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(54) Title: OPTICAL APPARATUS, IMAGE FORMING APPARATUS, AND IMAGE READING APPARATUS

FIG. 2

(57) Abstract: An optical apparatus includes: a light source including multiple light-emitting points arrayed in a first direction; and
an imaging optical system including multiple lens optical systems arrayed in the first direction. The imaging optical system forms
images of the multiple light-emitting points on a light-receiving face. In a first cross-section and in a second cross-section, half-value
of a maximum value of angle of divergence of an imaging optical flux input to the light-receiving face, resolution, and a size of each
image of the plurality of light-emitting points formed on the light-receiving face, satisty predetermined conditions.
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DESCRIPTION

OPTICAL APPARATUS, IMAGE FORMING APPARATUS, AND
IMAGE READING APPARATUS

Technical Field

[0001] The present invention relates to an optical
apparatus, and more particularly an optical apparatus
suitably applied to an imége forming apparatus or image
reading apparatus, for example.

Background Art

[0002] As of recent, there have been deveioped image
forming apparatuses and image reading apparatus including
optical apparatuses which have a lens array made up of
multiple lenses. This configuration enables realization of
reduction in apparatus size and costs, in comparison with
configurations scanning a photosensitive member by a polygon
mirror, configurations reading images using multiple lenses
and mirrors, and so forth.

[0003] PTL 1 discloses a lens array in which multiple
lenses are arrayed in one direction (first direction). Each
of the multiple lenses perform erecting same-size imaging of
an object within a cross-section parallel to the first
direction and optical axis direction (first cross-section),

and perform inverted same-size imaging of an object within a
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cross-section perpendicular to the first direction (second
cross-section). This configuration enables the lens power
to be smaller within the second cross-section, as compared
with an optical system performing erecting same-size imaging
in the first cross-section. This is advéntageous in
realizing both resolution.and light available efficiency.
{0004] Now, let us consider depth of field as being
indicative of imaging capabilities of the lens array, in
addition to resolution. Depth of field indicates a range on
the optical axis over which a predetermined resolution can
be obtained in front of and behind the image field position.
Normally, a lens array having a great depth of field has
lower light available efficiency, and a lens array having
great light available efficiency has lower depth of field.
Further, a lens array has to have resolution ensured within
the first and second cross-sections, so consideration has to
be given to common field of depth within both cross-sections.
[0005] However, the lens array disclosed in PTL 1 does not
take into consideration the common depth of field within
both the first and second cross-sections when receiving
input of light rays from the light-emission points of an
array light source. That is to say, the lens array
described in PTL 1 is of a configuration where the depth of
field in the first cross-section and the depth of field in

the second cross-section are different. The common depth of



WO 2014/104264 PCT/JP2013/085017

field is determined by the smaller of the depths of field in
both cross-sections, so the lens array according to PTL 1
has secured unnecessarily great depth of field in one cross-
section. Accordingly, the lens array disclosed in PTL 1 is
not an optimal configuration for realizing both resolution
and light available efficiency, since light available
efficiency is lost by the amount exceeding the common depth
of field at one cross-section.

[0006] Also, the common depth of field of the lens array
differs according to the position of each light-emitting
point of the array light source, as well. Accordingly,
difference in light-emitting point has to be taken into
consideration to realize both resolution and light available
efficiency, but there is no disclosure or suggestion of
taking difference in light-emitting point with regard to the
lens array described in PTL 1.

Citation List

Patent Literature

[0007] PTL 1 Japanese Patent Laid-Open No. 63-274915
Summary of Invention

[0008] It has been found desirable to provide an optical
apparatus in which both light available efficiency and
imaging capabilities are realized at each of the first and
second cross-sections.

[0009] An optical apparatus according to an aspect of the
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present invention includes: a light source including a
plurality of light-emitting points arrayed in a first
direction; and an imaging optical system including a
plurality of lens optical systems arrayed in the first
direction. The imaging optical system forms images of the
plurality of light-emitting points on a light-receiving
surface. Conditions of
[Math. 1]
Sﬁ,,_ 1-P.D, tan@,,
P, 1-P,D, tan0,

0.8

<1.2

are satisfied; where

in a first cross-section which is parallel to the first
direction and an axial direction of the lens optical systems,
On represents a half-value of a maximum value of angle of
divergence (aperture angle) of an imaging optical flux input
td the light-receiving surface, Pn represents resolution,
and Dp represents a size of each image of the plurality of
light-emitting points, formed on the light-receiving surface,
and

in a second cross-section which is perpendicular to the
first direction, 65 represents a half-value of a maximum
value of angle of divergence (aperture angle) of an imaging
optical flux input to the light-receiving surface, Ps
represents resolution, and Ds represents a size of each

image of the plurality of light-emitting points, formed on
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the light-receiving surface.

[0010] 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

[0011] Figs. 1A through 1C are schematic diagrams of
principal portions of an optical apparatus according to a
first embodiment.

[0012] Fig. 2 is a conceptual diagram for describing depth
of field.

[0013] Figs. 3A through 3D are diagrams illustrating the
way in which light-emitting points according to the first
embodiment are imaged.

[0014] Figs. 4A and 4B are diagrams for describing how
depths of field aré arrayed.

[(0015] Figs. 5A and 5B are diagrams illustrating depth of
field properties of an imaging optical system according to
the first embodiment.

[0016] Figs. 6A and 6B are diagrams illustrating depth of
field properties of an imaging optical system according to a
second embodiment.

[(0017] Figs. 7A through 7D are diagrams illustrating the
way in which light-emitting points according to a third
embodiment are imaged.

[0018] Figs. 8A and 8B are diagrams illustrating depth of
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field properties of an imaging optical system according to
the third embodiment.

[0019] Fig. 9 is a diagram illustrating the relationship
between object height and light available efficiency of a
lens optical system according to the third embodiment.

[0020] Figs. 10A through 10D are diagrams illustrating the
way in which light-emitting points according to a fourth
embodiment are imaged.

[0021] Figs. 11A and 11B are diagrams illustrating depth
of field properties of an imaging opticai system according
to the fourth embodiment.

[0022] Figs. 12A througﬁ 12D are diagrams illustrating the
way in which light-emitting points according to a fifth
embodiment are imaged.

[0023] Figs. 13A and 13B are diagrams illustrating depth
of field properties of an imaging optical system according
to the fifth embodiment.

[{0024] Figs. 14A through 14C are schematic diagrams of
principal portions of an optical apparatus according to a
sixth embodiment.

[0025] Figs. 15A through 15D are diagrams illustrating the
way in which light-emitting points according to the sixth-
empbodiment are imaged.

[0026] Figs. 16A and 16B are diagrams illustrating depth

of field properties of an imaging optical system according
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to the sixth embodiment.

[0027] Fig. 17 is a schematic diagram of principal
portions of an image forming apparatus according to an
embodiment.

Description of Embodiments

[0028] Description will be made below regarding
embodiments of the present invention, with reference to the
drawings.

First Embodiment

[0029] Figs. 1A through 1C are schematic diagrams of
principal portions of an optical apparatus according to a
first embodiment applied to an image forming apparatus. Fig.
1A illustrates a first cross-section (X-Y cross-section),
Fig. 1B illustrates a second cross-section (Z2-X cross-
section), and Fig. 1C is a frontal view from the optical
axis direction (X direction). The optical apparatus
according to the present embodiment includes a light source
101 including multiple light-emitting points arrayed on an
object plane, and an imaging optical system 105 which
condenses multiple light rays emitted from the light source
101 upon a light-receiving surface 106 (image plane).

[0030] The light source 101 includes multiple light-
emitting points arrayed at equal intervals in a first
direction (Y direction). LEDs, organic electroluminescence

(EL) devices (elements), laser devices, or the like may be
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used for the light-emitting points. A photosensitive member
such as a photosensitive drum is disposed at the light- |
receiving surface 106. In a case where the optical
apparatus is to be applied to an image reading apparatus, a
document is positioned instead of the light sourée 101, and
a photoreceptor sensor (line sensor) such as a CMOS sensor
or the like is positioned at the light-receiving surface 106
instead of a photosensitive member.

[0031] The imaging optical system 105 is a lens array
including imaging units 102 and 104 which include multiple
lens units arrayed in the first direction, and shielding
portions 103 to shield stray light rays. The imaging units
102 and 104 are configured having one row in the second
direction (Z direction) of a lens row where multiple lens
portions of the same shape are arrayed at equal intervals in
the first direction, as illustrated in Fig. 1C. Hereinafter,
the lens portions in imaging units 102 and 104 which are
diéposed on thé same optical axis will be collectively
described as lens optical system 105a.

[0032] Lens surfaces 102a, 102b, 104a, and 104b of the
lens optical system 105a all have anamorphic aspheric forms
(anamorphic surfaces). The shielding portions 103 serve to
allow, of the light rays passing through the imaging unit
102, light rays that contribute to imaging to pass through,

and shield stray light rays not contributing to imaging. 1In
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the following description, the thickness (width in second
direction) of the shielding portions 103 is excluded from
consideration.

[0033] The lens portions of the imaging unit 102 condense
the multiple light rays emitted from the light source 101 on
an intermediate imaging plane A in the first cross-section
(X-Y cross-section) parallel to the first direction and the
optical axis direction of the lens optical system 105a as
illustrated in Fig. 1A. Note that the intermediate imaging
plane A is an imaginary plane where the imaging unit 102
forms an intermediate image of the light source 101 (object
plane), i.e., performs intermediate imaging of the object
plane. The intermediate imaging plane A exists at an
approximately intermediate position between the light source
101 and the light-receiving surface 106 (image plane).

Light rays temporarily condensed at the intermediate imaging
plane A enter each lens portion of the imaging unit 104, and
further are condensed at the light-receiving surface 106.
That is to say, the imaging unit 104 forms an image of the
intermediate image of the light source 101 on the light-
receiving surface 106. In other words, the intermediate
image is re-imaged upon the light-receiving surface 106.
[0034] Thus, the imaging optical system 105 according to
the present embodiment (lens optical system 105a) is a

system performing erecting same-size imaging of the light-
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emitting points on the light-receiving surface 106, in the
X-Y cross-section, i.e., 1is an erecting same-size imaging
system. On the other hand, in the second cross-section (Z-X
cross-section) perpendicular to the first direction, the
imaging optical system 105 (lens optical system 105a) is a
system performing inverted same-size imaging of the light-
emitting points on the light-receiving surface 106 without
performing intermediate imaging, i.e., is an inverted same-
size imaging system, as illustrated in Fig. 1B. While
countless light rays actually are being condensed by the
imaging units 102 and 104, only a few characteristic light
rays are illustrated in Fig. 1A.

[0035] Properties of the imaging optical system 105
.according to the present embodiment are shown in Table 1.

[0036]
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[Table 1] 4

Configuration Aspheric form
Resolution dpi 600 Lens surface|  Lens surface| Lenssurface] Lens surface

1022 102 1040 104a

Wavelength A{nm) 780 R 0 R 0 R 0 R 0
Refractive index n(A=780nm){ 1.486 k 0 k 0 k 0 k 0
Ftlo-infirstdrection oflens | - gno m | 390( A20| 050277| A20| -082549) A20| 0.82549] A20-0.50277
F-flo-in second decton oflef's| gy s | 1.30| Ad0| -051259| Ad0| 029164 AdD| -0.29164 Ad0| 0.51259
Potrer in frst direction ofens Bm | -045| A60| -0.24716 AG0| -0.55971| AGO| 0.55971| AGO| 0.24716
ey phn firstdirection of | oy | 0.77| 80| 0.08357| As0|-0.01894| ASQ| 0.01894| A8O|-0.08357
Number of optical systems
arrayed in first direction of lens | Nm(count) | 291{ A100| -6.91825| A100| -0.78249|A100| 0.78249(A100| 6.91825
unit .
Number of optical systems ‘
arrayed in second direction of | Ns{count) 1| 02| 0.15643| A02| -0.19504 A02| 0.19504| A02|-0.15643
lens unit
Maximum object height of which
oo unican ko gt Lmm) | 0768 A22| -0.15873| A22| 0.09481) A22| -0.00481| A22] 0.15873
Size of light-emiting pointin | pr o0 | 4230 A42] 015055 A42| -0.30023] A42| 0.30023| Ad2| 0.15055
first direction
Size of light-emitting pointin | po v | 25.40| A2| 5.65020{ AG2| 3.08561| AG2| -3.06561| AB2|-5.65920
second direction

Aperture size A82| -13.83601] A82| -6.53977] AB2| 6.53977| AB2|13.83601
Aperture size In first direction of | » 4 | 071 04| -0.03679) A04| -0.00756| 04| 0.00756 A4| 0.03679
imaging unit 102
Aperture size in second Ast(mm) | 244| A24| 0.14799 A24| 0.03211| A24| -0.03211| A24|-0.14799
direction of imaging unit 102
Aperture size in first direction of
ivaging ot 104 Am2(mm) | 07| Ad4| -1.03706| A44|-0.50005 A44| 0.59005| Ad4| 103706
Aperture size in second As2mm) | 244| Ac4| -189450| AG4|-0.60876| A64| 0.69876| AG4| 1.80450
direction of imaging unit 104 :
, Placement A06| 0.01270] A06| 0.00111] A06| -0.00111] A08|-0.01270
Distance between light source | 44 | 265| A26| -0.07715| A26|-0.00101| A26| 0.00101| A26| 0.07715
101 and lens surface 102a
Distance between lens surface
e e e e | d2mm) | 125 Ade| 007142 Ad6| 041327| Ade| -0.41327| AdG|-097142
Distance between lens surface | 45 | 216| A08| -0.00611| A08| -0.00105| AO8| 0.00105| A08| 0.00611
102b and lens surface 104a
Distance between lens surface
B e oa . | GA(mm) | 125| A28 -001342) A28| 0.01827| A28| 0.01827) A28| 0.01342
Distance between lens surface
104b and light-receiving surface| d5(mm) | 2.65| AO10| 0.00128| A010| 0.00010|A010| -0.00010A010| -0.00128
106

[0037] If we say that the intersection

with the optical
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axis (X axis) at each lens portion of the imaging optical
system 105 is the origin, the axis orthogonal to the optical
axis in the first direction is the Y axis, and the axis
orthogonal to the optical axis in the second direction is
the Z axis, the aspheric form of each lens surface .is
expressed by the following Expression (1), where R
represents the radius of curvature, k represents the conical

constant, and A;y (i =0, 1, 2, 3, 4, 5..., j =0, 1, 2, 3, 4,

5...) 1s aspheric constants.
[0038]
[Math. 2]
Y +z? |
R S 2 _2j
x= +22Aﬁy ‘¢ (1)

2
2 2 =0 /=0
1+ 1-(L+k __y_Rt_Z_

[0039] A method to design the optical apparatus according
to the present embodiment will be described with reference
to Fig. 2.

