US 20090103156A1

a2y Patent Application Publication o) Pub. No.: US 2009/0103156 A1

a9 United States

LIM 43) Pub. Date: Apr. 23, 2009
(54) IMAGE FORMING APPARATUS WITH 30) Foreign Application Priority Data
LASER SCANNING DEVICE AND METHOD
OF ALIGNING THE LASER SCANNING Oct. 17,2007  (KR) coveveeeececececene 2007-104440
DEVICE Publication Classification
(51) Imt.ClL
(75) Inventor: Kyung Min LIM, Seoul (KR) HO4N 1/00 (2006.01)
GO02B 26/10 (2006.01)
Correspondence Address: (52) US.CL i 359/201.1
STEIN, MCEWEN & BUL LLP (57) ABSTRACT

1400 EYE STREET, NW, SUITE 300
WASHINGTON, DC 20005 (US)

(73) Assignee: Samsung Electronics Co., Ltd.,

Suwon-si (KR)

(21) Appl. No.: 12/133,502
(22) Filed: Jun. 5, 2008
P3 61 %0

An image forming apparatus includes a light source to emit a
laser beam; a resonant scanning mirror, including a reflection
surface to reflect the laser beam emitted from the light source,
to scan the reflected laser beam by oscillating the reflection
surface; at least one detector to detect the reflected laser beam
during the scanning of the reflected laser beam, and generate
a synchronizing signal each time the reflected laser beam is
detected; and at least one light selection unit to restrict a path
over which the reflected laser beam is incident on the at least
one detector to a predetermined path.
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IMAGE FORMING APPARATUS WITH
LASER SCANNING DEVICE AND METHOD
OF ALIGNING THE LASER SCANNING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 2007-104440 filed on Oct. 17, 2007, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Aspects of the invention relate to an image forming
apparatus with a laser scanning device and a method of align-
ing the laser scanning device, and more particularly to an
image forming apparatus equipped with a laser scanning
device capable of performing bidirectional laser scanning
using a resonant scanning mirror, and a method of aligning
the laser scanning device.

[0004] 2. Description of the Related Art

[0005] In general, an image forming apparatus is a device
that prints out black-and-white images or color images onto a
recording medium such as paper in accordance with image
signals. Examples of such an image forming apparatus
include a laser printer, an inkjet printer, a photocopier, a
digital multifunction printer, a facsimile machine, and the
like. The various image forming apparatuses create an image
generally by an electrophotographic method or an inkjet
method. In the electrophotographic method, an electrostatic
latent image is formed on a photoconductive medium by
scanning the photoconductive medium with a laser beam.
Then, developer is adhered to the photoconductive medium
corresponding to the electrostatic latent image, and a thus-
formed developer image is transferred to a recording
medium, thereby forming a final image. The inkjet method
forms an image by spraying liquid ink on a recording medium
in accordance with image signals.

[0006] An electrophotographic image forming apparatus
forms a desired image using the following process. First, a
surface of the photoconductive medium is charged to a pre-
determined electric potential. A laser beam is emitted onto the
surface of the charged photoconductive medium to thereby
form an electrostatic latent image. A visible image is formed
by adhering powder-type developer to the electrostatic latent
image. Next, the visible image formed by the developer is
transferred to a recording medium and fixed on the recording
medium by heat and pressure.

[0007] The electrophotographic image forming apparatus
is equipped with a laser scanning device that forms the elec-
trostatic latent image by scanning the photoconductive
medium with a laser beam in accordance with image signals.
The laser scanning device includes a light source that gener-
ates the laser beam according to the image signals, a collima-
tor lens that forms a parallel laser beam from the laser beam
emitted from the light source with respect to an optical axis,
a cylinder lens that converts the parallel laser beam emerging
from the collimator lens to a linear laser beam that is hori-
zontal with respect to a vertical scanning direction, a polygon
mirror that reflects the linear laser beam emerging from the
cylinder lens and scans the reflected laser beam in a horizontal
scanning direction, an f0 lens that focuses the reflected laser
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beam scanned by the polygon mirror on the photoconductive
medium by compensating for an aberration of the scanned
laser beam, and a detector that detects the scanned laser beam
and generates a synchronizing signal each time the scanned
laser beam is detected. These component parts are all
mounted in a single frame as one integrated unit.

