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COMPENSATION FOR SCANNING LINE CURVATURE BY USING IMAGING LENS

BACKGROUND

[0001] An electrophotographic printer develops an electrostatic latent image formed in a
photoconductor as a visible toner image, and after transferring the toner image to a
recording medium, fuses the toner image to print the toner image. The
electrophotographic printer implements an optical scanning device configured to deflect
light in a main scanning direction, wherein the light is modulated in correspondence with
image information, and to irradiate the deflected light onto the photoconductor moving in
a sub-scanning direction.

[0002] The optical scanning device includes optical devices, such as a collimating lens,
a cylindrical lens, an f-theta (8) lens (an imaging lens), etc., in order to form an image
from light irradiated from a light source in the form of a spot in the photoconductor. In a
process of manufacturing an imaging lens, a refractive index of the imaging lens may
not be constant in a sub-scanning direction and a main scanning direction, and thus, a
scanning line formed on a photoconductor may not be in parallel with the main scanning

direction and may be curved, which is referred to as scanning line curvature.

BRIEF DESCRIPTION OF DRAWINGS

[0003] FIG. 1 is a schematic structural diagram of an electrophotographic printer,
according to an example;

[0004] FIG. 2 illustrates a main scanning plane of an optical scanning device, according
to an example;

[0005] FIG. 3 illustrates a sub-scanning plane of the optical scanning device illustrated in
FIG. 2, according to an example;

[0006] FIG. 4 is an example of refractive index deviation of an imaging lens in a sub-
scanning direction;

[0007] FIG. 5 is an example of refractive index deviation of an imaging lens in a main

scanning direction;
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[0008] FIG. 6 is a view illustrating a location of an optical beam in an imaging lens when
the optical beam passes through the imaging lens in an oblique optical system;

[0009] FIG. 7 is a graph illustrating an example of scanning line curvature due to
refractive index deviation:;

[0010] FIG. 8 is a graph illustrating an example of second scanning line curvature;

[0011] FIG. 9 is a graph illustrating an example of a thickness of an imaging lens in an
optical axis direction;

[0012] FIG. 10 is a graph illustrating a difference between optical power of a
compensating imaging lens and optical power of an ideal imaging lens, when a
refractive index is constant at n;

[0013] FIG. 11 llustrates a main scanning plane of an optical scanning device,
according to an example;

[0014] FIG. 12 illustrates a sub-scanning plane of the optical scanning device illustrated
in FIG. 11, according to an example; and

[0015] FIG. 13 is a schematic perspective view of an optical scanning device according

to an example.

DETAILED DESCRIPTION

[0016] An electrophotographic printer may include at least one photoconductor, an
optical scanning device configured to form an electrostatic latent image by irradiating an
optical beam onto the photoconductor, a developing device configured to form a visible
toner image by supplying a developer to the electrostatic latent image, a transfer unit
configured to transfer the toner image to a print medium, and a fuser configured to fuse
the toner image to the print medium. The optical scanning device may implement an
imaging lens having a curvature in a sub-scanning direction, the curvature being
designed to correct a scanning line curvature described with reference to FIGS. 2
through 13. Hereinafter, examples of the optical scanning device and the
electrophotographic printer implementing the optical scanning device will be described.

[0017] FIG. 1 is a schematic structural view of an electrophotographic printer, according

to an example. FIG. 1 illustrates a photosensitive drum 300, a charging roller 301, an
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optical scanning device 100, a developing device 200, an intermediate transfer belt 400,
a transfer roller 500, and a fuser 600.

[0018] The photosensitive drum 300 is an example of a photoconductor, and may be a
photosensitive layer having a certain thickness that is formed on an outer
circumferential surface of a cylindrical metal pipe. The photoconductor may include a
photosensitive belt that has the form of a belt. The charging roller 301 may rotate by
contacting the photosensitive drum 300. The charging roller 301 may be an example of
a charger that charges a surface of the photosensitive drum 300 to have a uniform
electric potential. A charge bias voltage may be applied to the charging roller 301. A
corona charger (not shown) may be used, rather than the charging roller 301. The
optical scanning device 100 may form an electrostatic latent image by irradiating an
optical beam, which is modulated in correspondence to image information, onto the
photosensitive drum 300, as a light-exposed object, charged to have the uniform electric
potential.

[0019] A toner may be accommodated in the developing device 200. The toner may be
moved to the photosensitive drum 300 via a developing bias voltage applied between
the developing device 200 and the photosensitive drum 300, to develop the electrostatic
latent image into a visible toner image. The toner image formed in the photosensitive
drum 300 may be transferred to the intermediate transfer belt 400. The toner image may
be transferred to a print medium P transferred between the transfer roller 500 and the
intermediate transfer belt 400, via a transfer bias applied to the transfer roller 500. The
toner image transferred to the print medium P may be fused to the print medium P by
receiving heat and pressure from the fuser 600, and the image formation is completed.
[0020] To print a color image, electrostatic latent images corresponding to image
information of a black (K) color, a magenta (M) color, a yellow (Y) color, and a cyan (C)
color may be formed in four photosensitive drums 300K, 300M, 300Y, and 300C,
respectively. Four developing devices 200K, 200M, 200Y, and 200C may provide toners
of the black (K) color, the magenta (M) color, the yellow (Y) color, and the cyan (C) color
to the photosensitive drums 300K, 300M, 300Y, and 300C, respectively, to form toner
images of the black (K) color, the magenta (M) color, the yellow (Y) color, and the cyan

(C) color. The toner images of the black (K) color, the magenta (M) color, the yellow (Y)
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color, and the cyan (C) color may be transferred to the intermediate transfer belt 400 in
an overlapping manner and may be transferred to the print medium P.

