incident on the respective plurality of lens
optical systems form erect equal-magnification images in a
cross section perpendicular to the sub array direction, and
inverted equal-magnification images in a cross section
perpendicular to the main array direction. According to such
a configuration, lens power needed in the sub array direction
is lower than with an optical system where erect
equal-magnification images are formed in the cross section
perpendicular to the main array direction. Favorable imaging
performance can thus be obtained even with smaller F values,
which can ensure compatibility between the imaging light amount
and the imaging performance.

[0005] U.S. Patent Application Publication No. 2008/0080057
discusses a lens array optical system in which two lens optical
system rows each including lens optical systems arranged in a
main array direction are arranged in a sub array direction. The

lens optical systems are arranged in a staggered arrangement.



10

15

20

25

WO 2014/058036 PCT/JP2013/077683

More specifically, the optical axes of the respective lens
optical systems of the lens optical system rows are separate
fromone another in themain array direction. According to such
a configuration, the number of lens optical systems for a light
flux from each light emitting point of an array light source
to pass through can be increased to average the imaging light
flux at each light emitting point position. As a result,
variations in the imaging light amount and the imaging
performance can be reduced.

(0006] The lens array optical system discussed in Japanese
Patent Application Laid-Open No. 63-274915 includes a single
row of lens optical systems in the sub array direction. Such
a configuration is disadvantageous in terms of reducing
variations in the imaging light amount and the imaging
performance. The lens array optical system discussed in U.S.
Patent Application Publication No. 2008/0080057 is not
applicable to a system where inverted images of an object are
formed in the cross section perpendicular to the main array
direction. Such a configuration is disadvantageous in terms
of ensuring comparability between the imaging light amount and
the imaging performance.

[0007] Suppose that lens optical systems are arranged in two
rows in the sub array direction (Z diréction) as discussed in
U.S. Patent Application Publication No. 2008/0080057. Fig. 36
illustrates cross-sectional views of such configurations
perpendicular to the main array direction (ZX cross-sectional

views). Each lens optical system includes two lenses
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juxtaposed in the direction of an optical axis which is
illustrated by a dashed-dotted line (X direction). The lenses
are represented by ideal lenses (arrows in the diagram). As
can be seen from Fig. 36, in the system that forms erect
equal-magnification images of an object, the upper and lower
lens optical systems form the iﬁages in the same position. On
the other hand, in the system that forms inverted images of an
object, the lens optical systems form the images in separate
positions in the sub array direction. The imaging positions
do not coincide with each other.

[0008] That is, simply combining the techniques discussed
in Japanese Patent Application Laid-Open No. 63-274915 and U.S.
Patent Application Publication No. 2008/0080057 cannot provide
a solution to both the problems that the imaging light amount
and the imaging performance tend to drop and that variations

occur in the imaging light amount and the imaging performance.

Summary of Invention

[0009] The present invention is directed to an imaging
optical system that can ensure compatibility between ﬁhe
imaging light amount and the imaging performance, and can reduce
variations in the imaging light amount.and the imaging
performance.

{0010] According to an aspect of the present invention, an
imaging optical system includes a plurality of lens optical
system rows each including a plurality of lens optical systems-

arranged in a first direction, wherein the plurality of lens
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optical system rows 1s arranged in a second direction
perpendicular to the first direction and to an optical axis
direction,whereineachcﬁfthepluralitywyflensopticalsystems‘
in each of the plurality of lens optical system rows is
configured to form an erect equal-magnification image in a cross
section perpendicular to the second direction and configured
to form an inverted image in a cross section perpendicular to
the first direction,land wherein, in a cross section
perpendicular to the optical axis direction, optical axes of
the respective plurality of lens optical systems in adjoining
ones of the plurality of lens optical system rows are separate
from one another in the first direction and are located on a
same line.

[0011] Further features of the present invention will become
apparent from the following description of exemplary

embodiments with reference to the attached drawings.

Brief Description of Drawings

[0012]

[Fig. 1A] Fig. 1A is a schematic diagram illustrating an
image forming apparatus according to an exemplary embodiment.
[Fig. 1B] Fig. 1B is a schematic diagram illustrating a color
image forming apparatus according to the present exemplary
embodiment.

[Fig. 2] Fig. 2 is a schematic diagram illustrating an
imaging optical system according to the present exemplary

embodiment.
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[Figs. 3A, 3B, and 3C] Figs. 3A, 3B, and 3C are schematic
diagrams illustrating essential components of an imaging
optical system according to a first exemplary embodiment.
[Fig. 4A and 4B] Fig. 4A and 4B aremain array cross-sectional
views and sub array cross-sectional views of lens optical
systems according to the first exemplary embodiment.

[Figs. 5A, 5B, and 5C] Figs. 5A, 5B, and 5C are main array
cross-sectional views illustrating imaging light fluxes from
respective light emitting point positions according to the
first exemplary embodiment.

[Figs. 6A, 6B, and 6C] Figs. 6A, 6B, and 6C are main array
cross—secfional views illustrating imaging light fluxes from
respective light emitting point positions according to a
comparative example.

[Fig. 7] Fig. 7 is a chart illustrating the relationship-
between an object height and a light use effigiency ratio
according to the first exemplary embodiment.

[Figs. 8A and 8B] Figs. 8A and 8B are charts illustrating
the relationship between a light emitting point position and
the 1light use efficiency ratio according to the first exemplary
embodiment.

[Fig. 9] Fig. 9 is a chart illustrating the relationship
between the light emitting point position and an imaging light
amount ratio according to the first exemplary embodiment.
[Fig. 10] Fig. 10 is a chart illustrating the relationship
between the light emitting point position and the imaging light

amount ratio according to the comparative example.
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[Figs. 11A and 11B] Figs. 11A and 11B are charts illustrating
imaging performance of the imaging light fluxes from the
respective light emitting point positions according to the
first exemplary embodiment.

[Figs. 12A and 12B] Figs. 12A and 12B are charts illustrating
the imaging performance of the imaging light fluxes from the
respective light emitting point positions according to the
comparative example.

[Fig. 13] Fig. 13 is a front cross-sectional view of an
imaging optical system according to a second exemplary
embodiment.

[Figs. 14A and 14B] Figs. 14A and 14B are charts illustrating
the relationship between the light emitting point position and
the light use efficiency ratio according to the second exemplary
embodiment.

[Fig. 15] Fig. 15 is a chart illustrating the relationship
between the light emitting point position and the imaging light
amount ratio according to the sécond exemplary embodiment.
[Figs. 16A and 16B] Figs. 16A and 16B are charts illustrating
the imaging performance of the imaging light fluxes from the
respective light emitting point positions according to the
second exemplary embodiment.

[Fig. 17] Fig. 17 is a front cross-sectional view of an
imaging optical system according to a third exemplary
embodiment.

[Figs. 18A, 18B, and 18C] Figs. 18A, 18B, and 18C are main

array cross—-sectional views and sub array cross—-sectional views
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of lens optical systems according to the third exemplary
embodiment.

([Fig.-19] Fig. 19 is a chart illustrating the relationship
between the object height and the light use efficiency ratio
according to the third exemplary embodiment.

[Figs. 20A, 20B, and 20C] Figs. 20A, 20B, and 20C are charts
illustrating the relationship between the light emitting point
position and the light use efficiency ratio according to the
third exemplary embodiment.

[Fig. 21] Fig. 21 is a chart illustrating the relationship
between the light emitting point position and the imaging light
amount ratio according to the third exemplary embodiment.
{Figs. 22A and 22B] Figs. 22A and 22B are charts illustrating
the imaging performance of the imaging light fluxes from the
respective light emitting point positions according to the
third exemplary embodiment.

[Fig. 23] Fig. 23 is a front cross-sectional view of an
imaging optical system according to a fourth exemplary
embodiment.

[Figs. 24A, 24B, and 24C] Figs. 24A, 24B, and 24C are main
array cross-sectional views and sub array cross-sectional views
of lens optical systems according to the fourth exemplary
embodiment.

[Fig. 25] Fig. 25 is a chart illustrating the relationship
between the object height and the light use efficiency ratio
according to the fourth exemplary embodiment.

[Figs. 26A, 26B, and 26C] Figs. 26A, 26B, and 26C are charts
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illustrating the relationship between the light emitting point
position and the light use efficiency ratio according to the
fourth exemplary embodiment.

[Fig. 27] Fig. 27 is a chart illustrating the relationship
between the light emitting point position and the imaging light-
amount ratio according to the fourth exemplary embodiment.
[Figs. 28A and 28B] Figs. 28A and 28B are charts illustrating
the imaging performance of the imaging light fluxes from the
respective light emitting point positions according to the
fourth exemplary embodiment.

[Fig. 29] Fig. 29 is an explanatory diagram illustrating a
method for manufacturing a lens array according to an exemplary
embodiment.

[Fig. 30] Fig. 30 is a flowchart of the method for
manufacturing a lens array according to the present exemplary
embodiment.

[Fig. 31] Fig. 31 is a front view and a perspective view of
the iens array according to the present exemplary embodiment.
[Fig. 32j Fig. 32 is a perspective view of the lens array
according to the present exemplary embodiment.

[Figs. 33A and 33B] Figs. 33A and 33B are explanatory
diagrams illustrating the final shaping of mirror finished
surfaces of mirror finished surface pieces according to the

present exemplary embodiment.

"[Fig. 34] Fig. 34 is an explanatory diagram illustrating the

machining of score lines in the mirror finished surface pieces

according to the present exemplary embodiment.
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[Fig. 35] Fig. 35 is a perspective view of a mirror finished
surface piece holding member according to the present exemplary
empbodiment.

[Fig. 36] Fig. 36 is a conceptual diagram illustrating sub
array cross sections of conventional lens arrays having a

staggered arrangement.

Description of Embodiments

[0013] Various exemplary embodiments, features, and aspects
of the invention will be described in detail below with
reference to the drawings.

{0014] Figs. 1A and 1B are schematic diagrams illustrating

an image forming apparatus and a color image forming apparatus

‘according to the present exemplary embodiment, respectively

(details will be given below). In the present exemplary
embodiment, an exposure unit 1 of the image forming apparatus
and exposure units 17 to 20 of the color image forming apparatus
include an imaging optical system (lens array optical system).
The use of the imaging optical system according to the present
exemplary embodiment can make the exposure units 1 and 17 to
20 compact and reduce the size of the entire image forming
apparatuses.

(0015] As illustrated in Fig. 2, the imaging optical system
according to the present exemplary embodiment includes a
plurality of lens optical system rows each including a plurality
of lens optical systems arranged in a main array direction (Y

direction), which is a first direction. Specifically, the
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plurality of lens optical system rows is arranged in a sub array
direction (Z direction), which is a second direction. In a
cross section (YZ cross section) perpendicular to an optical
axis direction (X direction), rows of optical axes (optical axis
rows) of the plurality of lens optical systems included in the
lens optical system rows are all located on the same line. 1In
other words, the positions of optical axis rows of the
respective lens optical system rows are made equal in the sub
array direction. More specifically, the imaging positions, on
an image plane, of object points whose positions are equal in
the sub array direction on an object plane are made equal in
the sub array direction between the lens optical system rows.
(Object points that are located at the same position on the
object plang in the sub array direction are imaged on the same
position in the sub array direction by the lens optical system
rows.) Such a configuration provides a shifted arrangement
(staggered arrangement) of systems that form an inverted image
of an object in a cross section (ZX cross section) perpendicular
to the main array direction. Hereinafter, a system that forms
an erect equal-magnification image will be referred to as an
erect equal-magnification imaging system. A system that forms
an inverted image of an object will be referred to as an inverted
imaging system.

(0016] As employed in the present exemplary embodiment, the
"shifted arrangement (staggered arrangement)" refers to a
configuration such that the optical axes of the respective

plurality of lens optical systems in adjoining ones of the
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plurality of lens optical system rows are separate from one
another in the main array direction. In the present exemplary
embodiment, that the lens optical system rows are arranged to
adjoin in the sub array direction is expressed as "the plurality
of lens optical system rows are arranged in the sub array
direction." Such an expression covers the configuration of the
shifted arrangement where the lens optical system rows are
arranged as shifted from one another in themain array direction.
As employed in the present exemplary embodiment, "lens optical
system rows adjoining in the sub array direction” refers to ones
lying closest in the sub array direction. For example, suppose
that lens optical system rows are arranged with an intermediate
member therebetween so that the lens optical system rows are,
in a strict sense, not in close contact with each other. Even
in such a case, the lens optical system rows are referred to
as "adjoining lens optical system rows."

(00171 The imaging optical system according to the present
exemplary embodiment can provide a shifted arrangement of
inverted imaging systems. This can ensure compatibility
between an imaging light amount and imaging performance and
reduce variations in the imaging light amount and the imaging
performance.

(0018] The imaging optical system according to the present
exemplary embodiment will be described in detail below in
conjunction with specific exemplary embodiments.

[0019] Figs. 3A, 3B, and 3C are schematic diagrams

illustrating essential components of an imaging optical system
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102 according to a first exemplary embodiment. Fig. 3A
illustrates an XY cross section, Fig. 3B a ZX cross section,
and Fig. 3C a YZ cross section. Hereinafter, the XY cross

section (cross section perpendicular to the sub array

direction) will be referred to as a main array cross section.

The ZX cross section (cross section perpendicular to the main
arraydirectioh)willbereferr@jtoaseasubarraycrosssection.
The present exemplary embodiment is described on the assumption
that the imaging optical system 102 is arranged in the exposure
unit 1 of the image forming apparatus.

[0020] The imaging optical system 102 according to the
present exemplary embodiment includes two lens optical system
rows arranged in the sub array direction (Z direction). The
lens optical system rows each include‘a plurality of lens
optical systems arranged in the main array direction (Y
direction). As illustrated in Fig. 3A, light fluxes emitted
from a light emitting point of a light source 101 are passed
through lens optical systems and collected to a point con a
photosensitive unit 103. For example, light fluxes froma light
emitting point Pl of the light source 101 are collected to point
P1'. Light fluxes from a light emitting point P2 are collected
fo point P2'. Such a configuration enables exposure
corresponding to the light emitting state of the light source
101. In Figs. 3A and 3B, the optical axis O of a lens optical
system is illustrated by a broken line.

[0021] The light source 101 includes a plurality of light

emitting points arranged at regular distances in the main array
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direction. The distance between adjoining light emitting
points 1is several tens of micrometers. The distance between
adjoining light emitting points is sufficiently smaller than
a distance between adjoining lens optical systems (several
hundreds of micrometers or more). Hereinafter, the light
emitting points will thus be regarded as lying generally
continuously. The light source 101 may include a staggered
arrangement of a plurality of light emitting points, which are
formed by arranging in the sub array direction a plurality of
rows of a plurality of light emitting points arranged at regular
distances in the main array direction. Such a configuration
allows sufficient distances between the light emitting points
adjoining in the main array direction. Examples of the light
source 101 may include an LED array.

[0022] The light emitting points of the light source 101 are
each imaged as an erect equal-magnification image in the main
array cross section (XY cross section) illustrated in Fig. 3A,
and as an inverted image in the sub array cross section (ZX cross
section) illustrated in Fig. 3B. As illustrated in Fig. 3C,
the two lens optical system rows arranged in the sub arﬁay
directionlwill be referred to as a top row (first lens optical
system row) and a bottom row (second lens optical system row),
respectively. The optical axes of the respective lens optical
systems constituting the top row are represented by filled
circles (o). The optical axes of the respective lens optical
systems constituting the bottom row are represented by filled

triangles (A). The lens optical systems of both the top and
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bottom rows have an array pitch p of 0.76 mm in the main array
direction.