[0008] Recently, the tendency has been to increase the rota-
tion speed of the polygon mirror to improve a printing speed
of'the image forming apparatus. Therefore, the costto achieve
this has been increasing.

[0009] To this end, there has been introduced a method of
employing a flat mirror having a reflection surface, which is
relatively inexpensive, instead of the polygon mirror rotating
at a high speed, as disclosed in U.S. Patent Application Pub-
lication No. 2005-0275710 published on Dec. 15, 2005.
[0010] According to the disclosed method, a photoconduc-
tive medium is scanned in accordance with image signals in a
forward direction and then a backward direction using a reso-
nant scanning mirror in which the reflection surface that
reflects the laser beam is oscillated at a resonant frequency.
[0011] In order to accurately form the electrostatic latent
image on the photoconductive medium according to the
image signals, all component parts of a laser scanning device
including the resonant scanning mirror, including an incident
optical system including the collimator lens and the cylinder
lens, must be precisely and stably mounted on a housing.
[0012] Whentheresonantscanning mirror is used to deflect
the laser beam, synchronizing signals are generated using
different detectors corresponding to the different scanning
directions, that is, the forward scanning direction and the
backward scanning direction. Thus, the positions of the detec-
tors mounted on the housing as well as the position of the
resonant scanning mirror oscillating at the resonant fre-
quency to deflect the laser beam must be strictly controlled.
[0013] For accurate generation of the synchronizing sig-
nals, the plurality of detectors generating the synchronizing
signals and the resonant scanning mirror must be placed at
correct positions. If an error occurs in mounting the resonant
scanning mirror on the housing during assembly, the resonant
scanning mirror may not be synchronized properly, or the
scanning may be performed according to incorrectly gener-
ated synchronizing signals. Accordingly, the ability to check
the position of the resonant scanning mirror after assembly is
required.

SUMMARY OF THE INVENTION

[0014] According to an aspect of the invention, an image
forming apparatus with a laser scanning device and a method
of aligning the laser scanning device enable the alignment of
a resonant scanning mirror to be checked more easily and
precisely.

[0015] According to an aspect of the invention, an image
forming apparatus with a laser scanning device and a method
of'aligning the laser scanning device reduce the cost of check-
ing the alignment of a resonant scanning mirror by using
fewer components.

[0016] According to an aspect of the invention, an image
forming apparatus includes a light source to emit a laser
beam; a resonant scanning mirror, including a reflection sur-
face to reflect the laser beam emitted from the light source, to
scan the reflected laser beam by oscillating the reflection
surface; at least one detector to detect the reflected laser beam
during the scanning of the reflected laser beam, and generate
a synchronizing signal each time the reflected laser beam is
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detected; and at least one light selection unit to restrict a path
over which the reflected laser beam is incident on the at least
one detector to a predetermined path.

[0017] According to an aspect of the invention, the at least
one detector includes a plurality of detectors; and the at least
one light selection unit includes a plurality of light selection
units corresponding to the plurality of detectors.

[0018] According to an aspect of the invention, each of the
light selection units includes a plurality of interruption units
arranged at different predetermined distances between a cor-
responding one of the detectors and the resonant scanning
mirror; and each of the interruption units includes a pair of
projections facing each other across a gap.

[0019] According to an aspect of the invention, each of the
light selection units includes a body having a slit formed
therein.

[0020] According to an aspect of the invention, the image
forming apparatus further includes a deflection unit including
the resonant scanning mirror; and a housing on which the
light source, the deflection unit including the resonant scan-
ning mirror, and the detector are mounted as an integrated
unit; and the at least one light selection unit is an integral part
of the housing.

[0021] According to an aspect of the invention, the housing
is an injection-molded plastic housing; and the at least one
light selection unit is an integral injection-molded plastic
portion of the injection-molded plastic housing.