[0021] The optical scanning device 100 may include an optical source portion configured
to emit an optical beam, an optical deflector configured to deflect and scan the optical
beam in a main scanning direction, and an imaging lens configured to image the
deflected optical beam on a light-exposed object by scanning the deflected optical beam
in a constant scanning speed. The optical scanning device 100 used in the
electrophotographic printer for printing a color image may scan four optical beams
corresponding to the black (K) color, the magenta (M) color, the yellow (Y) color, and
the cyan (C) color, and to this end, may include four optical deflectors. A tandem-type
optical scanning device may implement a single optical deflector or double optical
deflectors, in order to reduce a size of the device and the number of components of the
device, wherein the optical beams may be obliquely incident to the optical deflectors in
a sub-scanning direction. The optical scanning device 100 according to the present
example is the tandem-type optical scanning device implementing a single optical
deflector.

[0022] FIG. 2 illustrates a main scanning plane of the optical scanning device 100,
according to an example. FIG. 3 illustrates a sub-scanning plane of the optical scanning
device 100 of FIG. 2, according to an example. For convenience, FIG. 2 does not
illustrate optical paths that are modulated by reflection members 161C, 161M, 161Y,
161K, 163C, 163M, 163Y, and 163K, and illustrates one of optical components, when
the optical components are overlapped when optical beams L1, L2, L3, and L4 are
obliquely incident to the optical deflector 140 in the sub-scanning direction.

[0023] Referring to FIGS. 2 and 3, the optical scanning device 100 according to the
present example may be configured to scan the plurality of optical beams L1, L2, L3,
and L4 in the main scanning direction, and may include the optical source portion 110
configured to emit the first through fourth optical beams L1, L2, L3, and L4, the optical
deflector 140, and the imaging lens configured to image the first through fourth optical
beams L1, L2, L3, and L4 on the photosensitive drums 300C, 300M, 300Y, and 300K,

respectively.
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[0024] For example, the optical source portion 110 may include first through fourth
optical sources 110C, 110M, 110Y, and 110K. The first through fourth optical sources
110C, 110M, 110Y, and 110K may emit the first through fourth optical beams L1, L2, L3,
and L4 corresponding to the photosensitive drums 300C, 300M, 300Y, and 300K,
respectively. The first and second optical sources 110C and 110M may form a pair and
may be arranged in parallel in a vertical direction. The third and fourth optical sources
110Y and 110K may form a pair and may be arranged in parallel in a vertical direction.
The first and second optical sources 110C and 110M and the third and fourth optical
sources 110Y and 110K may be arranged to face each other with respect to the optical
deflector 140. The number and the arrangement of the optical sources are not limited
thereto and may be variously modified. The first through fourth optical sources 110C,
110M, 110Y, and 110K may be arranged on a single circuit board. The first through
fourth optical sources 110C, 110M, 110Y, and 110K may include laser diodes irradiating
the first through fourth optical beams L1, L2, L3, and L4, respectively.

[0025] The optical deflector 140 may include a rotational polygon mirror 141 having a
plurality of deflection surfaces 142, that is, reflection surfaces, and a motor 145
configured to rotate the rotational polygon mirror141. The optical deflector 140 may
deflect the first through fourth optical beams L1, L2, L3, and L4 that are incident when
the rotational polygon mirror141 rotates, in the main scanning direction. FIG. 2
illustrates that the optical deflector 140 has six deflection surfaces 142. However, the
number of deflection surfaces of the optical deflector 140 is not limited thereto.

[0026] Each of the first through fourth optical beams L1, L2, L3, and L4 may be obliquely
incident to the optical deflector 140 in the sub-scanning direction, with respect to a
reference plane RP. The reference plane RP may be, for example, a plane intersecting
a rotation axis of the optical deflector 140 at right angles and including incident points at
which the first through fourth optical beams L1, L2, L3, and L4 are incident to the
deflection surfaces 142. For example, the first and second optical beams L1 and L2
may be incident to the same incident point IPA, and may be symmetric with each other
in the sub-scanning direction with respect to the reference plane RP. Also, the third and
fourth optical beams L3 and L4 may be incident to the same incident point IPB, and may

be symmetric with each other in the sub-scanning direction with respect to the reference
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plane RP. The reference plane RP may include both of the incident point IPA and the
incident point IPB. Although not illustrated in the drawings, two reference planes each
including the incident points IPA and IPB and intersecting the rotation axis of the optical
deflector 140 at right angles may be defined. It is illustrated in the drawings that the
reference plane RP extends in a lateral direction. However, in reality, the reference
plane RP may be reflected by first reflection members 161C, 161M, 161Y, and 161K,
and second reflection members 163C, 163M, 163Y, and 163K, to be described below,
and may extend along a progression path of the first through fourth optical beams L1
through L4.