[0023] As illustrated in Fig. 3C, the optical axes of the
top row and the optical axes of the bottom row are lcocated on.
the same line (optical axis row). Assuming that the optical
axis row is Z = 0, lens surfaces of the bottom row lie in the
range of Z = -1.22 mm to 0 mm. Lens surfaces of the top row
lie in the range of Z = 0 mm to 1.22 mm. The top and bottom
rows are shifted from each other in the main array direction
by AY, whereby the optical axes of the top and bottom rows are
separate from one another in the main array direction to
constitute a staggered arrangement. A minimum distance
between the optical axes of the top and bottom rows will be
denoted by AY. With reference to the optical axis of a lens
optical system of the bottom row, AY refers tc the minimum
distance to the optical axis of a lens optical system of the
top row closest to the optical axis in the main array direction.
In the present exemplary embodiment, the minimum distance AY
is half the array pitch p of the lens optical systems in the
main array direction. AY = (1/2)p (= 0.38 mm).

[0024] Table 1 shows array design values of the imaging

optical system 102.
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Table 1
Top row Bottom row
Range of Z (mm) 1.22 to O 0 to -1.22
Array pitch p (mm) 0.76 0.76
AY (top -~ bottom) (mm) 0.38
[0025] The lens optical systems each include a first lens

Gl and a second lens G2. Entrance surfaces Rl and exit surfaces
R2 of the first and second lenses G1 and G2 (G1R1 surface, G1R2
surface, G2R1 surface, and G2R2 surface) are formed as
anamorphic aspheric surfaces. Suppose that fhe intersection
of each lens surfacé and the optical axis (X;axis) of that lens
optical systenlis an origin, an axis in the main array direction
orthogonal to the optical axis is the Y axis, and an axis in
the sub array direction orthogonal to the optical axis is the
Z axis. The shapg of the anamorphic aspheric surfaces is
expressed by the following aspherical equation (1):

X=3, CYz (1)

[0026] Ci,j (i, 3=0, 1, 2, ...) are aspherical coefficients.
At least either one of the lens surfaces of each of the lens
optical systems constituting the leans optical system rows 1is
an anamorphic aspheric surface that has non-zero power in the

main array direction and the sub array direction. Such a

~configuration can improve the imaging performance. All the

lens surfaces of the lens optical systems can be configured as

anamorphic aspheric surfaces.
{0027)] Table 2 shows optical design values of the lens

optical systems.
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Table 2

Light source

wavelength

780 nm

Gl refractive

index (light

source

wavelength)

.4859535

G2 refractive

index

(light source

wavelength)

.4859535

Distance

between

object plane and

G1R1

. 64997 mm

Distance

G1R1 and

between

G1R2

.25122 mm

Distance

G1R2 and

between

G2R1

.16236 mm

Distance

G2R1 and

between

G2R2 .

.25122 mm

Distance
G2R2 and

plane

between

image

.64997 mm

PCT/JP2013/077683
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Effective 0.7 m
diameter on
intermediate
imaging plane
Intermediate -0.45
imaging
magnification in
main array cross
section
Aspheri- G1R1 G1R2 G2R1 G2R2
cal
coeffi-
cient
cz2,0 0.5027743 -0.8254911 0.8254911 -0.5027743
c4,0 -0.5125937 0.2916421 -0.2916421 0.5125937
Cc6,0 -2.47E-01 -0.5597057 0.5597057 0.2471568
Cc8,0 0.08356994 -0.01894198 0.01894198 -0.08356994
C10,0 -6.92E+00 -0.7824901 0.7824901 6.918249
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Cco,2 0.1564267 ~0.1950417 0.1950417 -0.1564267
c2,2 -0.1587308 0.09481253 ~0.09481253 0.1587308
c4,2 -0.1505496 -0.3002326 0.3002326 0.1505496
ce6,2 5.66E+00 3.065612 -3.065612 -5.659195
C8,2 -13.83601 -6.539772 6.539772 13.83601
Co, 4 -0.03678572 -0.007561912 0.007561912 0.03678572
C2,4 0.1479884 0.03211153 -0.03211153 ~-0.1479884
C4,4 -1.037058 -0.5900471 0.5900471 1.037058
C6,4 -1.884499 -0.6987603 0.6987603 1.894499%
C0,6 1.27E-02 0.001105971 -0.001105971 -0.01269685
C2,6 -0.0771452¢6 —0.061013351 0.001013351 0.07714526
C4,6 9.71E-01 0.4132734 -0.4132734 -0.9714155
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co, 8 -0.006105566 -0.00104791 0.00104791 0.006105566
c2,8 -0.01341726 -0.0182659 0.0182659 0.01341726
Cc0,10 0.001280955 9.61807E-05 -9.61807E-05 -0.001280955
[0028] As shown in Table 2, in the present exemplary

embodiment, an intermediate imaging magnification  (to be
described in detail below) in the main array cross section of
each lens optical system is set to -0.45. f may take any value

as long as the lens optical systems serve as erecting

~equal-magnification optical systems in the main array

direction.

[0029] Furthermore, it is understood from the coefficient
C2,0 (a coefficient corresponding to paraxial refractive power
within the main row cross section) listed in Table 2 that both
the G1R1 surface (G2R2 surface) and the GlR2 surface (G2R1
surface) have positive refractive power in the vicinity of the
optical axis. In addition, as understandable from the
comparison of magnitudes of absolute values of the coefficient
C2,0, the refractive power of the G1R2 surface (G2R1 surface)
is larger than that of the G1R1 surface (G2R2 surface). Inother
words, the absolute value of the radius of curvature in the
vicinity of the optical axis of the G1R2 surface (G2R1 surface)

is smaller than that of the G1R1 surface (G2R2 surface). Such
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a configuration enables a favorable imaging function reduced
in spherical aberration and curvature of filed when the
intermediate imaging magnification B takes a value within the
range of 0 to -1 (-0.45 in the present exemplary embodiment) .
[0030] Figs. 4A and 4B each illustrate a main array
cross-sectional view (XY cross-sectional view) and a sub array
cross-sectional view (ZX cross-sectional view) of one of the
lens optical systems constituting the imaging optical system:
102 according to the present exemplary embodiment.

[0031] Fig. 4A illustrates a lens optical system of the top
row. Fig. 4B illustrates a lens optical system of the bottom
row.

[0032] A comparison of Figs. 4A and 4B shows that the lens
optical systems constituting the top and bottom rows have the
same configuration in the main array cross section, and
symmetrical configurations about the optical axis O in the sub
array cross section. The lens optical systems constituting the

top and bottom rows each include a first optical system (first

" lens G1) and a second optical system (second lens G2) which are

arranged on the same optical axis O. The first optical system
refers to an optical system that forms an intermediate image
of each light emitting point of a light source 104. A plane
where the first optical system forms the intermediate image will
be referred to as an intermediate imaging plane 105. The second
optical system refers to an optical system that forms an image
of the intermediate image formed on the intermediate imaging

plane 105 upon an image plane 106. In the present exemplary
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embodiment, the first optical system includes only the first
lens Gl1. The second optical system includes only the second
lens G2.

[0033] Light blocking members 107 are arranged between the
first and second lenses Gl and G2. The light blocking members
107 function to block light fluxes that are passed through the
first lenses Gl of the respective lens optical systems and
incident on the second lens optical systems cof other lens
optical systems (stray light that does not contribute to
imaging) .

[0034] As illustrated in Fig. 2, the aperture of the light
blocking member 107 is set larger than the effective diameter
of the lens surface of the lens optical system, and a 1light flux
fromeach light emitting point is restricted by the lens surface
of each lens optical system. In other words, the light blocking
member 107 is configured not to block a light flux that
contributes to imaging but to block only stray light that does
not contribute to imaging. With such a configuration, the
compatibility between the amount of imaging and the function
of imaging can be attained.

[0035] If the aperture of the light blocking member 107 is
smaller than the effective diameter of the lens surface, the
light blocking member 107 might undesirably block a 1light flux
that contributes to imaging. To address this issue, a method
of enlarging the effective diameter of the lens surface to
secure the amount of imaging may be conceived. However, in a

case where the light blocking member 107 is employed to block
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a light flux, any positioning error occurring in the light
blocking members 107 or the lens optical systems may vary the
area of the lens surface through which a light flux passes, thus
making it difficult to obtain a favorable imaging function.
[0036] In the main array cross section, light fluxes emitted
from the light source 104 pass through the first lens Gl, form
an intermediate image on the intermediate imaging plane 105,
rass through the second lens G2, and form an erect
equal-magnification image on the image plane 106. The paraxial
imaging magnification of the first lens G1 on the intermediate
imaging plane 105 is referred to és the intermediate imaging
magnification f. In the sub array cross section, the light
fluxes emitted from the 1light source 104 pass through the first
lens G1l, pass through the second lensAG2 without forming an
intermediate image, and form an inverted image of the image
plane 106. In such a manner, the imaging optical system 102
according to the present exemplary embodiment is configured as
an inverted imaging system in the sub array direction. Such
a configuration can increase the light capturing angle while
maintaining the imaging performance, whereby the compatibility
between the imaging light amount and the imaging performance
is ensured.

[0037] The top lens optical system row includes a plurality
of lens optical systems illustrated in Fig. 4A. The bottom lens
optical system row includes a plurality of lens optical systems
illustrated in Fig. 4B. Aplurality of first lenses Gl arranged

in the main array direction will be referred to as a first lens
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row. Aplurality of second lenses G2 arranged in the main array
direction will be referred to as a second lens row. By such
terms, the imaging optical system 102 can be described to be
configured by connecting a first lens array including two first
lens rows arranged in the sub array direction, a second lens
array including two second lens rows arranged in the sub array
direction, and the light blocking members 107.

[0038] The present exemplary embodiment includes the first
lenses Gl as the first optical systems and the second lenses
G2 as the second optical systems, and each lens optical system
includes two lenses. However, each lens optical system may
include three or more lenses. 1In other words, at least either
one of the first and second optical systems may include two or
more lenses. Since the lens optical systems including three
or more lenses increase the parts count, the two-lens
configuration like the present exemplary embodiment is
desirable. Alternatively, the lens optical'systems
constituting the imaging optical system 102 according to the
present exemplary embodiment may each include a single lens,
instead of being divided into the first and second optical
systems. Even in such a case, the single lens can be configured
to serve as an erect equal-magnification imaging system in the
main array cross section and an inverted imaging system in the
sub array cross section. Suchaconfiguration canbe considered
the same as the foregoing configuration with two or more lenses.
[0039] In the present exemplary embodiment, the lens optical

systems constituting the top and bottom rows have a
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configuration corresponding to respective shapes into which a
lens optical system is cut and divided by the main array cross
section including the optical axis (surface vertexes). More
specifically, suppose that the minimum distance AY from the
optical axis of a lens optical system of the bottom row to the
optical axis of a lens'optical system of the top row closest
to the optical axis in the main array direction is 0 (without
a staggered arrangement). In such a case, the lens surfaces
of the lens optical systems constituting the adjoining top and
bottom rows are configured to have a shape that can be expressed
by the same equation. Even if the top and bottom rows are
arranged with an intermediate member therebetween, the lens
surfaces of the lens optical systems constituting the top and
bottom rows may be configured to have a shape that can be
expressed by the same equation, which can facilitate formation.
(0040} In the present exemplary embodiment, the first
optical systems (first lenses Gl) and the second optical systems
(second lenses G2) of the lens optical systems constituting each
of the top and bottom rows are symmetrically configured about
the intermediate imaging plane 105. With such a configuration,
the same members can be used for both the optical systems. All
the lens optical systems constituting the imaging optical
system 102 desirably have a lens surface with an aperture of
rectangular shape. More specifically, the first and second
optical systems of the lens optical systems can be configured
to have a rectangular aperture plane with respect to a light

flux having an on-axis object height. With suchaconfiguration,
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the lens surfaces can be arranged as closely as possible for
improved light use efficiency. Note that the rectangular shape
may include one in which at least one of the sides of the
rectangle is configured as a curve, and a generally circular
shape and a generally elliptical shape without vertexes.
[0041] Next, imaging light fluxes including light fluxes
emittedfromrespectivelightemittingpointswillbe<kmcribed
with reference to Figs. 5A to 5C. Figs. 5A to 5C are diagrams
illustrating imaging light fluxes emitted from light emitting
point positions A to C in the main array cross section,
respectively.

[(0042] As illustrated in Figs. 5A to 5C, the imaging optical
system according to the present exemplary embodiment has such
a configuration that the optical axes of the respective lens
optical systems of the lens optical system rows are separate
from one another in the méin array direction between the
adjacent lens optical system rows. hﬁthisconfiguration,each
lens optical system is an erecting equal-magnification imaging
system within the main array cross éection. Accordingly,
although the imaging positions on the intermediate imaging
plane of light emitting points whose positions in the main array
direction are equal on the object plane are different in the
main array direction, the imaging positions on the image plane
are equal.in the main array direction.

(0043] Fig. SAillustrates the light emitting point position
A which is an object position on the optical axis of a lens

optical system. The imaging light flux from the light emitting
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point position A includes a lens light flux of the lens optical
system with an object height of 0 (on the optical axis) and lens
light fluxes of two other lens optical systems with an object
height of (1/2)p. Fig. 5B illustrates the light emitting point
position B which is a position 1/4 the array pitch P away from
the light emitting point position A in the main array direction.
The imaging light flux from the light emitting point position
B includes lens light fluxes of two lens optical systems with
an object height of (1/4)p and lens optical fluxes of two other
lens optical systems with an object height of (3/4)p. Fig. 5C
illustrates the light emitting point position C which is a
position 1/2 the array pitch p away from the light emitting point
position A in the main array direction. The imaging light flux
from the light emittiﬁg point position C includes lens light
fluxes of two lens optical systems with an object height of
(1/2)p and a lens optical flux of another lens optical system
on the optical axis.

(0044] As a comparative example, consider an imaging optical
system including only one lens optical system in the sub array
direction {(without a staggered arrangement of lens optical
system rows). More specifically, the comparative example
assumes an imaging optical system where the optical axes of the
top and bottom lens optical system rows according to the present
exemplary embodiment are not separate from one another in the
main array direction (minimum distance AY = (). In other
respects, the imaging optical system according to the

comparative example has the same configuration (optical design
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values) as that of the imaging optical system 102 according to
the present exemplary embodiment.

[0045] Figs. 6A to 6C illustrate imaging light fluxes
including light fluxes emitted from respective light emitting
point positions A to C in the imaging optical system according
to the comparative example. The imaging light flux from the
light emitting point position A includes only a lens light flux
of one lens optical system with an object height of 0 (Fig. 6A).
The imaging light flux from the light emitting point position
B includes a lens light flux of one lens optical system with
an object height of (1/4)p and a lens light flux of an adjoining
lens optical system with an object height of (3/4)p (Fig. 6B).
The imaging light flux from the light emitting point position
C includes two lens light fluxes of two adjoining lens optical
systems with an object height of (1/2)p each. 1In the
comparative example, the imaging light flux from each light
emitting point position includes fewer lens light fluxes. A
difference in the light amount of the lens light flux(es)
between the light emitting point positions thus has a higher
impact on a difference in the imaging light amount.

[0046] As illustrated in Figs. 5A to 5C, in the imaging
optical system 102 according to the present exemplary
embodiment, the application of the shifted arrangement to the
top and bottom lens optical system rows can increase the number
and types (different object heights) of lens light fluxes
constituting an imaging light flux. The imaging light fluxes

in the respective light emitting point positions can thus be
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averaged to provide the effect of reducing variations in the
imaging light amount and the imaging performance. In
particular, in the present exemplary embodiment, the amount of
separation AY between the optical axes of the top and bottom
rows is set to be half the array pitch P of the lens optical
systems in the main array direction. This can make the imaging
light fluxes of the light emitting point positions A and C the
same.