[0040] Fig. 2 is a conceptual diagram illustrating images
(200a and 200b) of two adjacent light-emitting points,
formed on the light-receiving surface 106, to evaluate
resolution as P;j. The interval between the two images is set
to 1/Pij. Ax; in Fig. 2 represents the distance from the
light-receiving surface 106 where the two images 200a and

200b begin to overlap due to defocusing (defocus tolerance
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value), which indicates a half-value of the depth of field
when the contrast is 100%. To say that "contrast is 100%"
means contrast when the two images 200a and 200b do not
overlap, and are completely separated (resolved).

[0041] Also, ©; ié the half-value of the angle of
divergence (aperture angle) of the optical fluxes forming
the images (imaging fluxes). We can see from Fig. 2 that
the half-value of the angle formed between the light ray on
the extreme periphery of the multiple light rays making up
the imaging optical flux forming the image 200a, and the
'light ray on the extreme periphery of the multiple light
rays making up the imaging optical flux forming the image
200b, is also 0;. D; is the size of the images 200a and 200b
formed on the light-receiving surface 106. Note that the
parameters in Fig. 2 represent a parameter within the X-Y
cross—-section when the suffi% i = m, and represent a
parameter within the Z-X cross-section when the suffix i = s.
[0042] The following relationship is derived from Fig. 2
for the parameters, such as shown in the following
Expression (2).

[0043]

[Math. 3]

[0044] Transforming Expression (2) yields the defocusing
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tolerance value Ax; when contrast is 100%, shown in the
following Expression (3).
[0045]
[Math. 4]
1- PD,

A = 2F tan 6;
[00456] P; and D; are decided by the printing dot size set
at the image forming apparatus (or image reading apparatus)
into which the optical apparatus information has been built,
and accordingly are constant for each apparatus model and
each printing mode. Also, the light available efficiency of
the imaging optical system 105 is proportionate to the half-
value 0; of the angle of divergence (aperture angle) of the
imaging optical flux, and accordingly is approximately
proportionate to tan@;. We cén further see from Expression
(3) that Ax; is inversely proportionate to tanB;. Thus, we
can see that light available efficiency and depth of field
are in-an inversely proportionate relationship.
[0047] Let us consider making the depth of field at each
of the X-Y cross-section and Z-X cross-section approximately
equal, in order to ensure resolution within both cross-
sections and also to realize both light available efficiency
and imaging capabilities. Making the depth of field at each
of the X-Y cross-section and Z-X cross-section approximately

equal means satisfying the following conditional Expression
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(4) .
[0048]

[Math. 5]

0.8 < Ax, <12 (4)
Ax

m
- [0049] Substituting Expression (3) into Expression (4)
yields the following conditional Expression (5).

[0050]

[Math. 1]
_ B, 1-PD, tanf, _
P, 1-P,D, tanf,

0.8 12 (5)

[0051] fhe aperture size of the lens optical systems 103a
in the first and second directions have been designed in the
present embodiment so as to satisfy Expression (5).
Accordingly, the depth of field in both the X-Y cross-
section and Z-X cross-section can be kept from becoming
unnecessarily high as to the common depth of field. That is
to say, an optimal optical configuration can be achieved to
realize both light available efficiency and imaging
capabilities (resolution) in both cross-sections.

[0052] The range of values in Expressions (4) and (5) will
be described here. Normally, if change in astigmatic
difference occurs due to error in placement of members of
the optical apparatus, the common depth of field can drop as

much as 20% or so. The effects of placement error of the
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members making up the optical apparatus differ depending on
whether within the X-Y cross-section or within the Z-X
cross-section, so the configuration is preferably designed
with this difference in mind, such that the common depth of
field has some leeway.
[0053] Accordingly, the optical apparatus according to the
present embodiment is configured so that the ratio between
Axs and Axp 1is contained within a range of 0.8 to 1.2 as
shown in Expressions (4) and (5), taking the effects of
plaéement error and so forth into consideration. When the
ratio between Ax; and Ax, falls out of the range of
Expressions (4) and (5), the difference in depth of field
between the X-Y cross-section and Z-X cross—-section becomes
great, so good imaging capability while securing light
available efficiency at both cross-sections cannot be
achieved. Further, if the effects of placement error can be
maximally suppressed, a configuration satisfying the
following Expression (6) is even more desirable. |
[0054]
[Math. 6]

P, 1-P.D, tan0,

08522 <1.15 ()
P 1-P, D, tan@,

[0055] Next, change in the depth of field at each light-
emitting point will be described. First, the behavior of

each light-emitting point of the light source 101 being
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imaged on the light-receiving surface 106 by the imagihg
optical system 105 in the X-Y cross-section will be
described with reference to Figs. 3A and 3B.

[0056] Fig. 3A 1is a diagram illustrating the way in which
a light-emitting point 10la situated on the optical axis of
one lens optical system 105a (hereinafter, referred as "at
axial'object height") is imaged on the light-receiving
surface 106 in the X-Y cross-section. Light rays emitted
from the light-emitting point 10la are temporarily condensed
at the intermediate imaging plane A by way of the imaging
unit 102, and subsequently condensed on the light-receiving
surface 106 by way of the imaging unit 104. At this time,
the light rays emitted from the light-emitting point 101la
each only pass through one lens portion at each of the
imaging units 102 and 104. That is to say, in the X-Y
cross-section, the number of lens optical systems 105a which
the light rays emitted from the light-emitting point at
axial object height pass through is one. Note that the
half-value of the incident angle of an extreme periphery
light ray 107ma of the light rays passing through that lens
optical system 105a when entering the light-receiving
surface 106, i.e., the half-value of the angle of divergence
of the imaging optical flux of the light rays emitted from
the light-emitting point 10la, is Op, of 7.32 degrees.

[0057] On the other hand, Fig. 3B is a diagram
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illustrating the way in which a light-emitting point 101b of
which light passes through an intermediate position between
optical axes of adjacent lens optical systems 105a
(hereinafter, referred as "at intermediate object height")
is imaged on the light-receiving surface 106 in the X-Y
Cross-section. Light rays emitted from the light-emitting
point 101b are temporarily condensed at the intermediate
imaging plane A by way of the imaging unit 102, and
subsequently condensed on the light-receiving surface 106 by
way of the imaging unit 104, in the same way as with the
light rays emitted from the light-emitting point 10la. At
this time, the light rays emitted from the light-emitting
point 101b pass through two lens portions at each of the
imaging units 102 and 104. That is to say, in the X-Y
cross-section the number of lens optical systems 105a which
the light rays emitted from the light-emitting point at
intermediate object height pass through is two. Note that
the half-value of the incident angle of an extreme periphery
light ray 107mb of the light rays passing through that lens
optical system 105a when entering the light-receiving
sufface 106, i.e., the half-value of the angle of divergence
of the imaging optical flux of the light rays emitted from
the light-emitting point 101b, is O, of 13.46 degrees.
[0058] Thus, the number of lens optical systems 105a which

the light rays emitted from the light-emitting points pass
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through in the X-Y cross-section differ according to the
position of the light-emitting point, so the half-value O, of
the angle of divergence of the imaging optical flux also
changes in accordance with the position of the light-
emitting point. Note that the maximum (greatest) number of
lens optical systems 105a to pass through is for the imaging
optical flux emitted from a light-emitting point at
intermediate object height (light-emitting point 101b).

That is to say, the half-value O, of the angle of divergence
of the imaging optical flux formed by light rays from a
light-emitting point at intermediate object height (light-
emitting point 10lb) can be deemed to be the greatest
(maximum value). Accordingly, the depth of field for an
imaging optical flux emitted from a light-emitting point at
intermediate object height is the smallest of the light-
emitting points of the light source 101.

[0059] To be precise, the half-value 6, of the angle of
divergence of the imaging optical flux from a light-emitting
point at intermediate object height (light-emitting point
101b) is not the maximum. However, the half-value O, of the
angle of divergence of the imaging optical flux is almost
completely decided by the number of lens optical systems
105a through which the imaging optical flux passes, so we
can view difference due to the position of light-emitting

points being non-existent if the number of thereof is the
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same. Accordingly, the half-value 6, of the angle of
divergence of the imaging optical flux from a light-emitting
point at intermediate object height (light-emitting point
101b) is deemed to be the maximum of the multiple light-
emitting points in the light source 101 in the present
embodiment .

[0060] Next, the behavior of each light-emitting point of
the light-emitting point 10la and light-emitting point 101b
being imaged on the light-receiving surface 106 by the
imaging optical system 105 in the Z-X cross-section section
will be described with reference to Figs. 3C and 3D.

[0061] Light rays emitted from the light—emitting point
10la become approximately parallel light by way of the
imaging unit 102, and then are input to the imaging unit 104
and condensed on the light-receiving surface 106, as
illustrated in Fig. 3C. The imaging optical system 105 here
is an inverted same-size imaging system in the Z-X cross-
section, so the number of lens rows of the lens optical
system 105a which light rays emitted from the light-emitting
point 10la pass through is one. In the present embodiment,
the number of lens rows in the second direction is one row,
so light rays emitted from the light-emitting point 101la
only pass through one lens optical system 105a. Note that
the half-value of the incident angle of an extreme periphery

light ray 107sa of the light rays passing through that lens
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optical system 105a when entering the light-receiving
surface 106, i.e., the half-value of the angle of divergence
of the imaging optical flux of the light rays emitted from
the light-emitting point 10la, is 055 of 21.14 degrees.
[0062] Light rays emitted from the light-emitting point
101b become approximately parallel light by way of the
imaging unit 102, and then are input to the imaging unit 104
and condensed on the light-receiving surface 106, as
illustrated in Fig. 3D. Accordingly, light rays emitted
from the light-emitting point 10lb also only pass through
one lens optical system 105a, in the same way as with light
rays emitted from the light-emitting point 10la. Note that
the half-value of the incident angle of an extreme periphery
light ray 107sb of the light rays passing through that lens
optical system 105a when entering the light-receiving
surface 106, i.e., the half-value of the angle of divergence
of the imaging optical flux of the light rays emitted from
the light-emitting point 101b, is Oy, of 21.14, the same as
with 0s;.

[0063] Thus, the number of lens optical systems 105a which
the light rays emitted from the light-emitting points pass
through in the Z-X cross-section do not differ according to
the position of the light-emitting point with the present
embodiment, so the half-value 05 of the angle of divergence

of the imaging optical flux is constant regardless of the
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position of the light-emitting point. That is to say, the
depth of field is constant regardless of the position of the
light-emitting point.

[0064] Thus, in the optical apparatus according to the
present embodiment, the depth of field changes at each
light-emitting point position in the X-Y cross-section, and
the depth of field is constant regardless of the position of
the light-emitting point in the Z-X cross-section.

[0065] Let us now consider whether the depth of field
should be made equal (made the same) between the X-Y cross-
section and Z-X cross-section at the time of any light-
emitting point at the light source 101 being imaged by the
imaging optical system 105, taking the difference in depth
of field at each light-emitting point that has been
described above.

[0066] Figs. 4A and 4B are diagrams for describing two
patterns of making the depth of field the same. Figs. 4A
and 4B illustrates defocusing tolerance values corresponding
to each light-emitting point in the X-Y créss—section,
connected by dotted lines -Ax, and +Ax,, and illustrates
defocusing tolerance values corresponding to each light-
emitting point in the Z-X Cross-section, connected by solid
lines -Axs and +Ax;. That is to say, the intervals between
the dotted lines -Ax, and +Ax, indicate the depth of field in

the X-Y cross-section as to each light-emitting point, and
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the intervals between the solid lines -Axs and +Axs indicate
the depth of field in the Z-X cross-section as to each
light-emitting point. As can be understood from Figs. 4A
and 4B, the depth of field in the X-Y cross-section changes
at each light—émitting point position, while the depth of
field in the Z-X cross-section is constant regardless of

- light-emitting point position.

[0067] Fig. 4A is a pattern where the depth of field in
the X-Y cross-section and the depth of field in the Z-X
cross-section have been made the same at light-emitting
point positions where the depth of field in the X-Y cross-
section is the maximum. At this time, the common depth of
field is equal to the narrowest depth of field in the X-Y
cross-section, so light available efficiency is lost only
regarding the difference between the common depth of field
and the narrowest depth of field in the X-Y cross-section.
On the other hand, Fig. 4B is a pattern where the depth of
field in the X-Y cross-section and the Z-X cross-section
have been made the same at light-emitting point positions
where the depth of field in the X-Y cross-section is the
narrowest. At this time, the common depth of field is equal
to the narrowest depth of field in the X-Y cross-section and
the narrowest depth of field in the Z-X cross-section, so
light available efficiency is lost only regarding the

difference between the common depth of field and the widest
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depth of field in the X-Y cross-section.