[0027] Collimating lenses 120C and 120M shaping the first and second optical beams
L1 and L2 into parallel beams, and a cylindrical lens 130A focusing the first and second
optical beams L1 and L2 to the deflection surfaces 142 of the optical deflector 140 may
be provided between the first and second optical sources 110C and 110M and the
optical deflector 140. The cylindrical lens 130A may be commonly used for the first and
second optical beams L1 and L2. Also in the left counterpart, collimating lenses 120Y
and 120K shaping the third and fourth optical beams L3 and L4 into parallel beams, and
a cylindrical lens 130B focusing the third and fourth optical beams L3 and L4 to the
deflection surfaces 142 of the optical deflector 140 may be provided between the third
and fourth optical sources 110Y and 110K and the optical deflector 140. In addition,
apertures 121C, 121M, 121Y, and 121K may be arranged between the collimating
lenses 120C, 120M, 120Y, and 120K, and the cylindrical lenses 130A and 130B, to
adjust diameters of the first through fourth optical beams L1 through L4.

[0028] The imaging lens may image the first through fourth optical beams L1 through L4
deflected by the optical deflector 140 on outer circumferential surfaces, that is, scanned
surfaces, of the photosensitive drums 300C, 300M, 300Y, and 300K, respectively. An
optical axis of the imaging lens may be parallel to the reference plane RP. The optical
axis of the imaging lens may be on the reference plane RP. The imaging lens may
include first and second imaging lenses 150A and 150B. The first imaging lens 150A
may image the first and second optical beams L1 and L2 on the outer circumferential
surfaces of the photosensitive drums 300C and 300M, respectively. The second

imaging lens 150B may image the third and fourth optical beams L3 and L4 on the outer
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circumferential surfaces of the photosensitive drums 300Y and 300K, respectively. The
first and second imaging lenses 150A and 150B may be arranged at both sides of the
optical deflector 140 to face each other. The first and second imaging lenses 150A and
150B may be f-8 lenses configured to image the first through fourth optical beams L1
through L4 deflected by the optical deflector 140 on the photosensitive drums 300C,
300M, 300Y, and 300K in a constant scanning speed. An optical design of the first and
second imaging lenses 150A and 150B may vary according to distances between the
optical deflector 140 and the photosensitive drums 300C, 300M, 300Y, and 300K,
locations of the first and second imaging lenses 150A and 150B, etc.

[0029] The first imaging lens 150A may include a first imaging portion 150A-1
corresponding to the first optical beam L1 and a second imaging portion 150A-2
corresponding to the second optical beam L2. The first imaging lens 150A may be an
integrated-type lens in which the first imaging portion 150A-1 and the second imaging
portion 150A-2 are located to be symmetric with each other in the sub-scanning
direction with respect to the reference plane RP. Likewise, the second imaging lens
150B may include a third imaging portion 150B-1 corresponding to the third optical
beam L3 and a fourth imaging portion 150B-2 corresponding to the fourth optical beam
L4. The second imaging lens 150B may be an integrated-type lens in which the third
imaging portion 150B-1 and the fourth imaging portion 150B-2 are located to be
symmetric with each other in the sub-scanning direction with respect to the reference
plane RP.

[0030] The first reflection members 161C, 161M, 161Y, and 161K, and the second
reflection members 163C, 163M, 163Y, and 163K may be members configured to
change paths of the first through fourth optical beams L1 through L4, as illustrated in
FIG. 3. As the first reflection members 161C, 161M, 161Y, and 161K, and the second
reflection members 163C, 163M, 163Y, and 163K, reflection mirrors or total reflection
prisms may be adopted. For example, the first reflection members 161C, 161M, 161Y,
and 161K, and the second reflection members 163C, 163M, 163Y, and 163K may have
a bar-shaped rectangular shape. The first reflection members 161C, 161M, 161Y, and
161K, and the second reflection members 163C, 163M, 163Y, and 163K may change
the paths of the first through fourth optical beams L1 through L4, by adjusting inclination
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angles thereof or shapes of reflection surfaces thereof. The first reflection members
161C, 161M, 161Y, and 161K, and the second reflection members 163C, 163M, 163Y,
and 163K may change the paths of the first through fourth optical beams L1 through L4
such that the first through fourth optical beams L1 through L4 may become toward the
photosensitive drums 300C, 300M, 300Y, and 300K, after passing through the first and
second imaging lenses 150A and 150B.

[0031] The imaging lens may be formed based on injection molding. For example, a
transparent material may be melted, inserted into a metal mold, molded, and then,
cooled. Thereafter, the molded imaging lens may be withdrawn from the metal mold.
Based on this manufacturing method, refractive index deviation may occur in the
imaging lens. In other words, a cooling speed of the melted material may vary based on
a thickness thereof in the main scanning direction and the sub-scanning direction. The
difference in the cooling speed may cause a difference in density. The refractive index
depends on the density of a material, and thus, the refractive index deviation depending
on a location in the main scanning direction and the sub-scanning direction occurs in
the imaging lens.

