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EXPOSURE DEVICE AND LIGHT
RECEIVING DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from Japa-
nese Patent Application No. 2016-149163 filed on Jul. 29,
2016, the entire contents of which are hereby incorporated
by reference.

BACKGROUND

[0002] The technology relates to an exposure device
including a plurality of light-emitting elements and to a light
receiving device including a plurality of light-receiving
elements.

[0003] An exposure head including a plurality of light-
emitting elements such as light-emitting diode (LED) ele-
ments is used in various image forming apparatuses. Non-
limiting examples of such image forming apparatuses may
include an electronic printer and a facsimile apparatus that
each form an image by electrophotography scheme. For
example, reference is made to Japanese Unexamined Patent
Application Publication No. 2007-81081.

SUMMARY

[0004] An exposure device such as the exposure device
described above is required to be smaller in size.

[0005] Itis desirable to provide an exposure device having
a structure suitable for reduction in size, and an image
forming apparatus provided with the exposure device. It is
also desirable to provide a light receiving device having a
structure suitable for reduction in size and an image reader
provided with the light receiving device.

[0006] According to one embodiment of the technology,
there is provided an exposure device including a plate
member, a plurality of light-emitting elements, and an
optical system. The plate member extends in both a first
direction and a second direction intersecting with the first
direction. The light-emitting elements are disposed on the
plate member side by side in the first direction. The light-
emitting elements emit respective light beams in the second
direction. The optical system is disposed on the plate mem-
ber and faces the light-emitting elements in the second
direction. The optical system performs imaging of the light
beams emitted by the respective light-emitting elements.
[0007] According to one embodiment of the technology,
there is provided an image forming apparatus including the
foregoing exposure device.

[0008] According to one embodiment of the technology,
there is provided a light receiving device including a plate
member, a plurality of light-receiving elements, and an
optical system. The plate member extends in both a first
direction and a second direction intersecting with the first
direction. The light-receiving elements are disposed on the
plate member side by side in the first direction. The optical
system is disposed on the plate member and faces the
light-receiving elements in the second direction. The optical
system performs imaging, with respect to the light-receiving
elements, of a light beam entering from outside.

[0009] According to one embodiment of the technology,
there is provided an image reader including the foregoing
light receiving device.
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BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1A is a front view of an example of an overall
configuration of an exposure device according to a first
example embodiment of the technology.

[0011] FIG. 1B is a perspective view of an example of an
appearance of an exposure device illustrated in FIG. 1A.
[0012] FIG. 1C is a perspective view of an example of an
internal configuration of the exposure device illustrated in
FIG. 1A.

[0013] FIG. 2 is an enlarged perspective view of an
example of a key part of the exposure device illustrated in
FIG. 1A.

[0014] FIG. 3A is a front view of an example of an
exposure device according to a first modification example.
[0015] FIG. 3B is a perspective view of an example of an
appearance of an exposure device illustrated in FIG. 3A.
[0016] FIG. 3C is a perspective view of an example of an
internal configuration of the exposure device illustrated in
FIG. 3A.

[0017] FIG. 4 schematically illustrates an example of an
overall configuration of an image forming apparatus pro-
vided with the exposure device illustrated in FIG. 1A.
[0018] FIG. 5 is a side view of an example of the vicinity
of the exposure device provided in an image forming
apparatus illustrated in FIG. 4.

[0019] FIG. 6 is a perspective view of an example of an
overall configuration of an image reader according to a
second example embodiment of the technology.

[0020] FIG. 7 is a front view of an example of an overall
configuration of a light receiving device illustrated in FIG.
6.

[0021] FIG. 8 is an enlarged perspective view of an
example of a key part of the light receiving device illustrated
in FIG. 6.

[0022] FIG. 9A is a front view of an example of an
exposure device and a light receiving device according to a
second modification example.

[0023] FIG. 9B is a front view of an example of an
exposure device and a light receiving device according to a
third modification example.

[0024] FIG. 9C is a front view of an example of an
exposure device and a light receiving device according to a
fourth modification example.

DETAILED DESCRIPTION

[0025] Some example embodiments of the technology are
described below in detail with reference to the accompany-
ing drawings. It is to be noted that the description below
describes mere specific examples of the technology, and the
technology is therefore not limited thereto. Further, the
technology is not limited to factors such as arrangements,
dimensions, and dimension ratios of components illustrated
in the respective drawings. The description is given in the
following order.

[0026] 1. First Example Embodiment (An exposure device
and an image forming apparatus in each which a pedestal is
disposed on a plate member and light-emitting elements are
disposed on the pedestal)

[0027] 2. Second Example Embodiment (An image reader
provided with a light receiving device)

[0028] 3. Other Modification Examples
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1. First Example Embodiment

[Outline Configuration of Exposure Device 10]

[0029] FIG. 1A is a front view of an example of an overall
configuration of an exposure device 10 according to a first
example embodiment of the technology. FIG. 1B is a per-
spective view of an example of an appearance of the
exposure device 10. FIG. 1C is a perspective view of an
example of an internal configuration of the exposure device
10. FIG. 2 is a perspective view of a detailed configuration
of a light-emitting element array 12 which will be described
later in greater detail. It is to be noted that the exposure
device 10 may correspond to an “exposure device” accord-
ing to one specific but non-limiting embodiment of the
technology.

[0030] The exposure device 10 may include a base 11, the
light-emitting element array 12, a lens array 13, a cover 14,
and a circuit board 15. The cover 14 may face the base 11.
[0031] The base 11 may be a plate member extending in
both an X-axis direction and a Z-axis direction that are
orthogonal to each other. The base 11 may configure a case
16 together with the cover 14. The X-axis direction may
correspond to a “first direction” according to one specific but
non-limiting embodiment of the technology. In this example,
the X-axis direction may correspond to a main scanning
direction of an image forming apparatus which will be
described later in greater detail. The Z-axis direction may
correspond to a “second direction” according to one specific
but non-limiting embodiment of the technology. In this
example, the Z-axis direction may correspond to an optical
axis direction of the exposure device 10.