[0068] The amount of loss in light available efficiency is
the same between the two patterns illustrated in Figs. 4A
and 4B. That is to say, the depth of field in the 2-X
Ccross-section can be made narrower with the pattern
illustrated in Fig. 4B, as compared to the pattern
illustrated in Fig. 4A, which is advantageous regarding
imaging capabilities. Accordingly, the optical apparatus
according to the present embodiment is designed such that
the depth of field is approximately the same in the X-Y
cross-section and Z-X cross-section when the depth of field
is narrowest in X-Y cross-section, i.e., when the light-
emitting points at intermediate object height in the lens
optical system 105a are imaged on the light-receiving
surface 106.

[0069] As described above, the depth of field is smallest
in the present embodiment when light-emitting points in
intermediate object height are imaged on the light-receiving
surface 106. At this time, the half-value O, of the maximum
value of the angle of divergence of the imaging optical flux
in the X-Y cross-section is 13.46 degrees, and the half-
value 0s of the maximum value of the angle of divergence of
the imaging optical flux in the Z-X cross-section is 21.14
degrees. Also note that the imaging optical system 105

according to the present embodiment forms same-size images
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of each of the light-emitting points of the light source 101
on the light-receiving surface 106, in each of the X-Y
cross-section and Z-X cross-section. Thus, the image size Dy
on the light-receiving surface 106 in the X-Y cross-section
is 42.30 pm which is equal to the size of the light-emitting
points, and the image size Ds on the light-receiving surface
106 in the Z-X cross-section is 25.40 pum which is equal to
the size of the light-emitting points. Note that resolution
P is evaluated as 11.81 lp/mm (equivalent to 600 dpi) in the
X-Y cross-section and Z-X cross-section.
[0070] Substituting these numerical values into the middle
member of conditional Expression (5) yields Expression (7),
and we can see that conditional Expression (5) and
Expression (6) are satisfied.
[0071]
[Math. 7]
P, 1-PD, tan#,
P, 1-B,D, tan6,

=087 (7)

[0072] Figs. 5A and 5B are diagrams illustrating depth
properties of the imaging optical system 105 according to
the present embodiment in the X-Y cross-section and in the
Z-X cross-section. Fig. 5A illustrates the relationship
between depth of field and contrast when a light-emitting
point at axial object height is imaged on the light—‘

receiving surface 106. The depth of field in the X-Y cross-
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section is greater than the depth of field in fhe Z~-X cross-
section at each contrast value. On the other hand, Fig. 5B
illustrates the relationship between depth of field and
contrast when a light-emitting point at intermediate object
height is imaged on the light-receiving surface 106. The
depth of field in the X-Y cross-section and the depth of
field in the Z-X cross-section are generally the same at
each contrast value.

[0073] Table 2 illustrates the depth of field for each of
in the X-Y cross-section and in the 7Z-X cross-section for
each contrast and the ratio thereof, when a light-emitting
point at intermediate object height is imaged on the light-
receiving surface 106.

[0074]

[Table 2]

Contrast | Axm | Axs | Axm/ Axs

100% |0.073|0.104 1.33

90% [0.113]0.125 1.03

80% |0.13710.144 1.00

70% 10.156 | 0.156 0.98

60% |0.170]0.165 0.96

50% 10.183{0.173 0.94

40% ]0.196 | 0.181 0.93

[0075] Table 2 shows that the depth of field is
approximately equal in the X-Y cross-section and in the Z-X
cross—section( in the contrast range of 40 to 90%. That is
to say, we can see that the depth of field in the X-Y cross-

section and in the Z-X cross-section is the same when a
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light-emitting point at intermediate object height is being
imaged on the light-receiving surface 106. Thus it has been
demonstrated that the optical apparatus according to the
present embodiment realizes both light available efficiency
and imaging capabilities by satisfying conditional
Expression (5). The reason that the ratio of depth of field
in the X-Y cross-section and in the Z-X cross-section
differs from the numerical value in Expression (7) 1is that
the numerical value in Expression (7) is a theoretical value,
and in reality there is error due to influence of aberration
and the like in the imaging optical system 105.

[0076] Note that as described above, conditional
Expression (5) has been derived taking into consideration
the depth of field when contrast is 100%, so from that
perspective, confirmation should be made that the depth of
field is the same (approximately equal) in both cross-
sections at contrast of 100%. However, as mentioned earlier,
confirming at contrast of 100% is difficult, due to
aberration of the imaging optical system 105 not being taken
into consideration. Accordingly, in a case of applying
conditional Expression (5) to an optical apparatus, the
ratio of depth of field in both cross-sections is preferably
evaluated at contrast of 80 to 90%, taking into
consideration the effects of aberration of the imaging

optical system 105.
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[0077] Also, what is demanded of actual image forming
apparatuses (and image reading apparatuses) is depth of
field evaluated at contrast of 40 to 80%. While conditional
Expression (5) has been derived taking into consideration
depth of field at contrast of 100%, this can be applied to
depth of field at contrast of 40 to 80%, approximatively.
[0078] As described above, the optical apparatus according
to the present embodiment can provide good imaging
capability while seéuring light available efficiency, by
making the depth of field at the time of the imaging optical
system 105 imaging light-emitting points at intermediate
object height on the light-receiving surface 106 to be
approximately equal in the X-Y cross-section and in the Z-X
cross-section.

[0079] Now, description will be made regarding a
conditional expression taking into consideration the maximum
number of lens optical systems 105a through which light rays
from one light-emitting point of the light source 101 pass.
Since the number of lens optical systems 105a through which
light rays pass in the Z-X cross-section do not change with
the present embodiment, we will consider only the maximum
number of lens optical systems 105a through which light rays
from one light-emitting point pass in the X-Y cross-section.
(00801 The maximum number of lens optical systems 105a

through which light rays from one light-emitting point pass
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is can be expressed by np = 1 + integer portion (2 x L/p),
where L represents the maximum object height regarding which
one lens optical system 105a can take in light rays, and p
represents the array pitch of lens optical systems. In the
case that n, is an odd number, the half-value O, of the angle
of divergence is the greatest (maximum value) when an
imaging optical flux from a light-emitting point at
intermediate object‘height is input to the light-receiving
surface 106 when n, is an even number. Accordingly, the
value of the maximum half-value On of the angle of divergence
of the imaging opticai flux changes according to the value
of np.

[0081] Now, tanB, in the X-Y cross-section described above
is expressed as in the following Expression (8), by the
array pitch p in the first direction of the lens optical
systems 105a, the maximum value N, of the number of lens
optical systems 105a through which light rays pass, and
distance 1 between the imaging unit 104 and light-receiving

surface 106.

[0082]
[Math. 8]
1 n
tan@,, =—xnmx£=—M (8)
[ 2 21
[0083] Also, tan®s in the Z-X cross-section is expressed

as in the following Expression (9), by the maximum effective
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width (valid width) T of the imaging optical system 105 in
the second direction, and distance 1 between the imaging
unit 104 and light-receiving surface 106.

[0084]

[Math. 9]

T
=— (9)

tan 6, =
2]

X

S| —
NN

[0085] Now, the maximum effective width T of the imaging
optical system 105 in the second direction is the maximum
width of the region which imaging optical fluxes pass
through at the light-emitting points in the second direction.
The maximum effective width T of the imaging optical system
105 in the second direction is equal to the aperture width
(aperture size) in the second direction of the lens optical
systems 105a, in a configuration where only one lens row is
arrayed in the second direction, as with the imaging optical
system 105 according to the present embodiment.

[0086] Expression (5) can be transformed as Expression

(10) by Expressions (8) and (9).

[0087]
[Math. 10]
-PD
0.855’11 s=s MmP _ 19 (10)
P 1-B,D, T
[0088] The array pitch p, the maximum number n, of lens

optical systems 105a through which light rays from one
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light-emitting point pass, and the maximum effective width T

of the imaging optical system 105 in the second direction,

are set with the present embodiment so as to satisfy

Expression (10). Thus, the depth of field in the X-v Cross-

section and in the Z-X cross-section can be made

approximately equal. Further, satisfying the next

Expression (11) is even more preferable, in order to

Suppress reduction in stability of imaging capabilities to

15%.

[0089]

[Math. 11]

S_Pﬂl_Pst N D
P1-PD, T

0.85

<1.15 (11)

[0090] The array pitch p of the lens optical systems 105a
is 0.77 mm in the present embodiment, and the maximum
effective width T of the imaging optical system 105 in the .
second direction is 2.44 mm, which is equal to the aperture
size of the lens optical system 105a. Also, the maximum
number n, of lens optical systems 105a through which light
rays from one light-emitting point pass is two, taking into
consideration light rays from light-emitting points at
intermediate object height where depth of field is minimal.
The values of P; and D; are as described above. Substituting
these values into the middle member of Expression (10)

yields the following Expression (12), so it can be seen that
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conditional Expressions (10) and (11) are satisfied.

[0091]
[Math. 12]
Ln 128D, mup _ g (12)
P 1-PD, T

[0092] The values of the middle member differ slightly
between Expressions (12) and (7), but this is because
Expression (8) includes approximation, and there is no
difference in the fundamental idea.

[0093] As described above, the lens optical systems of the
lens optical systems of the optical apparatus according to
the present embodiment are designed so as to satisfy
Expressions (5) or (6), or Expressions (10) or (11). Thus,
the depth of field at the time of light-emitting points at
intermediate object height being imaged on the light-
receiving surfaée 106 is approximately equal in the X-Y
cross-section and in the Z-X cross-section, thereby
achieving good imaging capabilities while securing light
available efficiency.

Second Embodiment

[0094] Next, an optical apparatus according to a second
embodiment of the present invention will be described in
detail. Components which are the same as or eguivalent to
those in the first embodiment will be denoted with the same

reference numerals, and description thereof simplified or
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omitted.

[0095] The present embodiment differs from the first
embodiment with regard to the size of each of the light-
emitting points of the light source 101, and the aperture
size of the lens portion which the imaging unit 104 has, in
the Z-X cross-section. Specifically, the optical apparatus
according to the present embodiment is of a configuration
where the size of the light-emitting points of the light
source is equal in the X-Y cross-section and in the Z-X
cross-section, i.e., the resolution in both cross-sections
is equal, and also the aperture size As of the lens portion
at the imaging unit 104 is changed as compared to that in
the first embodiment.

[0096] At this time, the imaging optical system 105
according to the present embodiment is of a configuration to
perform same-size imaging in the X-Y cross-section and in
the Z-X cross-section, so the size of the image formed on
the light-receiving surface 106 by light rays from each of
the light-emitting points is the same in the X-Y Cross-
section and in the Z-X cross-section. That is torsay, Dy =
Ds holds, and also P, = Pq holds, so the above-described
conditional Expression (5) and Expression (10) are as in the
following Expressions (13) and (14).

[0097]

[Math. 13]
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tanO
0.8< <12 (13)
tan 6,
[0098]
[Math. 14]
n
0.8S—m—p51.2 (14)
T
[0099] The aperture size A; in the second direction at the

imaging units, i.e., the maximum effective width T of the
imaging optical system 105 in the second direction, is 1.70
mm in the present embodiment. Accordingly, the maximum
value of the maximum half-value 0 of the angle of divergence
of the imaging optical flux in the Z-X cross-section, at the
time of input of light rays from light-emitting points at
intermediate object height to the light-receiving surface
106, is 15.07 degrees. At this time, the other values, such
as the maximum number n, of lens optical systems 105a
through which light rays from one light-emitting point pass,
are unchanged from the first embodiment. Accordingly,
substituting these &alues into the middle member of
Expressions (13) and (14) yields the following Expressions
(15 and 16), and it can be seen that the conditional
Expressions (13) and (14) are satisfied.

[0100]

[Math. 15]

tan@,,
tan 6,

=0.89 (15)
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[0101]

[Math. 16]

"mP _091 (16
T

[0102] Figs. 6A and 6B are diagrams illustrating depth
properties of the imaging optical system 105 according to
the present embodiment in the X-Y cross-section and in the
Z-X cross-section, in the same way as with Figs. 5A and 5B.
Fig. 6A illustrates the relationship between depth of field
of light rays from a light-emitting point at axial object
height, and contrast, and in the same way as with Fig. B5A,
the depth of field in the X-Y cross-section is greater than
the depth of field in the Z-X cross-section at each contrast
value. On the other hand, Fig. 6B illustrates that the
depth of field in the X-Y cross-section and in the Z-X
cross-section is approximately equal, due to the
relationship between depth of field and contrast, with
regard to light rays from a light-emitting point at
intermediate object height.

[0103] Table 3 illustrates the depth of field for each of
in the X-Y cross-section and in the Z-X cross-section for
each contrast and the ratio thereof, when a light-emitting
point at intermediate object height is imaged on the light-
receiving surface 106.

[0104]
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[Table 3]

Contrast | Axm Axs | Axm | Axs

100% |0.086 | 0.105 1.16

90% |0.1190.128 1.07

80% |0.1430.153 1.08

70% |0.159 | 0.167 1.07

60% |0.1710.181 1.09

50% |0.183|0.195 1.1

40% |0.198 | 0.219 1.13

[0105] Table 3 shows that the depth of field is
approximately equal in the X-Y cross-section and in the Z-X
cross-section, in the contrast range of 40 to 90%. Thus it
has been demonstrated that the optical apparatus according
to the present embodiment can make the depth of field in the
X-Y cross-section and in the Z-X cross-section to be the
same when a light-emitting point at intermediate object
height is being imaged on the light-receiving surface 106,
by being configured so as to satisfy conditional Expression
(5) and conditional Expression (10).

[0106] Thus, good imaging capabilities can be achieved
while securing light available efficiency with the optical
apparatus according to the present embodiment, regardless of
parameter values such as light-emitting point size and so
forth.

Third Embodiment

[0107] Next, an optical apparatus according to a third
embodiment of the present invention will be described in

detail. Components which are the same as or equivalent to
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those in the first embodiment will be denoted with the same
reference numerals, and description thereof simplified or
omitted.