[0032] FIG. 4 illustrates an example of refractive index deviation of an imaging lens in a
sub-scanning direction and FIG. 5 illustrates an example of refractive index deviation of
the imaging lens in a main scanning direction. Referring to FIGS. 4 and 5, the refractive
index deviation increases away from an optical axis of the imaging lens in the sub-
scanning direction and the main scanning direction. Based on the assumption that a
refractive index is constant, a curvature of the imaging lens in the sub-scanning
direction is designed lest a scanning line curvature is generated. Accordingly, when
there is a refractive index deviation in the imaging lens according to a location thereof,
the scanning line curvature occurs.

[0033] As described above, in the optical scanning device 100 implementing the oblique
optical system, the optical beams are obliquely incident to the imaging lens with respect
to the reference plane RP. FIG. 6 is a diagram illustrating a location of an optical beam
in an imaging lens when the optical beam passes through the imaging lens in an oblique
optical system. Referring to FIG. 6, when the optical beam is incident on the imaging

lens, the farther the optical beam is away from an optical axis of the imaging lens, the
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larger a refractive index of a portion of the imaging lens through which the optical beam
passes is, and thus, an imaging point of the optical beam on a light-exposed object may
be deviated in a sub-scanning direction and the degree of deviation of the imaging point
may vary based on a location of the imaging point in a main scanning direction. This is
referred to as scanning line curvature.

[0034] FIG. 7 is a graph illustrating an example of scanning line curvature due to
refractive index deviation. C1 illustrates the scanning line curvature in a case in which
there is no refractive index deviation, that is, the case in which all locations of an
imaging lens have a uniform refractive index. C2 illustrates the scanning line curvature
(a first scanning line curvature) in a case in which there are the refractive index

deviations illustrated in FIGS. 4 and 5, according to a location of the imaging lens.

[Simulation conditions]

The number of the deflection surfaces (142): 4

An angle of view at the deflection surface (142). £ 44°

An angle in which an optical beam is incident to the deflection surface (142) with
respect to the reference plane RP: 3°

A material of the imaging lens: a cyclic olefin copolymer (COC)-based resin

[0035] With respect to C1 of FIG. 7, when there is no refractive index deviation, it is
possible to design an imaging lens (hereinafter, an ideal imaging lens) having an ideal
curvature in a sub-scanning direction such that there is little scanning line curvature.
When the ideal imaging lens is manufactured based on injection molding, the scanning
line curvature (the first scanning line curvature), illustrated as C2, occurs due to the
refractive index deviations illustrated in FIGS. 4 and 5. With respect to C2 of FIG. 7, the
maximum value of the scanning line curvature is equal to or higher than 180 um and a
deviation of a value equal to or higher than 4 dots occurs based on the resolution of 600
dots per inch (dpi). In the case of color printing, an alignment error of a value equal to or
higher than 8 dots may occur between color pixels.

[0036] As a thickness of the imaging lens in the sub-scanning direction and the main

scanning direction decreases, the refractive index deviation decreases, and the
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scanning line curvature also decreases. To this end, for example, the first imaging
portion 150A-1 and the second imaging portion 150A-2 included in the first imaging lens
150A may be formed as separate lenses and may be located to be symmetric with each
other in the sub-scanning direction with respect to the reference plane RP. Likewise, the
third imaging portion 150B-1 and the fourth imaging portion 150B-2 included in the
second imaging lens 150B maybe formed as separate lenses and may be located to be
symmetric with each other in the sub-scanning direction with respect to the reference
plane RP. However, in this case, with the increased number of lenses, component costs
and assembling process costs may be increased. As another solution, it may be
considered to apply sufficient cooling time when forming the imaging lens by using the
injection molding method. However, in this case, the productivity may be deteriorated,
which may consequently cause an increase in the component costs.

[0037] The optical scanning device 100 according to the present example may correct,
by using the curvature of the imaging lens in the sub-scanning direction, the scanning
line curvature due to the refractive index deviation generated in the process of
manufacturing the imaging lens. To this end, the curvature of the imaging lens in the
sub-scanning direction may be determined to compensate for the scanning line
curvature due to the refractive index deviation of the imaging lens. That is, when the
refractive index is constant, the curvature of the imaging lens in the sub-scanning
direction may be determined to have the second scanning line curvature which is in a
direction opposite to a direction in which the first scanning line curvature (C2 of FIG. 7)
is bent, the first scanning line curvature being generated due to the refractive index
deviation of the imaging lens.