[0032] The base 11 may include a flat plate 111 and
sidewalls 112 and 113. The flat plate 111 may include a
planar surface 1118S. The sidewalls 112 and 113 may stand on
respective ends provided in the Z-axis direction, on both side
of the planar surface 111S, and each may extend in the
X-axis direction. The sidewalls 112 and 113 may include end
surfaces 112T and 1137, respectively. Each of the end
surfaces 112T and 113T may be in contact with an inner
surface 148 of the cover 14. The planar surface 111S may be
provided with the lens array 13, the light-emitting element
array 12, and the circuit board 15 that are disposed side by
side in order in the Z-axis direction. It is to be noted that, in
the first example embodiment, the light-emitting element
array 12 may be disposed on a pedestal 17 that is provided
on the planar surface 111S and extends in the X-axis
direction. The pedestal 17 may correspond to a “protrusion”
according to one specific but non-limiting embodiment of
the technology. In this example each of the sidewalls 112
and 113 may have a height that is greater than any of a height
of the lens array 13, a total height of the light-emitting
element array 12 and the pedestal 17, and a height of the
circuit board 15. The term “height” may hereinafter refer to
a dimension in a Y-axis direction that is orthogonal to both
the X-axis direction and the Z-axis direction. The Y-axis
direction may correspond to a “third direction” according to
one specific but non-limiting embodiment of the technology.
Accordingly, the lens array 13, the light-emitting element
array 12, the pedestal 17, and the circuit board 15 may be
disposed between the base 11 and the cover 14 in the Y-axis
direction. It is to be noted that one end of the lens array 13
may be protruded to outside of the case 16. Further, the
planar surface 1118 may be provided with a marker 111M as
illustrated in FIG. 1C. The marker 111M may be a reference
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used for alignment of the light-emitting element array 12
and the lens array 13 upon fixing the light-emitting element
array 12 and the lens array 13 to the flat plate 111 in a
manufacturing process of the exposure device 10.

[0033] The light-emitting element array 12 may include a
plurality of light-emitting elements 121 and a body 122 that
supports the light-emitting elements 121. Referring to FIG.
2 the light-emitting elements 121 each may be, for example,
a light-emitting diode (LED) element that emits a light beam
L1 in the +Z direction. The light-emitting elements 121 may
be so disposed on the base 11 with the body 122 and the
pedestal 17 in between as to be disposed side by side in a line
in the X-axis direction, for example. The body 122 may be
made of a semiconductor material including silicon as a
major component, for example. It is to be noted that the
light-emitting element array 12 may be mounted on the base
11, for example, by being bonded to the pedestal 17 by
means of a general die bonding material. The pedestal 17
may be also fixed to the planar surface 1118 by means of, for
example, a bonding agent. Referring to FIG. 2, a plurality of
pads 123 may be provided on a top surface 12251 that is on
side, of the body 122, opposite to the pedestal 17. A plurality
of driver integrated circuits (ICs) and the light-emitting
elements 121 may be provided on a side surface 122S2, of
the body 122, that intersects with the top surface 122S1.
Each of the driver ICs and the light-emitting elements 121
may be electrically coupled to corresponding one of the pads
123. Each of the pads 123 may be electrically coupled to the
circuit board 15 via a wire 18.

[0034] The lens array 13 may be so disposed on the flat
plate 111 as to face the light-emitting elements 121 in the
Z-axis direction. The lens array 13 may be an optical system
that performs imaging on each of the light beams [.1 emitted
by the respective light-emitting elements 121. The lens array
13 may have a structure in which a plurality of cylindrical
rod lenses are bounded with each other, and may have an
optical axis 13] that is substantially parallel to the Z-axis
direction, for example. The lens array 13 may be fixed to the
planar surface 1118 of the flat plate 111 while being inserted
into a slit provided in part of the sidewall 112, for example.
The lens array 13 may be fixed to the planar surface 1115 by
means of, for example, a bonding agent. A gap 112S
illustrated in FIG. 1C between the lens array 13 and the case
16 including the base 11 and the cover 14 may be sealed, for
example, by means of a bonding agent. Referring to FIG.
1A, a position of any of optical axes 12] of the respective
light-emitting elements 121 in the Y-axis direction and a
position of the optical axis 13J of the lens array 13 in the
Y-axis direction may be substantially coincident with each
other in the Y-axis direction in this example. Further, the
optical axes 12]J and the optical axis 13J may be substantially
parallel to the Z-axis direction. In other words, adjustment
may be so performed that a total of a height H17 of the
pedestal 17 and a height H121 is substantially equal to a
height H13. The height H121 may correspond to a distance
from a surface on which the pedestal 17 is bonded to the
body 122 to a position of a center of light emission per-
formed by each of the light-emitting elements 121. The
height H13 may correspond to a distance from the planar
surface 1118 of the flat plate 111 to the optical axis 13] of
the lens array 13. The height H17, the height H121, and the
height H13 may each be a dimension in the Y-axis direction.

[0035] The exposure device 10 may be mounted on an
image forming apparatus which will be described later in
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greater detail, for example, and may be so disposed as to
face an object to which the exposure device 10 applies light.
Non-limiting examples of the image forming apparatus may
include an electronic printer. Non-limiting examples of the
object to which the exposure device 10 applies light may
include a photosensitive drum 41 which will be described
later in greater detail.

[Example Workings of Exposure Device 10]

[0036] Upon application of a voltage to the light-emitting
elements 121 of the exposure device 10, the light-emitting
elements 121 may emit the respective light beams [.1 each
having predetermined intensity in accordance with the
applied voltage. The light beams .1 emitted from the
respective light-emitting elements 121 may enter the lens
array 13, and may be subjected to imaging by the lens array
13 to be outputted as light beams 1.2 as illustrated in FIG.
1A. The outputted light beams 1.2 may directly travel toward
the object on which exposure is to be performed. The object
may be the photosensitive drum 41, for example.