[0108] The present embodiment differs from the first
embodiment with regard to the values of the maximum object
height L regarding which one lens optical system can take in
light rays, and the array pitch p of the imaging optical
system. Properties of the imaging optical system according
to the present embodiment are shown in Table 4.

[0109]
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[Table 4]
Configuration Aspheric form

Resolution doi 600 Lens surface| Lens surface] Lens surface| Lens surface

P 702a 702b 704b 704a
Wavelength _A{nm) 620 R 0 R{ 0l R| 0 R 0
Refractive index n(A=620nm)| 1.534 K 0 k 0 k 0 Kk 0
m“ infirst direction oflens | 2 | 390 A20| 050277 A20]-0.82549| A20| 0.82549| A20]-050277
,Z‘é‘fﬁé?f“""d drectonof | po o | 1300 Ad0| -0.51250 Ad0| 0.29164] A0l -0.20164] Ad0| 051250
poverin frstdrection oflens | g | 08| 0| -0.24716| AG0|055971] AG0| 0.55971) AO| 0.24716
Array ploh in frstdirection of | omm) | 0.76| A8o| 0.08367| A8o|-0.01894] AB0| 0.01894| A80|-0.08357

Number of optical systems
arrayed in first direction of lens | Nm(count) | 291| A100{ -6.91825|A100| -0.78248|A100| 0.78249|A100| 6.91825
unit

Number of optical systems
arrayed in second direction of | Ns{count) 1] A02] 0.15643| A02|-0.19504| A02| 0.19504| A02|-0.15643
lens unit

Maximum object height of
which lens unit can intake light
size of light-emitting point

in first direction

size of light-emitting point in
second direction

Lmm) | 0.873| A22| -0.15873| A22| 0.09481 A22|-0.09481 A22| 0.15873

Dm(um) | 42.30| A42] -0.15055| A42|-0.30023| A42| 0.30023| A42| 0.15055

Ds(um) { 2540{ A82( 5.65920! A62) 3.06561| A62{-3.06561) AG62|-5.65920

Aperture size A82(-13.83601| A82|-6.53977| A82{ 6.53977! A82!13.83601
Aperlure size In Irstdirecion | \rvymm) | 0.76| A0a| -0.03679| A04|-0.00756| A04| 0.00756| A4| 0.03679
of imaging unit 702
Aperture size in second
direction of imaging unit 702
Aperture size in first direction
of imaging unit 704
Aperture size in second Asamm) | 244 AG4| -1.80450| AG4| -0.69876| AB4| 0.60876| As4| 1.89450
direction of imaging unit 704

Placement A06| 0.01270; A06| 0.00111] A06| -0.00111| A06|-0.01270

e oetioeh ION SOUICE | at(mm) | 265 A26| -0.07715| A26|-0.00101| A28 0.00101| A26| 007715
Distance between lens surface
702a and lens surface 702b
Distance between lens surface
702b and lens surface 704a
Distance between lens surface
704a and lens surface 704b
Distance between lens surface
704b and light-receiving d5(mm) 2.65| A010{ 0.00128|A010| 0.00010{A010| -0.00010{A0101-0.00128
surface 706

As1{mm) 244)  A24| 0.14799) A24| 0.03211] A24|-0.03211| A24|-0.14799

Am2(mm) | 0.76) A44) -1.03706| A44|-0.59005| Ad44] 0.59005| A44| 1.03706

d2(mm) 1.25| Ad46| 0.97142! Ad6| 0.41327| A46|-0.41327| A46(-0.97142

d3(mm) 2.16| AD8| -0.00611) AD8|-0.00105| A08| 0.00105| A08| 0.00611

d4(mm) 1.25) A28} -0.01342| A28)-0.01827| A28| 0.01827| A28 0.01342

[0110] First, the behavior of each light-emitting point of
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a light source 701 being imaged on.a light-receiving surface
706 by an imaging optical system 705 in the X-Y cross-
section will be described with reference to Figs. 7A and 7B.
[0111] Fig. 7A is a diagram illustrating the way in which
a light-emitting point 70la at axial object height is imaged
at the light-receiving surface 706 in the X-Y cross-section.
Light rays emitted ffom the light-emitting point 70la are
temporarily condensed at the intermediate imaging plane A by
way of the imaging unit 702, and subsequently condensed on
the light-receiving surface.706 by way of the imaging unit
704. At this time, the light rays emitted from the light-
emitting point 70la passes through three lens portions at
each of the imaging units 702 and 704. That is to say, the
number of lens optical systems 705a which the light rays
emitted from the light-emitting point at axial object height
pass through is three. It can be seen from Fig. 7A that a
great part of the light rays is input to the lens optical
system 705a at the middle (i.e., on the axis where the
light-emitting point 70la is situated), while the amount of
light rays input to the two lens optical systems 705a on
either side of this lens optical system 705a is scant.

[0112] On the other hand, Fig. 7B is a diagram
illustrating the way in which a light-emitting point 70lb at
intermediate object height is imaged on the light-receiving

surface 706 in the X-Y cross-section. Light rays emitted
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from the light-emitting point 701b are temporarily condensed
at the intermediate imaging plane A by way of the imaging
uﬁit 702, in the same way as with light rays emitted from
the light-emitting point 70la, and subsequently condensed on
the light-receiving surface 706 by way of the imaging unit
704. At this time, the light rays emitted from the light-
emitting point 701lb pass through two lens portions at each
of the imaging units 702 and 704. That is to say, the
number of lens optical systems 705a which the light rays
emitted from the light-emitting point at intermediate object
height pass through is two.

[0113] Next, the behavior of each light-emitting point of
the light-emitting point 70la and light-emitting point 701b
being imaged on the light-receiving surface 706 by the
imaging optical system 705 in the Z-X cross-section section
will be described with reference to Figs. 7C and 7D.

[0114] Light rays emitted from the light-emitting point
70la become approximately parallel light by way of the
imaging unit 702, and then are input to the imaging unit 704
and condensed on the light-receiving surface 706, as
illustrated in Fig. 7C. The imaging optical system 705 here
is an inverted same-size imaging system in the Z-X cross-
section, so the number of lens rows of the lens optical
system 705a which light rays emitted from the light-emitting

point 70la pass through is the number of lens rows in the
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second direction. In the present embodiment, the number of
lens rows in the second direction is one row, so light rays
emitted from the light-emitting point 70la only pass through
one lens optical system 705a. Note that the half-value of
the incident angle of an extreme periphery light ray 707sa
of the light rays passing through that lens opticél system
705a when entering the light-receiving surface 706, i.e.,
the half-value of the angle of divergence of the imaging
optical flux of the light rays emitted from the light-
emitting point 70la, is 0,, of 20.27 degrees.

[0115] Also, light rays emitted from the light-emitting
point 701b become approximately parallel light by way of the
imaging unit 702, and then are input to the imaging unit 704
and condensed on the light-receiving surface 706, as
illustrated in Fig. 7D. Accordingly, light rays emitted
from the light-emitting point 701b also only pass through
one lens optical system 705a, in the same way as with light
rays emitted from the light-emitting point 70la. Note that
the half-value of the incident angle of an extreme periphery
light ray 707sb of the light rays passing through that lens
optical system 705a when entering the light-receiving
surface 706, i.e., the half-value of the angle of divergence
of the imaging optical flux of the light rays emitted from
ﬁhe light-emitting point 701b, is O of 20.27 degrees, the

same as with 0,.
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[0116] Now, let us calculate the maximum number of lens
optical systems 705a through which light rays from one
light-emitting point pass. In the present embodiment, the
maximum object height L regarding which one lens optical
system 705a can take in light rays is 0.87 mm, and the array
pitch p of lens optical systems 705a is 0.76. At this time,
Nn (the maximum number of lens optical systems 705a through
which light rays from one light-emitting point pass in the
X-Y cross-section) = 1 + integer portion (2 x L/p) = 3. Note
that nn is an odd number, so the half-value Ons of the anglev
of divergence is the maximum (maximum value) when an imaging
optical flux from a light-emitting point at intermediate
object height is input to the light-receiving surface 706.
Accordingly, the half-value of the incident angle of an
extreme periphery light ray 707ma of the light rays passing
through three lens opticai systems 705a in X-Y cross-section,
when entering the light-receiving surface 706, is Opa Of
20.06 degrees, which is the half-value of the angle of
divergence of the imaging optical flux.

[0117] On the other hand, as described above, the maximum
number of lens optical systems 705a through which light rays
from one light-emitting point pass in the Z-X cross-section
is ng of one, and the half-value of the angle of divergence
of the imaging optical flux in X-Y cross-section, is O of

20.27 degrees. Also, the aperture size A, of the imaging
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units in the second direction, i.e., the maximum effective
width T of the imaging optical system 705 in the second
direction is 2.44 mm.

[0118] Substituting these values into the middle member of

Expressions (5) and (10) yield the following Expressions

(17) and (18).

[0119]
[Math. 17]
A 125D, @nb, 40
P, 1-PB,D, tan6,
[0120]
[Math. 18]
Iw 128D myp 5 (18)
P1-BD T

[0121] That is, it can be seen that the values of
Expressions (17) and (18) do not satisfy Expressions (5) and
(10) .

[0122] Figs. 8A and 8B are diagrams illustratiﬁg depth
properties of the imaging optical system 705 according to
the present embodiment in the X-Y cross-section and in the
Z-X cross-section, the same as with Figs. 5A and 5B. Fig.
S5A illustrates the relationship between depth of field and
contrast when a light-emitting point at axial object height
is imaged on the light-receiving surface 706, and in the

same way as with the case of Fig. 5A, the depth of field in
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the X-Y cross-section is greater than the depth of field in
the Z-X cross-section at each contrast value. On the other
hand, Fig. 8B illustrates that the depth of field in the X-Y
cross-section and in the Z-X cross-section are geherally the
same, due to the relationship between depth of field and
contrast when a light-emitting point at intermediate object
height is imaged on the light-receiving surface 706.

[0123] Table 5 illustrates the depth of field for each of
in the X~Y cross-section and in the Z-X cross-section for
each contrast and the ratio thereof, when a light-emitting
point at intermediate object height is imaged on the light-

receiving surface 706.

[0124]

[Table 5]

Contrast | Axm | Axs | Axm/ Axs
100% - 0.103

90% |0.105]0.120 1.12

80% |0.139|0.141 1.01

70% |0.157 | 0.155 0.98

60% ]0.1690.165 0.98

50% |0.181]0.174 0.98

40% [0.193]0.183 0.97

[0125] Table 5 shows that the depth of field in the X-Y
cross-section and in the Z-X cross-section is made
approximately equal within the range of contrast of 40
through 90%, even though the values of Expressions (17) and
(18) do not satisfy the conditional Expressions (5) and (10) .

[0126] The reason is that the conditional Expressions (5)
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and (10) derived assuming depth of field at contrast of 100%
were used by approximating as conditional expression
assuming depth of field at contrast of 40 to 80%. 1In the
first and second embodiments, the conditional Expressions
(5) and (10) could be uéed approximatively, even in the case
of evaluating at contrast of 40 to 80%. However, in a case
where that approximation cannot be applied and Expressions
(5) and (10) cannot be used, expressions equivalent to
Expressions (5) and (10) need to be created assuming a case
of performing evaluation with depth of field at contrast of
40% to 80%.

[0127] Let us consider the reason that Expressions (5) and
{10) cannot be used in a case of evaluating with depth of
field at contrast of 40% to 80% in the present embodiment.
Light rays from axial object height pass through three lens
optical systems 705a in the present embodiment. As can be
seen from Fig. 7A, of the three Lens optical systems 705a,
light rays passing through the two lehs optical systems 705a
on the sides are very scant, and almost all of the light
rays pass'through the one lens optical system 705a at the
middle. Accordingly, a Ax;' taking into consideration
contrast of 40 to 80% (tolerance range of two adjacent
light-emitting points overlapping) has to be set as to light
rays passing through the lens optical systems 705a on the

sides.
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[0128] Fig. 9 illustrates the relation between object
height as to a certain lens optical system 705a of the
imaging optical system 705, and light available efficiency.
As can be seen from Fig. 9, the amount of light which can be
taken in increases as the object height where the light-
emitting point is situated increases, and light rays cannot
be taken in from an object height greater than the maximum
object height L. Now, in a case of defining Axi assuming
contrast of 100%, an object height where the light rays
taken into the lens optical system 705a are scant, also has
to be takeﬁ into consideration. However, in a case of
defining Ax;' assuming contrast of 40 to 80%, the lens
optical system 705a has to be deemed to not take in light
rays with regard to an object height of which the amount of
light is not greater than a predetermined amount.

[0129] Accordingly, an effective maximum object height (a
valid maximum object height) L' at which one lens optical |
system 705a can take in light rays, when assuming contrast
of 40 to 80%, is defined with the present embodiment. The
Ax;' is then defined from n;' which is the maximum effective
number (valid number)’of lens optical systems 705a through
which light rays for the object heights at or lower than the
effective maximum object height L',-and the half-value 0;' of
the effective angle (valid angle) of diversion of the

imaging optical flux from each object height at or lower
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than the effective maximum object height L'.