[0022] According to an aspect of the invention, an image
forming apparatus includes a light source to emit a laser
beam; a resonant scanning mirror to reflect the laser beam
emitted from the light source, and scan the reflected laser
beam in a plurality of scanning directions; a plurality of
detectors to detect the reflected laser beam during the scan-
ning of the reflected laser beam, and generate synchronizing
signals for each of the plurality of scanning directions; a light
selection unit to restrict paths over which the reflected laser
beam is incident on the plurality of detectors to a plurality of
predetermined paths; and an alignment checking unit to
check an alignment of the resonant scanning mirror based on
the synchronizing signals generated by the plurality of detec-
tors when the reflected laser beam is incident on the plurality
of detectors over the plurality of predetermined paths.
[0023] According to an aspect of the invention, the align-
ment checking unit includes a controller to detect the syn-
chronizing signals generated by the detectors; determine a
time difference between detection times of two synchroniz-
ing signals generated by each of the detectors during one
scanning cycle of the resonant scanning mirror; compare the
time difference with a preset reference time; and determine
whether the resonant scanning mirror is aligned correctly
based on a result of the comparison; a memory to store infor-
mation indicative of the preset reference time; and a display
unit to display an indication of whether the resonant scanning
mirror is aligned correctly under control of the controller.
[0024] According to an aspect of the invention, the plurality
of detectors may be implemented by an optical sensor.
[0025] According to an aspect of the invention, the control-
ler includes a counter to determine the time difference.
[0026] According to anaspect of the invention, the resonant
scanning mirror includes a reflection surface that oscillates at
a predetermined resonant frequency to perform forward and
backward scanning.

[0027] According to an aspect of the invention, a method of
aligning an image forming apparatus includes emitting a laser
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beam from a light source so that the laser beam is incident on
a resonant scanning mirror and is reflected by the resonant
scanning mirror; oscillating the resonant scanning mirror to
scan the reflected laser beam in a plurality of scanning direc-
tions; restricting a path over which the reflected laser beam is
incident on at least one detector to a predetermined path;
detecting a synchronizing signal generated by the at least one
detector when the reflected laser beam is incident on the at
least one detector over the predetermined path; determining a
time difference between detection times of two synchroniz-
ing signals generated by the at least one detector; comparing
the time difference with a preset reference time; determining
whether the resonant scanning mirror is aligned correctly
based on a result of the comparison; and displaying an indi-
cation of whether the resonant scanning mirror is aligned
correctly.

[0028] According to an aspect of the invention, the at least
one detector includes a plurality of detectors; and the deter-
mining of a time difference includes determining a time dif-
ference between detection times of two synchronizing signals
generated by each of the detectors during one scanning cycle
of the resonant scanning mirror.

[0029] According to an aspect of the invention, the deter-
mining of whether the resonant scanning mirror is aligned
correctly comprises determining that the resonant scanning
mirror is not aligned correctly when the time difference is not
equal to the preset reference time.

[0030] According to an aspect of the invention, a laser
scanning device includes a light source to emit a laser beam;
a resonant scanning mirror to reflect the laser beam emitted
from the light source and alternately scan the reflected laser
beam in a first scanning direction between a first scan end
point and a second scan end point, and a second scanning
direction between the second scan end point and the first scan
end point; a first detector to detect the reflected laser beam and
generate a first synchronizing signal when the reflected laser
beam is approaching the first scan end point while being
scanned in the second scanning direction, and a second syn-
chronizing signal when the reflected laser beam is receding
from the first scan end point while being scanned in the first
scanning direction; and a first light selection unit to prevent
the reflected laser beam from being incident on the first detec-
tor during the scanning of the reflected laser beam except
when the resonant scanning mirror is disposed at a predeter-
mined location.