[0038] FIG. 8 is a graph illustrating an example of the second scanning line curvature.
C3 illustrates the second scanning line curvature generated when a compensating
imaging lens has no refractive index deviation, that is, when the compensating imaging
lens has a uniform refractive index, wherein the compensating imaging lens is designed
to have a curvature in the sub-scanning direction to compensate for the first scanning
line curvature due to the refractive index deviations illustrated in FIGS. 4 and 5. C4

illustrates scanning line curvature corrected by the compensating imaging lens.
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[0039] For example, the refractive index deviation may be obtained by forming the ideal
imaging lens based on injection molding and measuring the refractive indices in the
sub-scanning direction and the main scanning direction. As another example, the
refractive index deviation may be obtained by performing simulation by using a shape of
the ideal imaging lens, a type of a material, a condition of injection molding, etc. The
first scanning line curvature may be calculated by using the measured or simulated
refractive index deviation, and the curvature of the imaging lens in the sub-scanning
direction may be determined to compensate for the first scanning line curvature. As
illustrated in FIG. 8, the curvature of the imaging lens in the sub-scanning direction may
be designed to compensate for the first scanning line curvature, so that the scanning
line curvature may be compensated for without increasing the number of components.
According to the electrophotographic printer implementing the optical scanning device
100, degradation of the image quality due to the scanning line curvature may be
prevented.

[0040] FIG. 9 is a graph illustrating an example of a thickness of an imaging lens in an
optical axis direction. As illustrated in FIG. 9, the thickness of the imaging lens in the
optical axis direction may decrease away from an optical axis, generally in at least a half
(1/2) area of an effective area EA (refer to FIG. 6) of the imaging lens in the main
scanning direction. Thus, the curvature of the imaging lens in the sub-scanning direction
may be determined such that, when the refractive index of the imaging lens is constant,
the scanning line curvature (the second scanning line curvature) increases away from
the optical axis of the imaging lens toward the main scanning direction. Also, a graph
illustrating a difference in optical power of the imaging lens in the sub-scanning direction
before and after the scanning line curvature due to the refractive index deviation is
corrected, in other words, the difference in optical power in the sub-scanning direction
between the compensating imaging lens and the ideal imaging lens may have a shape,
in which the graph is upwardly convex in at least a half (1/2) area of the effective area
EA of the imaging lens, based on the optical axis. Also, the difference in optical power in
at least a half (1/2) area of the effective area EA of the imaging lens based on the

optical axis is a positive number.

11
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[0041] The optical power of the imaging lens in the sub-scanning direction is determined
based on the curvature of the imaging lens in the sub-scanning direction. The optical

power @ may be calculated as the formula below.
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Here,

® is an optical power,

N is a refractive index of a material of the imaging lens,

R1is a radius of curvature of an incident surface of the imaging lens,

R2is a radius of curvature of an exit surface of the imaging lens, and

t is a thickness of the imaging lens in the optical axis direction.
[0042] FIG. 10 is a graph illustrating a difference in optical power between the
compensating imaging lens and the ideal imaging lens, when the refractive index is
constant at n. As described above, the thickness of the imaging lens in the optical axis
direction may decrease away from the optical axis, generally in at least a half (1/2) area
of the effective area EA of the imaging lens in the main scanning direction. Thus, the
graph illustrating the difference in optical power between the compensating imaging
lens and the ideal imaging lens has a shape, in which the graph is upwardly convex in
at least a half (1/2) area of the effective area EA of the imaging lens in the main
scanning direction, as illustrated in FIG. 10. In the optical scanning device 100
according to the present example, areas approximately between -120 mm to +120 mm
based on the optical axis corresponds to the effective area EA of the imaging lens and
as illustrated in FIG. 10, the graph illustrating the difference in optical power in areas
between -80 mm and +80 mm based on the optical axis has a upwardly convex shape.
Also, it is shown in FIG. 10 that the difference in optical power is generally a positive
number. The reason that the graph illustrating the difference in optical power is not
symmetric based on the optical axis is because a gate for injecting a melted transparent
material into a metal mold is located at a side in the main scanning direction. In the
graph illustrated in FIG. 10, the gate is located at a right side based on the optical axis.
[0043] FIG. 11 illustrates a main scanning plane of an optical scanning device 100a,

according to an example. FIG. 12 illustrates a sub-scanning plane of the optical
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scanning device 100a of FIG. 11, according to an example. For convenience, FIG. 11
does not illustrate optical paths that are modulated by the reflection members 161C,
161M, 161Y, 161K, 163C, 163M, 163Y, and 163K, and illustrates one of optical
components, when the optical components are overlapped when optical beams L1, L2,
L3, and L4 are obliquely incident to the optical deflector 140 in the sub-scanning
direction.

[0044] The optical scanning device 100a illustrated in FIGS. 11 and 12 according to the
present example may differ from the optical scanning device 100 illustrated in FIGS. 2
and 3 in that an imaging lens may include first and second lenses arranged in a
direction in which the optical beams progress. That is, in FIGS. 11 and 12, the first
imaging lens 150A illustrated in FIGS. 2 and 3 is divided into a first lens 151A through
which the first and second optical beams L1 and L2 pass, and a pair of second lenses
153C and 153M arranged to be apart from the first lens 151A in a direction in which the
first and second optical beams L1 and L2 progress, and through which the first and
second optical beams L1 and L2 pass, respectively. In FIGS. 11 and 12, the second
imaging lens 150B illustrated in FIGS. 2 and 3 is divided into a third lens 151B through
which the third and fourth optical beams L3 and L4 pass, and a pair of fourth lenses
153Y and 153K arranged to be apart from the third lens 151B in a direction in which the
third and fourth optical beams L3 and L4 progress, and through which the third and
fourth optical beams L3 and L4 pass, respectively.