[Example Effects of Exposure Device 10]

[0037] As described above, the exposure device 10
according to the first example embodiment may have a
configuration in which the light-emitting elements 121 and
the lens array 13 are so disposed on the planar surface 111S
of the flat plate 111 as to face each other in the Z-axis
direction in which the flat plate 111 of the base 11 extends.
This allows for compact arrangement of the light-emitting
elements 121 and the lens array 13 on the single base 11,
which contributes to reduction in dimension of the exposure
device 10 as a whole. One reason for this may be that the
dimension is reduced in the Y-axis direction that is orthogo-
nal to both the X-axis direction and the Z-axis direction.
Further, the exposure device 10 may have a structure in
which the pedestal 17 that has been processed into a shape
having predetermined dimensions in advance is disposed on
the planar surface 111S of the flat plate 111, and the
light-emitting elements 121 are disposed on the pedestal 17
thus provided. This eliminates the necessity to perform a
highly-accurate alignment operation in the manufacturing
process of the exposure device 10. It is therefore possible to
manufacture the exposure device 10 in a relatively-simple
manner.

[Outline Configuration of Exposure Device 10A]

[0038] FIG. 3A is a front view of an example of an overall
configuration of an exposure device 10A according to a
modification example of the first example embodiment of
the technology. FIG. 3B is a perspective view of an example
of an appearance of the exposure device 10A. FIG. 3C is a
perspective view of an example of an internal configuration
of the exposure device 10A. The exposure device 10A may
correspond to the “exposure device” according to one spe-
cific but non-limiting embodiment of the technology.

[0039] The exposure device 10A may have a configuration
that is substantially the same as the configuration of the
exposure device 10 according to the foregoing first example
embodiment except for including a base 21 instead of the
base 11. The base 21 may include a flat plate 211 and
sidewalls 212 and 213. The flat plate 211 may include a
planar surface 211S. The sidewalls 212 and 213 may stand
on respective ends, provided in the Z-axis direction, on both
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side of the planar surface 211S, and each may extend in the
X-axis direction. The sidewalls 212 and 213 may include
end surfaces 212T and 213T, respectively. Each of the end
surfaces 2127T and 213T may be in contact with the inner
surface 14S of the cover 14. The base 21 may be made of a
metal material such as a steel plate, for example. The flat
plate 211 may be provided with a protrusion 22. The
protrusion 22 may be formed by a process such as emboss-
ing, or bead processing. The protrusion 22 may correspond
to the “protrusion” according to one specific but non-
limiting embodiment of the technology. The protrusion 22
may extend in the X-axis direction. The planar surface 211S
may be provided with the lens array 13, the light-emitting
element array 12, and the circuit board 15 that are disposed
side by side in order in the Z-axis direction. It is to be noted
that, in the present modification example, the light-emitting
element array 12 may be provided on the protrusion 22.
Further, the planar surface 211S may be provided with a
marker 211M as illustrated in FIG. 3C. The marker 211M
may be a reference used for alignment of the light-emitting
element array 12 and the lens array 13 upon fixing the
light-emitting element array 12 and the lens array 13 to the
flat plate 211 in a manufacturing process. The position of any
of the optical axes 12] of the respective light-emitting
elements 121 in the Y-axis direction and the position of the
optical axis 13J of the lens array 13 in the Y-axis direction
may be substantially coincident with each other in the Y-axis
direction also in the exposure device 10A. Further, the
optical axes 12]J and the optical axis 13J may be substantially
parallel to the Z-axis direction. In other words, adjustment
may be so performed that a total of a height H22 of the
protrusion 22 and the height H121 illustrated in FIG. 2 is
substantially equal to the height H13. The height H121 may
correspond to a distance from the surface on which the
protrusion 22 is bonded to the body 122 illustrated in FIG.
2 to the position of the center of light emission performed by
each of the light-emitting elements 121. The height H13 may
correspond to a distance from the planar surface 2118 of the
flat plate 211 to the optical axis 13J of the lens array 13. The
height H22, the height H121, and the height H13 may each
be a dimension in the Y-axis direction.

[Example Effects of Exposure Device 10A]

[0040] As described above, the exposure device 10A
according to the present modification example may also
have a configuration in which the light-emitting element
array 12 and the lens array 13 are so disposed on the planar
surface 2118 of the flat plate 211 as to face each other in the
Z-axis direction in which the flat plate 211 of the base 21
extends. This allows for compact arrangement of the light-
emitting element array 12 and the lens array 13 on the single
base 21, which contributes to reduction in dimension of the
exposure device 10A as a whole. In particular, the flat plate
211 may be provided with the protrusion 22 formed by
embossing, or bead processing, and the light-emitting ele-
ment array 12 may be provided on the protrusion 22 thus
formed. It is therefore possible to perform alignment of the
optical axes of the light-emitting element array 12 and the
lens array 13 with each other in a relatively-easy manner.
The embossing, or the bead processing, may be suitable for
fine processing, and may allow for accurate definition of the
height H22 of the protrusion 22. The height H22 of the
protrusion 22 may be a gap between the planar surface 211S
and an end of the protrusion 22 in the Y-axis direction.
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Further, the formation of the protrusion 22 by embossing, or
bead processing, enhances mechanical strength of the flat
plate 211 of the base 21. It is therefore also possible to
effectively suppress, for example, occurrence of a warpage
of the base 21 or occurrence of bending of the base 21 due
to external force.

[Outline Configuration of Image Forming Apparatus 100]

[0041] FIG. 4 schematically illustrates an example of an
overall configuration example of the image forming appa-
ratus 100 provided with the exposure device 10 described
above. The image forming apparatus 100 may be an elec-
trophotographic printer that forms an image such as a color
image on a medium, for example. The medium may be also
referred to as a print medium or a transfer member. Non-
limiting examples of the medium may include a sheet and a
film. The medium may be also referred to as a print medium
or a transfer material. The image forming apparatus 100 may
correspond to an “image forming apparatus” according to
one specific but non-limiting embodiment of the technology.
[0042] Referring to FIG. 4 the image forming apparatus
100 may include a medium feeding cassette 102, a medium
feeding roller (a hopping roller) 103, a pair of conveying
rollers 104, a pair of conveying rollers 105, four image
forming units (four process units), i.e., image forming units
(process units) 106Y, 106M, 106C, and 106K, a fixing unit
107, a pair of discharging rollers 108, and a pair of dis-
charging rollers 109, for example. The foregoing members
may be disposed inside a housing 110 in order from
upstream toward downstream, for example. A stacker 110S
may be provided at an upper part of the housing 110. Further,
the image forming apparatus 100 may include an external
interface unit and a controller 7. The external interface unit
may be built in the image forming apparatus 100, and
receive print data from an external apparatus such as a
personal computer (PC). The controller 7 may perform an
overall operation control of the image forming apparatus
100.