[0031] Additional aspects and/or advantages of the inven-
tion will be set forth in part in the description that follows and,
in part, will be obvious from the description, or may be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and/or other aspects and advantages of
the invention will become apparent and more readily appre-
ciated from the following description of embodiments of the
invention, taken in conjunction with the accompanying draw-
ings of which:

[0033] FIG. 1 shows the structure of alaser scanning device
according to an aspect of the invention;

[0034] FIG. 2A is a perspective view of a light selection
unit shown in FIG. 1 that is integrally formed with a housing
according to an aspect of the invention;

[0035] FIG. 2B is a perspective view ofa light selection unit
according to an aspect of the invention;
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[0036] FIG. 3 is a block diagram of a control portion of an
image forming apparatus with a laser scanning device accord-
ing to an aspect of the invention;

[0037] FIG. 4A shows a scanning locus when bidirectional
scanning is performed using a deflection unit according to an
aspect of the invention;

[0038] FIG. 4B shows an output signal of a first detector
during the bidirectional scanning of FIG. 4A according to an
aspect of the invention;

[0039] FIG. 4C shows a forward scanning operation of the
bidirectional scanning of FIG. 4A being performed on a pho-
toconductive medium according to an aspect of the invention;
[0040] FIG. 4D shows an output signal of a second detector
during the bidirectional scanning of FIG. 4A according to an
aspect of the invention;

[0041] FIG. 4E shows a backward scanning operation of
the bidirectional scanning of FIG. 4A being performed on a
photoconductive medium according to an aspect of the inven-
tion; and

[0042] FIG. 5 is a flowchart of a method of aligning the
image forming apparatus equipped with the laser scanning
device according to an aspect of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0043] Reference will now be made in detail to embodi-
ments of the invention, examples of which are shown in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. The embodiments are
described below to explain the invention by referring to the
figures.

[0044] An image forming apparatus with a laser scanning
device and a method of aligning the laser scanning device
according to aspects of the invention will now be described.
The laser scanning device according to aspects of the inven-
tion is applicable to an electrophotographic image forming
apparatus. Since the structure of the electrophotographic
image forming apparatus itself is well known to one of ordi-
nary skill in the art, a detailed description will be provided of
only the laser scanning device according to aspects of the
invention.

[0045] Asshown in FIG. 1, a laser scanning device accord-
ing to an aspect of the invention includes a light source 10
implemented by a laser diode to generate a laser beam, a
collimator lens 21 converting the laser beam emitted from the
light source 10 to a parallel laser beam that is parallel with an
optical axis, a cylinder lens 22 converting the parallel laser
beam to a linear laser beam that is horizontal relative to a
vertical scanning direction, a deflection unit 30 having a
resonant scanning mirror 31 to reflect the linear laser beam
and scan the reflected laser beam in the horizontal scanning
direction, an 1B lens 40 focusing the reflected laser beam
scanned by the resonant scanning mirror 31 on a photocon-
ductive medium 60 by compensating an aberration of the
reflected laser beam scanned by the resonant scanning mirror
31 so that the reflected laser beam is scanned across the
photoconductive medium 60 at a constant speed, and first and
second detectors 51 and 52 detecting the reflected laser beam
scanned by the resonant scanning mirror 31 and generating a
synchronizing signal each time the reflected laser beam is
detected.

[0046] The resonant scanning mirror 31 has a reflection
surface to reflect the linear laser beam from the cylinder lens
22, and is oscillated by a driving source (not shown) about a
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rotational axis 32 at a predetermined resonant frequency to
scan the reflected laser beam in forward backward scanning
directions. Since exemplary structures of the resonant scan-
ning mirror 31 and the driving source are disclosed in U.S.
Patent Application Publication No. 2005-0275710 published
on Dec. 15, 2005, a detailed description thereof will be omit-
ted herein.

[0047] The reflected laser beam scanned by the resonant
scanning mirror 31 performs scanning in a reciprocating
motion. A scanning area of the laser beam is symmetrical with
respect to a center line 41.

[0048] The laser beam scans a surface of the photoconduc-
tive medium 60 in accordance with image signals within a
range of a first effective scanning section SA and a second
effective scanning section SB of the scanning area. At both
ends of the scanning area excluding the first and second
effective scanning sections SA and SB, that is, at a left end of
the scanning area beyond a range detectable by the first detec-
tor 51 when the laser beam performs a leftward scanning, and
a right end of the scanning area beyond a range detectable by
the second detector 52 when the laser beam performs a right-
ward scanning, the surface of the photoconductive medium
60 is not scanned by the laser beam.