[0045] The first lens 151A may include a first imaging portion 151A-1 corresponding to
the first optical beam L1 and a second imaging portion 151A-2 corresponding to the
second optical beam L2. The first lens 151A may be an integrated-type lens in which
the first imaging portion 151A-1 and the second imaging portion 151A-2 are located to
be symmetric with each other in the sub-scanning direction with respect to the reference
plane RP. The third lens 151B may include a third imaging portion 151B-1
corresponding to the third optical beam L3 and a fourth imaging portion 151B-2
corresponding to the fourth optical beam L4. The third lens 151B may be an integrated-
type lens in which the third imaging portion 151B-1 and the fourth imaging portion 151B-
2 are located to be symmetric with each other in the sub-scanning direction with respect

to the reference plane RP.
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[0046] In the optical scanning device 100a illustrated in FIGS. 11 and 12, at least one of
the first lens 151A, the pair of second lenses 153C and 153M, the third lens 151B, and
the pair of fourth lenses 153Y and 153K may be the compensating imaging lens
described above. For example, the first lens 151A and the third lens 151B may be the
described compensating imaging lens. The pair of second lenses 153C and 153M and
the pair of fourth lenses 153Y and 153K may be the described compensating imaging
lens. Also, all of the first lens 151A, the pair of second lenses 153C and 153M, the third
lens 151B, and the pair of fourth lenses 153Y and 153K may be the described
compensating imaging lens.

[0047] In the example described above, the case in which the optical beam is oblique
with respect to the optical axis of the imaging lens is described. However, the optical
beam may be in parallel with the optical axis of the imaging lens. For example, in the
example illustrated in FIGS. 11 and 12, the first through fourth optical beams L1, L2, L3,
and L4 may be in parallel with the optical axis of the pair of second lenses 153C and
153M and the pair of fourth lenses 153Y and 153K. Also, in an optical scanning device
implemented in a monochromatic printer, an optical beam may be incident to an
imaging lens in parallel with an optical axis of the imaging lens.

[0048] FIG. 13 is a schematic perspective view of an optical scanning device 100c
according to an example. Referring to FIG. 13, the optical scanning device 100c may
include an optical source portion 210 configured to irradiate an optical beam L and an
optical deflector 240 configured to deflect and scan, in a main scanning direction, the
optical beam L irradiated from the optical source portion 210 on a light-exposed object,
for example, the photosensitive drum 300. The optical beam L may be perpendicularly
incident to a deflection surface 242 of the optical deflector 240. A collimating lens 220
configured to make the optical beam L as a parallel beam may be provided on an
optical path between the optical source portion 210 and the optical deflector 240. A
cylindrical lens 230 configured to focus the optical beam L in the sub-scanning direction
and image the optical beam L on the deflection surface 242 may be provided between
the collimating lens 220 and the optical deflector 240.

[0049] The optical beam L may be incident to an imaging lens 250 in parallel with an

optical axis thereof. The imaging lens 250 may image the optical beam L deflected by
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the optical deflector 240 on a surface of the light-exposed object in a constant scanning
speed. The imaging lens 250 may include, for example, an f-theta (8) lens. The imaging
lens 250 may be the compensating imaging lens described above.

[0050] While examples have been described with reference to the figures, it will be
understood by those of ordinary skill in the art that various changes in form and details
may be made therein without departing from the spirit and scope as defined by the

following claims.
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WHAT IS CLAIMED IS:

1. An optical scanning device comprising:

an optical source to emit an optical beam;

an optical deflector to deflect the optical beam in a main scanning direction; and

an imaging lens to image the deflected optical beam onto a light-exposed object,
wherein

a curvature of the imaging lens in a sub-scanning direction is determined based
on a determined scanning line curvature caused by a refractive index deviation of the

imaging lens.

2. The optical scanning device of claim 1, wherein the curvature of the
imaging lens in the sub-scanning direction is determined so when a refractive index of
the imaging lens is constant, the scanning line curvature increases as the scanning line

moves away from an optical axis of the imaging lens toward the main scanning direction.

3. The optical scanning device of claim 1, wherein, when a refractive index of
the imaging lens is constant, a difference in optical power of the imaging lens in the sub-
scanning direction before and after the scanning line curvature caused by the refractive
index deviation is compensated for has a graphical shape in which at least a half area of
an effective area of the imaging lens with respect to an optical axis of the imaging lens

is upwardly convex.

4. The optical scanning device of claim 3, wherein the difference in optical

power is a positive number.
. The optical scanning device of claim 1, wherein the optical beam is

obliquely incident to an optical deflection surface of the optical deflector with respect to

a reference plane perpendicular to an axis of the optical deflector.
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6. The optical scanning device of claim 5, wherein the optical beam
comprises:

a first optical beam symmetric with a second optical beam in the sub-scanning
direction with respect to the reference plane; and

a third optical beam symmetric with a fourth optical beam in the sub-scanning
direction with respect to the reference plane,

wherein the third optical beam and the fourth optical beam face the first and

second optical beams with respect to the optical deflector.