[0047] Fig. 7 is a chart illustrating a light use efficiency
ratio of a lens optical system according to the present
exemplafy embodiment at each object height. Fig. 7 is

normalized with the light use efficiency on the optical axis

(object height of 0) as 100% when the optical axes of the

respective lens optical systems in the top and bottom lens
optical system rows are not separate from one another in the
main array direction (minimum distance AY = 0). To examine the
ratio between the light amount of a light flux emitted from the
object plane (light source) and the light amount of the light
flux imaged on the image plane (photosensitive unit), the light
use efficiency is obtained by integrating the aperture
efficiency (generally proportional to the passing area of the
light flux) and the transmittance of the lens optical system.
As illustrated in Fig. 7, the imaging optical system 102
according to the present exemplary embodiment is designed so
that the light use efficiency ratio decreases as the object
height increases. The light use efficiency ratio is designed

to be 0% when the object height coincides with the array pitch
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p (0.76mm). As illustratedin Figs. 4A and 4B, the lens optical
systems of the top row and those of the bottom row are
symmetrically configured about the optical axis O in the sub
array cross section. The lens optical systems thus have theA
same light use efficiency ratio at each object height.
[0048] Figs. 8A and 8B are charts illustrating the light use
efficiency ratios of the lens optical system rows at each light
emitting point position. Fig. 8A corresponds to the top lens
optical system row. Fig. 8B corresponds to the bottom lens
optical system row. The light emitting point position on the
opticalaxisofealensoptica;systaninthebottmnrowisassumed
as the origin. The light emitting points of the light source
exist generally continuously in the main array direction. As
can be seen from Figs. 8A and 8B, the light use efficiency ratios
have a mountain-like distribution peaking at array pitches p
(0.76 mm). The peaks correspond to the optical axes of the
respective lens optical systems. A comparison of Figs. 8A and
8B shows that the distributions of the light use efficiency
ratios of the top and bottom lens optical system rows are shifted
by the minimum distance AY of their optical axes.

[0049] To evaluate variations in the imaging light amount,
Fig. 9 illustrates an imaging light amount ratio at each light
emitting point position. The imaging light amount at each light
emitting point position is proportional to the sum of the light
use efficiencies of lens light fluxes constituting the imaging
light flux. The imaging light amounts are normalized with the

imaging light amount at the light emitting point position on
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the optical axis of a lens optical system as 100%. From Fig.
9, it can be seen that there is a difference of 1.0% between
the maximum and minimum values of the imaging light amount ratio
in the present exemplary embodiment. Fig. 10 illustrates the
imaging light amount ratios corresponding to each light
emitting point position in the imaging optical system according
to the foregoing comparative example. There is a difference
of 6.2% between the maximum and minimum values of the imaging
light amount ratio. A comparison of Figs. 9 and 10 shows that
the imaging optical system 102 according to the present
exemplary embodiment provides a smaller difference between the
maximum and minimum values of the imaging light amognt ratio,
with reduced variations in the imaging light amount.

[0050] To evaluate variations in the imaging performance,
the imaging performance of the imaging light fluxes in the
respective light emitting point positions will be examined.
The imaging performance of an imaging light‘flux refers to that
of a plurality of superposed lens light fluxes constituting the
imaéing light flux. Unlike the imaging light amount (light use
efficiency), the imaging performance cannot be calculated by
simply adding up the imaging performance of each of the
plurality of lens light fluxes. To evaluate the imaging
performance corresponding to each of the foregoing light
emitting point positions A to C, Figs. 11A and 11B illustrate
the relationship between contrast and defocus. Fig. 11A
illustrates a common depth of focus in the main array cross

section. Fig. 11B illustrates a common depth of focus in the
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sub array cross section. The contrast was calculated by using
the distribution of a line spread function (LSF) of the imaging
light flux, repeatedly added at cycles of 84.6 um (equivalent
to 600~-dpi line pair), whena light emitting point having a width
of 42.3 pym in the main array direction and 25.3 um in the sub
array direction was made to emit light.

(0051] Figs. 12A and 12B similarly illustrate the
relafionship between the contract and defocus of the imaging
optical system according to the foregoing comparative example.
Inviewof a demand for a high-definition output image, the depth
of focus for contrast values of 60% and above will be described.
A comparison of Figs. 11A and 11B and Figs. 12A and 12B shows
thattheimaginglightfluxesfromthereépectivelightemitting
poiﬁt positions A to C vary little in the depth of focus in the
sub array cross section. In the main array cross section, the
depth of focus according to the comparative example (Fig. 12A)
varies largely with the light emitting point position. The
depth of focus according to the present exemplary embodiment
(Fig. 11A) varies significantly less with the light emitting
point position. 1In other words, the imaging optical system 102
according to the present exemplary embodiment can reduce
changes in the depth of focus with the light emitting point
position, thereby allowing a reduction of variations in the
imaging performance.

[0052] The imaging performance of an imaging optical system
is evaluated in terms of the common depth of focus which is the

common range of the depths of focus corresponding to the
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respective light emitting point positions. In the main array
cross section, the common depth of focus of the comparative
example is 0.160 mm. The common depth of focus of the present
éxemplary embodiment is 0.180 mm. The present exemplary
embodiment thus provides imaging performance more favorable
than that of the comparative example.

[0053] As described above, the imaging optical system 102
according to the present exemplary embodiment can increase the
numbers and types of lens light fluxes constituting imaging
light fluxes, thereby averaging the imaging light fluxes in the
respective light emitting point positions. This provides the
effect of reducing variations in the imaging light amount and
the imaging performance.

[(0054] Each light emitting point has an object height as
small as half the size (25.3 um) of the light emitting points,
or 12.7 um, in the sub array direction. - The application of the
shifted arrangement to the configuration of the present
exemplary embodiment thus causes approximately zero change in
the imaging light amount. As canbe seen fromthe contrast peaks
in the sub arréy cross section of Fig. 11B, the imaging
performance also varies little. That is, the compatibility
between the imaging light amount and the imaging performance
in the sub array cross section can be maintained even with the
use of the shifted arrangement.

[0055] As described above, the imaging optical system 102
according to the present exemplary embodiment forms inverted

imaging systems in the sub array cross section and uses the
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shifted arrangement. This can ensure compatibility between
the imaging light amount and the imaging performance, and reduce
variations in the imaging light amount and the imaging
performance.

(0056] The imaging light amounts and the imaging performance
of the lens optical system rows at each light emitting point
position vary periodically at the array pitches p. As can be
seen from Figs. 9, 11A, and 11B, the variations are such that
general peaks and general bottoms occur at the light emitting
point positions on the optical axes of the lens optical systems
(corresponding to the light emitting point position A) and
positions 1/2 the array pitch p shifted from the light emitting
point positions (corresponding to the light emitting point
pos;tion.C), respectively. In the present exemplary
embodiment, the top and bottom rows have the same array pitch
p. The minimum distance AY between the optical axis rows is
1/2 the array pitchp. Withsucheacﬁnfiguration,generalpeaks
(and general bottoms) of the top row énd general bottoms (and
general peaks) of the bottom row can be cancelled out. As
illustrated in Figs. 5A to 5C, the effect can also be seen from
the fact that the imaging light fluxes at the light emitting
point positions A and C are equal to each other. 1Inother words,
the configuration of the imaging optical system 102 according
to the present exemplary embodiment can increase the effect of
averaging the imaging light fluxes, thereby providing the
effect of further reducing variations in the imaging light

amount and the imaging performance.
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[0057] Suppose that the number of lens optical system rows
in the sub array direction is k. There are as many methods
(arrangement patterns of the lens optical system rows) for
averaging variations in the imaging light amount and the imaging
performance as the number of positive integers n satisfying k
2nz22, i.e., (k- 1) patterns. To average variations in the
imaging light amount and the imaging performance by combining
the k lens optical system rows, the lens optical system rows
can be combined in (n - 1) ways. The averaging is effected by
adding up general peaks (and general bottoms) and general
bottoms (and general peaks) of the variations of the lens
optical system rows. 1In such a case, a higher averaging effect
is obtained if any two lens optical system rows of the imaging
optical system 102 are combined so that the minimum distance
AY between the optical axes is p/n.

[(0058] Assume that n is a positive integer satisfying k 2
n 2_2. From the foregoing, (p/n) - 1/2 x (p/n) = p/(2n) £ AY
< (p/n) + 1/2 x (p/n) =’3p/(2n). Consequéntly, an exemplary
embodiment of the presenf invention provides a sufficient
effect when the lens optical system rows fall within the range
of the condition given by:

p/(2n) £ AY £ 3p/(2n) (2)

Exceeding such a range, general peaks and general bottoms
reinforce each other to fail to provide the averaging effect.
[0059] In the present exemplary embodiment, the number of
lens optical system rows k = 2. The only positive integer n

satisfying k 2 n 2 2 is 2. There is thus one (k - 1 =2 -1
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= 1) arrangement pattern of the lens optical system rows. The
numper of combinations of the lens optical system rows is also
one, and (n - 1) =1 yields n= 2. The top and bottom rows have
anarraypitchp=0.76mmand the optical axis rows have a minimum
distance AY= (1/2)p. Theminimumdistance AY of (1/2)p is found
to satisfy expression (2) for n = 2, i.e., p/4 £ AY £ 3p/4.
[0060] In the present exemplary embodiment, the number and
types of lens light fluxes have been described to be increased
to average the imaging light flux in each light emitting point
position. The number of lens light fluxes constituting an
imaging light flux is known to depend also on the optical design
values of the lens optical systems. Specifically, the number
of lens light fluxes constituting an imaging light flux from
a light emitting point having an object height of 0 (on the
optical axis) is determined as follows:

[0061] In the main array cross section, the maximum object
height (outermost off-axis object height) a lens optical system
can capture is approximated by (-R/2) + B = R/(2B), where R is
the effective diameter of the lens optical system on the
intermediate imaging plane and B is the intermediate imaging
magnification. That is, the half value (R/2) of the effective
diameter R corresponds to the imaging position of the
intermediate image of the outermost off-axis object height in
the main array direction. The effective diameter R is
determined by R= (R1 + R2) /2, where Rl is the effective diameter
of the first optical systemconstituting the lens optical system,

and R2 is the effective diameter of the second optical system.
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If the first optical system (first lens Gl) and the second
optical system (second lens G2) have the same effective diameter
like the presenf exemplary embodiment, the effective diameter
Ron the intermediate imaging plane coincides with the effective
diameter of the first and second optical systems.

[0062] The light emitting point position (object height) on
the optical axis of a lens optical systemina lens optical system
row can be expressed as n x p, where n is an integer and p is
the array pitch. Considering positive and negative object
heights, the number of lens light fluxes included in the imaging
light flﬁx from the light emitting point on the optical axis
is given by an integer n that satisfies n x p < |R/(2B) .
{0063] The number of lens light fluxes can be increased to
reduce variations in the imaging light amount and the imaging
performance. However, if the lens light fluxes are increased
in number, the resulting optical design values include a more
acute angle of view for capturing a light flux. Consequently,
spherical aberrations and the curvature of field become more
difficulttx>eliminate. Inviewof such a drawback, appropriate
optical design values are determined so that the number of lens
lightifluxes constituting an imaging light flux from a light
emitting point position on the optical axis of a lens optical
system in each lens optical system row is three or less. More
specifically, the range of the optical design values where the
number of lens light fluxes is three or less can be expressed
by the following expression (3):

IR/ (2Bp) | = 2 (3)
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[(0064] If the optical design values are determined to satisfy
expression (3), the imaging optical system 102 can favorably
correct aberrations and provide the effect of reducing

variations in the imaging light amount and the imaging

performance. In the present exemplary embodiment, the lens
optical systems constituting the top and bottom rows both have
an intermediate imaging magnification R = -0.45, an effective
diameter R = 0.70 mm on the intermediate imaging plane, and an
array pitch p = 0.76 mm. Thus, [R/(2fp)| = 1.02 < 2, which

satisfies the foregoing expression (3).

[0065] A second exemplary embodiment of the present
invention will be described below. The same or similar
components to those of the first exemplary embodiment are
designated by the same referencé numerals. A description
thereof will be simplified or omitted.

[0066] Fig. 13 is a front view (YZ cross-sectional view) of
an imaging optical system acccrding to the present exemplary
empbodiment. Like the first exemplary embodiment, the present
exemplary embodiment is configured so that the optical axis rows
of the top and bottom rows are located on the same line. The
configuration of the present exemplary embodiment differs from
that of the first exemplary embodiment in that the minimum
distance AY between the optical axes of the top and bottom rows
in themain arraydirectionis (1/4)p (=0.19mm). Table 3 shows
design values of the array of the lens optical systems according

to the present exemplary embodiment.
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Table 3
Top row Bottom row
Range of Z (mm) 1.22 to 0 0 to -1.22
Array pitch p (mm) 0.76 0.76
AY (top - bottom) (mm) 0.19
[0067] Like the first exemplary embodiment, imaging light

fluxes including light fluxes emitted from the respective light
emitting point positions A to C according to the present
exemplary embodiment will be described.

[0068] The imaging light flux from the light emitting point
position A (object plane position on the optical axis of a lens
optical system in the bottom row) includes a lens light flux
of the lens optical system with an object height of 0 (on the
optical axis), a lens light flux of a.lens optical system with
an object height of (1/4)p, and a lens light flux of a lens
optical system with an object height of (3/4)p. The imaging
light flux from the light emitting point position B includes
a lens light flux of the lens optical systemwith an object height
of (1/4)p>and‘two‘lens light fluxes of lens optical systems with
an object height of (1/2)p. The image light flux from the light
emittingpointposition(jincludestwolenslightfluxesoflens
optical systems with an object height of (1/2)p and a lens light
flux of a lens optical system with an object height of (1/4)p.
[0069] Like the first exemplary embodiment, the numbers and
types of lens light fluxes constituting the imaging light fluxes
can thus be increased to average the imaging light fluxes in

the respective light emitting point positions.
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[0070] In the present exemplary embodiment, each of the lens
opﬁical systems in the top and bottom rows is configured the
same as in the first exemplary embodiment. The light use
efficiency ratios at respective object heights are therefore
the same as illustrated in Fig. 7. Figs. 14A (top row) and Fig.
14B (bottom row) illustrate the light use efficiency ratios at
each light emitting point positions. 2 comparison of Figs. 14A
and 14B shows that the distributions of the light use efficiency
ratios are shifted by the minimum distance AY between the
optical axes of the lens optical system rows. Fig. 15
illustrates the imaging light amount ratio at each light
emitting point position according to the present exemplary
embodiment. In the present exemplary embodiment, the maximum
and minimum values of the imaging light amount ratio have a
difference of 4.8%, which is smaller than that of the
comparative example (6.2%) illustrated in Fig. 10. This shows
that variations in the imaging light amount are smaller.
[0071] Figs. 16A and 16B illustrate the imaging performance
of the imaging light fluxes from the light emitting points A
to C according to the present exémplary embodiment. A
comparison with the comparative example (see Figs. 12A and 12B)
shows that in the main array cross section, the depths of focus
of the light emitting point positions A to C for contrast values
of 60% and above vary less, and variations in the imaging
performance are smaller. For contrast values of 60% and above,
the common depth of focus in the main array cross section is

0.167 mm, which is found to be greater than the common depth
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of focus in the comparative example (0.160 mm).

[0072] As described above, in the imaging optical system
according to the present exemplary embodiment, the numbers and
types of lens light fluxes constituting the imaging light fluxes
can be increased to average the imaging light fluxes in the
respective light emitting point positions. This provides the
effect of reducing variations in the imaging light amount and
the imaging performance.

[0073] As described above, the imaging optical system
according to the present exemplary embodiment forms inverted
imaging systems in the sub array cross section and uses the
shifted arrangement. This can ensure compatibility between
the imaging light amount and the imaging performance, and reduce
variations in the imaging light amount and the imaging
performance.

[0074] Unlike the first exemplary embodiment where the
minimum distance AY is strictly set to (1/2)p, the present
exemplary embodiment can average the imaging light fluxes by
setting the minimum distance AY = (1/4)p. An exemplary
embodiment of the present invention can éimilarly provide a
sufficient effect if theminimumdistance falls within the range
of (1/4)p £ AY £ (3/4)p.

[0075] Even in the present exemplary embodiment, the number
of lens optical system rows k is two (i.e., n = 2). The top
and bottom rows have an array pitch p = 0.76 mm. The optical
axes rows have a minimum distance AY = (1/4)p. The minimum

distance AY is thus found to satisfy expression (2) for n = 2,
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i.e., p/4 £ AY £ 3p/4.