[0049] A first image line 61 is formed on the photoconduc-
tive medium 60 during a rightward or forward scanning, and
a second image line 62 is formed on the photoconductive
medium during a leftward or backward scanning. This bidi-
rectional scanning is continuously repeated to scan the entire
photoconductive medium 60.

[0050] The first and second detectors 51 and 52 each
include an optical sensor for detecting the laser beam and
outputting a synchronizing signal each time the laser beam is
detected for use as a reference signal in forming the first and
second image lines 61 and 62 at correct positions on the
photoconductive medium 60. The plurality of synchronizing
signals are supplied to a signal processing block (not shown)
that generates a laser beam in accordance with the image
signals. The light source 10 emits the laser beam according to
image data supplied from the signal processing block and the
synchronizing signals. In addition, the plurality of synchro-
nizing signals are supplied to a controller that checks an
alignment of the resonant scanning mirror 31. The controller
will be described later.

[0051] Additionally, first and second light selection units
71 and 72 are provided to restrict a path over which the laser
beam is incident on the first and second detectors 51 and 52,
respectively. The reason for restricting the incident path of the
laser beam is so that the laser beam is incident on the detectors
51 and 52 only when the resonant scanning mirror 31 is
disposed at a reference position and is operating normally in
order to check the alignment of the resonant scanning mirror
31. More specifically, the light selection units 71 and 72
transmit the reflected laser beam scanned by the resonant
scanning mirror 31 to the first and second detectors 51 and 52
only when the resonant scanning mirror is disposed at the
reference position and is operating normally. Otherwise,
when the resonant scanning mirror 31 is deviated from the
reference position, or when the scanning area of the laser
beam is asymmetrical with respect to the center line 41 even
though the resonant scanning mirror 31 is disposed at the
reference position but is not operating normally, the light
selection units 71 and 72 block the laser beam to prevent the
laser beam from being incident on the detectors 51 and 52.
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[0052] The first light selection unit 71 includes a plurality
of interruption units 71a and 715 arranged between the first
detector 51 and the resonant scanning mirror 31 at a prede-
termined distance from each other. The respective interrup-
tion units 71a and 716 each include a pair of projections
disposed at a predetermined distance facing each other across
a gap to transmit the laser beam through the gap and allow the
laser beam to be incident on the first detector 51.

[0053] One of the interruption units 71a and 715, for
example, the interruption unit 71a, is disposed closer to the
resonant scanning mirror 31, while the other interruption unit,
for example, the interruption unit 714, is disposed closer to
the first detector 51.

[0054] The plurality of interruption units 71a and 715 are
mounted as an integrated unit along with other components.
As shown in FIG. 2A, for example, the plurality of interrup-
tion units 71a and 715 may be formed as an integral part of a
housing 1 on which the first detector 51 is mounted. To
achieve this, the housing 1 may be formed from plastic by
injection molding, and the interruption units 71a and 715 may
be formed as an integral injection-molded plastic portion of
the injection-molded plastic housing 1.

[0055] The second light selection unit 72 includes a plural-
ity of interruption units 72a and 724 arranged between the
second detector 52 and the resonant scanning mirror 31 at a
predetermined distance from each other. The interruption
units 72a and 725 each include a pair of projections disposed
at a predetermined distance facing each other across a gap to
transmit the laser beam through the gap and allow the laser
beam to be incident on the second detector 52. In order to
mount the second light selection unit 72 as an integrated unit
along with other components, like the first light selection unit
71 as shown in FIG. 2A, the second detector 52 may be
mounted on the housing 1 and the second light selection unit
72 may be formed as an integral injection-molded portion of
the injection-molded plastic housing 1.