[0130] In a case of assuming contrast of 40 to 80%, the
present inventor has found from experience that an effective
maximum object height L' = 0.85L can be defined as a general
rule, when taking into consideration the light rays
contributing to imaging. With the present embodiment, the
object height L' = 0.85 X 0.87 = 0.74 mm, So ng' (the maximum
effective number of lens optical systems 705a through which
light rays from one light-emitting point‘pass in the X-Y
cross—sectibn) = 1 + integer portion (2 x 0.85 L/p) = 2.
Note that n,' is an even number, so the half-value 0,' of the
angle of divergence is the maximum (maximum value) when an
imaging optical flux from a light-emitting point at
intermediate object height is input to the light-receiving
surface 706. Accordingly, the half-value of the maximum
value of the effective angle of divergence of the imaging
optical flux in X-Y cross~section is 0,' of 13.98 degrees.
[0131] On the other hand, as described above, the maximum
effective number of lens optical systems 705a through which
light rays from one light-emitting point pass in the Z-X
cross—-section is ng' of one, and the half-value of the
maximum effective angle of divergence of the imaging optical
flux is O.' of 21.31 degrees. Also, the aperture size As of
the imaging units in the second direction, i.e., the maximum

effective width T of the imaging optical system 705 in the
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second direction is 2.44 mm. Replacing the angle of
divergence 0; with the effective angle of divergence 6;', and
replacing the maximum number n, with the maximum effective
nunmber nn', and substituting these values into the middle
member of Expression (10) yield the following Expressions
(19) and (20), so we can see that condition Expressions (5)

and (10) are satisfied.

[0132]

[Math. 19]
En 125D a0y 489  (19)
P, 1-P,D, tanf,

[0133]

[Math. 20]
En 125D mub _g87 (20
P 1-PD, T

[0134] Thus, with the optical apparatus according to the
present embodiment, good imaging capabilities can be
achieved while securing light ‘available efficiency, by
performing settings taking into consideration the effective
angle of divergence 0;' or maximum effective number ng',
assuming contrast of 40 to 80%.

Fourth Embodiment

fo135] Next, an optical apparatus according to a fourth
embodiment of the present invention will be described in

detail. Components which are the same as or equivalent to
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those in the first embodiment wiil be denoted with the same
reference numerals, and description thereof simplified or
omitted. The present embodiment differs from the first
embodiment in that each lens optical system is an enlarging
optical system in Z-X cross-section, and the light-emitting
point size in Z-X cross-section and the image on the light-
receiving surface are not the same size.

[0136] Figs. 10A through 10D are schematic diagrams of
principal portions of an optical apparatus according to the
present embbdiment, with Figs. 10A and 10B }llustrating thé
X-Y cross-section, and Figs. 10C and 10D illustrating the Z-
X cross—secﬁion. The optical apparatus according to the
present embodimentbincludes a light source 1001 including
multiple light-emitting points arrayed on an object plane,
and an imaging optical system 1005 which condenses multiple
light rays emitted from the light source 1001 upon a light-
receiving surface (image plane) 1006.

[0137] The imaging optical system 1005 is a lens array
‘including multiple lens optical systems 1005a arrayed in the
first direction, and shielding portions 1003 to shield stray
light rays. The optical systems 1005a include imaging units
1002 and 1004 disposed on the same optical axis. Note that
unlike the first embodiment, the lens portions making up the
imaging unit 1002 and the lens portions making up the

imaging unit 1004 are of different shapes. Thus, the
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imaging optical system 1005 according to the present
embodiment has an enlarging system in the Z-X cross-section.
lLens surfaces 1002a and 1002b, of the imaging unit 1002, and
1004a and 1004b, of the imaging unit 1004 all have
anamorphic aspheric forms (anamorphic surfaces). The
aspheric.forms thereof are expressed in Expression (1)
described above.

[0138] Properties of the imaging optical system 1005
according to the present embodiment are shown in Table 6.

[0139]
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Configuration Aspheric form
Resolution doi 600 Lens surface Lens surface Lens surface|  Lens surface
P 1002a 1002b 1004b 1004a
Wavelength AMnm) 780 R 00 R 0f R 0f R 0
Refractive index n(A=780nm) | 1.486] k 0 k 0 k 0 k 0
FNo.infirstdvecton of e | o | 3.90| A20|  0.40353) A20| -084151| AZ0| 084151| A20] 049353
F-No.in second dfeclonof | g g | 1.30 Ad0|  -051152] AdD| 0.29620| AAD| -0.29620) AdD| 051152
Power n frst decion of lens| g | .0.45| AG0| -058605| AGD| -045622] AGD| (045822) AGD| 058605
Aray pich infstdiecion of | pyem) | 0.77] Ago|  0.55114| ABD| -230492| ABD| 230492 ABD| 055114
Number of optical systems
arrayed in first direction of Nm{count) 291/A100] -6.18001!A100| 8.30369|A100| -8.30369(A100; 6.18001
iens unit
Number of optical systems _
arrayed in second direction of{ Ns(count) 1| A02|  0.20133| A02| -0.23125| A02| 0.19949} A02| -0.03519
lens unit :
Maximum object height of :
which lens unit can intake Limm) | 0768 A22| -0.25709| A22| 0.010385| A22| -0.02678| A22| 0.14680
light
size of light-emitting point
in first direction Dm(um) | 42.30| A42|  0.03333( A42| -0.41981| A42] 0.22126| A42| 0.28788
size of light-emitting point in ' E
second direction Ds{um) | 25.40| AB2| 5.65825| A62) 3.25668) AB2) -1.32747) AG2| -2.40382
Aperture size A82] -11.79314] A82] -6.03053] A82 1.49199; A82| 23.62346
Aperture sizé in first direction
of imaging unit 1002 Am1{mm) 0.7 A04| -0.02012| A04| 0.00680| A04| 0.00382| A04| 0.01535
Aperture size in second
direction of imaging unit 1002 As1(mm) 244) A24)  0.16833 A24 0.01902( A24| -0.07111| A24| -0.19636
Aperture size in first direction
of imaging unit 1004 Am2({mm) 0.7 Ad4] -0.85689| Ad4| -0.32633] Ad4] 0.61214] Add} 1.36064
Aperture size in second
direction of imaging unit 1004 As2(mm) 244| AB4| -2.75367| A64| -1.71326| A64| 0.10789| A64| -5.64660
Placement A06]  0.01283] AD6] 0.00356] A06| 0.00032) A0G| -0.00686
Distance between light
source 1001 and lens surface|  d1(mm) 2.62| A26| -0.02314] A26| -0.01182| A26| -0.01030| A26] 0.05265
1002a
Distance between lens
surface 1002a and lens d2(mm) 1.27| Ad6|  0.69981| A46] 0.41193| A46| -0.62041| A46| -2.47916
surface 1002b
Distance between lens
surface 1002b and lens d3(mm) 2.16| A08|  0.00714| A08| 0.00306| A08| -0.00070 A08| -0.01322
surface 1004a
Distance between lens
surface 1004a and lens d4{mm) 1.27| A28] -0.00717| A28 0.02039( A28 0.02811| A28| -0.01344
surface 1004b '
Distance between lens
surface 1004b and light- d5(mm) 2.62|{A010| -0.00170|A010| 0.00340]A010| 0.00348)AD10| 0.02919
receiving surface 1006
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[0140] Fig. 10A is a diagram illustrating the way in which
a light-emitting point 100la at axial object height in the
%-Y cross-section is imaged on the light-receiving surface
1006 by the imaging optical system 1005. Fig. 10B 1is a
diagram illustrating the way in which a light-emitting point
1001b at intermediate object height in X-Y cross-section is
imaged on the light-receiving surface 1006. Light rays
emitted from the light-emitting points 100la and 1001b are
temporarily condensed at the intermediate imaging plane A by
way of the imaging unit 1002, and subsequently condensed on
the light-receiving surface 1006 by way of the imaging unit
1004.

[0141] With the present embodiment as well, the light rays
emitted from the light-emitting point 100la each only pass
through one lens optical system 1005a, while the light rays
emitted from the light-emitting point 1001lb each pass
through lens optical systems 1005a. The half-value of thé
angle of divergence of the light rays emitted from the
light-emitting point 100la is 0, of 7.31 degrees, and the
half-value of the angle of divergence of the light rays
emitted from the light-emitting point 1001b is O, of 13.49
degrees. The half-value 0, of the angle of divergence of the
optical flux changes depending on the position of the light-
emitting point in the X-Y cross-section, so the depth of

field differs depending on the position of the light-
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emitting point.

[0142] On the other hand, light rays emitted from the
light-emitting points 100la and 1001b become parallel light
by way of the imaging unit 1002, and then are input to the
imaging unit 1004 and condensed on the light-receiving
surface 1006, as illustrated in Figs. 7C and 7D. The
imaging optical system 1005 here is an inverted same-size
imaging éystem in the Z-X cross-section, so the light rays
emitted from each of the light-emitting points 100la and
1001b only pass through one lens optical system 1005a. Note
that the half-value of the angle of divergence of the
imaging optical fluxes of the light rays emitted from the
light-emitting points 100la and 1001b, is 8., and Os both of
17.23 degrees. Thus, in the Z-X cross—-section, the half-
value O, is constant regardless of the position of the light-
emitting points, so the half-value of the incident angle of
aﬁ imaging optical flux is also constant regafdless of the
position of the light-emitting points.

[0143] As described above, while the depth of field of the
imaging optical system 1005 in the X-Y cross-section differs
depending on the position of the light-emitting points, the
depth of field in the Z-X cross-section is constant
regardless of the position of the light-emitting points.
Accordingly, the optical apparatus according to the present

embodiment is designed such that the depth of field when
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light—emitting points at intermediate object height are
imaged on the light-receiving surface 1006 is approximately
equal in the X-Y cross—section‘and in the Z-X cross-section.
Thus, the smallest depth of field in the X-Y cross-section
and the depth of field in the Z-X cross-section can be made
to be approximately equal, so imaging capabilities can be
stabilized while securing maximal light.

[0144] Now, let us calculate the maximum number of lens
optical systems 1005a through which light rays from one
light-emitting point pass. In the present embodiment, the
maximum object héight L regarding which one lens optical
system 105a can take in light rays is 0.768 mm, and the
array pitch p of lens optical systems 7005a ié 0.77 mm. At
this time, nm (the maximum number of lens optical systems
1005a through which light rays from one light-emitting point
pass in the X-Y cross-section) = 1 + integer portion (2 x
L/p) = 2. The maximum effective number n,' taking contrast
of 40 to 80% is np' = 1 + integer portion (2 x 0.85L/p) = 2.
Also, np and np' are equal, so advantages of the present
invention can be obtained with a configuration satisfying
conditional Expressions (5) and (10) in both cases of taking
in to consideration contrast of 100% and contrast of 40 to
80%.

[0145] In the present embodiment, nn is an even number, sO

the half-value 0, of the angle of divergence is the maximum
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(maximum value) when an imaging optical flux from a light-
emitting point at intermediate object height is input to the
light-receiving surface 1006. Accordingly, the half-value
of the maximum value of the incident angle of an imaging
optical flux in X-Y cross-section is 13.49 degrees. On the
other hand, as described above, the maximum number of lens
optical systems 1003a through which light rays from one
light-emitting point pass in the Z-X cross-section is ng of
one, and the half-value of the maximum vélue of the angle of
divefgence of the imaging optical flux, 1is 0, of 17.23
degrees. Also, the aperture size As of the imaging units in
the second direction, i.e., the maximum effective width T of
the imaging optical system 1005 in the second direction is
2.44 mm.

[0146] The imaging optical system 1005 éccording to the
present embodiment forms same-size images of each of the
light-emitting points of the light source 1001 on the light-
receiving surface 1006, in the X-Y cross-section and Z-X
cross-section. Thus, the image size Dm On the light-
receiving surface 1006 in the X-Y cross-section is 42.30 um
which is equal to the size of the light-emitting points. On
the other hand, the imaging optical system 1005 performs
enlarged imaging of the light-emitting points of the light
source 1001 by a power of 1.3, so image size Ds on the

light-receiving surface 1006 in the Z-X cross-section 1is
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33.02 um whiéh 1.3 times the size of the light-emitting
points (25.40 um). In the same way as with the first
embodiment, resolution P is evaluated as 11.81 lp/mm
(equivalent to 600 dpi) in the X-Y cross-section and Z-X
cross-section.

[0147] Substituting these numerical values into the middle
member of conditional Ekpressions (5) and (10) yields
Expressions (21) and (22), and we can see that conditional

Expression (5) is satisfied but Expression (10) is not.

[0148]
[Math. 21]
Pu 1-BD, @00y 94 (51
P.1-P,D, tan@,
[0149]
(Math. 22]
P 1=BD; mwP 77 (22
P1-PD, T
[0150] The reason why the present embodiment does not

satisfy conditional Expression (10) is that the imaging
optical system 1005 according to the present embodiment is
an enlarging optical system, soO approximation in Expression
(8) described above does not hold. In this way, conditional
Expression (10) cannot be applied unless with an optical

system where (8) holds.

[0151] Figs. 11A and 11B are diagrams illustrating depth
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of field properties of the imaging optical system 1005
according to the present embodiment in the X-Y cross-section
and in the Z-X cross-section. Fig. 11A illustrates the
relationship between depth of field and contrast when a
light-emitting point at axial object height is imaged on the
light-receiving surface 1006, and in the same way as with
Fig. 5A, the depth of field in the X-Y cross-section is
greater than the depth of field in the Z-X cross-section at
each contrast value. On the other hand, Fig. 11B
illustrates that the depth of field in the X-Y cross-section
and in the Z-X cross-section is approximately equal, due to
the relationship between depth of field and contrast, with
regard to light rays from a light-emitting point at
intermediate object height.

[0152] Table 7 illustrates the depth of field for each of
in the X-Y cross-section and in the Z-X cross-section for
each contrast and the ratio thereof, when a light-emitting
point at intermediate object height is imaged on the light-
receiving surface 1006.