[0076] A third exemplary embodiment of the present invention
will be described below. The same or similar components to
those of the first exemplary embodiment are designated by the
same reference numerals. A description thereof will be
simplified or.omitted.

[0077] Fig. 17 is a schematic diagram illustrating an imaging
optical system according to the present exemplary embodiment.
Unlike the first exemplary embodiment, the present exemplary
embodiment is configured so that three lens optical system rows
arearrangedjjlthésubarraydirection(Zcﬁlection). The lens
optical system rows will be defined.as a bottom row (third lens
optical system row), a middle row (second lens optical system
row), and a top row {(first lens optical system row) in order
in the negative direction of the sub array direction (-2
direction). In Fig. 17, the optical axes of the lens optical
systems of the top row are represented by unfilled circles (0),
those of the lens optical systems of the middle row by unfilled
triangles (4A), and those of the lens optical éystems of the
bottom row by unfilled squares (d). As can be seen from Fig.
17, the imaging optical system according to the present
exemplary embodiment is configured so that the optical axes of
all the lens optical systems of the top, middle, and bottom rows
are located on the same line. The optical axes of the lens
optical systems'of the top and bottom rows are located in the

same positions. The lens optical systems of the top and bottom
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rows are symmetrically arranged in the sub array direction about
the optical axis row.

[0078f In Fig. 17, suppose that the optical axis rows are
located at Z = 0. The lens surfaces of the bottom row lie in
the range of Z = -1.22 mm to -0.61 mm. The lens surfaces of
the middle row lie in the range of 2 = -0.61 mm to 0.61 mm. The
lens surfaces of the top row lie in the range of Z2 = 0.61 mm
to 1.22 mm. Without the shifted arrangement, the imaging
optical system according to the present exemplary embodiment
and the imaging optical system 102 according to the first
exemplary embodiment have the same optical design values
including the surface shapes of the lens optical systems. The
top, middle, and bottom lens optical system rows all have an
array pitch p = 0.76 mm in the main array direction.

[0079] Since the optical axes of the lens optical systems
of the top and bottom rows are located in the same positions,
the distance AY from the optical axis of a lens optical system
of the bottom row to the optical axis of a lens optical system
of the top row closest to the optical axis in the main array
direction is 0 mm. The minimum distance AY from the optical
axis of a lens optical system of the middle row to the optical
axis of a lens optical axis of the top row (bottom row) closest
to the optical axis is (1/2)p (= 0.38 mm) . Table 4 shows such

array design values.
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Table 4
Top row Middle row | Bottom
row
Range of Z (mm) 1.22 to 0.61 to -0.61 to
0.61 -0.61 -1.22
Array pitch p (mm) 0.76 0.76 0.76

AY (top - middle) (mm) 0.38

AY (middle - bottom) (mm) | 0.38

AY (top - bottom) (mm) 0

[0080] Figs. 18A, 18B, and 18C illustrate a main array
cross-sectional view (XY cross-sectional view) and a sub array
cross-sectional view (ZX cross-sectional view) of a lens
optical system constituting the top, middle, and bottom rows,
respectively. As can be seen from Figs. 18A, 18B, and 18C, the
lens optical systems constituting the top, middle, and bottom
rows have the same configuration in the main array cross section,
but different configurations in the sub array cross section.
The lens optical systems of the top and bottom rows, when seen
in the sub array cross section, are symmetrically configured
in the sub array direction about the optical axis O.

[0081] Like the first exemplary embodiment, imaging light
fluxes including light fluxes emitted from the respective light
emitting point positions A to C according to the present
exemplary embodiment will be described.

[0082] The imaging light flux from the light emitting point
position A (object plane position on the optical axis of a lens

optical system of the middle row) includes a lens light flux
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of the lens optical systemof themiddle rowwith an object height
of 0 (on the optical axis), two lens light fluxes of lens optical
systems of the top row with an object height of (1/2)p, énd two
lens light fluxes of lens optical systems of the bottom row with
an object height of (1/2)p. The imaging light flux from the
light emitting point position B includes two lens light fluxes
of lens optical systems of the middle row with an object height
of (1/4)p and (3/4)p, respectively, two lens light fluxes of
lens optical systems of the top middle row with an object height
of (1/4)p and (3/4)p, respectively, and two lens light fluxes
of lens optical systems of the bottom row with an object height
of (1/4)pand (3/4)p, respectively. The imaging light flux from
the light emitting point position C includes two lens light
fluxes of lens optical systems of the middle row with an object
height of (1/2)p, a lens light flux of a lens optical system
of the top row on the optical axis, and a lens light flux of
a lens optical system of the bottom row on the optical axis.
[0083] That is, like the first exemplary embedment, the
numbers and types of lens light fluxes constituting the imaging
light fluxes can be increased to average the imaging light
fluxes in the respective light emitting point positions. In
the present exemplary embodiment, the types of the lens light
fluxes refer to not only different object heights but also
different lens optical system rows emitting the lens light
fluxes (referring to the top, middle, and bottom rows).
[0084] Fig. 19 illustrates the light use efficiency ratios

of the lens optical systems of the top, middle, and bottom rows
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according to the present exemplary embodiment at each object
height. The light use efficiency ratios of the present
exemplary embodiment are scaled to the first exemplary
embodiment (see Fig. 7). The lens optical systems of the top
and bottom rows are symmetrically configured in the sub array
direction, and have the same light use efficiency ratio at each
object height. The lens optical systems of the top and bottom
rows and those of the middle row have different configurations
when seen in the sub array cross section, and are found to have
largely different light use efficiency ratios at each object
height. Figs. 20A, 20B, and 20C illustrate the light use
efficiency ratios of the top, middle, and bottom rows,
respectively, at each light emitting point position. The
distributions of the light use efficiency ratios are found to
be shifted by the minimum distance AY between the optical axes
of the respective lens optical system rows.

(0085] Fig. 21 illustrates the imaging light amount ratio
at each light emitting point position according to the present
exemplary embodiment. In the present exemplary embodiment,
the maximum and minimum values of the imaging'light amount ratio
have a difference of 2.9%; which is smaller than that of the
comparative example (6.2%) illustrated in Fig. 10. iThis shows
that variations in the imaging light amount are smaller.
[0086] Figs. 22A and 22B illustrate the imaging performance
of the imaging light fluxes fronlthe.respective light emitting
point positions A to C according to the present exemplary

embodiment. A comparison with the comparative example (see
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Figs. 12A and 12B) shows that the depths of focus of the light
emitting point positions A to C vary less, and variations in
the imaging performance are smaller. For contrast values of
60% and above, the common depth of focus in the main array cross
section is 0.173 mm, which is found to be greater than the common
depth of focus in the comparative example (0.160 mm).

[0087] In the imaging optical system according to the present
exemplary embodiment, the numbers and types of lens light fluxes
constituting the imaging light fluxes can be increased to
average the imaging optical fluxes in the respective light
emitting point positions. This provides the effect of reducing
variations in the imaging light amount and the imaging
performance.

foogs] As described above, the imaging optical system
according to the present exemplary embodiment forms inverted
imaging systems in the sub array cross section and uses the
shifted arrangement. This can ensure compatibility between
the imaging light amount and the imaging performance, and reduce
variations in the imaging light amount and the imaging
performance.

[0089] In the present exemplary embodiment, the number of
lens optical system rows is k = 3. The top, middle, and bottom
rows have an array pitch p = 0.76 mm. The minimum distance
between the optical axis rows of the top and middle rows is AY
= (1/2)p. The minimum distance between the optical axis rows
of the middle and bottom rows is AY = (1/2)p. 1In the imaging

optical system according to the present exemplary embodiment,
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the lens optical system rows are symmetrically arranged in the
sub array direction about the optical axis rows. More
specifically, the imaging optical system includes two
combinations of similar lens optical system rows (the top and
middle rows and the middle and bottom rows). That is, (n - 1)
= 1 yields n = 2. The combination of the top and middle rows
and the combination of the middle and bottom rows both are found
to satisfy expression (2), i.e., p/4 £AY < 3p/4. 1Inother words,
like the first exemplary embodiment, general peaks (and general
bottoms) of variations of the imaging light amount and the
imaging performance of the middle row with the light emitting
point position and general bottoms (and general peéks) of those
of the top and bottom rows can be cancelled out for a higher

averaging effect.

[0090] A fourth exemplary embodiment of the present
invention will be described below. The same or similar
components to those of the first exemplary embodiment will be
designated by the same reference numerals. A description
thereof will be simplified or omitted.

[0091] Fig. 23 is a schematic diagram illustrating an imaging
optical system according to the present exemplary embodimeﬁt.
Like the third exemplary embodiment, the present exemplary
embodiment includes three lens optical system rows arranged in
the sub array direction. The present exemplary embodiment
differs from the third exemplary embodiment in the ranges of

the lens optical systems of the top, middle, and bottom rows



10

15

20

25

WO 2014/058036 PCT/JP2013/077683

49

in the Z direction and the minimum distance AY between the
optical axes. In Fig. 23, the optical axes of the lens optical
systems of the top row are represented by filled circles (e),
those of the lens optical systems of the middle row by filled
triangles (A), and those of the lens optical systems of the
bottom row by filled squares (R). As can be seen from Fig. 23,
the imaging optical system according to the present exemplary
embodiment is configured so that the optical axis rows of all
the lens optical systems of the top, middle, and bottom rows
are located on the same line.

[0092] In Fig. 23, suppose that the optical axis rows are
located at Z = 0. The lens surfaces of the bottom row lie in
the range of 2 = -1.22 mm to -0.41 mm. The lens surfaces of
the middle row lie in the range of 2 = -0.41 mm to 0.41 mm. The
lens surfacés of the top row lie in the range of Z = 0.41 mm
to 1.22 mm. Without the shifted arrangement, the imaging
optical system according to the present exémplary embodiment
and the imaging optical system 102 according to the first
exemplary embodiment have the same optical design values
including the surface shapes of the lens optical systems. The
top, middle, and bottom lens optical system rows all have an
array pitch p = 0.76 mm in the main array direction.

[0093] With reference to the optical axis of a lens optical
system of the bottom row, the distance AY to the optical axis
of a lens optical system of the top row (bottom row) closest
to the optical axis in the main array direction is (1/3)p (=

0.253 mm). Similarly, with reference to the optical axis of
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a lens optical system of the bottom row, the minimum distance
AY to the optical axis of a lens optical axis of the top row
closest to the optical axis is (1/3)p (= 0.253 mm). Table 5

shows such array design values.

Table 5
Top row Middle row | Bottom
row
Range of Z (mm) 1.22 to 0.41 to -0.41 to
0.41 -0.41 -1.22
Array pitch p (mm) 0.76 0.76 0.76
AY (top - middle) (mm) 0.253
AY (middle - bottom) (mm) | 0.253
AY (top - bottom) (mm) 0.253
[(0094] Figs. 24A, 24B, and 24C illustrate a main array

cross-sectional view (XY cross-sectional view) and a sub array
cross-sectional view (ZX cross-sectional view) of a lens
optical system constituting the top, middle, and bottom rows,
respectively. As can be seen from Figs. 24A, 24B, and 24C, the
lens optical systems constituting the top, middle, and bottom
rows have the same configuration in the main array cross section,
but different configurations in the sub array cross section.
In the sub array cross section, the lens optical systems
constituting the top and bottom rows are symmetrically arranged
in the sub array direction about the optical axis O.

[0085] Like the first exemplary embodiment, imaging light
fluxes including light fluxes emitted from the respective light

emitting point positions A to C according to the present
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exemplary embodiment will be described.

[0096] The imaging light flux from the light emitting point
position A (object plane position on the optical axis of a les
optical system of the middle row) includes a lens flux of the
lens optical system of the middle row with an object height of
0 (on the optical axis), two lens light fluxes of lens optical
systems of the top rowwith an object height of (1/3)pand (2/3)p,
respectively, and two lens light fluxes of lens optical systems
of the bottom row with an object height of (1/3)p and (2/3)p,
respectively. The imaging light flux from the light emitting
point position B includes two lens light fluxes of lens optical
systems of the middle row with an object height of (1/4)p and
(3/4)p, respectively, two lens light fluxes of lens optical
systems of the top row with an object height of (1/12)p and
(11/12)p, respectively, and two lens light fluxes of lens
optical systems of the bottom row with an object height of
(5/12)pand (7/12)p, respectively. The imaging light flux from
the light emitting point positidn C includes two lens light
fluxes of lens optical systems of the middle row with an object
height of (l/2)p,‘two lens light fluxes of lens optical systems
of the top row with an object height of (1/6)p and (5/6)p,
respectively, and two lens light fluxes of lens optical systems
of the bottom row with an object height of (5/12)p and (1/6)p,
respectively.

[0097] That is, like the first exemplary embodiment, the

numpbers and types of lens light fluxes constituting the imaging

light fluxes can be increased to average the imaging light
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fluxes in the respective light emitting point positions.
[0098) Fig. 25 illustrates the light use efficiency ratios
of the lens optical systems of the top, middle, and bottom rows
according to the present exemplary embodiment at each object
height. Thelight useefficient ratios accordingto the present
exemplary embodiment are also scaled to the first exemplary
embodiment (see Fig. 7). The lens optical systems of the top
and bottom rows are symmetrically configured in the sub array
direction, and have the same light use efficiency ratio at each
optical height. The top and bottom rows and the middle row are
found to have largely different light use efficiency ratios at
each object height. Figs. 26A, 26B, and 26C illustrate the
light use efficiency ratios of the top, middle, and bottom rows
at each light emitting point position, respectively. The
distributions of the light use efficiency ratios are found to
be shifted from each other by the minimum distance AY between
the optical axes of the respective lens optical system rows.
[0099] Fig. 27 illustrates the imaging light amount at each
light emitting point position according to the present
exemplary embodiment. In the present exemplary embodiment,
the maximum and minimum values of the imaging light amount have
a difference of 2.4%, which is smaller than that of the
comparative example (6.2%) illustrated in Fig. 10. This shows
that variations in the imaging light amount are smaller.
[0100] Figs. 28A and 28B illustrate the imaging‘performance
of the imaging light fluxes from the respective light emitting

point positions A to C according to the present exemplary
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embodiment. A comparison with the comparative example (see
Figs. 12A and 12B) shows that the depths of focus of the light
emitting point positions A to C vary less, and variations in
thé imaging performance are smaller. For contrast values of
60% and above, the common depth of focus in the main array cross
section is 0.179 mm, which is found to be greater than the common
depth of focus (0.160 mm) according to the comparative example.
[0101] In the imaging optical system according to the present
exemplary embodiment, the numbers and types of lens light fluxes
constituting the imaging light fluxes can be increased to
average the imaging light fluxes in the respective light
emitting point positions. This provides the effect of reducing
variations in the imaging light amount and the imaging
performance.

[0102] As described above, the imaging optical system
according to the present éxemplary embodiment forms inverted
imaging systems in the sub array cross section and uses the
shifted arrangement. This can ensure compatibility between
the imaging light amount and the imaging performance, and reduce
variations in the imaging light amount and the imaging
performance.

[0103] In the foregoing first and second exemplary
embodiments, general peaks {and general bottoms) and general
bottoms (and general peaks) of variations of the imaging light
amount and the imaging performance of the lens optical system
TOWS with_the light emitting point position are cancelled out

to provide a higher averaging effect. More specifically, a
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single combination of lens optical system rows (top and bottom
rows) is used to average variations in the imaging light amount
and the imaging performance. In the imaging optical system
according to the third exemplary embodiment, the lens optical
system rows are symmetrically arranged in the sub array
direction about the optical axis rows, so that the optical axis
rows of the top and bottom rows coincide with each other in the
main array direction. In other words, the imaging optical
system includes two combinations of similar lens optical system
rows (the top and middle rows and the middle and bottom rows).
In each of the combinations of the top and middle rows and the
middle and bottom rows, general peaks (and general bottoms) and
general bottoms (and general peaks) are cancelled out as in the
first and second exemplary embodiments, whereby variations in
the imaging light amount and the imaging pefformance are
averaged.