[0056] Although not shown in FIG. 2A, the light source 10,
the collimator lens 21, the cylinder lens 22, the deflection unit
30 having the resonant scanning mirror 31, and the 10 lens 40
shown in FIG. 1 may also be mounted on the housing 1
together with the first detector 51 and the second detector 52
as an integrated unit, with the first light selection unit 71 and
the second light selection unit 72 being formed as integral
injection-molded portions of the injection-molded plastic
housing 1.

[0057] As described above, the first and second light selec-
tion units 71 and 72 according to an aspect of the invention
restrict transmission of the laser beam using the plurality of
interruption units 71a, 715, 72a, and 72b6. However, aspects of
the invention are not limited to such an arrangement, and a
light selection unit can be implemented in various configura-
tions that are capable of restricting transmission of the laser
beam reflected by the resonant scanning mirror 31 to a detec-
tor. For example, as shown in FIG. 2B showing another aspect
of the invention, a light selection unit 81 having a slit H
formed ina body 81a may transmit the laser beam through the
slit H, thereby restricting transmission of the laser beam to a
detector.

[0058] FIG. 3 is a block diagram of a control portion of an
image forming apparatus with a laser scanning device accord-
ing to an aspect of the invention. As shown in FIG. 3, in order
to confirm whether the resonant scanning mirror 31 is cor-
rectly aligned, a controller 100 checks the alignment of the

Apr. 23, 2009

resonant scanning mirror 31 using the synchronizing signals
from the first and second detectors 51 and 52.

[0059] At the beginning of the scanning, the controller 100
is supplied with the synchronizing signals from the first and
second detectors 51 and 52, respectively. The controller 100 is
provided with a counter 101 to measure a time difference
between detection times of the synchronizing signals.
[0060] More specifically, the controller 100 checks the
alignment of the resonant scanning mirror 31 of the deflection
unit 30 by comparing a time difference between the detection
times of the synchronizing signals with a preset reference
time stored in a memory 110 using a counter 101. In addition,
the controller 100 displays a result of the alignment checking
on a display unit 120 for the user’s reference so that the user
can correct an alignment error of the resonant scanning mirror
31 if necessary.

[0061] Theoperation of checking the alignment of the reso-
nant scanning mirror 31 will now be described in greater
detail with reference to FIGS. 4A though 4E.

[0062] The laser beam reflected from the resonant scanning
mirror 31 performs the scanning in a reciprocating motion. In
this case, the scanning locus has a certain cycle as shown in
FIG. 4A.

[0063] When the leftward scanning is performed from the
center line 41 at which a scanning angle is 0°, the laser beam
reflected from the resonant scanning mirror 31 moves to the
left beyond the range detectable by the first detector 51 and
then moves back to the right past the first detector 51, causing
the first detector 51 to detect the laser beam twice at detection
times P1 and P2.

[0064] As shown in FIG. 4B, according to an output 51a of
the first detector 51 for one cycle of the scanning, the laser
beam is detected twice at the detection times P1 and P2. A
time difference TA between a first detection time P1 and a
second detection time P2 is measured by the counter 101. The
controller 100 compares the time difference TA measured by
the counter 101 with the reference time stored in the memory
110, thereby determining whether an alignment error of the
resonant scanning mirror 31 has occurred, i.e., whether the
resonant scanning mirror 31 is aligned correctly. A forward
scanning time TF begins at the second detection time P2 and
ends at a time P5 described later with respect to FIG. 4D.
[0065] Referring to FIG. 4C, beginning at a starting time
P3, which is a predetermined time TbA after the second
detection time P2, a predetermined section 61a of the first
image line 61 is formed on the surface of the photoconductive
medium 60 in the forward scanning direction, ending at a
completion time P4.

[0066] Referring to FIG. 4D, after the forward scanning is
completed, the scanning continues to the right past the second
detector 52. When the laser beam moves to the right beyond
the range detectable by the second detector 52 and then moves
back to the left past the second detector 52, the second detec-
tor 52 detects the laser beam twice at detection times P5 and
P6.