[0043] The medium feeding cassette 102 may contain
media 101 in a stacked state. The medium feeding cassette
102 may be attached detachably to a lower part of the image
forming apparatus 100, for example.

[0044] The medium feeding roller 103 may pick up the
media 101 separately one by one from the top of the media
101 contained in the medium feeding cassette 102, and feed
the medium 101 picked up toward the pair of conveying
rollers 104. In other words, the medium feeding roller 103
may serve as a medium feeding mechanism.

[0045] Each of the pair of conveying rollers 104 and the
pair of conveying rollers 105 may sequentially sandwich the
media 101 fed from the medium feeding roller 103 and
convey the media 101 toward the image forming units 106Y,
106M, 106C, and 106K while correcting a skew of each of
the media 101.

[0046] The image forming units 106Y, 106M, 106C, and
106K may be disposed in order from the upstream toward
the downstream along a conveying path “d” of the medium
101 illustrated by a dashed line in FIG. 4. The conveying
path “d” may have an “S” shape as a whole in this example,
as illustrated in FIG. 4.

[0047] The respective image forming units 106Y, 106M,
106C, and 106K may form images (toner images) on the
medium 101 using toners (developers) having colors differ-
ent from each other. Specifically, the image forming unit
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106Y may form a yellow toner image using a yellow (Y)
toner. Similarly, the image forming unit 106M may form a
magenta toner image using a magenta (M) toner. The image
forming unit 106C may form a cyan toner image using a
cyan (C) toner. The image forming unit 106K may form a
black toner image using a black (K) toner.

[0048] The foregoing toner of each of the colors may
include agents such as a predetermined coloring agent, a
predetermined release agent, a predetermined electric charge
control agent, and a predetermined treatment agent, for
example. Components of the respective agents described
above may be mixed as appropriate or subjected to a surface
treatment. The toner may be thus manufactured. The color-
ing agent, the release agent, and the electric charge control
agent out of the foregoing agents may serve as internal
additives. Further, an additive such as silica and titanium
oxide may be included as an external additive, and resin
such as polyester resin may be included as binding resin. As
the coloring agent, an agent such as a dye and a pigment may
be used solely, or a plurality of agents such as a dye and a
pigment may be used in any combination.

[0049] The image forming units 106Y, 106M, 106C, and
106K may have the same configuration except that the
colors of the toners used to form the toner images (the
developer images) are different from each other as described
above. Hence, the image forming units 106Y, 106M, 106C,
and 106K may be collectively referred to as an image
forming unit 106 below, and a configuration, etc. of the
image forming unit 106 is described below.

[0050] Referring to FIG. 4, the image forming unit 106
may include a toner cartridge 40 (a developer container), the
photosensitive drum 41 (an image supporting member), a
charging roller 42 (a charging member), a developing roller
44 (a developer supporting member), a feeding roller 45 (a
feeding member), a cleaning blade 43, and the exposure
device 10.

[0051] The toner cartridge 40 may be a container that
contains the foregoing toner of each of the colors. Specifi-
cally, the toner cartridge 40 in the image forming unit 106Y
may contain the yellow toner, for example. Similarly, the
toner cartridge 40 in the image forming unit 106M may
contain the magenta toner. The toner cartridge 40 in the
image forming unit 106C may contain the cyan toner. The
toner cartridge 40 in the image forming unit 106K may
contain the black toner.

[0052] The photosensitive drum 41 may have a surface (a
surficial part) supporting an electrostatic latent image. The
photosensitive drum 41 may include a photoreceptor such as
an organic photoreceptor. Specifically, the photosensitive
drum 41 may include an electrically-conductive supporting
body and a photoconductive layer that covers a circumfer-
ential part (a surface) of the electrically-conductive support-
ing body. The electrically-conductive supporting body may
include a metal pipe made of aluminum, for example. The
photoconductive layer may have a structure including an
electric charge generation layer and an electric charge trans-
fer layer that are stacked in order, for example. It is to be
noted that the foregoing photosensitive drum 41 may rotate
at a predetermined circumferential velocity.

[0053] The charging roller 42 may electrically charge the
surface of the photosensitive drum 41. The charging roller
42 may be so disposed as to be in contact with the surface
of the photosensitive drum 41. The charging roller 42 may
include a metal shaft and an electrically-semiconductive
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rubber layer that covers an outer circumferential part (a
surface) of the metal shaft, for example. Non-limiting
examples of the electrically-semiconductive rubber layer
may include an electrically-semiconductive epichlorohydrin
rubber layer. It is to be noted that the charging roller 42 may
rotate in a direction opposite to a rotation direction of the
photosensitive drum 41, for example.

[0054] The developing roller 44 may have a surface sup-
porting the toner that develops the electrostatic latent image.
The developing roller 44 may be so disposed as to be in
contact with the surface (the circumferential surface) of the
photosensitive drum 41. The developing roller 44 may
include a metal shaft and an electrically-semiconductive
urethane rubber layer that covers an outer circumferential
part (a surface) of the metal shaft. It is to be noted that the
foregoing developing roller 44 may rotate in a direction
opposite to the rotation direction of the photosensitive drum
41 at a predetermined circumferential velocity, for example.
[0055] The feeding roller 45 may feed the toner contained
inside the toner cartridge 40 to the developing roller 44. The
feeding roller 45 may be so disposed as to be in contact with
a surface (a circumferential surface) of the developing roller
44. The feeding roller 45 may include a metal shaft and a
foamed silicone rubber layer that covers an outer circum-
ferential part (a surface) of the metal shaft, for example. It
is to be noted that the feeding roller 45 may rotate in a
direction same as the rotation direction of the developing
roller 44, for example.

[0056] The cleaning blade 43 may scrape the toner
remained on the surface (the surficial part) of the photosen-
sitive drum 41 to thereby remove the remained toner from
the surface (the surficial part) of the photosensitive drum 41.
In other words, the cleaning blade 43 may clean the surface
(the surficial part) of the photosensitive drum 41. The
cleaning blade 43 may be so disposed as to be in contact with
the surface of the photosensitive drum 41 in a counter
direction. In other words, the cleaning blade 43 may be so
disposed as to protrude in a direction opposite to the rotation
direction of the photosensitive drum 41. The cleaning blade
43 may be made of an elastic material such as polyurethane
rubber, for example.