[0153]
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[Table 7]

Contrast | Axm | Axs | Axm/ Axs

100% |0.07710.105 1.37

90% |0.116[0.141 | 1.21

80% |0.142|0.161 1.13

70% |0.158 |0.175 1.10

60% {0.170)0.189 1.10

50% |0.183|0.203 1.09

40% [0.196]0.217 | 1.10

[0154] Table 7 shows that the depth of field can be made
approximately-equal in the X-Y cross-section and in the Z-X
cross-section, in the contrast range of 40 to 80%. Thus it
has been demonstrated that the depth of field in the X-Y
cross—-section and in the Z-X cross-section cén be made the
same when a light-emitting point at intermediate object
height is being imaged on the light-receiving surface 106,
by configuring the optical apparatus according to the
present embodiment so as to satisfy conditional Expression
(5).

[0155] Thus, good imaging capabilities can be achieved
while securing light available efficiency with the optical
apparatus according to the present embodiment, even if an
enlarging optical system.

Fifth Embodiment

{0156] Next, an optical apparatus according to a third
embodiment of the present invention will be described in
detail. Components which are the same as or equivalent to

those in the first embodiment will be denoted with the same
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reference numerals, and description thereof simplified or
omitted. The present embodiment differs from the first
embodiment with regard to the point that the number of lens
optical systems through which optical fluxes emitted from
one light-emitting point pass is greater.

[0157] Figs. 12A through 12D are schematic diagrams of
principal portions of an optical apparatus according to the
present embodiment, with Figs. 12A and 12B illustrating the
X-Y cross-section, and Figs. 12C and 12D illustrating the Z-
X cross-section. The optical apparatus according to the
present embodiment includes a light source 1201 including
multiple light-emitting points arrayed on an object plane,
and an imaging optical system 1205 which condenses multiple
light rays emitted from the light source 1201 upon a light-
receiving surface (image plane) 1206.

[0158] The imaging optical system 1205 is a lens array
including multiple lens optical systems 1205a arrayed in the
first direction, and shielding portions 1203‘to shield stray
light rays. The optical systems 1205a include imaging unit
1202 and 1204 disposed on the same optical axis. 1In the
same way as with the first embodiment, the imaging units
1202 and 1204 each have lens portions of the same form
arrayed at equal intervals in the first direction at equal
intervals, and the imaging units 1202 and 1204 are

symmetrical with regard to the optical axis direction. Lens
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surfaces 1202a and 1202b, of the imaging unit 1202, and
1204a and 1204b, of the imaging unit 1204 all.have
anamorphic aspheric forms (anamorphic surfaces). The
aspheric forms thereof are expressed in Expression (1)
described above.

[0159] Properties of the imaging optical system 1205
according to the present embodiment are shown in Table 8.

[0160]
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Configuration Aspheric form
Resolution doi 600 Lens surface;  Lens surface|  Lens surface Lens surface
P _ 1202a 12020 1204b 1204a
Wavelength A(nm) 780 R 0 R 0 R 0 R 0
Refractive index n(A=780nm){1.486] k 0 k 0 Kk 0 k 0
FAlo-infst direction oflens | £o m | 6.90| A20|  0.52414] A20| -1.27350| A20| 1.27350| A20| -0.52414
;'rﬁ°l'1,'1’i‘tse°°”d d"e"“_"" O | Fnos |1.31] Ad0| -234636] A40| 0.73486| A40| -0.73486| AdO| 234636
Powerin frstdrection of ens | g |.0.24{ AG0| 15.12691] AGO| 4.60626| ABD| 4.60626| AGO| -15.12691
gﬁyuﬁ:{"h in first direction of | vy | 052 A0|-216.13320| AB0| 8.52304| A0| 852304 A80|216.13320
Number of optical systems
arrayed in first direction of lens| Nm{count) | 221|A100! -11.14076{A100| -19.97629|A100| 19.97629|A100| 11.14076
unit :
Number of optical systems
arrayed in second direction of | Ns{count) 1] A02]  0.14572] AD2; -1.15192| AD2) 1.15192) A02| -0.14572
lens unit
Maximum object height of
which lens unit can intake light|  L(MM) |1.035] A22|  -0.11646| A22| (0.23666| A22| -0.23666 A22| 0.11646
size of light-emitting point Dm{um) [42.30] A42| 0.69251| Ad2| -0.73220| Ad2| 0.73220| Ad2| -0.69251
in first direction
size of light-emiting pointin | oo los 40l A2l -0.32043| As2| 2.60923( A62| -2.60023| AB2 032243
second direction :
Aperture size A82]  0.12245] A82| -6.69795] A82| 6.69795] A82| -0.12245
Aperture size in first direction
of imaging unit 1202 Am1(mm) | 0.50| AO4| -0.01460| AO4| 0.00082| AO4| -0.00082| AO4| 0.01460
Aperture size in second Asi(mm) | 2.44| A24|  0.06767| A24| -0.00507| A24| 0.00507| A24| -0.06767
direction of imaging unit 1202 ,
Aperture size in frst direction | o | 0.50] Add| -0.23017) Ad4| 0.02710] Ad4| 0.02710] A44| 0.23917
of imaging unit 1204
Aperture size in second .
direction of imaging unit 1204 | AS2MM) | 244/ A64 0.62105| AB4| -0.09276 A64| 0.09276| AB4| -0.62105
Placement A06]  0.00261] A06| -0.00001] A06| 0.00001] A06] -0.00001
Distance between light source '
1201 and lons surfoce 12024 | 41(TM) | 330| A26| -0.02011| A26| 0.00010| A26| -0.00010| A26| 0.02011
Distance between lens surface '
12098 and lens surface 12025 | G2(MM) | 0.90| Ad6|  0.08062| Ad6| -0.00049f A46| 0.00043| Ad6) -0.08062
Distance between lens surface
120%b and lens surface 1204a | G3MM) | 1.36] AOB| -0.00043| AO8| 0.00000| AOB| 0.00000| ADB| 0.00043
Distance between lens surface
12048 and lens surface 12046 | 94(MM) | 0.90| A28|  0.00334) A28| 0.00000] A28| (0.00000| A28| -0.00334
Distance between lens surface
1204b and light-receiving d5(mm) | 3.30/A010|  0.00003|A010| 0.00000{A010| ©0.00000|A010| -0.00003
surface 1206
[0161] Fig. 12A is a diagram illustrating the way in which
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a light-emitting point 120la at axial object height in the
X-Y cross—-section is imaged on the light-receiving surface
1206 by the imaging optical system 1205. Fig. 12B is a
diagram illustrating the way in which a light-emitting point
1201b at intermediate object height in X-Y cross-section is
imaged on the light-receiving surface 1206 by the imaging
optical system 1205. Light rays emitted from the light-
emitting points 120la and 1201b are temporarily condensed at
the intermediate imaging plane A by way of the imaging unit
1202, and subsequently condensed on the light-receiving
surface 1206 by way of the imaging unit 1204.

[0162] The present embodiment differs from the first
embodiment with regard to the point that the light rays
emitted from the light-emitting point 120la pass through
three lens optical systems 1205a, and the light rays emitted
from the light-emitting point 1201b pass through four lens
optical systems 1205a. The half-value of the angle of
divergence of the light rays emitted from the light-emitting
point 120la is Oy, of 11.81 degrees, and the half—vaiue of
the angle of divergence of the light rays emitted from the
light-emitting point 1201b is Oy, of 15.59 degrees. The
half-value 0, of the angle of divergence of the optical flux
changes depending on the position of the light-emitting
point in the X—Y cross—-section, so the depth of field

differs depending on the position of the light-emitting
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point.

[0163] On the other hand, in the Z-X cross-section, light
rays emitted from the light—emitting points 120la and 1201b
become parallel light by way of the imaging unit 1202, and
then are input to the imaging unit 1204 and condensed on the
light-receiving surface 1206, as illustrated in Figs. 10C
and 10D. The imaging optical system 1205 here is an
inverted same-size imaging system in the Z-X cross-section,
so the light rays emitted from each of the light-emitting
points 120la and 1201b only pass through one lens optical
system 1205a. Note that the half-value of the angle of
divergence of the imaging optical fluxes of the light rays
emitted from the light-emitting points 120la and 1201b, is
0sa and 0., both of 22.47 degrees. Thus, in the Z-X cross-
section, the half-value 0; of the incident angle of an
‘imaging optical flux is constant regardless.of the position
of thé light-emitting points, so the depth of field is also
constant regardless of the positibn of the light-emitting
points.

[0164] As described above, while the depth of field of the
imaging optical system 1205 in the X-Y cross-section differs
depending on the position of the light-emitting points, the
depth of field in the Z-X cross-section is constant
regardless of the pésition of the light-emitting points.

Accordingly, the optical apparatus according to the present
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embodiment is designed such that the depth of field when
light-emitting points at intermediate object height are
imaged on the light-receiving surface 1206 is approximately
equal in the X-Y cross-section and in the Z-X cross-section.
Thus, the smallest depth of field in the X-Y cross-section
and the depth of field in the Z-X cross-section can be made
to be approximately equal, so imaging capabilities can be
stabilized while securing maximal light.

[0165] Now, let us calculate the maximum number of lens
optical systems 1205a through which light rays from one
light-emitting point pass. In the present embodiment, the
maximum object height L regarding which one lens optical
system 105a can take in light rays is 1.035 mm, and the
array pitch p of lens optical systems 1205a is 0.52.

‘ Accordingly, Ny (the maximum number of lens‘optical systems

1205a through which light rays from one light-emitting point

pass in the X-Y cross-section) = 1 + integer portion (2 x
L/p) = 4. Also, the maximum number ng' assuming‘contrast of
40 to 80% = 1 + integer portion (2 x 0.85L/p) = 4. Since ny

and np' are equal, advantages of the present invention can
be obtained with.a configuration satisfying conditional
Expréssions (5) and (10) in both cases of taking into
consideration contrast of 100% and contrast of 40 to 80%.
[6166] In the present embodiment, n, is an even number, so

the half-value 0, of the angle of divergence is the maximum
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(maximum value) when an imaging optical flux from a light-
emitting point at intermediate object height is input to the
light-receiving surface 1206. At this time, the half-value
of the maximum value of the incident angle of an imaging
optical flux in X-Y cross-section is 15.59 degrees. On the
other hand, as desctibed above, the maximum number of lens
optical systems 1205a through which light rays from one
light-emitting point pass in the X-Y cross-section is ng of
one, and the half-value of the angle of divergence of the
imaging optical flux, is 0, of 22.47 degrees. Also, the
aperture size As; of the imaging units in the second
direction, i.e., the maximum effective width T of the
imaging optical system 1205 in the second direction is 2.44
mm.

[0167] The imaging optical system 1205 according to the
present embodiment forms same-size images of each of the
light-emitting points of the light source 1201 on the light-
receiving surface 1206, in each of the X-Y cross-section and
Z-X cross-section. Thus, the image size D, on the light-
receiving surface 1206 in the X-Y cross-section is 42.30 pm
which is equal to the size of the light-~emitting points.

The image size Dg on the light-receiving surface 1206 in the
Z-X cross-section is the same 25.40 um. In the same way as
with the first embodiment, resolution P is evaluated as

11.81 1lp/mm (equivalent to 600 dpi) in the X-Y cross-section
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and Z-X cross-section.

[0168] Substituting these numerical values into the middle
member of conditional Expressions (5) and (10) yields
Expressions (23) and (24), and we can see that conditional

Expressions (5) and (10) are satisfied.

[0169]

[Math. 23]
Ln 126D, @00, g4 (53
P, 1-P,D, tan6,

[0170]

[Math. 24]
En 125D muP 119 (24
F1-PD, T

fo171] Figs. 13A and 13B are diagrams illustrating depthv
properties of the imaging optical system 1205 according to
the present embodiment in the X—Y cross-section and in the
Z-X cross-section, in the same way as with the first
embodiment. Fig. 13A illustrates the relationship between
depth of field and contrast when a light-emitting point at
axial object height is imaged on the light-receiving surface
1206, and in the same way as with Fig. 5A, the depth of
field in the X-Y cross-section is greater than the depth of
field in the Z-X cross-section at each contrast value. On
the other hand, Fig. 13B illustrates that the depth of field

in the X-Y cross-section and in the Z-X cross-section is
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approximately equal, due to the relationship between depth
of field and contrast, when a light-emitting point at
intermediate object height is imaged on the light-receiving
surface 1206.

[0172] Table 9 illustrates the depth of field for each of
in the X-Y cross-section and in the Z-X cross-section for
each contrast and the ratio thereof, when a light-emitting
point at intermediate object height is imaged on the light-
receiVing surface 1206.

[0173]

[Table 9]

Contrast [ Axm | Axs { Axm/ Axs

100% | 0.060 | 0.086 1.46

90% | 0.134)0.127 0.96

80% ]0.1670.141 0.85

70% 10.190 | 0.156 0.82

60% |0.212]0.170 0.79

50% |0.2320.183 0.77

40% |0.257 {0.196 0.74

[0174] Table 9 shows that the depth of field caﬁ be made
approximately equal in the X-Y cross-section and in the Z-X
cross-section, in the contrast range of 40 to 90%. Thus it
has been demonstrated that the depth of field in the X-Y
cross-section and in the Z-X cross-section can be made the
same when a light—emitting point at intermediate object
height is being imaged on the light-receiving surface 1206,
by configuring the optical apparatus according to the

present embodiment so as to satisfy conditional Expressions
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(5) and (10). Thus, good imaging capabilities can be
achieved while securing light available efficiency with the
optical apparatus according to the present embodiment, even
if the number of lens optical systems through which light
rays from each light-emitting point pass, increases.

[0175] Note that the power in the X-Y cross-section of
each lens optical system has to be increased in accordance
with increase in the number of lens optical systems through
which light rays from one light-emitting point pass with the
present embédiment, but increased power also increases
aberration, which is undesirable. Accordingly, ng and ng'
are preferably four or less, taking into consideration the
imaging capabilities of the lens optical system.

Sixth Embodiment

[(0176] Next, an optical apparatus according to a third
embodiment of the present invention will be described in
detail. Components which are the same as or equivalent to
those in the first embodiment will be denoted with the same
reference numerals, and description thereof simplified or
omitted. The present embodiment is a configuration where
the lens optical systems according to the first embodiment
have been divided into top and bottom, and one thereof
shifted in the first direction by half-pitch of the lens
optical systems.