(0104] In the present exemplary embodiment, the lens optical
system rows are asymmetrically arranged in the sub array
direction about the optical axis rows. The optical axes of the
top and bottom rows are separate from one another in the main
array direction. In other words, the top and middle rows and
the middle and bottom rows average variations in the imaging
light amount and the imaging performance by using two different
combinations of lens optical system rows ((n - 1) = 2 yields
n=3). Like the present exemplary embodiment, a configuration
including three or‘more lens optical system rows may cancel

general peaks (and general bottoms) of a lens optical system
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row (corresponding to the middle row in the present exemplary
embodiment) by summing up two other lens optical system rows
(corresponding to the top and bottom rows in the present
exemplary embodiment) .

[0105] In the present exemplary embodiment, the optical axis
rows of the top and middle rows have a minimum distance AY =
(1/3)p. The optical axis rows of the middle and bottom rows
have a minimum distance AY = (1/3)p. The optical axis rows of
the bottom and top rows have a minimum distance AY = (1/3)p.
That is, in the present exemplary embodiment, the minimum
distance between the optical axes is set to AY = (1/3)p. Such
ésettingenablestheconfigurationincludingthetwocﬁfferent
combinations of lens optical system rows to provide a higher

averaging effect. In the present exemplary embodiment, the

number of lens optical system rows is k = 3. The top, middle,

and bottom rows have an array pitch p 0.76 mm. The
combinations of the lens optical system rows are found to
satisfy expression (2) for n = 3, i.e., p/6 £ AY £ p/2. The
configuration satisfying the foregoing expression (2) provides

the effect of significantly reducing variations in the imaging

light amount and the imaging performance.

(0106] The imaging optical system according to an exemplary
embodiment of the present invention has only to include at least
two lens optical system rows, and is not limited to the

configurations including two or three lens optical system rows

as described in the foregoing exemplary embodiments. For
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example, a configuration including four lens optical system
rows or more can provide the effects of an exemplary embodiment
of the present invention. Note that the simplest configuration
for providing effects of an exemplary embodiment of the present
invention is one including two lens optical system rows. Such
a simplest configuration is advantageous in terms of
formability and assemblability. Theforegoingdescriptionhas
dealt with the imaging optical systems in which the lens optical
system rows include the same lens optical systems. However,
the lens optical systems constituting the lens optical system
rows need not be the same ones. For examples, the top row and
the bottom row may include respective different lens optical
systems.

[0107] The exemplary embodiments have dealt with the cases
wherethelensopticalsystemsjjleadqofthelensopticalsystem
rows of the imaging optical system have the same array pitch.
However, the lens optical system rows may have different array
pitches. The exemplary embodiments have also dealt with the
cases where adjoining lens optical system rows satisfy the
foregoing expression (2). However, a configuration in which
lens optical system rows not adjoining each other satisfy
expression (2) can also provide the foregoing effects. For
example, suppose that an imaging optical system includes three
or more lens optical system rows, one or some of which has/have
a different array pitch of lens optical systems from that of
the other lens optical system rows. In such a configuration,

the foregoing effects can be obtained if any two lens optical
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system rows having the same array pitch satisfy expression (2).
[0108] In the first and second exemplary embodiments, the
lens optical systems constituting the lens optical system rows
are each shaped like a lens optical system cut by the main array
cross section includiné the optical axis. However, an
exemplary embodiment of the present invention is not limited
thereto. The lens optical systems may have a shape cut by any
plane. 1In the exémplary embodiments, the lens optical systems
are symmetrical in the optical array direction about their
optical axis. Lens optical systems asymmetrical about their
optical axis can also provide the effects of an exemplary
embodiment of the present invention. The lens optical systems
are each configured so that the first and second optical systems
are optically symmetrical about the intermediate imaging plane.
The lens optical systems are not limited to such a configuration
as long as the requirements of an exemplary embodiment of the
present invention are satisfied.

[0109] In the exemplary embodiments, the lens optical system
rows have the same array pitch p. However, the effects of an
exemplary embodiment of the present invention can be obtained
even if the lens optical system rows have respective different
array pitches. The lens optical system rows are arranged sSo
that their ranges in the 7Z direction do not overlap each other.
However, the lens optical system rows may be arranged so that
their ranges in the Z diredtion overlap in part. The lens
optical systems according to the exemplary embodiments

constitute erect equal-magnification imaging systems in the
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main array cross section. However, the lens optical systems
need not be configured as strictly equal-magnification ones as
long as the effects of an exemplary embodiment of the present
invention can be obtained. 1In the sub array cross section, the’
lens optical systems may be expanding systems.

[0110] In the exemplary embodiments, the optical axis rows
are located on a lens optical system row or rows (in the first
and second exemplary embodiments, on the border between the top
and bottom rows; in the third and fourth exemplary embodiments,
on the middle row). However, the effects of an exemplary

embodiment of the present invention can be obtained even if the

~optical axis rows are not located on a lens optical system row.

[(0111] The foregoing exemplary embodiments have dealt with
the configurations where the optical axes of the lens optical
system rows are located on the same line. The optical éxes are
defined to be on the same line if the following conditional
expression (4) is satisfied:

A < (1/2)H (4)

where H is the size of the light emitting point of each light
emitting unit of the image forming apparatus in the sub array
direction, and A is the maximum amount of separation between
the optical axis rows of the lens optical system rows in the
sub array direction.

[0112] If the amount of separation between the optical axes
in the sub array direction falls within the range of the
foregoing conditional expression (4), the images of the lens

optical system rows remain not separate from one another, in
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which case the effects of an exemplary embodiment of the present
invention can be sufficiently obtained. An image reading
apparatus may include a plurality of 1light receivingunits (line
sensor). Such an image reading apparatus may be configured to
satisfy conditional equation (4), where H is the size of a light
receiving surface (sensor surface) of each light receiving unit
in the sub array direction. 1In the present exemplary embodiment,
the light emitting points of the light emitting units each have
a size H of 25.3 pﬁ in the sub array direction. The effects
of an exemplary embodiment of the present invention can be
sufficiently obtained 1f the maximum amount of separation A
between the optical axes of all the lens optical systems in the
sub array direction is smaller than (1/2)H = (1/2) x 25.3 um

= 12.7 pm.

[0113}- [Image Forming Apparatus]

Fig. 1A is a schematic diagram (ZX cross-sectional view)
illustrating essential components of an image forming apparatus
5accordiﬁgtx>anexemplaryembodimentofthepresentinvention.
Theimageformingapparatus5jxmﬂudestheeXposufeunit]ﬂ The
exposure unit 1 includes an imaging optical system according
toanyoneoftheforegoingexemplaryembodiments. The exposure
unit 1 is arranged so that the sub array direction of the imaging
optical system coincides with a sub scanning direction (2
direction) that is a rotationdirection of a photosensitive drum
2. The application of the imaging optical system to the image

forming apparatus 5 according to the present exemplary
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embodiment can reduce the size and cost of the entire image
formingapparatusEiascomparedéovﬁmnlanopticalscanningunit
is used.

[(0114] As illustrated in Fig. 1A, an external device 15 such
as a personal computer inputs code data Dc to the image forming
apparatus 5. The image forming apparatus 5 includes a printer
controller 10, which converts the code data Dc into image data
(dot data) Di. The image data Di is input to the exposure unit
1 which includes the imaging optical system according to any
one of the foregoing exemplary embodiments. The éxposure unit
1 emits exposure light 14 that is modulated according to the
image data Di. A photosensitive surface of the photosensitive
drum 2 is exposed by the exposure light 4. The printer
controller 10 not only converts the data but alsoc controls the
components of the image forming apparatus 5 such as a motor 13.
[0115]\ The motor 13 rotates the photosensitive drum 2 serving
as anelectrostatic latent image bearing member (photosensitive
member) clockwise. With the rotation, the photosensitive
surface of the photosensitive drum 2 moves in the sub scanning
direction with respect to the exposure light 4. A charging
roller 3 for uniformly charging the surface of the
photosensitive drum 2 is arranged above the photosensitive drum
2, in contact with the surface of the photosensitive drum 2.
The exposure light 4 from the exposure unit 1 successively forms
an image in the sub scanning direction on the surface of the
photosensitive drum 2 charged by the chargihg roller 3.

[0116] As described above, the exposure light 4 is modulated
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based on the image data Di. The irradiation of the exposure
light 4 forms an electrostatic latent image on the surface of
the photosensitive drum 2. A developing device 6 is arranged
downstream of the irradiation position of the exposure light
4 in the rotation direction of the photosensitive drum 2, in
contact with the photosensitive drum 2. The developing device
6 develops the electrostatic latent image into a toner image.
{0117] A transfer device (transfer roller) 7 is arranged
below the photosensitive drum 2 and opposed to the
photosensitive drum 2. The transfer device 7 transfers the
toner image developed by the developing device 6 to a sheet 11
serving as a transfer material. Sheets 11 are stored in a sheet
cassette 8 in front of (in Fig. 1A, on the right of) the
photosensitive drum 2. Sheets 11 may be manually fed. A
feeding roller 9 is arranged at an end of the sheet cassette
8. The feeding roller 9 feeds a sheet 11 in the sheet cassette
8 into a conveyance path.

[0118] The sheet 11 to which the unfixed toner image is
transferred as described above is further conveyed to a fixing
device behind (in Fig. 1, on the left of) the photosensitive
drum 2. The fixing device includes a fixing roller 12 and a
pressure roller 14. The fixing roller 12 includes a fixing
heater (not illustrated) inside. The pressure roller 14 is
pressed into contact with the fixing roller 12. The fixing
device fixes the unfixed toner image on the sheet 11 conveyed
from the transfer device 7 by pressing and heating the sheet

11 in the pressing portion between the fixing roller 12 and the
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pressure roller 14. A discharge roller (not illustrated) is
further arranged behind the fixing roller 12. The discharge
roller discharges the fixed sheet 11 to outside the image

forming apparatus 5.

[0119) [Color Image Forming Apparatus]

Fig. 1B is a schematic diagram (ZX cross-sectional view)
illustrating essential components of a color image forming
apparatus 33 according to an exemplary embodiment of the present
invention. As illustrated in Fig. 1B, the color image
processing apparatus 33 is a color image processing apparatus
of tandem type in which four exposure units are juxtaposed to
record image information on the surfaces of respective
photosensitive drums serving as image bearing members in
parallel. The color image processing apparatus 33 includes
exposure units 17, 18, 19, and 20, photosensitive drums 21, 22,
23, and 24, developing devices 25, 26, 27, and 28, a conveyance
belt 34, and a fixing device 37. The exposure units 17,.18,
19, and 20 éach include any one of the imaging optical systems
described in the foregoing exemplary embodiments. The
photosensitive drums 21, 22, 23, and 24 serve as the respective
image bearing members. The exposure units 17, 18, 19, and 20
are arranged so that the sub array directions of their imaging
optical systems coincide with a sub scanning direction (2
direction) that is the rotation direction of the photosensitive
drums 21, 22, 23, and 24.

[0120] In Fig. 1B, an external device 35 such as a personal
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computer inputs red (R), green (G), and blue (B} color signals
to the color image forming apparatus 33. The color image
forming apparatus 33 includes a printer controller 36, which
converts the color signals into cyan (C), magenta (M), yellow
{(Y), and black (K)_image data (dot data). Such pieces of image
data are input to the exposure units 17, 18, 19, and 20,
respectively. The color exposure units 17, 18, 19,.and.20 emit
exposure light 29, 30, 31, and 32 that is modulated according
to the respective pieces of image data. The photosensitive
surfaces of the photosensitive drums 21, 22, 23, and 24 are
successively exposed by the corresponding exposure light 29,
30, 31, and 32 in the sub scanning direction.

(0121] The déveloping devices 25, 26, 27, and 28 develop the
latent images of the respective colors formed on the
photosensitive surfaces of the photosensitive drums 21>, 22, 23,
and 24 into respective color toner images. Not-illustrated
transfer devices transfer the color toner images to a transfer
matefial in a superposed manner. The fixing device 37 then
fixes the color toner images to form a full color image. The
application of the imaging optical systems can reduce the size
and cost of the entire color image forming apparatus 33
according to the present exemplary embodiment as compared to

when optical scanning units are used.

[0122] [Image Reading Appératus]
The imaging optical systems according to the foregoing

exemplary embodiments may be used for an image reading apparatus.
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More specifically, an image reading apparatus may be configured
to include any of the foregoing imaging optical systems and a
plurality of light receiving units. Examples of the plurality
of light receiving units include a line sensor such as a
charge-coupled device (CCD) sensor and a complementary
metal-oxide semiconductor (CMOS) sensor. The application of
the imaging optical system can reduce the size and cost of the
entire image reading apparatus according to the present
exemplary embodiment as compared to when conventional optical
systems are used.

[0123] In such a configuration, an illumination unit
including a light source irradiates a document. A plurality
of light fluxes (reflected light or transmitted light) from the
document can be collected by the imaging optical system and
received by the sensor surfaces of the plurality of light
receiving units. If the sub array direction of the imaging
optical system is arranged to coincide with a direction in which
a driving unit moves a relative position of the document and
the imaging optical system (sub scanning direction), the image
reading apparatus can successively read the document in the sub
scanning direction.

{0124] The image reading apparatus may be connected as the
foregoing external device 35 to the color image forming
apparatus 33, whereby a color digital copying machine can be

configured.

[0125] [Method for Manufacturing Lens Array]
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A method for manufacturing a lens array according to an
exemplary embodiment will be described in detail below. The
lens array refers to a configuration including an array of a
plurality of first lenses Gl (second lenses G2) constituting
an imaging optical system. For example, the lens array
according to the first exemplary embodiment includes two lens
rows arranged in the sub array direction, the lens rows each
including a plurality of lenses arranged in the main array
direction.

[0126] A method for manufacturing a lens array in which the
minimum distance AY between the optical axes of adjoining top
and bottom lens rows is 1/2 the array pitch p as in the first
exemplary embodiment will be described along the flow of Fig.
30 with reference to Fig. 29.

[0127] In step S1, blanks 200a' and 200b' are initially
formed. The blanks 200a’' and 200b' are intended to make mirror
finishedsurfacepiecesZOOaandZOOb:&m:moldingt§pandtmttom
lens rows constituting the lens array.

[0128] In step S2, using a mirror finished surface piece
machining jig 300 (a machining holding base 310 and abutting
reference pins 31la and 311b), the blanks 200a' and 200b' are
held in close contact with each other in positions shifted in
the main array direction (Y direction) by the minimum distance
AY (1/2 the array pitch pf between the optical axes of the
adjoining lens rows. In the present exemplary embodiment, the
blank 200b' is held as shifted by the minimum distance AY in

the Y direction with respect to the blank 200a'. A plurality
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of mirror finished surfaces corresponding to the respective
lens surfaces of the adjoining top and bottom lens rows is formed
to make the mirror finished surface pieces 200a and 200b.
Specifically, machining is simultaneously applied across the
blanks 200a' apd 200b' so that mirror finished surfaces 210a
of the mirror finished surface piece 200a and mirror finished
surfaces 210b of the mirror finished surface piece 200b form
continuous curved surfaces (or curved surfaces that can be
expressed by the same equation). As illustrated in Fig. 29,
the abutting reference pins 31lla and 311lb are capable of
independent adjustment in the Y direction. With the blanks
200a' and 200b’' temporarily assembled, the relative position
of the blanks 200a’' and 200b' can be adjusted to within #2 um
of the minimum distance AY of the optical axis rows by using
the abutting reference pins 31lla and 311lb.