[0057] The exposure device 10 may be the one described
above according to the example embodiment, and may face
the photosensitive drum 41 as illustrated in FIG. 5. The
exposure device 10 may selectively apply, on the basis of the
image data, application light onto the surface of the photo-
sensitive drum 41 electrically charged by the charging roller
42. The exposure device 10 may thus perform exposure on
the surface of the photosensitive drum 41, and thereby form
an electrostatic latent image on the surface (the surficial
part) of the photosensitive drum 41. The exposure device 10
may be supported by the housing 110, for example. A
distance D2 from the lens array 13 to the surface of the
photosensitive drum 41 may be substantially equal to a focal
length of the lens array 13. In other words, the distance D2
may be substantially equal to a distance D1 from the
light-emitting element array 12 and the lens array 13.
Further, a connector 19 may be provided on part of the
circuit board 15. The light-emitting elements 121 each may
be coupled to the controller 7 via components such as the
wire 18, the circuit board 15, and the connector 19. The
light-emitting elements 121 may perform light emission
selectively at a predetermined timing on the basis of the
control performed by the controller 7.

Feb. 1,2018

[0058] The transfer roller 46 may electrostatically transfer,
onto the medium 101, the toner image formed inside each of
the image forming units 106Y, 106M, 106C, and 106K. The
transfer roller 46 may be so disposed as to face each of the
photosensitive drums 41 in the respective image forming
units 106Y, 106M, 106C, and 106K. It is to be noted that the
transfer roller 46 may be made of a foamed electrically-
semiconductive elastic rubber material, for example.

[0059] The fixing unit 107 may apply heat and pressure to
the toner (the toner image) on the medium 101 conveyed
from the image forming unit 106K, and thereby fix the toner
image onto the medium 101. The fixing unit 107 may
include a heating unit and a pressure-applying roller that are
so disposed as to face each other with the conveying path
“d” of the medium 101 in between, for example. It is to be
noted that the fixing unit 107 may be integrally attached to
the image forming apparatus 100, or may be attached
detachably to the image forming apparatus 100, for example.
[0060] The pair of discharging rollers 108 and the pair of
discharging rollers 109 may each guide the medium 101
when the medium 101 onto which the toner is fixed by the
fixing unit 107 is to be discharged to outside of the image
forming apparatus 100. The medium 101 that has been
discharged to the outside of the housing 110 after sequen-
tially passing through the pair of discharging rollers 108 and
the pair of discharging rollers 109 may be discharged in a
face-down state toward the stacker 1105 provided at the
upper part of the housing 110. It is to be noted that the
stacker 1105 may be a part in which the media 101 on each
which an image is formed (printed) are to be accumulated.

[Operations and Workings of Image Forming Apparatus
100]

[0061] The image forming apparatus 100 may transfer the
toner image onto the medium 101 in the following manner.
In other words, the image forming apparatus 100 may
perform a printing operation in the following manner.
[0062] When the print image data and printing order are
supplied from an external device such as a PC to the
controller 7 in the image forming apparatus 100 in an
operating state, the controller 7 may start the printing
operation of the print image data according to the printing
order.

[0063] For example, referring to FIG. 4, the media 101
contained in the medium feeding cassette 102 may be picked
up one by one from the top by the medium feeding roller
103. The medium 101 picked up may be conveyed by
members such as the pair of conveying rollers 104 and the
pair of conveying rollers 105 while a skew of the medium
101 is corrected by the members such as the pair of
conveying rollers 104 and the pair of conveying rollers 105.
The medium 101 may be thus conveyed to the image
forming units 106Y, 106M, 106C, and 106K provided down-
stream of the members such as the pair of conveying rollers
104 and the pair of conveying rollers 105. The image
forming units 106Y, 106M, 106C, and 106K may each
transfer the toner image onto the medium 101 in the fol-
lowing manner.

[0064] In each of the image forming units 106Y, 106M,
106C, and 106K, the toner image of each of the colors may
be formed through the following electrophotographic pro-
cess according to the printing order given by the controller
7. Specifically, the controller 7 may activate a driver to cause
the photosensitive drum 41 to rotate in a predetermined
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rotation direction at a constant velocity. In accordance with
the rotation of the photosensitive drum 41, the members
such as the charging roller 42, the developing roller 44, and
the feeding roller 45 may each start a rotation operation in
a predetermined direction.

[0065] The controller 7 may apply a predetermined volt-
age to the charging roller 42 for each of the colors, to thereby
electrically charge the surface of the photosensitive drum 41
for each of the colors uniformly. Thereafter, the controller 7
may supply a control signal to the exposure device 10 to
thereby activate the exposure device 10. The activated
exposure device 10 may apply, onto the respective photo-
sensitive drums 41 of the respective colors, light beams
corresponding to the respective color components of the
print image based on the image data, thereby forming the
electrostatic latent images on the surfaces of the photosen-
sitive drums 41 of the respective colors.

[0066] The toner contained inside the toner cartridge 40
may be fed to the developing roller 44 via the feeding roller
45. The fed toner may be supported by the surface of the
developing roller 44. The developing roller 44 may attach
the toner to the electrostatic latent image formed on the
photosensitive drum 41 to thereby form the toner image.
Further, the transfer roller 46 may receive a voltage, leading
to generation of an electric field between the photosensitive
drum 41 and the transfer roller 46. When the medium 101
passes between the photosensitive drum 41 and the transfer
roller 46 in such a state, the toner image formed on the
photosensitive drum 41 may be transferred onto the medium
101.

[0067] Thereafter, the toner images on the medium 101
may be applied with heat and pressure by the fixing unit 107,
to be thereby fixed onto the medium 101. Finally, the
medium 101 onto which the toner images are fixed may be
discharged, by the pair of discharging rollers 108 and the
pair of discharging rollers 109, to the outside and stocked in
the stacker 110S. This may bring the printing operation
performed on the medium 101 to the end.

[0068] This image forming apparatus 100 may include the
exposure device 10 described above, by which the image
forming unit 106 may be reduced in size. As a result, it is
possible to achieve reduction in size of the image forming
apparatus as a whole.