[0067] As shown in FIG. 4D, according to an output 52a of
the second detector 52 for one cycle of the scanning, the laser
beam is detected twice at the detection times PS5 and P6. A
time difference TB between a first detection time PS5 and a
second detection time P6 is measured by the counter 101. The
controller 100 compares the time difference TB measured by
the counter 101 with the reference time stored in the memory
110, thereby determining whether an alignment error of the
resonant scanning mirror 31, i.e., whether the resonant scan-
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ning mirror 31 is aligned correctly. A backward scanning time
TR begins at the second detection time P5 and ends at the first
detection time P1 of the forward scanning operation shown in
FIG. 4B.

[0068] Referring to FIG. 4E, beginning at a starting time
P7, which is a predetermined time TbB after the second
detection time P6, a predetermined section 62a of the second
image line 62 is formed on the surface of the photoconductive
medium 60 in the backward scanning direction, ending at a
completion time P8.

[0069] During assembly of the deflection unit 30 into an
integrated unit along with the other component parts of the
laser scanning device, if the resonant scanning mirror 31 is
deviated from the correct position or is mounted incorrectly,
thereby causing the scanning area to be asymmetric with
respect to the center line 41, the detection times of the plu-
rality of synchronizing signals detected by the first and sec-
ond detectors 51 and 52 will change. Thus, the alignment
error can be detected comparing the time difference between
the detection times with the preset reference time stored in the
memory 110.

[0070] Depending on the particular configuration of the
laser scanning device, the time difference TA measured by the
counter 101 between the detection times of the synchronizing
signals generated by the first detector 51 may be different
from the time difference TB measured by the counter 101
between the detection times of the synchronizing signals
generated by the second detector 52 even when the resonant
scanning mirror is correctly aligned. Therefore, the memory
110 may store a first preset reference time for comparison
with the time difference TA, and a second preset reference
time for comparison with the time difference TB.

[0071] A method of aligning the laser scanning device
according to an aspect of the invention will now be described
in detail with reference to FIG. 5.

[0072] Referring to FIG. 5. the deflection unit 30 is driven
by supplying power to the laser scanning device to start scan-
ning the laser beam (operation 200). During the scanning, the
laser beam emitted from the light source 10 sequentially
passes through the collimator lens 21 and the cylinder lens 22
and is incident on the reflection surface of the resonant scan-
ning mirror 31. After being reflected by the reflection surface
that is oscillating at the predetermined resonant frequency
and passing through the {0 lens 40, the laser beam performs a
scanning operation.

[0073] The controller 100 determines the first detection
time P1 has occurred depending on whether the synchroniz-
ing signal is input from the first detector 51 (operation 202).
When it is determined that the synchronizing signal has not
been input from the first detector 51 for a predetermined time,
the controller 100 displays an alignment error of the resonant
scanning mirror 31 on the display unit 120 (operation 204).

[0074] When it is determined in the operation 202 that the
first detection time P1 at which the synchronizing signal
generated by the first detector 51 for the first time has
occurred, the counter 101 starts counting beginning at the first
detection time P1 (operation 206). The controller 100 then
determines whether the second detection time P2 at which the
synchronizing signal is generated by the first detector 51 for
the second time has occurred (operation 208). When it is
determined in the operation 208 that the second detection
time P2 has occurred, the controller 100 stops counting at the
second detection time P2 (operation 210), and compares the
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time difference TA measured by the counter 101 with a first
preset reference time R1 stored in the memory 110 (operation
212).

[0075] When it is determined in the operation 212 that the
time difference TA and the first preset reference time R1 are
not equal to each other, an alignment error of the resonant
scanning mirror 31 is displayed on the display unit 120 (op-
eration 214).

[0076] When it is determined in the operation 212 that the
time difference TA and the first preset reference time are
equal to each other, forward scanning is performed to form
the first image line 61 on the surface of the photoconductive
medium 60 (operation 216).

[0077] Next, the controller 100 determines whether the first
detection time P5 at which the synchronizing signal is gen-
erated by the second detector 52 for the first time has occurred
depending on whether the synchronizing signal is input from
the second detector 52 (operation 218). When it is determined
that the synchronizing signal has not been input from the
second detector 52 for a predetermined time, the controller
100 displays an alignment error of the resonant scanning
mirror 31 on the display unit 120 (operation 220).