(0129] Conventionally, final shape processing for forming

the mirror finished surfaces 210a and 210b has needed extremely

complicated machining to form discontinuous lens surfaces 110a

and 110b having steps 111 along an optical axis row Lp as
illustrated in Fig. 31. In the present exemplary embodiment,
the blanks 200a' and 200b' are shifted as described above and
subjected to diamond cutting or precision grinding using a fine
grind stone. The blanks 200a' and 200b' are thereby
simultaneously machined to form the mirror finished surfaces
210a and 210b in order froman end in the Ydirection. Themirror
finished surfaces 210a and 210b having mutually continuous

curved surfaces can thus be formed easily. 1In the process of
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machining the mirror finished surfaces 210a and 210b in order
in the Y direction, the adjoining mirror finished surfaces can
produce a machining error therebetween in the sub array
direction (Z direction). Since such a machining error is
extremely small, even an ordinary ultra-precision processing
machine can guarantee a desired accuracy of the order of 0.1
um or less.

[0130] In step S2, with the mirror finished surface pieces
200a and 200b held by the mirror finished surface piece
machining jig 300, score lines L1 and L2 are also formed in the
mirror finished surface piéces 200a and 200b in the Z directicn
by using the ultra-precision processing machine. The score
lines L1 and L2 are spaced out by the same distance as the minimum
distance AY between the optical axes, and formed across the
mirror pieces 200a and 200b.

{0131} In step S3, the mirror finished surface pieces 200a
and 200b which have been held as shifted by the minimum distance
AY in the Y direction in step S2 are restored to their original
positions and put in close contact with each other. The mirror
finished surface pieces 200a and 200b in such a state are set
into a mirror finished surface piece holding member 400 (a
mirror finished surface piece holding base 410 and abutting
reference pins 41la and 411b) servingas adie. Since themirror
finished surface pieces 200a and 200b can be attached to the
mirror finished surface piece machining jig 300 and the mirror
finished surface piece holding member 400 in similar ways, a

high relative accuracy can be obtained between the mirror
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finished surfaces 210a and 210b.

[0132] To adjust the relative position of themirror finished
surface pieces 200a and 200b in the Y direction with high
accuracy, the abutting reference pins 41la and 411b such as
illustrated in Fig. 29 can be used. Adjustments may be made
with reference to the score lines L1 and L2 formed in step S2.
In the present exemplary embodiment, the mirror finished
surface pieces 200a and 200b may be positioned so that the score
lines L1 and L2 (the score line L2 on themirror finished surface
piece 200a and the score line L1 on the mirror finished surface
piece 200b) are aligned on a straight line. Adjustments can
thus be made to shift the mirror finished surface pieces 200a
and 200b by AY.

[0133] In step S4, with the mirror finished surface pieces
200a and 200b set and held in the mirror finished surface piece
holding member 400, molding transfer is performed by injection
molding, cure molding of a light curing resin, or glass molding.
As a result, a lens array in which either one of lens rows
adjoining with an optical axis row therebetween is shifted by
AY with respect to the other can be obtained.

[0134] Fig. 32 illustrates an overview of a lens array 100
manufactured by the manufacturing method according to the
present exemplary embodiment. In the lens array 100, the
optical axes of the lenses are arranged on the same line in the
sub array direction (Z direction) perpendicular to the main
array direction (Y direction). The row of the optical axes of

the lenses is referred to as an optical axis row Lp. The lens
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array 100 is configured so that the relative position between
the lens surfaces 110a on one side of the optical axis row Lp
and the lens surfaces 110b on the other side is shifted by 1/2
the array pitch p in the Y direction. The border between the
mirror finished surface pieces 200a and 200b put in close
contact with each other during the manufacturing of the lens
array 100 corresponds to the optical axis row Lp.

[0135] The léns array 100 according to the present exempléry
embodiment is a transparent plastic member having a length of
220 mm, a width of 10 mm, and a thickness of 5 mm. The lenses
constituting the lens array 100 are uniformly arranged in the
Y direction at array pitches of p=0.76 mm.. The shift amount
of the relative position between the lens surfaces 110a and 110b
is AY = (1/2)p = 0. 38 mm. As illustrated in Fig. 31, the lens
surfaces 110a and 110b are configured so that a plurality of
anamorphic free curved surfaces having a curvature in the
optical axis direction and differing in shape in the Y and Z
directions is arrahged to adjoin in the Y direction. The lens
surfaces 110a and 110b are not limited to the illustrated shape,
and may have a generally rectangular shape described above.
(0136] The steps of the foregoing flow will be described in
more detail.

[0137] In the foregoing step S1, the blanks 200a' and 200b'
intended to make the mirror finished surface pieces 200a and
200b are formed by machining a stainless steel (SUS) material
with an ordinary processingmachine. The surfaces of the blanks

200a"' and 200b' are plated with 200 ym of NiP which is intended
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for diamond cutting. The surfaces of the blanks 200a' and 200b"'
except where final shape machining is to be performed are
subjected to grinding, whereby the external dimensions of the
blanks 200a' and 200b' are finished.

[0138] The mirror finished surface pieces 200a and 200b are
supposed to be set in a die. The contact surfaces of the blanks
200a' and 200b' are finished by polishing so that the contact
surfaces are in a mirror finished surface state with a surface
roughness of RA = 0.05 um or less. The process of forming the
blanks 200a' and 200b' may use steel materials other than the
SUS material depending on the material and molding form of the
lens array. Examples include copper and aluminum materials
capable of direct diamond cutting, and super-hard materials and
SiC intended for glassmolding. Thematerials andthemachining
method of the blanks 200a’ and 200b' are not limited to those
of the present exemplary embodiment.

[0139] Figs. 33A illustrates the mirror finished surface
piece machining jig 300 used in the final shape machining of
the metal surfaces 210a and 210b. The metal surface piece
machining jig 300 includes the machining holding base 310, the
two abutting reference pins 31la and 311lb, and a machining
fixing member 320. The machining holding base 310 has
not-illustrated screw holes. The abutting reference pins 311la
and 311lb are AY different in length. The machining fixing
members 320 has screw holes 321.

[0140] In the foregoing step S2, the abutting reference pins

31la and 311b are attached to the machining holding base 310.



10

15

20

25

WO 2014/058036 PCT/JP2013/077683

71

The blanks 200a' and 200b' are then put into contact with the
abutting reference pins 31la and 311b, respectively. The
blanks 200a' and 200b' can thus be held in a relative position
shifted by AY in the Y direction. The blanks 200a' and 200b’
may have through héles. In such a case, the mirror finished
surface pieces 200a énd 200b can be sandwiched between the
machining holding base 310 and the machining fixing member 320
and fixed with screws.

[0141] In the present exemplary embbdiment, a relative
distance between an end face 20la of the blank 200a' on the
abutting reference pin side and an end face 201b of the blank
200b' on the abutting reference pin side is measured by a probe
type three-dimensional measuring instrument. Either of the
abutting reference pins 31lla and 311b is cut and adjusted to
AY = 0.38 mm with an error of 2 um or less. With the relative
position of the blanks 200a' and 200b' thus set and held with
high accuracy, the mirror finished surface piece machining jig
300 is fixed to an ultra-precision processing'machine for the
final shape machining of the mirror finished surfaces 210a and
210b.

[(0142] The final shape machining according to the present
exemplary embodiment uses a cutting tool having a rotating
spindle to which an R-shaped diamond tool 330 is attached via
a shank. As illustrated in Fig. 33B, the diamond tool 330 is
attached obliquely to the rotating axis of the rotating spindle.
The diamond tool 330 is rotated to machine the mirror finished

surfaces 210a and 210b one by one so that machining paths 341



10

15

20

25

WO 2014/058036 PCT/JP2013/077683

72

extend across the blanks 200a' and 200b'. In such a manner,
the mirror finished surfaces 210a and 210b both can be
simultaneouslymachinaﬂascontinuouésurfaces. The direction
of the machining paths 341 is not limited to the Z direction
and may be the Y di;ection. The mirror finished surfaces 210a
and 210b can be machined in order from one end to the other of
the blanks 200a' and 200b'" in the Y direction. This can provide
a high relative position accuracy between the adjoining lens
surfaces even if the machining takes a long time.

[0143] After the completion of the mirror finished surface

pieces 200a and 200b by the final shape machining of the mirror

finished surfaces 210a and 210b, the mirror finished surface
pieces 200a and 200b held by the mirror finished surface piece
machining jig 300 are machined fo form the two score lines L1l
and L2 in the.Z direction. The machining uses a diamond tool
340 having an inverse triangular face at the tip as illustrated
in Fig. 34. The score lines L1 and L2 are formed across the
mirror finished surface pieces 200a and 200b at a distance of
AY = (1/2)p from each other according to numerical control (NC)
commands of the processing machine.

[0144] In the foregoing step $3, the mirror finished surface
pieces 200a and 200b after the completion of the final shape
processing of the mirror finished surfaces 210a and 210b are
restored to their original positions. The mirror finished
surface pieces 200a and 200b are then set into the mirror
finished surface piece holding member 400 such as illustrated

in Fig. 35. The mirror finished surface piece holding member
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400 according to the present exemplary embodiment includes the
surface piece holding base 410, the two abutting reference pins
411a and 411b, a die pressing member 420, a mirror finished
surface piece pressing member 430, a height adjustment member
450, and a die base 460. The mirror finished surface piece
holding base 410 has an L shape and has not-illustrated screw
holes. The abutting réference pins 411a and 411b have the same
length. The die pfessing member 420 has two screw holes 421.
The mirror sauce piece pressing member 430 has two screw holes.
The thickness of the height adjustment member 450 has been
measured on the order of micrometers in advance.

[0145] In step S3, the mirror finished surface piece holding
base 410 and the die pressing member 420 are initially attached
to the die base 460. The height adjustment member 450 is placed
on the die base 460 along the L shape of the mirror finished
surface piece holding base 410. The mirror finished surface
pieces 200a énd 200b are arranged on the height adjustment
member 450.

[0146] Next, the abutting reference pins 41la and 411b are
attached to themirror finished surface piece holding baser 410.
The mirror finished surface pieces 200a and 200b are put into
contact with the abutting reference pins 41la and 411b,
respectively. In such a state, the mirror finished surface
pieces 200a and 200b are sandwiched between the mirror finished
surface piece holding base 410 and the die pressing member 420,
and screws are passed through the screw holes and through holes

to fix the mirror finished surface pieces 200a and 200b. At
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the same time, the mirror finished surface pieces 200a and 200b
are fixed in firm contact with the abutting reference pins 411a
and 411b. Specifically, screws 440a and 440b are inserted
through the screw holes of the mirror finished surface piece
pressing member 430. The screws 440a and 440b press and fix
themirror finished surface pieces 200a and 200b to the abutting
reference pins 411a and 411b. The height adjustment member 450
also has through holes, into which screws are inserted from the
side of the die base 460 to further fix the mirror finished
surface pieces 200a and 200b.

[0147] In such a state, whether the score line L2 formed in
the mirror finished surface piece 200a and the score line L1
formed in the mirror piece 200b are aligned on a straight line
is observed under a microscope. If themirror finished surface
pieces 200a and 200b are made and assembled as specified by the
design values, the two score lines L1 and L2 coincide exactly
with each other on a straight line. To make a positional
adjustment to shift the relative position of themirror finished
surface pieces 200a and 200b by AY, steps S2 and S3 need to use
respective different abutting pins (the abutting reference pins
311la and 311b and the abutting reference pins 41la and 411b).
This causes the problem of an error occurring in the positions
of the two score lines L1 and L2 because of manufacturing errors
of the abutting pins themselves and resulting slight
differences in the assembled state. Then, according to the
result of observation of the microscope, the components of the

mirror finished surface piece holding member 400 are once
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disassembled to make adjustments to the abutting reference pins
411a and 411b and fhe height adjustﬁent member 450.

(0148] For example, in the present exemplary embodiment, the
result of observation of the microscope showed that the score
line L1 of the mirror finished surface piece 200b was 2.5 um
farther from the abutting reference pin side than the score line
L2 of the mirror finished surface piece 200a. A top surface
401 of the mirror finished surface piece holding member 410
corresponds to a parting surface which makes contact with the
opposite side of the die base 460. A difference in height
between the top surface 401 and the mirror finished surfaces
210a and 210b was measured by using an ultra-precision
three-dimensional measuring instrument. The measurement
showed that the lens surfaces were 15 pm higher than the designed
height. In the present exempiary embodiment, the components
of the ﬁirror finished surface piece holding member 400 were
once disassembled. The abutting reference pin 411b intended
for the mirror finished surface piece 200b was cut short by 2.5
pm. The height adjustment member 450 was machined and reduced
in thickness by 15 pm. After such adjustments, the mirror
finished surface pieces 200a and 200b are set into the mirror
finished surface piece holding member 400 again. In such a
manner, the relative difference between the straight lines,
namely, the score line L2 of the mirror finished surface piece
200a and the score line L1 of the mirror finished surface piece
200b can be suppressed to less than 0.5 pm. The difference in

height between the top surface 401 of the mirror finished
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surface piece holding base 410 and the mirror finished surfaces
210a and 210b can be suppressed to less than 1 pm.

[0149] Mirror finished surface pieces for molding the lens
surfaces on the back side of the lens array are formed in a manner
similar to the series of steps described above. The resulting
mirror finished surface pieces are combined with the mirror
finished surface pieces 200a and 200b on the front side to make
a die of the lens array. With the die attached to a molding
machine, injection molding can be performed to obtain a lens
array in which4either one of the lens rows is shifted by 1/2
the array pitch p with respect to the other with the optical
axis rows therebetween.

(0150] The manufacturing method according to an exemplary
embodiment of the present invention is not limited to the method
for manufacturing a lens array according to the first exemplary
embodiment. More specifically, the present exemplary
embodiment has dealt with thé method for manufacturing a lens
array including two lens rows like the first exemplary
embodiment. An exemplary embodiment of the present invention
is not limited thereto, and may be applied to a configuration
including an array of three or more lens rows. In the present
exemplary embodiment, the minimum distance AY between the
optical axis rows is (1/2)p. However, a method for
manufacturing a lens array according to an exemplary embodiment
of the present invention may be applied to AY of any value. The
lens array can be manufactured so that AY satisfies the

foregoing expression (2).
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[0151] As has been described above, according to the method
for manufacturing a lens array according to the present
exemplaryembodiment,aalensarrayhavingeashiftedarrangement
(staggered arrangement) can be manufactured with high accuracy
so that the minimum distance AY between the optical axes of
adjoining lens rows has a desired value.

[0152] While the present invention has been described with
reference to exemplary embodiments, it is to be understood that
the invention is not limited.to the disclosed exemplary
embodiments. The scope of the following.claims is to be
accorded the broadest interpretation so as to encompass all such
modifications and equivalent structures and functions.
[0153] This application claims the benefit of Japanese
Patent Application No. 2012-226900 filed October 12, 2012,

which is hereby incorporated by reference herein in its

entirety.
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CLAIMS

[Claim 1]

An imaging optical system comprising a plurality of lens
optical system rows each including a plurality of lens optical
systems arranged in a first direction,

wherein the plurality of lens optical system rows is
arranged in a second direction perpendicular to the first
direction and to an optical axis direction,

wherein each of the plurality of lens optical systems
in each ofvthe plurality of lens optical system rows is
COnfigﬁredtx>fonnanerectequal—magnificationimagejjlacroés
section perpendicular to the second direction and configured
to form an inverted image in a cross section perpendicular to
the first direction, and

wherein, in a cross section perpendicular to the
optical axis direction, optical axes of the respective
plurality of lens optical systems in adjoining ones of the
plurality of lens optical system rows are separate from one

another in the first direction and are located on a same line.

[Claim 2]

The imaging optical system according to claim 1, wherein each
of the plurality of lens optical systems in each of at least
two of the plurality of lens opticél system rows is arranged
at regular array pitches p in the first direction and satisfies

a condition given by:
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p/(2n) £ AY < 3p/(2n),
where k is the number of the plurality of lens optical system
rows, AY is a minimum distance in the first direction between
the optical axes of the respective plurality of lens optical
systems in any two of the at leaét two lens optical system rows,
n is a positive integer satisfying k 2 n 2 2, and the any two
lens optical system rows have (n - 1) combinations of

arrangement.