7. The optical scanning device of claim 6, wherein the imaging lens
comprises:

a first imaging lens comprising a first imaging portion and a second imaging
portion, wherein the first and second imaging portions respectively correspond to the
first optical beam and the second optical beam; and

a second imaging lens comprising a third imaging portion and a fourth imaging
portion, wherein the third and fourth imaging portions respectively correspond to the

third optical beam and the fourth optical beam.

8. The optical scanning device of claim 7, wherein the first imaging lens and

the second imaging lens face each other with respect to the optical deflector.

9. The optical scanning device of claim 6, wherein the imaging lens
comprises:

a first imaging lens comprising

a first lens comprising a first imaging portion and second imaging portion,
and

a pair of second lenses located apart from the first lens in a direction in
which the first and second optical beams progress and through which the first
and second optical beams pass, respectively, and

a second imaging lens comprising
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a third lens comprising a third imaging portion and a fourth imaging portion,
and

a pair of fourth lenses located apart from the third lens in a direction in
which the third and fourth optical beams progress and through which the third

and fourth optical beams pass, respectively.

10. The optical scanning device of claim 1, wherein the optical beam is

parallel to an optical axis of the imaging lens.

11.  An optical scanning device of an electrophotographic printer, the optical
scanning device comprising:

an optical source to emit a first optical beam and a second optical beam that are
symmetrically oblique with respect to a reference plane in a sub-scanning direction;

an optical deflector to deflect the first optical beam and the second optical beam
in @ main scanning direction; and

an imaging lens to image the deflected first and second optical beams onto a
light-exposed object, wherein

a first scanning line curvature is generated due to a refractive index deviation of
the imaging lens, and

a curvature of the imaging lens in the sub-scanning direction is determined so
when a refractive index of the imaging lens is constant, the imaging lens generates a
second scanning line curvature bent in a direction opposite to a direction in which the

first scanning line curvature is bent.

12.  The optical scanning device of claim 11, wherein the curvature of the
imaging lens in the sub-scanning direction is determined so when the refractive index of
the imaging lens is constant, the second scanning line curvature increases as the
scanning line moves away from an optical axis of the imaging lens toward the main
scanning direction, and

wherein the imaging lens is formed based on injection molding.
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13. The optical scanning device of claim 12, wherein, when the refractive
index of the imaging lens is constant, a difference in optical power of the imaging lens in
the sub-scanning direction before and after the first scanning line curvature due to the
refractive index deviation is compensated for has a graphical shape in which at least a
half area of an effective area of the imaging lens with respect to the optical axis of the

imaging lens is upwardly convex.

14.  The optical scanning device of claim 13, wherein the difference in optical

power is a positive number.

15.  An electrophotographic printer comprising:

at least one photoconductor;

the optical scanning device of claim 1, wherein the optical scanning device is to
form an electrostatic latent image by irradiating an optical beam onto the
photoconductor;

a developing device to supply a developer to the electrostatic latent image and
form a visible toner image;

and

a fuser to fuse the toner image that was transferred to a print medium.

19



T "Old




PCT/US2019/049991

WO 2020/051482

2/10

(X) NOILO3HI

(NE9H)DE9 ONINNYOS-ENS (ME91)AED}
Lo (A) NOLLOHIa - l
™~ (W191)0191 ONINNVOS NIV (MI9L)ALGL -
| g 1 |
. 805 _ .

B ovl ! |
N~J=o = \ = ———7
@)

] ]
(Wiehdlel —~= === MIghAlc}

(NOZ1)002 1 MOz 1)AOZ |

(N00€)D00€E (00€)A00€

(NOLL)DOLL QOESF
0Ll 0l

¢ DA

\




PCT/US2019/049991

WO 2020/051482

3/10

00t

ovl Gyl
NEI | ﬁ \ AEOL

1

J00€

@

W191 ¢-V0S| ﬂ // 1L m

I-V0SL | gq vdl

W00E AOO€

@

¢ O

@

A00€




WO 2020/051482 PCT/US2019/049991

4/10

FIG. 4

REFRACTIVE INDEX
DEVIATION (Y=0)

>
2
n
D
N

An

no+= = N N w g
O DO DO DO D D (]
[ IR =S A S - S

b/ © o1 © 1 D
m/m mm m Mm m A

P f
[«

+

q

I
w
1
o
I
—
>
3 o©
3
—
[\
w
N

FIG. 5

REFRACTIVE INDEX
DEVIATION (X=0)

1 AE—_AQ2
o UJ

[en)
m
[em)
I

Q
x O
fa
UL

[e»]
m
(en]
I

An

A
=

o]
[

-50 -40 -30 -20 -10 0 10 20 30 40 50 60
Y (mm)



PCT/US2019/049991
5/10

WO 2020/051482

(X) NOILO3HIC
HNINNYOS-4NS

V3

(¢-9051)c-v0S |

e A e I B B

|
(1-80G 1) L-V0S| SIXV 1vILd0 Wv34 Tv0ILdO

N
o
o

(906 })V0S 1 (A) NOILO3HIa

ONINNVOS NIV

9 Old



PCT/US2019/049991

WO 2020/051482

6/10

7

FIG.