2. Second Example Embodiment

[0069] [Configuration of Image Reader 200 Provided with
Light Receiving Device 60]

[0070] FIG. 6 is a perspective view of an example of an
overall configuration of an image reader 200 provided with
a light receiving device 60. FIG. 7 is a cross-sectional view
of an example of a configuration of a key part of the light
receiving device 60. FIG. 8 is a perspective view of a
detailed configuration of a light-receiving element array 62
in the light receiving device 60 which will be described later
in greater detail.

[0071] The image reader 200 illustrated in FIG. 6 may be
a so-called image scanner, for example. The image reader
200 may acquire, as electronic data, a component such as a
text, a diagram, and a photograph provided on a reading
medium 201 illustrated in FIG. 7. The reading medium 201
may be a medium to be read by the image reader 200. The
image reader 200 may include a housing 203 and a cover
204. The housing 203 may include, at an upper part of the
housing 203, a placing surface 202 on which the reading
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medium 201 to be read is to be placed. The cover 204 may
face the placing surface 202 and be openable and closable.
The image reader 200 may include, inside the housing 203,
the light receiving device 60, a pair of guiding members 205,
a stepping motor 206, a driving belt 207, a flexible flat cable
208, and a control circuit 209. The pair of guiding members
205 may support the light receiving device 60. The light
receiving device 60 may extend across laterally the placing
surface 202 in the X-axis direction, for example. The light
receiving device 60 may be supported by the pair of guiding
members 205 at the both ends of the light receiving device
60 in the X-axis direction. The pair of guiding members 205
may extend in the Y-axis direction. Accordingly, the light
receiving device 60 may be coupled to the driving belt 207,
and be able to perform scanning across the placing surface
202 longitudinally in the Y-axis direction in accordance with
rotation of the driving belt 207. The stepping motor 206 may
be driven on the basis of an instruction supplied from the
control circuit 209. The driving belt 207 may rotate owing
to the driving of the stepping motor 206. Upon a reading
operation, the cover 204 may be so closed that the cover 204
and the placing surface 202 sandwich the reading medium
201 in between. The light receiving device 60 may be
coupled to the control circuit 209 by the flexible flat cable
208. The light receiving device 60 may receive feeding from
a power source via the flexible flat cable 208. The light
receiving device 60 may transmit a signal to the control
circuit 209 and may receive a signal from the control circuit
209, via the flexible flat cable 208.

[Configuration of Light Receiving Device 60]

[0072] Referring to FIGS. 7 and 8, a description is given
below of a detailed configuration of the light receiving
device 60. The light receiving device 60 may have a
configuration that is substantially the same as the configu-
ration of the exposure device 10 described above according
to the first example embodiment, except for including the
light-receiving element array 62 instead of the light-emitting
element array 12. Specifically, the light-receiving element
array 62 may include a plurality of light-receiving elements
621 and a body 622 that supports the light-receiving ele-
ments 621 as illustrated in FIG. 8. The light-receiving
elements 621 each may be an image sensor that receives a
light beam L traveling in -7 direction, for example. The
light-receiving elements 621 may be so provided on the base
11 with the body 622 and the pedestal 17 in between as to
be disposed side by side in a line in the X-axis direction, for
example. The body 622 may be made of a semiconductor
material including silicon as a main component, for
example. Referring to FIG. 8, a plurality of pads 623 may be
provided on a top surface 62251 that is on side, of the body
622, opposite to the pedestal 17. A plurality of driver
integrated circuits (ICs) and the light-receiving elements 621
may be provided on a side surface 622S2, of the body 622,
that intersects with the top surface 622S1. Each of the driver
ICs and the light-receiving elements 621 may be electrically
coupled to corresponding one of the pads 623. Each of the
pads 623 may be electrically coupled to the circuit board 15
via a wire 18. As illustrated in FIG. 7, the light beam L
traveling from a surface 201S of the reading medium 201
may be subjected to imaging on a light receiving surface of
each of the light-receiving elements 621 via the lens array
13. The light beam L. may be, for example, a reflected light
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beam of the light beam applied to the surface 201S of the
reading medium 201 by an application apparatus provided
separately.

[Example Effects of Light Receiving Device 60 and Image
Reader 200]

[0073] As with the exposure device 10 according to the
foregoing first example embodiment, the light receiving
device 60 according to the second example embodiment
may have a configuration in which the light-receiving ele-
ments 621 and the lens array 13 are so disposed on the planar
surface 111S of the flat plate 111 as to face each other in the
Z-axis direction in which the flat plate 111 of the base 11
extends. This allows for compact arrangement of the light-
receiving elements 621 and the lens array 13 on the single
base 11, which contributes to reduction in dimension of the
light receiving device 60 as a whole. Accordingly, it is
possible for the image reader 200 including the light receiv-
ing device 60 to achieve reduction in size of the image
reader 200.

3. Other Modification Examples

[0074] The technology is described above referring to the
example embodiments and the modification examples
thereof. However, the technology is not limited to the
example embodiments and the modification examples
thereof described above, and is modifiable in various ways.
For example, the foregoing example embodiments and the
modification examples thereof are described referring to the
image forming apparatus 100 of a primary transfer scheme
(a direct transfer scheme). However, the technology is also
applicable to a secondary transfer scheme.

[0075] The foregoing example embodiments and the
modification examples thereof are described referring to the
image forming apparatus having a printing function as an
example corresponding to the “image forming apparatus”
according to one specific but non-limiting embodiment of
the technology. However, the function of the image forming
apparatus is not limited thereto. Specifically, for example,
the technology is also applicable to an image forming
apparatus that serves as a multi-function peripheral having
functions such as a scanner function and a facsimile function
in addition to the printing function, for example.