[0177] Figs. 14A through 14C are schematic diagrams of



WO 2014/104264 PCT/JP2013/085017

69

principal portions of an optical apparatus according to the
present embodiment. Fig. 14A illustrates the X-Y cross-
section, Fig. 1B illustrates the Z-X cross-section, and Fig.
14C is a frontal view from the X direction. The optical
apparatus according to the present embodiment includes a
light source 1401 including multiple light-emitting points
arrayed on an object plane, and an imaging optical system
1405 which condenses multiple light rays emitted from the
light source 1401 upon a light-receiving surface 1406.
[0178] The imaging optical system 1405 is a lens array
including multiple lens optical systems 1405a arrayed in the
first direction, and shielding portions 1403 to shield stray
light rays. The lens optical systems 1405a include imaging
units 1402 and 1404 situated on the same optical axis.
Unlike the first embodiment, the imaging units 1402 and 1404
each include two lens rows in the second direction. Each
lens row is configured of multiple lens portions of the same
shape being arrayed in the first direction at equal
intervals. The two lens rows making up each of the imaging
units 1402 and 1404 are configured such that the lens row
making up each imaging unit in the first embodiment is
divided top and bottom and shifted in the first direction by
a half-pitch of the lens unit array interval. The imaging
unit 1402 and imaging unit 1404 are situated symmetrically

as to the optical axis direction.
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[0179] Lens surfaces 1402a through 1402d of the imaging
unit 1402 and lens surfaces 1404a through 1404d of the
imaging unit 1404 each have anamorphic aspheric forms
(anamorphic surfaces). The aspheric forms thereof are
expressed in Expression (1) described above.

[0180] Properties of the imaging optical system 1405
according to the present embodiment are shown in Table 10.

[o1l81]
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Configuration Aspheric form
Resolution doi 600 Lens surface| Lens surface| Lens surface| Lens surface
P 14023, 1402c] 1402b, 1402d] 1404b, 1404d] 1404a, 1404¢
Wavelength AMpm) | 780 R 0O R 00 R 00l R 0
Refractive index n(A=780nm)[1.486] k 0 k 0 k 0 k 0
F-No. in first direction of lens unit- Fno_m | 3.90] A20] 0.50277| A20{-0.82549| A20} 0.82549| A20|-0.50277
Foplo-in second direction oflens | ¢y s | 1.30| ado| -051259) A40) 0.29164] Ad0|-0.20164| Ade| 051259
Power in first direction of lens unit pm -0.45 AG0| -0.24716| A60|-0.55971] A6Q| 0.55971| A60| 0.24716
Areay pitch n firstdrection of ens | pmm) | 0.77| AS0| 0.08357| A80|-0.01894| A0 0.01894| AG0|-0.08357
Number of optical systems arrayed
in first direction of lens unit Nm(count) | 291)A100) -6.91825)A100{-0.78249|A100) 0.78249|A100| 6.91825
Number of optical systems arrayed
in second direction of lens unit Ns(count) 1) A02| 0.15643] A02|-0.19504| A02[ 0.19504| A02|-0.15643
Maximum object height of which
lens unit can intake light Limm) [0.768| A22| -0.15873) A22| 0.09481] A22|-0.09481| A22| 0.15873
size of light-emiting point in Dm(um) |42.30] Ad2| -0.15055| A42|-0.30023| A42] 0.30023| A42| 015055
first direction
size of light-emitting point in Ds(um) (2540 AB2| 5.65020| A62| 3.06561| A62|-3.06561| A62]-5.65920
second direction
Aperture size A82|-13.83601| A82|-6.53977| A82| 6.53977| A82(13.83601
Aperture size in frst direction of | o4 | 07| A04| -0.03679| A04|-0.00756| A04| 0.00756| A04| 0.03679
imaging unit 1402
Aperture size in second direction of | 4 vy | 1 20| 24| 0.14799| A24| 0.03211| A24|-0.03211| A24|-0.14799
imaging unit 1402 ,
Aperture size in firstdiection of 1 o | 07| Add| -1.03706| Ad4]-0.59005| Ad4| 0.59005| Ad4| 1.03706
imaging unit 1404
g;}:;j:ﬁfojemd direction of | rsomm) | 1.22| A64| -1.89450{ A64|-0.69876| A64| 0.69876| AG4| 1.89450
Placement A06{ 0.01270] AO6] 0.00111]| AO6/-0.00111| A0B[-0.01270
Distance between light source
1401 and lens surface 14024 d1(mm) | 2.65 A26{ -0.07715 A26(-0.00101| A26] 0.00101{ A26{ 0.07715
Distance between lens surface
14023 and lens surface 1402b d2(mm) | 1.25| A46| 0.97142| A48| 0.41327| A46(-0.41327| A46|-0.97142
Distance between lens surface
1402b and lens surface 1404a d3(mm) | 2.16] A08| -0.00611! A08(-0.00105| A08| 0.00105! A08| 0.00611
Distance between lens surface
14042 and lens surface 1404b dd(mm) | 1.25| A28 -0.01342| A28-0.01827| A28| 0.01827| A28| 0.01342
Distance between lens surface :
1404b and light-receiving surface d5(mm) | 2.65/A010{ 0.00128{A010{ 0.00010{A010(-0.00010{A010{-0.00128

1406

[0182] Fig. 15A is a diagram illustrating the way in which

a light-emitting point 140la at axial object height in the

X-Y cross-section is imaged on the light-receiving surface
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1406 by the imaging optical system 1405. Fig. 15B is a
diagram illustrating the way in which a light-emitting point
1401b at intermediate object height in Z-X in X-Y cross-
section is imaged on the light-receiving surface 1406.

[0183] Now, the present embodiment differs from the other
embodiments described above with regard to the positions of
the iight—emitting points 1401b at intermediate object
height. Specifically, the light-emitting points 1401b are
not situated at intermediate positions between optical axes
of lens optical systems 1405a adjacent in the first
direction (Y direction), but are situated at intermediate
positions between optical axes of lens optical systems 1405a
adjacent in the second direction (Z direction). This is
because the lens optical systems 1405a have a configuration
of being divided top and bottom and shifted by half-pitch.
{o184] Light rays emitted from each of the light-emitting
points 140la and 140l1b are temporarily condensed at the
intermediate imaging plane A by way of the imaging unit 1402,
and subsequently condensed on the light-receiving surface
1406 by way of the imaging unit 1404. The half-values of
the angles of divergence of the light rays emitted from the
light-emitting points 140la and 1401b in the X-Y cross-
section are O, and Oy of 7.32 degrees and 13.38 degrees,
respectively.

[0185] On the other hand, light rays emitted from the
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light-emitting points 140la and 1401b in the Z-X cross-
section become approximately parallel light by way of the
imaging unit 1402, and then are input to the imaging unit
1404 and condensed on the light-receiving surface 1406, as
illustrated in Figs. 15C and 15D. The half-value of the
angle of divergence of the imaging optical fluxes of the
light rays emitted from the light-emitting points 140la and
1401b, is 05, and 0Oy, both of 21.14 degrees. Thus, in the Z-X
cross-section, the half-value 0s is constant regardless of
the position of the light—emitting points, so the depth of
field is also constant regardless of the position of the
light-emitting points.

[0186] As described above, while the depth of field of the
imaging optical syétem 1405 in the X-Y cross-section differs
depending on the position of the light—emittingvpoints, the
depth of field in the Z-X -cross-section is constant
regardless of the position of the light-emitting points.
Accordingly, the optical apparatus according to the present
embodiment is designed such that the depth of field when
light-emitting points at intermediate object height are
imaged on the light-receiving surface 1406 is approximately
equal in the X-Y cross-section and in the Z-X cross-section.
Thus, the smallest depth of field in the X-Y cross-section
and the depth of field in the Z-X cross-section can be made

to be approximately equal, so imaging capabilities can be
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stabilized while securing maximal light.

[0187] Now, let us calculate the maximum number of lens
optical systems 1405a through which light rays from one
light-emitting point pass. In a case where Expression (10)
is to be applied to a configuration where multiple lens rows
are arrayed in the second direction as with the present
embodiment, lens rows where light rays on the‘extreme
periphery are input have to be taken into consideration.
Accordingly, np, which is the maximum number of lens optical
systems 1405a through which light rays from oné light-
emitting point pass in the X-Y cross-section, and the
aperture size Ay of the‘lens optical system 1405a in the
first direction, are taken into consideration. Specifically,
we will consider application of Expression (10) to a lens
row where the value of ng X Ap is maximum.

[0188] In the present embodiment, the maximum object
height L regarding which one lens optical system 105a can
take in light rays is 0.768 mm, and the array pitch p of
lens optical systems 1405a is 0.77 mm. At this time, ng (the
maximum number of lens optical systems 705a through which
light rays from one light-~emitting point pass in the X-Y
cross-section) = 1 + integer portion (2 x L/p) = 2. Also,
the maximum effective number n,' taking contrast of 40 to

80% is n,' = 1 + integer portion (2 x 0;85L/p) = 2. Further,

oe

the aperture size Ay in the first direction is 0.7 mm for
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both upper and lower lens optical systems 1405a, so ng X Ap =
1.4 mm holds. The value of np x A, is equal for the upper
and lower lens optical systems 1405a in the present
embodiment, so advantages of the present invention can be
obtained with a configuration satisfying conditional
Expressions (5) and (10) at either row. Also, ny and n,' are
equal, so advantages of the present invention can be
obtained with a configuration satisfying conditional
Expreésions (5) and (10) in both cases of taking into
consideration contrast of 100% and contrast of 40 to 80%.
[0189] In the present embodiment, n, is an even number, so
the half-value O, of the angle of divergence is the maximum
(maximum value) when an imaging optical flux from a light-
emitting point at intermediate object height is input to the
light-receiving surface 1406. At this time, the half-value
of the maximum value of the incident angle of an imaging
optical flux in X-Y cross-section is 13.38 degrees. On the
other.hand, as described above, the maximum numbeerf lens
optical systems 1405a through which light rays from one
light-emitting point pass in the Z-X cross-section is ns of
two, and the half-value of the angle of divergence of the
imaging optical flux, is 65 of 21.14 degrees. Also, the
aperture size As; of the lens optical systems 1405a for the
upper and lower lens rows is 1.22 mm, so the maximum

effective width T of the imaging optical system 1405 in the
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second direction is 2.44 mm.

[0190] The imaging optical system 1405 according to the
present embodiment forms same-size images of each of the
light-emitting points of the light source 1401 on the light-
receiving surface 1406, in.each of the X-Y cross-section and
Z-X cross-section. Thus, the image size D, on the light-
receiving surface 1406 in the X-Y cross-section is 42.30 um
which is equal to the size of the light-emitting points, and
the image size Ds on the light-receiving surface 1406 in the
Z-X cross-section is 25.40 pum which is equal to the size of
the light-emitting points. In the same way as with the
first embodiment, resolution P is evaluated as 11.81 lp/mm
(equivalent to 600 dpi) in the X-Y cross-section and Z-X
cross-section.

[0191] Substituting these numerical values into the middle
member of conditional Expressions (5) and (10) yields the
following Expressions (25) and (26), and we can see that

conditional Expressions (5) and (10) are satisfied.

[0192]
[Math. 25]
Ly 15D, tanb, 456 (25
P, 1-P,D, tané,
[0193]
[Math. 12]
b, 1-BD; n,p

=088 (26)
P1-PD T
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[0194] Figs. 16A and 16B are diagrams illustrating depth
properties of the imaging optical system 1405 according to
the present embodiment in the X-Y cross-section and in the
Z-X cross-section, in the same way aé with the first
embodiment. Fig. 16A illustrates the relationship between
depth of field and contrast when a light-emitting point at
axial object height is imaged on the light-receiving surface
1406. Also, Fig. 16B illustrates the relationship between
depth of field and contrast when a light-emitting point at
intermediate object height of each lens optical system 1405a
is imaged on the light-receiving surface 1406. Fig. 16B>
illustrates that the depth of field in the X-Y cross-section
and in the Z-X cross-section is approximately equal.

{0195] Table 11 illustrates the depth of field for each of
in the X-Y cross-section and in the Z-X cross-section for
each contrast and the ratio thereof, when a light-emitting
point at intermediate object height is imaged on the light-
receiving surface 1406.

[0196]

[Table 11]

Contrast | Axm | Axs { Axm/ Axs

100% [0.089 | 0.104 1.09

90% ]0.1390.125 0.84

80% |0.166 0.144 0.82

70% |0.186 | 0.156 0.82

60% |0.207 | 0.165 0.79

50% |0.226 | 0.173 0.76

40% [0.2450.181 0.74
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{0197] Table 11 shows that the depth of field can be made
approximately equal in the X-Y cross-section and in the Z-X
cross~section, in the contrast range of 70 to 100%. Thus it
has been demonstrated that the depth of field in the X-Y
cross-section and in the Z-X cross-section can be made the
same when a.light—emitting point at'intermediate object
height is being imaged on the light-receiving surface 1406,
by configuring the optical apparatus according to the
present embodiment so as to satisfy conditional Expressions
(5) and (10).