X (um)

0

13

100

—— | C1

——|(C2

80

a—u—u—a—8 Y (mm)

AN

60

40

20

[ VAV

150
LE®AY

100
ruwv
[~a)

]

20

[=~a)

100
LAY
150
LE¥AYJ
200
[AAvAV)

n
[«

-40

-60

-80

g
7

-120 -100

8

FIG.

Y (mm)

120

X

100

— N

—>%— (3

—*—|C4

0 20 4W@( 80

X (um)

[sTaYa)
[ viv)

150
royg

100
rvv

50
JYU

-20

-40

060
%
KT

-120 -100
)b

INal
100
rou
150
oy
200
[ayviv)




PCT/US2019/049991

WO 2020/051482

7/10

9

FIG.

THICKNESS OF IMAGING LENS (mm)

15
o
14

200 30 40 50 60

10

-50 -40 -30 -20 -10

-60

Y (mm)

10

FIG.

DIFFERENCE IN OPTICAL POWER OF IMAGING LENS BEFORE/AFTER CORRECTION

TV Vv

Nl UT

1 AE-N73

QINE-NA
JIULTUT
QI NE-_N4
OUC—UT
AINE-NA
OuC—us
EINE-N4
JIVETUT
AINE_NA
TIUCTUT
21NE_N4
UULTUS
21NE_NA4
UL UT
11NE-_N4

V. VL TUV

AL AELAN
-20

-100 -80 -60 -40 0 20 40 60 80 100 120
Y (mm)

-120



PCT/US2019/049991

WO 2020/051482

8/10

(WooE

(NEIL)DE9I

(NESH)OES

(X) NOILO3HId
HNINNYOS-8NS

V0S|

(A) NOILO3HI
ONINNYOS NIV

ai§l
L

80S1 " (veg1)AES L

)

00€

\

VOEL

WIZHolgL —~]= =
W0Z1)J02 L

(NOLL)DO I

(€)1

(ME9L)AEIL

|

MIghALZH
(MOZ1)A0Z )

(MOLL)AOLL

oLl
TT "DIA

80EL  (M191)ALOL

(M0O0E)A00E

2]
o
—



PCT/US2019/049991

WO 2020/051482

9/10

ovl Spl
0651 oggr  WESH gl ﬂ \ oL agsy  YE9

, , [ A , “ [
A \ 4 A A | A\ A d
Ny ~J /V J ]
RIS ALl o <
O 191 N L 1 L —
_ ﬂ R e (W e e e S B s NS _
A\ilI“ll =y S /
1 | | ! | AN | 1 /A | 1 ) d 1 | L X &mu_
/ ) / \
W19l 1-V0S | " 1-90G | Alol
¢-VOSL | g4 vdl 2-405 |
001 1 A o -
000 N00E AO0E 00€

|ORGR®

cl "DId



WO 2020/051482 PCT/US2019/049991
10/10

100c

FIG. 13




INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 2019/049991

A. CLASSIFICATION OF SUBJECT MATTER

G03G 15/00 (2006.01)
GO2B 26/10 (2006.01)

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO3G 5/00, 5/02, 5/04, GO2B 26/00, 26/08, 26/10, B41J 2/00, 2/435, 2/447

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

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

PatSearch (RUPTO internal), USPTO, PAJ, Esp@cenet, DWPI, EAPATIS, PATENTSCOPE, Information Retrieval System of
FIPS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2008/0084594 A1 (KOJI MASUDA) 10.04.2008, [0003], [0028], [0029], [0083], 1,5
[0087], [0091]
2-4,6-14
A
Y EP 3287831 A1l (CANON KABUSHIKI KAISHA) 28.02.2018, [0001], [0044], 1,5,15
[0075]-[0076], [0090]-[0091], [0099], [0102], [0142]-[0146], fig. 11
Y US 2015/0338641 A1 (YUKIHISA YOKOYAMA) 26.11.2015, [0075]-[0076], 15
[0137]
D Further documents are listed in the continuation of Box C. D See patent family annex.
* Special categories of cited documents: “1” later document published after the international filing date or priority

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier document but published on or after the international filing date

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

special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other
means
“P”  document published prior to the international filing date but later than

the priority date claimed

date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

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

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

07 November 2019 (07.11.2019)

Date of mailing of the international search report

14 November 2019 (14.11.2019)

Name and mailing address of the [SA/RU:

Federal Institute of Industrial Property,
Berezhkovskaya nab., 30-1, Moscow, G-59,

GSP-3, Russia, 125993

Facsimile No: (8-495) 531-63-18, (8-499) 243-33-37

Authorized officer
M. Koltsova

Telephone No. (499) 240-25-91

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - wo-search-report