[Claim 3]

The imaging optical system according to claim 1 or 2, wherein
each of the plurality of lens optical systems in each of the
plurality of lens optical systems rows includes an intermediate
imaging plane between an object plane and an image plane, and

wherein each of the plurality of lens optical systems
in each of the plurality of lens optical system rows satisfies
a condition given by:

IR/(2Bp) | < 2,
where R is an effective diameter on the intermediate imaging
plane, B is a paraxial imagingmagnification on the intermediate

imaging plane, and p is an array pitch in the first direction.

(Claim 4]

The imaging optical system according to any one of claims 1
to 3, wherein each of the plurality of lens optical systems in
each of the plurality of lens optical system rows includes a

first optical system and a second optical system that are
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arranged on the same optical axis.

[Claim 5]

The imaging optical system according to claim 4, wherein the
first and second optical systems have optically symmetrical
structures about the intermediate imaging plane of the lens

optical system.

[Claim 6]

The imaging optical system according to claim 4 or 5, wherein
the first optical system consists of a single lens with both
an entrance surface and an exit surface having positive
refractive power in the vicinity of the optical axis, the
refractive power of the exit surface in the vicinity of the
optical axis being larger than that of the entrance surface in
the vicinity of the optical axis within a cross section

perpendicular to the second direction.

[Claim 7]

The imaging optical system according to any one of claims 4
to 6,whereintﬂm&firétvoptical system consists of a single lens
with both an entrance surface and an exit surface convex in the
vicinity of the optical axis, a radius of curvature of the exit
surface in the vicinity of the optical axis being smaller than
that of the entrance surface in the vicinity of the optical axis

within a cross section perpendicular to the second direction.
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[Claim 8]

The imaging optical system according to any one of claims 4
to 7, wherein the second optical system consists of a single
lens with both an entrance surface and an exit surface having
positive refractive power in the vicinity of the optical axis,
the refractive power of the entrance surface in the vicinity
of the optical axis being larger than that of the exit surface
in the vicinity of the optical axis within a cross section

perpendicular to the second direction.

[Claim 9]

The imaging optical system according to any one of claims 4
to 8, wherein the second optical system consists of a single
lens with both an entrance surface and an exit surface convex
in the vicinity of the optical axis, a radius of curvature of
the entrance'surface in the vicinity of the opticai axis being
smaller than that of the exit surface in the vicinity of the
optical axis within a cross section perpendicular to the second

direction.

[Claim 10]

The imaging optical system according to any one of claims 4
to 9, wherein each of the plurality of lens optical systems in
each of the plurality of lens optical system rows includes a
light blocking member configured to block a light flux passed

through the first optical system and incident on the second
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optical system of another lens optical system in the cross

section perpendicular to the second direction.

[Claim 11]
The imaging optical system according to claim 10, wherein the
light blocking member blocks only a light flux that does not

contribute to imaging.

[Claim 12]

The imaging optical system according to any one of claims 1
to 11, wherein each of the lens optical systems of each of the
plurality of lens optical system rows restricts a light flux
that contributes to imaging by each corresponding lens surface

within a cross section perpendicular to the second direction.

[Claim 13)

The imaging optical system according to any one of claims 1
to 12, wherein adjoining ones of the plurality of lens optical
system rows are configured so that respective lens surfaces
thereof can be expressed by the same equation if an amount of
separation between the optical axes of the respective plurality

of lens optical systems in the first direction is 0.

_[Claim 14]

The imaging optical system according to any one of claims 1
to 13, wherein each of the plurality of lens optical systems

in each of the plurality of lens optical system rows includes
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a rectangular aperture plane.

[Claim 15]

The imaging optical system according to any one of claims 1
to 14, wherein each of the plurality of lens optical systems
in each of the plurality of lens optical system rows includes
an anamorphic surface having power in the first and second

directions.

[Claim 16]

The imaging optical system according to any one of claims 1

"to 15, wherein each of the plurality of lens optical systems

in each of the plurality of lens optical system rows is arranged
at the same regular array pitches in the first direction, and

whereinadjoiningonesofthepﬂuralityoflensoptical
system rows are configured so that a minimum distance between
the optical axes of the respective plurality of optical systems

in the first direction is 1/2 the array pitch.

[Claim 17]
An image forming apparatus comprising:
an imaging optical systemincluding a plurality of lens
optical system rows each including a plurality of lens optical
systems arranged in a first direction,
wherein the plurality of lens optical system rows is
arranged in a second direction perpendicular to the first

direction and to an optical axis direction,
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wherein each of the plurality of lens optical systems
in each of the plurality of lens optical system rows is
configured to forman erect equal-magnification image in a cross
section perpendicular to the second direction and configured
to form an inverted image in a cross section perpendicular to
the first direction, and

wherein optical axes of the respective plurality of
lens optical systems in adjoining ones of the plurality of lens
optical system rows are separate from one another in the first
direction and are located on a same line;

a light source including a plurality of light emitting
units; |

a developing device configured to develop an
electrostatic latent image into a toner image, the imaging
optical system forming the electrostatic latent image on a
photosensitive surface of a photosensitive member by using a
light flux emitted from the light source, the photosensitive
surface being arranged on an image plane of the imaging optical
system;

a transfer device configured to transfer the developed
toner image to a transfer material; and

a fixing device configured to fix the transferred toner
image to the transfer material,

wherein the imaging optical system is arranged so that
a rotation direction of the photosensitive member is in the

second direction.



10

15

20

25

WO 2014/058036 PCT/JP2013/077683

85

[Claim 18]
The image forming apparatus according to claim 17, wherein
the imaging optical system satisfies a condition given by:
A < (1/2)H,
where A is a maximum amount of separation between the optical
axes of the plurality of lens optical systems of the lens optical
system rows in the second direction, and H is a size of a light

emitting point of each of the plurality of light emitting units.

[(Claim 19]
An image reading apparatus comprising:

animagingopticalsystemincludinga;ﬂuralityoflens
optical system rows each including a plurality of lens optical
systems arranged in a first direction,

wherein the plurality of lens optical system rows is
arranged in a section direction perpendicular to the first
direction and to an optical axis direction,

wherein each of the plurality of lens optical systems
in each of the plurality of lens optical system rows is
configured to forman erect equal-magnification image in a cross
section perpendicular to the second direction and configured
to form an inverted image in a cross section perpendicular to
the first direction, and

wherein optical axes. . of the respective plurality of
lens optical systems in adjoining ones of the plurality of lens
optical system rows are separate from one another in the first

direction and are located on a same line;
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an illumination unit configured to illuminate a
document;

a plurality of light receiving units configured to
receive a light flux from the document, collected by the imaging
optical system; and

a drive unit configured to move a relative position
of the imaging optical system and the document in the second

direction.

[Claim 20]

The image reading unit according to claim 19, wherein the
imaging optical system satisfies a condition given by:

A < (1/2)H,

where A is a maximum amount of separation between the optical
axes of the plurality of lens optical systems of the lens optical
system rows in the second direction, and H is a size of a light
receiving surface of each of the plurality of light receiving

units.

[Claim 21]

A method for manufacturing a lens array constituting an
imaging optical system including a plurality of lens optical
system rows each including a plurality of lens optical systems
arranged in a first direction, the plurality of lens optical
system rows being arranged in a second direction perpendicular
to the first direction and to an optical axis direction, the

method comprising:
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forming a mirror finished surface including a
continuous curved surface across a plurality of blanks put in
close contact with each other in the secoﬁd direction, thereby
forming a plurality of mirror finished surfaces on the plurality
of blanks in the first direction to form a plurality of mirror
finished surface pieces;

setting the mirror finished surface pieces into a die
in such a state that the mirror finished surface pieces are
shifted from each other in the first direction and put in close
contact wiﬁh each other; and

transferring the mirror finished surfaces of the
pluralityof mirror finished surface pieces by molding to obtain

a lens array.

[Claim 22]

The method for manufacturing a lens array according to claim
21, wherein the forming includes forming two score lines in the
gecond direction across the plurality of mirror finished
surface pieces in portions of the plurality of mirror finished
surface pieces other than where the mirror finished surfaces
are formed, and |

wherein the setting includes setting the mirror
finished surface pieces into the die in such a state that the
mirror finished surface pieces are shifted from each other in
the first direction and put in close contact with each other
in positions where the two score lines are aligned on a straight

line.
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[Claim 23]

The method for manufacturing a lens array according to claim
21 or 22, wheiein a plufality of mirror finished surfaces of
each of at least two of the plurality of mirror finished surface
pieces 1is formed at regular array pitches P in the first
direction and satisfies a condition given by:

p/(2n) £ AY £ 3p/(2n),
where k is the number of mirror finished surface pieces, AY is
an amount by which any two of the at léast two mirror finished
surface pieces are:shifted from each other in the first
direction in the setting, n.is a positive integer satisfying
k 2n 2 2, and the any two mirror finished surface pieces have

(n - 1) combinations of arrangement.

[Claim 24]
The method for manufacturing a lens array according to any

one of claims 21 to 23, wherein the forming includes forming

the plurality of mirror finished surfaces on the plurality of

blanks at the same regular array pitches in the first direction,
and

wherein in the setting, adjoining ones of the plurality
of mirror finished surface pieces are shifted from each other
in the firsf direction by 1/2 the array pitch and put in close

contact with each other.



WO 2014/058036 : PCT/JP2013/077683

1/52
[Fig. 1A]
EXTERNAL DEVICE ~15
DA o
c P
y
PRINTER CONTROLLER
Di| . N
! 10
1
12
O
O
14 X
] ‘
13~ MOTOR ; X !




WO 2014/058036 PCT/JP2013/077683

2/52

[Fig. 1B]

EXTERNAL DEVIGE [-~35 N
‘ J

VCOLOR SIGNAL

PRINTER CONTROLLER -~ 36

25
WAGE DATAT 25 126 o T 2T 5] 28
% uso Um usz LJ |

@ _ 34

O L o s ow
2

I
- L*z




PCT/JP2013/077683

WO 2014/058036

3/52

[Fig. 2]




WO 2014/058036 PCT/JP2013/077683

4/52

[Fig. 3A]

M103

R P2'
P1’




WO 2014/058036

5/52

[Fig. 3C]

TOP ROW J

BOTTOM ROW <

PCT/JP2013/077683




WO 2014/058036 PCT/JP2013/077683

6/52

[Fig. 4A]




WO 2014/058036 PCT/JP2013/077683

7/5
[Fig. BA]
: | —
(/2025 —
(1/2)p -

Y
1

[Fig. 5B]

(1/8)p~ B p

(3/8)p] "
=

(3/4)p
(1/8)p

Y
1




WO 2014/058036 PCT/JP2013/077683

8/52




PCT/JP2013/077683

WO 2014/058036

9/52

[Fig. 7]

80

L0 90

(Ww) [H9 13 193rg0
G0 0 £°0 20

10

~—

A:t:frritifff

Aﬂ:ft;ttlltrrftitl:ft;tir

MOY¥ WoLlog

MOY¥ d0L —

%0

%01
%02
%08
%0t

" %09

%09
%0L

%08
%06
%001

0l11vy
AON3 101443
4SN LH9IN



PCT/JP2013/077683

WO 2014/058036

10/52

[Fig. 8A]

9°0 €0 0

(WWYNOILISOd INIOd ONILLINI LHDIT

€ 0-

9 0-

6 0-

¢ -

%0
%01

%0¢

%0€
%0Y
%03
%09
%0L
%08
%06

%001

OlLvY
AON3 191443
SN 1H911



PCT/JP2013/077683

WO 2014/058036

11/52

[Fig. 8B]

(WWYNOTLISOd INIOd BNILLIWI LHDIT

90 €0 0 £0- 90

%0
%01
%0¢
%0€
%0Y
%0G
%09
%0L
%08
%06
%001

011vy
AON3 131443
ENTGDTN



PCT/JP2013/077683

WO 2014/058036

12/52

[Fig. 9]

(WHNOILISOd INIOd ONILLINT LH9IT
¢l 60 9°0 €0 0

€0- 90- 60- C'I-

Dt NI ot gh VURPY o v o o~ N

o TN STV

%G8

%06

%56

%001

%501

%L1

WSLL

011vYd INNOWY
LHO1T ONIDVKI



PCT/JP2013/077683

WO 2014/058036

13/52

[Fig. 10]

(WUYNOILISOd INIOd ONILLIWI LHDIT

¢l 60 90 €0 0 £0- 90- 60- 2'I-
%G8

%06

456

%001

%501

%OL1

%G1

01LYYd LNNOWY
1HO1T ONTDVII



PCT/JP2013/077683

WO 2014/058036

14/52

[Fig. 11A]

(W) sNo043(

¢0 10 0

I 0- ¢ 0-

Nr\\1 =—u%0
%01

|0 NOILISOd INIOd
//. ONILLING IHDI1

/s

4 NOILISOd INIOd _g

Wk -

// ONILLINI LH9IT

v NOILISOd INIOd _,

/A

/&ﬂ% | ONILLINZ 1H9IT

\\ %09
: %09

%0L

%08

%06
%001

SNJ04 40 HLd3a NOWWo9

NOI133S SSO¥D AVYYY NIVW

1SVYINOD



PCT/JP2013/077683

WO 2014/058036

15/52

[Fig. 11B]

¢ 0 10

(W) SN0049(

0

I 0-

%0

/__ |

J NOILISOd INIOd
ONITLLIWA LHOIT

g NOILISOd INIOd
ONTLLINT LHBIT

V NOILISOd INIOd
ONILLINT 1HOIT

+

—a—

—y—

%01

%0¢

%0e

%0¥

|
/

%09

-

%09

%0L

%08

SNJ04 40 H1d3a NOWWOI

%06

/
N

NOT103S SSO¥D AvHdY 4ns

%001

1SYYINOD



PCT/JP2013/077683

() SN2043(

10 0 L 0- ¢ 0-

%01

%07
/ / 9 NOILISOd INIOd - .

+

%0€

%0Y

A T oNILLINg 1H9IT
g NOILISOd INIOd

ONILLING 1HDIT1 %
|V NOILISOd INIOd

16/52

// ONILLINT 1HDI7 % %\\ — \ %06 LSY4INOD
\Q —

\\x %09
%0L

// %\\ . \ -

[Fig. 12A]

WO 2014/058036

%06
,//«fwmm\/”nwwaTII..mm‘mmmmw %001

SNJ04 40 H1d3d NOWWOD

NOI133S SSOHO AVHYY NIVW




PCT/JP2013/077683

WO 2014/058036

17/52

[Fig. 12B]

(W) sN2049(

¢0 10 0 l 0-

%0

N\ [Pt e
\ /

8 NOILISOd INIOd _g

%01
%0¢
%0€

ONILLINT LHOIT
// Y NOILISOd INIOd \\

%0v

// az::EEw:lT\\

%09

[ =

%09

%0L

/\\
-

%08

1 %06
%001

VA

$N004 40 H1d3a NOWWOO

NOI103S SSOMO AvddY dns

1SVHLNOD



WO 2014/058036

[Fig. 13]

TOP ROW <

BOTTOM ROW <

18/52

PCT/JP2013/077683




PCT/JP2013/077683

WO 2014/058036

19/52

(Fig. 14A]

¢l 60

(WIHNOILISOd INIOd DNILLINT LHDIT
90

€0

0 € 0-

90- 60~

¢ |-

%0

%01
%0¢
%0€
%0¥
%09
%09
%0L
%08
%06

%001

011vY
AIN3 01443
ENTI IR



PCT/JP2013/077683

20/52

[Fig. 14B]

WO 2014/058036

(WUYNOIL1SOd INIOd BNILLINT IH9IT
¢l 60 9°0 €0 0 €0- 90- 60- C'I-
—~ - %0
s N R IS
0d a\ / . 0
e N S N L7 |
..\ /I‘\ /.ﬂ\ .... &ON
* R < 7 1 %0¢
N -\ /; 27 ’ / \ o
7 ~ 17 < 4 011vY
‘o N\ %05 AON31O1443
409 asn 1H9 17
0

%0L
%08
%06
%001




PCT/JP2013/077683

WO 2014/058036

21/52

[Fig. 15]

(W)NOILISOd INIOd ONILLINT IHDIT

¢l 60 9°0 €0 0 £€0- 90- 60 C1-
%58

%06

%56

%001

%501

%011

%L1

011vVd LNNOWY
1HO1T ONIOVII



PCT/JP2013/077683

WO 2014/058036

22/52

[Fig. 16A]

() SN00 43

0

J NOILISOd INIOd

V NOILISOd INIOd

| g NOILISOd INIOd
/ *’ CONILLIAT 1HDI %

—

ONILLINI LHOIT

ONILLING LHDI7 %

4

/A/

/ 14

\

/

51304 40 HLd30 NOWWoD

NOI103S SSO¥D AVYYY NIVW

%0L
%08

%06
%001

1SVYINOD



PCT/JP2013/077683

WO 2014/058036

23/52

[Fig. 16B]

20 1

(W) sN20 J9(

0

I 0-

¢ 0-

%0

d

%01

J NOILISOd INIOd
ONILLINT 1H9I1T

—y—

g NOIL11SOd INIOd

ONILLING 117 ™

%0¢
%0¢

V NOILISOd INIOd

%0¥

ONI1LIW3 1HBI1 —*

%09

> —

%09

S

%0L

/

%08

Y
VA .