[0076] The foregoing example embodiments and the
modification examples thereof are described referring to an
example in which the light-emitting element array 12 or the
light-receiving element array 62 is disposed on the flat plate
111 of the base 11 with the pedestal 17 in between; however,
the technology is not limited thereto. For example, as an
exposure device 10B or a light receiving device 60B accord-
ing to a second modification example illustrated in FIG. 9A,
the light-emitting element array 12 or the light-receiving
element array 62 may be disposed directly on the planar
surface 1118 of the flat plate 111. Also in the exposure device
10B or the light receiving device 60B, the position of any of
the optical axes 12] of the respective light-emitting elements
121 in the Y-axis direction or the position of any of optical
axes 62] of the respective light-receiving elements 621 in
the Y-axis direction and the position of the optical axis 13]
of the lens array 13 in the Y-axis direction may be substan-
tially coincident with each other in the Y-axis direction.
Further, the optical axes 12J or the optical axes 62J] and the
optical axis 13J may be substantially parallel to the Z-axis
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direction. In other words, adjustment may be so performed
that the height H121 is substantially equal to the height H13.
The height H121 may correspond to the distance from the
planar surface 111S to the position of the center of light
emission performed by each of the light-emitting elements
121 or the position of the center of light reception performed
by each of the light-receiving elements 621. The height H13
may correspond to the distance from the planar surface 111S
to the optical axis 13J. Further, the lens array 13 may be
provided on the flat plate 111 with the pedestal in between.

[0077] The foregoing example embodiments and the
modification examples thereof are described referring to an
example in which the planar surface 111S of the flat plate
111 is flat; however, the technology is not limited thereto.
For example, as an exposure device 10C or a light receiving
device 60C according to a third modification example illus-
trated in FIG. 9B, the technology is applicable to an example
case in which the flat plate 111 has a level difference that is
provided by a planar surface 11151 and a planar surface
11152 that have respective heights different from each other.
For example, the light-emitting element array 12 or the
light-receiving element array 62 may be directly disposed on
the planar surface 111S1, and the lens array 13 may be
disposed on the planar surface 111S2. Also in the exposure
device 10C or the light receiving device 60C, the position of
any of the optical axes 12J of the respective light-emitting
elements 121 in the Y-axis direction or the position of any
of the optical axes 62] of the respective light-receiving
elements 621 in the Y-axis direction and the position of the
optical axis 13J of the lens array 13 in the Y-axis direction
may be substantially coincident with each other in the Y-axis
direction. Further, the optical axes 12J or the optical axes
62J and the optical axis 13] may be substantially parallel to
the Z-axis direction. In other words, adjustment may be so
performed that a total of a height H111 and the height H121
is substantially equal to the height H13. The height H111
may correspond to a distance from the planar surface 11152
to the planar surface 111S1. The height H121 may corre-
spond to the distance from the surface 11151 to the position
of the center of light emission performed by each of the
light-emitting elements 121 or the center of the light recep-
tion performed by each of the light-receiving elements 621.
The height H13 may correspond to the distance from the
planar surface 111S2 to the optical axis 13J. Moreover, for
example, as an exposure device 10D or a light receiving
device 60D according to a fourth modification example
illustrated in FIG. 9C, the technology is applicable to an
example case in which the flat plate 111 includes the planar
surface 111S1 and the planar surface 111S2 that have
respective heights different from each other and a sloped
surface 111SS that connects the planar surface 11151 and the
planar surface 11152 with each other. Also in the exposure
device 10D or the light receiving device 60D, the position of
any of the optical axes 12J of the respective light-emitting
elements 121 in the Y-axis direction or the position of any
of the optical axes 62] of the respective light-receiving
elements 621 in the Y-axis direction and the position of the
optical axis 13J of the lens array 13 in the Y-axis direction
may be substantially coincident with each other in the Y-axis
direction. Further, the optical axes 12J or the optical axes
62J and the optical axis 13] may be substantially parallel to
the Z-axis direction. In other words, adjustment may be so
performed that a total of the height H111 and the height
H121 is substantially equal to the height H13. The height
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H111 may correspond to the distance from the planar surface
11152 to the planar surface 111S1. The height H121 may
correspond to the distance from the surface 111S1 to the
position of the center of light emission performed by each of
the light-emitting elements 121 or the position of the center
of light reception performed by each of the light-receiving
elements 621. The height H13 may correspond to the
distance from the planar surface 111S2 to the optical axis
13J. By adopting the examples described above referring to
the third and fourth modification examples respectively
illustrated in FIGS. 9B and 9C, it is possible to perform
alignment with high accuracy of the optical axes 127 of the
light-emitting element array 12 or the optical axes 62J of the
light-receiving element array 62 and the optical axis 13J of
the lens array 13, without providing the pedestal 17. The
light receiving device according to one implementation of
the technology may have a configuration in which the
light-receiving elements may be provided on the protrusion
22 of the flat plate 211, as with the exposure device 10A
illustrated in FIG. 3A.

[0078] Furthermore, the technology encompasses any pos-
sible combination of some or all of the various embodiments
and the modifications described herein and incorporated
herein.

[0079] It is possible to achieve at least the following
configurations from the above-described example embodi-
ments of the technology.

D
[0080] An exposure device including:
[0081] a plate member that extends in both a first direction

and a second direction intersecting with the first direction;
[0082] a plurality of light-emitting elements disposed on
the plate member side by side in the first direction, the
light-emitting elements emitting respective light beams in
the second direction; and

[0083] an optical system that is disposed on the plate
member and faces the light-emitting elements in the second
direction, the optical system performing imaging of the light
beams emitted by the respective light-emitting elements.

(2
[0084] The exposure device according to (1), in which
[0085] a first position of any of first optical axes of the

respective light-emitting elements in a third direction and a
second position of a second optical axis of the optical system
in the third direction are substantially coincident with each
other in the third direction, and are substantially parallel to
the second direction, the third direction being orthogonal to
both the first direction and the second direction.

3)

[0086] The exposure device according to (1) or (2), in
which

[0087] the plate member includes a protrusion that extends

in the first direction, and

[0088] the light-emitting elements are disposed on the
protrusion.

“4)

[0089] The exposure device according to (3), in which
[0090] the plate member is made of a steel plate, and
[0091] the protrusion is formed by embossing.

)

[0092] The exposure device according to any one of (1) to
(4), in which

[0093] the plate member includes a planar surface that

extends in both the first direction and the second direction,

Feb. 1,2018

[0094] the light-emitting elements are disposed on the
planar surface directly or indirectly, and

[0095] the optical system is disposed on the planar surface
directly or indirectly.