[0198] Thus, good imaging cépabilities can be achieved
while securing light available efficiency with the optical
apparatus according to the present embodiment, even with a
configuration where a lens row is divided top and bottom.
Image Forming Apparatus

[0199] Fig. 17 is a schematic diagram (Z-X cross-sectional
view) of principal portions of a color image forming
apparatus 33 according to an embodiment of the present
invention. The color image forming apparatus 33 is a
tandem-type color image forming apparatus, which has four of
any one of the optical apparatuses (exposure units)
illustrated in the embodiments described above, each
exposing the light-receiving surface (photosensitive
surface) of photosensitive drums in conjunction. The color

image forming apparatus 33 includes optical apparatuses 17,
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18, 19, and 20, having one of the configurations illustrated
in the embodiments, photosensitive drums 21, 22, 23, and 24,
serving as image carrying members, developing units 25, 26,
27, and 28, a conveying belt 34, and a fixing unit 37. The
optical apparatuses 17, 18, 19, and 20 are each disposed
.such that the second direction of the imaging optical
systems matches the sub-scanning direction (Z direction) of
the_photosensitive drums 21( 22, 23, and 24, which is the
direction of rotation thereof.

[0200] In Fig. 17, the color image forming apparatus 33
receives input of color signals of.R (red), G (green), and B
(blue), from external equipment 35 such as a personal
computer or the like. These color signals are converted
into image signals (dot data) of C (cyan), M (magenta), Y
(yellow), and K (black) by a printer controller 36 within
the apparatus, and input to the respective optical
apparatuses 17, 18, 19, and 20. The printer controller 36
controls each part of the color image forming apparatus 33,
besides signal conversion,

{0201] Exposure lights 29, 30, 31, 32 modulated in
accordance with the color image signals is emitted from the
optical apparatuses 17, 18, 19, and 20, respectively. The
exposure lights 29, 30, 31, 32 expose the photosensitive
surfaces of the photosensitive drums 21, 22, 23, and 24

charged by charging rollers omitted from illustration,
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forming electrostatic latent images on the photosensitive
surfaces of each. Subsequently, the electrostatic latent
images on the photosensitive surfaces of the photosensitive
drums 21, 22, 23, and 24 developed by respective developing
units 25, 26, 27, and 28, as toner images. The toner images
of each color are transferred by overlaying onto a transfer
medium, by a transferring unit omitted from illustration,
and then fixed by the fixing unit, thereby completing one
fill-color image.

Image Reading Apparatus
- [0202] Optical apparatuses having a configuration
according to any of the embodiments described above may be
used in an image reading apparatus. In this case an optical
apparatus is configured by a document being positioned at
the object face of the imaging optical system, and a
photoreceptor unit being positioned at the image plane
(light-receiving surface). A line sensor configured of a
CCD sensor or CMOS sensor or the like, for example, may be
used as the photoreceptor unit. Also, a color digital
photocopier may be configured by connecting the image
readihg apparatus as the above-described external equipment
35, to the color image forming apparatus 33.

[0203] An image reading apparatus can irradiate a document
by an illumination unit including a light source, condense

optical fluxes (reflected light or transmitted light) on an
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imaging optical system, and receive light by a sensor face
of the photoreceptor unit. At this time, the imaging
optical system is positioned such that the second direction
thereof matches the direction in which the relative position
between the document and the imaging optical system is
changed (sub-scanning direction), whereby the document can
be sequentially read in the sub-scanning direction.

[0204] Note that the illumination unit in the image
reading apparatus is not restricted to a light source, an a
configuration may be used where external light is guided to
the original. Here, the image on thevoriginal at the light-
receiving surface of the photoreceptor unit which the image
reading device has can be conceived as being made up of
infinitely small dotes. Accordingly, in a case of applying
the above-described Expressions (5) and (10) to an optical
apparatus relating to an image reading apparatus, D; = 0 can
be set and transformation made as with the following
Expressions (27) and (28).

[0205]

(Math. 26]

0.8< Fy tan0,,
P, tan0,

<1.2 (27)

[0206]
[Math. 27]

0.855"—9”?]—7—51.2 (28)

S
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Modifications

[0207] 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.
[0208] For example, the embodiments have been described
above as configurations where Expression (5) is satisfied by
innovating the designed aperture size of the lens portions
in the first direction and second direction, but design
methods for the optical apparatus to satisfy Expression (5)
are not restricted to this. For example, a configuration
may be employed where innovation is made regarding size of
the light-emitting points of the light source in the first
direction and second direction to satisfy Expression (5).
[0209] Also, the lens surfaces of the imaging optical
system in the embodiments have aspheric forms expressed by
Expression (1), but the present invenfion is not restricted
to this, and aspheric forms expressed by other expressions
may be employed. Also, while light-emitting points are
imaged inverted on the light-receiving surface without
intermediate imaging in the Z-X cross-section, the light-
emitting points may be imaged erect on the light-receiving

surface after intermediate imaging, as with the X-Y cross-
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section.

[0210] Further, configurations where two rows of imaging
units are arrayed have been described for the imaging
optical system in the embodiments, but the number of imaging
units is not restricted thereto, and an imaging optical
system may be configured having three or more imaging units.
Also, while the imaging unit in the sixth embodiment is of a
configuration having two lens rows in the second direction,
an imaging unit may be configured having three or more lens
rows in the second direction.

[0211] Also, while the light source according to the
embodiments has been described as a configuration where
multiple light-emitting points are arrayed in a first
direction alone, a configuration may be employed where
multiple rows of the light-emitting points are arrayed in
the second direction, and the multiple light-emitting points‘
are arrayed in a staggered layout. This configuration
enables a greater number of light-emitting points to be
densely arfayed without consideration of space to other
light—emitting'points adjacent in the first direction, so
resolution can be further improved.

[0212] The recording density of the above-described image
forming apparatus and image reading apparatus is not
restricted. However, when taking into consideration that

the higher the recording density is, the higher the demanded
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image quality is, the optical apparatus according to the
above-described embodiments exhibits greater advantages in
image formation apparatuses of 1200 dpi or higher.

[0213] This application claims the benefit of Japanese
Patent Application No. 2012-284439, filed December 27, 2012,
which is hereby incorporated by reference herein in its

entirety.



WO 2014/104264 PCT/JP2013/085017
85

CLAIMS

[1] An optical apparatus comprising:

a light source including a plurality of light-emitting
points arrayed in a first direction; and

an imaging optical system including a plurality of léns
optical systems arrayed in the first direction;

wherein the imaging optical system forms imagesbof the
plurality of light-emitting points on a light-receiving
surface;

and wherein conditions of
[Math. 1]
<_Pﬂ‘1-PSDS tan0,, -

0.8=< <
P, 1-P,D, tan6,

1.2

are satisfied, where

in a first cross-section which is parallel to the first
direction and an axial direction of the lens optical systems,
On represents a half-value of a maximum value of angle of
divergence of an imaging optical flux input to the light-
receiving surface, P, represents resolution, and Dy
represents a size of each image of the plurality of light-
emitting points, formed on the light-receiving surface, and

in a second cross-section which is perpendicular to the
first direction, Os; represents a half-value of a maximum

value of angle of divergence of an imaging optical flux
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input to the light-receiving surface, Ps represents
resolution, and Ds represents a size of each image of the
plurality of light-emitting points, formed on the light-
receiving surface.

(2] The optical apparatus according to Claim 1, wherein Oy
is Og' which is half-value of a‘maximum value of effective
angle of divergence, and 05 is Os' which is half-value of a
maximum value of effective angle of divergence.

[3] The optical apparatus according to Claim 1, wherein the
imaging optical system performs erecting same-size imaging
of each of the plurality of light-emitting points on the
light-receiving surface in the first cross-section, and
performs inverted imaging of each of the plurality of light-
emitting points on the light-receiving surface in the second
cross-section.

[4] The optical apparatus according to Claim 1, wherein the
plurality of lens optical systems each have an anamorphic
surface.

[5] The‘optical apparatus according to Claim 1, wherein the
plurality of lens optical systems each include a plurality
of lens portions arrayed in the optical axis direction of
the lens optical systems.

[6] The optical apparatus according to Claim 1, wherein the
imaging optical system is an enlarging system in the second

cross-section.
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[7] The optical apparatus according to Claim 1, wherein the
plurality of light-emitting points are organic light-
emitting devices.
[8] An optical apparatus comprising:

a light source including a plurality of light-emitting
points arrayed in a first direction; and

an imaging optical system including a plurality of lens
optical systems arrayed in the first direction;

wherein the imaging optical system forms images of the
plurality of light-emitting points on a light-receiving
surface;

and wherein conditions of

[Math. 10}
08<m 1=EDs mwp _, 5
P1-PD. T

are satisfied, where

in a first cross-section which is parallel to the first
direction and an axial direction of the lens optical systems,
p represents an array pitch of the plurality of lens optical
systems, n, represents the maximum number of lens optical
‘systems through which light rays from one of the plurality
of light-emitting points pass, P, represents resolution, and
D, represents a size of each image of the plurality of
light-emitting points, formed on the light-receiving surface,

and
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in a second cross-section which is perpendicular to the
first direction, T represents the maximumbeffective width of
the imaging optical system, Ps represents resolution, and Ds
represents a size of each image of the plurality of light-
emitting points, formed on the light-receiving surface.
[9] The optical apparatus according to Claim 8, wherein the
maximum number n, is the maximum effective number ng'.
(10] The optical apparatus according to Claim 8, satisfying
conditions of

nn < 4.
[11] The optical apparatus according to Claim 8, wherein the
imaging optical system performs erecting same-size imaging
of each of the plurality of light-emitting points on the
light~receiving surface in the first cross-section, and
performs inverted imaging of each of the plurality of light-
emitting points on the light-receiving surface in the second
cross-section.
[12] The optical apparatus according to Claim 8, wherein the
plurality of lens optical systems each have an anamorphic
surface.
[13]) The optical apparatus according to Claim 8, wherein the
plurality of lens optical systems each include a plurality
of lens portions arrayed in the optical axis direction of
the lens optical systems.

[14] An image forming apparatus comprising:
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an optical apparatus including

a light source including a plurality of light-
emitting points arrayed in a first direction, and

an imaging optical system including a plurality of
lens optical systems arrayed in the first direction;

wherein the imaging‘optical system forms images of
the plurality of light-emitting points on a light*receiving
surfacef

wherein conditions of

[Math. 1]
_P, 1-RD, tanf, _

< 1.2
P, 1-P,D,, tan6,

0.8

are satisfied, where

in a first cross-section which is parallel to the
first direction and an axial direction of the lens optical
sYstems, O, represents a half-value of a maximum value of
angle of divergence of an imaging optical flux input to the
light-receiving surface, Pn represents resolution, and Dy
represents a size of each image of the plurality of light-
emitting points, formed on the light-receiving surface, and

in a second cross-section which is perpendicular to
the first direction, O represents a half-value of a maximum
value of angle of divergence of an imaging optical flux
input to the light-receiving surface, Ps represents

resolution, and Ds represents a size of each image of the
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plurality of light-emitting points, formed on the light-
receiving surface;

a developing unit configured to develop an
electrostatic latent image, formed on a photosensitive
surface disposed on a photosensitive member, by the optical
apparatus as a toner image;

a transfer unit configured to transfer the developed
toner image to a transfer medium; and

a fixing unit configured to fix the transferred toner
image into the transfer medium;

wherein the imaging optical system is disposed such
that thevsecond direction perpendicular to the first
direction and optical axis direction of the lens optical
systems 1s the rotational direction of the photosensitive
member.

[15] An optical apparatus comprising:

an imaging optical system including a plurality of lens
optical systems arrayed in the first direction;

wherein the imaging optical system forms images of a
document on a light-receiving surface;

and wherein conditions of
[Math. 26]

b, tanb,, <
P, tan@,

08=< 1.2

are satisfied, where
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in a first cross-section which is parallel to the first
direction and an axial direction of the lens optical systems,
0. represents a half-value of a maximum value of angle of
divergence of an imaging optical flux input to the
photoreception unit, and P, represents resolution, and

in a second cross-section which is perpendicular to the
first direction, 0s represents a half-value of a maximum
value of angle of divergence of an imaging optical flux
input to the light-receiving surface, and Ps represents
resolution.
[16] The optical apparatus according to Claim 15, wherein On
is 0,' which is half-value of a maximum value of effective
angle of divergence, and 0 is 8s' which is half-value of a
maximum value of effective angle of divergence.
[17] An optical apparatus comprising:

an imaging optical system including a plurality of lens
optical systems arrayed in the first direction;

wherein the imaging optical system forms an image of a
document on a light-receiving surface;

and wherein conditions of

[Math. 27]

08<m™mP _ 5

s

are satisfied, where

in a first cross-section which is parallel to the first
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direction and an axial direction of the lens optical systems,
p represents an array pitch of the plurality of lens optical
systems, nn represents the maximum number of lens optical
systems through which light rays from one of the plurality
of light-emitting points pass, P, represents resolution, and
is a second cross-section perpendicular to the first
cross-section, T repreSents the maximum effective width of
the imaging optical system, and Ps represents resolution.
[18] The optical apparatus according to Claim 17, wherein
the maximum number np is the maximum effective number ng'.
[19] An image reading apparatus comprising:
an optical apparatus including
an imaging optical system including a plurality of
lens optical systems arrayed in a first direction,
wherein the imaging optical system forms images of
the plurality of light-emitting points on a light-receiving
surface;
wherein conditions of

[Math. 26]

0.8<in @0, ;5
P, tanf;

are satisfied, where
in a first cross-section which is parallel to the
first direction and an axial direction of the lens optical

systems, 0, represents a half-value of a maximum value of



WO 2014/104264 PCT/JP2013/085017
93

angle of divergence of an imaging optical flux input to the
light-receiving surface, and P, represents resolution, and

in a second cross-section which is perpendicular to
the first direction, Os represents a half-value of a maximum
value of angle of divergence of an imaging optical flux
input to the light-receiving surface, and Ps represents
resolution;

an illumination unit configured to irradiate the
document;

a photoreceptor unit disposed at the image plane of the
imaging optical system, configured to receive light rays of
the document on which light has been condensed by the
imaging optical system; and

a driving unit configured to change a relative position
between the imaging optical system and the document in a
second direction perpendicular to the first direction and

the optical axis direction of the lens optical system.
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