%06

SN204 40 H1dI4 NOWNOD

NOILD3S SSO¥D AVYYY 4ns

%001

1SVYINGD



WO 2014/058036 PCT/JP2013/077683

24/52
[Fig. 17]
AY = (1/2)p
T
' ' AY =0
. T
TOP ROW{ ; |

|
MIDDLE ROW +T'+.#A+‘T‘

BOTTOM ROW {

N z

AY = (1/2)p I
Y



WO 2014/058036 PCT/JP2013/077683

25/52

[Fig. 18A]

Y ~.
Z g_» . — M—&w

box.




WO 2014/058036 PCT/JP2013/077683

26/52

[Fig. 18C]




PCT/JP2013/077683

WO 2014/058036

27/52

[Fig. 19]

80

(uu) 1H913H 193rdo
L0 90 G0 b0

€0

¢0

10

Moy 47aqi ------

MOY WOLL08 MOY d01l —

%0

%01
%0¢
%0€
%0v
%09
%09
%0L
%08
%06

%001

01LvY
AON3 131443
ENTURIN



PCT/JP2013/077683

WO 2014/058036

28/52

[Fig. 20A]

(WYNOILISOd INIOd BNILLIWI 1HDIT

9°0

€0

0

¢ -

............... —— %

%01

=1 %0¢

%0¢

%0v

%09

%09

%0L

%08

%06
%001

011vy
AON3 101443
ENTL R



PCT/JP2013/077683

WO 2014/058036

29/52

|[Fig. 20B]

(WHNOILISOd LNIOd ONILLIWI LHDIT

60 90

€0

¢l

%0

%01

%0¢

<] w0

i %0t

%09
%09

%08

%06
%001

%0L -

0l1vY
AIN3 191443
ENTE LI



PCT/JP2013/077683

WO 2014/058036

30/52

[Fig. 20C]

(WHYNOILISOd INIOd DNILLINT LHDIT

90 €0 0 £0- 9°0-

-
e
..
-
-
.,
-
-
e
-
e
-

¢ I-

%0
%01
%0¢
%0€
%0¥
%08
%09
%0L
%08
%06
%001

011vY
AON3101443
SN LHOIT



PCT/JP2013/077683

WO 2014/058036

31/52

[Fig. 21]

¢l

60

9°0

(WWYNOTLISOd INIOd ONILLIWT LHDIT

€0

D e N

0 £0-  90- 60 7I-

%58

%06

%56

%001

%501

%L1

%G1l

OILVY LNNOWY
1HO1T BNTOVII



PCT/JP2013/077683

WO 2014/058036

32/52

[Fig. 22A]

(ww) snoo Ja(

10 0

| 0- ¢ 0-

J NOILISOd INIOd
ONILLINT IHDIT

g NOILISOd INIOd
ONILLTANZ LHOI1T

V NOILISOd INIOd

ONILLIWT LHDI1T

NIN,TJH%
%01
\\ \ %0¢

—_—

.

——

\ %0¢
%0v

/
/7 ,

\ 004
—tf %09

%0L

%08

%06

SNJ04 40 HLd3Q NOWWOO

NOI1193S SSOUD AVYHY

vV NIVW

%001

1SVYINOD



PCT/JP2013/077683

WO 2014/058036

33/52

[Fig. 22B]

(ww) snooja(

10 0 | 0-

J NOILISOd INIOd

ONILLING D171~ WA.\

9 NoLLISod INtod_y | ]

ONILLIWT IHDIT ™

/7 V NOILISOd INIOd k\
\

ONILLING 1HDIT —*~
I

|
.

/

SMJ04 40 H1d3d NOWWOD

NOI133S SSOMO AvVHYY 4ns

%0
%01
%0¢
%0€
%0¥
%08
%09
%0L
%08
%06
%001

1SVYINOD



WO 2014/058036 PCT/JP2013/077683

34/52
[Fig. 23]
AY = (1/3)p AY = (1/3)p
I e
| |
T0p RO | ;; | ;;
WIoDLE ROt | .L“,....A..AH“
s i
BOTTOM ROM | ;i
|
i
o - :



WO 2014/058036 PCT/JP2013/077683

35/52

[Fig. 24A]

| 61 107 1105 g

104 o 107 105 106




WO 2014/058036 PCT/JP2013/077683

36/52

[FIG. 24C]




PCT/JP2013/077683

WO 2014/058036

37/52

[Fig. 25]

80

(W) [H913H 193rdo
L0 90 S0 v0 €0 A

10

T
.

MOY¥ 310QIW ------

MOY W0L109 MoY dol

%0
%01
%0¢
%0€
%0y
%08
%09
%0L
%08
%06
%001

0l11vY
AINF131443
35N LH91IN



PCT/JP2013/077683

WO 2014/058036

38/52

[Fig. 26A]

(UWYNOILISOd INIOd BNILLINT 1HDIT

90 €0 0 £ 0-

9°0-

%0

%01

%0¢

%0€

%0v

%09

%09

%0L

%08

%06
%001

011vY
AIN3 131443
EN LRI



PCT/JP2013/077683

WO 2014/058036

39/52

[Fig. 26B]

(WHYNOTLISOd INIOJ ONILLIWT LHDIT

90

%0
%01
%0¢
%0¢
%0y
%09
%09
%0L
%08
%06
%001

011vY
AIN13 1443
SN LH9IT



PCT/JP2013/077683

WO 2014/058036

40/52

[Fig. 26C]

(WW)NOILISOd INIOd ONILLIWT 1HOIT

90

€0

¢ 1=

%0

1 401

%0¢

%0¢

%0Y

%0
%09

Lo

%0L

%08
%06

%001

011vy
AON3 101443
SN LHY 11



PCT/JP2013/077683

(W) NO I L1S0d INIOd ONILLINT LH9IT
6 0 9°0 €0 0 €0~ 9 0- 6 0- ¢ 1=

%G8

%06

%56

011vY4 LNNOWY

41/52

%O00L 11917 oN | DYNI

%501

%011

[Fig. 27]

WO 2014/058036

%L1



PCT/JP2013/077683

WO 2014/058036

42/52

[Fig. 28A]

() snoo e

10 0

L 0-

j’ﬂl{ %0

¢ 0-

%01

9 NOILISOd INIOd
/ ONITLINT IHDIT T

%0¢

8 NOILISOd INIOd _g

ONILLINT LHDIT

J0e

V NOILISOd INIOd

%0¥

ONI1LIWI 1HDI] —*

%09

%09

%0L

%08

w\

%06

/
SN004 40 H1d3Q NOWWo?

NOI1D3S SSO¥D AVMYY NIVW

%001

1SYHINOD



PCT/JP2013/077683

WO 2014/058036

43/52

[Fig. 28B]

(1) Sno0 8

0

J NOILISOd INIOd

ONI1LIKT LHDIT T

9 NOILISOd INIOd

ONILLING 1HDIT ™

V NOILISOd INIOd

ONILLING IHDI7 %

)

S~

/
N

SNJ04 40 H1d3a NOWWOO

NOI133S SSO¥D AvMYY 4ns

%0
%01
%0¢
%0€
%0
%09
%09
%0L
%08
%06
%001

1SYYINOD



PCT/JP2013/077683

WO 2014/058036

44/52

[Fig. 29]

ariy ELLy

xﬁw\w
xé:
iz NER | |
g_N\\v “
gomw MMVN

qLie elle

NN,
><>N+v —)
17 xx
mmLzm
TAN] RNMM
201z

|

(.9002)900¢ (.B00Z) B0OZ
A

f

n

.900¢

4

.200¢
<1S>



WO 2014/058036 PCT/JP2013/077683

45/52

[Fig. 30]

(st )
S1

i e
FORM BLANKS 200a” AND 200b’

S2
\ P

HOLD BLANKS 200a’ AND 200b’ IN CLOSE CONTACT WITH EACH OTHER
AS SHIFTED BY AY IN Y DIRECTION. MAKE MIRROR FINISHED SURFACE
PIECES 200a AND 200b BY SIMULTANEQUSLY MACHINING MIRROR
FINISHED SURFACES 210a AND 210b AS CONTINUOUS CURVED SURFACES

S3
¥ /

RESTORE MIRROR FINISHED SURFACE PIECES 200a AND 200b HAVING
BEEN HELD AS SHIFTED BY AY TO THEIR ORIGINAL POSITIONS, AND
PUT MIRROR FINISHED SURFACE PIECES 200a AND 200b IN CLOSE
CONTACT WITH EAGH OTHER. ~SET MIRROR FINISHED SURFACE P1EGES
ﬁgggEéNBO§?0b INTO DIE (MIRROR FINISHED SURFACE PIECE HOLDING

S4
Y ~

PERFORM MOLDING TRANSFER TO OBTAIN LENS ARRAY BY INJECTION
MOLDING, CURE MOLDING OF LIGHT CURING RESIN, OR GLASS MOLDING




WO 2014/058036

46/52

[Fig. 31]

PCT/JP2013/077683




WO 2014/058036 PCT/JP2013/077683

47/52

[Fig. 32]




WO 2014/058036 PCT/JP2013/077683

48/52

[Fig. 33A]




WO 2014/058036 PCT/JP2013/077683

49/52

[Fig. 33B]




PCT/JP2013/077683

WO 2014/058036

50/52

[Fig. 34]

0
QO
O
o~




WO 2014/058036 PCT/JP2013/077683

51/52

[Fig. 35]

200b 200

P

2110

460 440a




WO 2014/058036 PCT/JP2013/077683

52/52

[Fig. 36]

ERECTING EQUAL-MAGNIFICATION

IMAGING SYSTEM
A 4
— - — ____/_{ ________________
v \
A A
p_\>~ _______ — T
/

INVERTED IMAGING
SYSTEM




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2013/077683

A.  CLASSIFICATION OF SUBJECT MATTER

Int.Cl. GO2B3/00(2006.01)1i, B29C33/38(2006.01)i, GO02B13/00(2006.01)1,
G02B13/18(2006.01)1i, HO4N1/028(2006.01)i, HO4N1l/036(2006.01)1

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Int.Cl. GO2B3/00 - 3/14, B29C33/38, GO02B13/00 - 13/26

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1871-2014
Registered utility model specifications of Japan 1996-2014
Published registered utility model applications of Japan 1994-2014

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

P, X JP  2012-247565 A (OKI DATA CORPORATION) |1-20
P,A 2012.12.13, [0010]-100207, [0051]-100064], [21-24
[0120]-10179], FIG.1-2, 9-10, le-25 & US
2012/0300308 Al

A Jp 7-279%6 A (MITSUBISHI RAYON CO LTD) [1-20
1995.01.31, [0011]-[0018], FIG.1-8
(FAMILY :NONE)

A JP 63-274915 A (CANON KK) 1988.11.11, THE WHOLE [1-20

DOCUMENTS, THE WHOLE FIGURES (FAMILY:NONE)

A US 2011/0280628 A1 (SAMSUNG ELECTRONICS CO., LTD) |1-20
2011.11.17, [0057], [0081]-[0083], FIG.I1, 14 &
EP 2386883 Al & KR 10-2011-0124586 A

¥ Further documents are listed in the continuation of Box C. {7} See patent family annex.

¥ Special categories of cited documents: o “T” later document published after the international filing date or

“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

«g» earlier application or patent but published on or after the inter-
national filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other

«“X” document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to involve an
inventive step when the document is taken alone

special reason (as specified) “Y” document of particular relevance; the claimed invention cannot
«0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is
means combined with one or more other such documents, such
“p” document published prior to the international filing date but later combination being obvious to a person skilled in the art
than the priority date claimed “&” document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
15.01.2014 28.01.2014
Name and mailing address of the ISA/JP Authorized officer 20l9610
Japan Patent Office Goto Ryoji
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3229

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2013/077683
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2008-0920006 A (OKI DATA CORPORATION) 1-20

2008.04.17, THE WHOLE DOCUMENTS, THE WHOLE
FIGURES & US 2008/0080057 Al & EP 1905602 A2

P,A JP  2013-0249%961 A (OKI DATA CORPORATION) |1-24
2013.02.04, THE WHOLE DOCUMENTS, THE WHOLE
FIGURES (FAMILY:NONE)

A US 4960326 A (Hector A. Dauvergne) 1990.10.02, |21-24
column 4 line 60 - column 5 line 46, FIG.4-5
(FAMILY :NONE)

A JP 11-233708 A (NIPPON KOGAKU KK) 1999.08.17, [21-24
[0014], [0022], FIG.5, 8 (FAMILY:NONE)

Form PCT/ISA/210 (continuation of second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2013/077683

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. {7 Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. {7 Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. §7 Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Claims 1-24 of this application aredivided into 2 inventions with respective special
technical features as shown below:

(Continued to extra sheet)

1. %  As all required additional search fees were timely paid by the applicant, this international search report covers all searchable

claims.

2. ¥ As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. {7 Asonly some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. 77 No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest {7 The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

i The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
¥ No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2013/077683

(Continuation of Box No.III)

(Invention 1) claims 1-20

[the plurality of lens optical system rows being arranged in a second
direction perpendicular to the first direction and to an optical axis
direction; each of the plurality of lens optical systems in each of
the plurality of lens optical system rows being configured to form
an erect equal-magnification image in a cross section perpendicular
to the second direction and configured to form an inverted image in
a cross section perpendicular to the first direction; and in a cross
section perpendicular to the optical axis direction, optical axes of
the respective plurality of lens optical systems in adjoining ones
of the plurality of lens optical system rows being separate from one
another in the first direction and being located on a same line]

(Invention 2) claims 21-24

[forming a mirror finished surface including a continuous curved
surface across a plurality of blanks put in close contact with each
other in the second direction, thereby forming a plurality of mirror
finished surfaces on the plurality of blanks in the first direction
to form a plurality of mirror finished surface pieces; setting the
mirror finished surface pieces into a die in such a state that the
mirror finished surface pieces are shifted from each other in the first
direction and put in close contact with each other; and transferring
the mirror finished surfaces of the plurality of mirror finished
surface pieces by molding to obtain a lens array]

Claims 21-24 are not claims being in the same category with claim
1 and comprising all elements specifying the invention of claim 1.
Moreover, it is not the case that searches for claims 21-24 can be
completed with substantially no additional efforts in searches and
decisions as a result of conducting searches for the claims grouped
into Invention 1. No other circumstances can be found under which
it is efficient to combine searches for claims 21-24 and those for
the claims grouped into Invention 1. Therefore, claims 21-24 cannot
be grouped into Invention 1.
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