(6)

[0096] The exposure device according to any one of (1) to

(5), further including

[0097] a circuit board disposed on the plate member on
side opposite to the optical system with the light-emitting
elements in between, in which

[0098] each of the light-emitting elements and the circuit
board are electrically coupled to each other with wire.

(7

[0099] An image forming apparatus including the expo-
sure device according to any one of (1) to (6).

®)

[0100] A light receiving device including:

[0101] a plate member that extends in both a first direction

and a second direction intersecting with the first direction;
[0102] a plurality of light-receiving elements disposed on
the plate member side by side in the first direction; and
[0103] an optical system that is disposed on the plate
member and faces the light-receiving elements in the second
direction, the optical system performing imaging, with
respect to the light-receiving elements, of a light beam
entering from outside.

©)

[0104] An image reader including the light receiving
device according to (8).

[0105] In each of the exposure device and the image
forming apparatus according to one embodiment of the
technology, each of the light-emitting elements and the
optical system are disposed on the plate member and face
each other in the second direction in which the plate member
extends. This allows for compact arrangement of the light-
emitting elements and the optical system on the single plate
member, which reduces a dimension in a direction orthogo-
nal to both the first direction and the second direction. This
is suitable for reduction in dimension of the exposure device
as a whole.

[0106] In each of the exposure device and the image
forming apparatus according to one embodiment of the
technology, a first position of any of the first optical axes of
the respective light-emitting elements in a third direction
and a second position of the second optical axis of the
optical system in the third direction may be substantially
coincident with each other in the third direction, and may be
substantially parallel to the second direction. The third
direction is orthogonal to both the first direction and the
second direction. This is advantageous in further reduction
in dimension of the exposure device as a whole.

[0107] In each of the exposure device and the image
forming apparatus according to one embodiment of the
technology, the plate member may include the protrusion
that extends in the first direction. The light-emitting ele-
ments may be disposed on the protrusion. This makes it
easier to perform alignment of each of the first optical axes
of the light-emitting elements and the second axis of the
optical system. Further, the plate member may be made of
the steel plate, and the protrusion may be formed by the
embossing. This allows for fine processing of the protrusion.
This also allows for adjustment of positions of the light-
emitting elements and the optical system with high accuracy.
This also enhances strength of the plate member.
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[0108] In each of the exposure device and the image
forming apparatus according to one embodiment of the
technology, the plate member may include a planar surface
that extends in both the first direction and the second
direction, for example. The light-emitting elements may be
disposed on the planar surface directly or indirectly. The
optical system may be disposed on the planar surface
directly or indirectly. In each of the exposure device and the
image forming apparatus according to one embodiment of
the technology, a circuit board disposed on the plate member
may be further provided on side opposite to the optical
system with the light-emitting elements in between. Each of
the light-emitting elements and the circuit board may be
electrically coupled to each other with wire.
[0109] In each of the light receiving device and the image
reader according to one embodiment of the technology, each
of the light-receiving elements and the optical system are
disposed on the plate member and face each other in the
second direction in which the plate member extends. This
allows for compact arrangement of the light-receiving ele-
ments and the optical system on the single plate member.
This is suitable for reduction in dimension of the light
receiving device as a whole.
[0110] According to each of the exposure device, the
image forming apparatus, the light receiving device, and the
image reader of one embodiment of the technology, it is
possible to provide a structure more suitable for reduction in
size.
[0111] Although the technology has been described in
terms of exemplary embodiments, it is not limited thereto. It
should be appreciated that variations may be made in the
described embodiments by persons skilled in the art without
departing from the scope of the invention as defined by the
following claims. The limitations in the claims are to be
interpreted broadly based on the language employed in the
claims and not limited to examples described in this speci-
fication or during the prosecution of the application, and the
examples are to be construed as non-exclusive. For example,
in this disclosure, the term “preferably”, “preferred” or the
like is non-exclusive and means “preferably”, but not lim-
ited to. The use of the terms first, second, etc. do not denote
any order or importance, but rather the terms first, second,
etc. are used to distinguish one element from another. The
term “substantially” and its variations are defined as being
largely but not necessarily wholly what is specified as
understood by one of ordinary skill in the art. The term
“about” or “approximately” as used herein can allow for a
degree of variability in a value or range. Moreover, no
element or component in this disclosure is intended to be
dedicated to the public regardless of whether the element or
component is explicitly recited in the following claims.

What is claimed is:

1. An exposure device comprising:

a plate member that extends in both a first direction and

a second direction intersecting with the first direction;
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a plurality of light-emitting elements disposed on the plate
member side by side in the first direction, the light-
emitting elements emitting respective light beams in
the second direction; and

an optical system that is disposed on the plate member and
faces the light-emitting elements in the second direc-
tion, the optical system performing imaging of the light
beams emitted by the respective light-emitting ele-
ments.

2. The exposure device according to claim 1, wherein

a first position of any of first optical axes of the respective
light-emitting elements in a third direction and a second
position of a second optical axis of the optical system
in the third direction are substantially coincident with
each other in the third direction, and are substantially
parallel to the second direction, the third direction
being orthogonal to both the first direction and the
second direction.

3. The exposure device according to claim 1, wherein

the plate member includes a protrusion that extends in the
first direction, and

the light-emitting elements are disposed on the protrusion.

4. The exposure device according to claim 3, wherein

the plate member is made of a steel plate, and

the protrusion is formed by embossing.

5. The exposure device according to claim 1, wherein

the plate member includes a planar surface that extends in
both the first direction and the second direction,

the light-emitting elements are disposed on the planar
surface directly or indirectly, and

the optical system is disposed on the planar surface
directly or indirectly.

6. The exposure device according to claim 1, further

comprising

a circuit board disposed on the plate member on side
opposite to the optical system with the light-emitting
elements in between, wherein

each of the light-emitting elements and the circuit board
are electrically coupled to each other with wire.

7. An image forming apparatus comprising the exposure

device according to claim 1.

8. A light receiving device comprising:

a plate member that extends in both a first direction and
a second direction intersecting with the first direction;

a plurality of light-receiving elements disposed on the
plate member side by side in the first direction; and

an optical system that is disposed on the plate member and
faces the light-receiving elements in the second direc-
tion, the optical system performing imaging, with
respect to the light-receiving elements, of a light beam
entering from outside.

9. An image reader comprising the light receiving device

according to claim 8.
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