[0078] When it is determined in the operation 218 that the
first detection time PS5 has occurred, the counter 101 starts
counting beginning at the first detection time P5 (operation
222). The controller 100 then determines whether the second
detection time P6 at which the synchronizing signal is gen-
erated by the second detector 52 for the second time has
occurred (operation 224). When it is determined in the opera-
tion 224 that the second detection time P6 has occurred, the
controller 100 stops the counting at the second detection time
P6 (operation 226), and compares the time difference TB
measured by the counter 101 with a second preset reference
time R2 stored in the memory 110 (operation 228).

[0079] When it is determined in the operation 228 that the
time difference TB and the second preset reference time R2
are not equal to each other, an alignment error of the resonant
scanning mirror 31 is displayed on the display unit 120 (op-
eration 230).

[0080] When it is determined in the operation 228 that the
time difference TB and the second preset reference time R2
are equal to each other, backward scanning is performed to
form the second image line 62 on the surface of the photo-
conductive medium 60 (operation 232).

[0081] Next, the controller 100 displays completion of the
alignment check of the resonant scanning mirror 31 on the
display unit 120 (operation 234).

[0082] Next, the controller 100 determines whether the
scanning for checking the alignment is completed (operation
236). If the scanning for checking the alignment is not com-
pleted, the controller 100 repeats the operations described
above beginning with the operation 202 to check the align-
ment again. The reason for repeatedly checking the alignment
is to guard against a temporary failure in the process of
checking the alignment, and thereby improve the reliability of
the process of checking the alignment. The number of times
the alignment is checked or an alignment checking time dur-
ing which the alignment is checked may be set in advance to
repeat the checking of the alignment for the preset number of
times or during the preset alignment checking time.

[0083] When it is determined in the operation 236 that the
scanning for checking the alignment is completed, the con-
troller 100 stops the scanning, thereby finishing the process of
checking the alignment of the resonant scanning mirror 31.
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[0084] As can be appreciated from the above description,
according to aspects of the invention, whether the resonant
scanning mirror is correctly aligned can be easily checked by
comparing a difference in detection times of the synchroniz-
ing signals generated by the detectors with a preset reference
time.

[0085] Furthermore, since the light selection unit can be
implemented by a structure that is an integral injection-
molded plastic portion of an injection-molded plastic hous-
ing, a number of parts can be reduced, thereby reducing the
manufacturing cost.

[0086] Although several embodiments of the invention
have been shown and described, it would be appreciated by
those skilled in the art that changes may be made in these
embodiments without departing from the principles and spirit
of the invention, the scope of which is defined in the claims
and their equivalents.

What is claimed is:

1. An image forming apparatus comprising:

a light source to emit a laser beam;

aresonant scanning mirror, comprising a reflection surface

to reflect the laser beam emitted from the light source, to
scan the reflected laser beam by oscillating the reflection
surface;

at least one detector to detect the reflected laser beam

during the scanning of the reflected laser beam, and
generate a synchronizing signal each time the reflected
laser beam is detected; and

at least one light selection unit to restrict a path over which

the reflected laser beam is incident on the at least one
detector to a predetermined path.

2. The image forming apparatus of claim 1, wherein:

the at least one detector comprises a plurality of detectors;

and

the at least one light selection unit comprises a plurality of

light selection units corresponding to the plurality of
detectors.

3. The image forming apparatus of claim 2, wherein:

each of the light selection units comprises a plurality of

interruption units arranged at different predetermined
positions between a corresponding one of the detectors
and the resonant scanning mirror; and

each of the interruption units comprises a pair of projec-

tions facing each other across a gap.

4. The image forming apparatus of claim 2, wherein each of
the light selection units comprises a body having a slit formed
therein.

5. The image forming apparatus of claim 1, further com-
prising:

a deflection unit comprising the resonant scanning mirror;

and

a housing on which the light source, the deflection unit

comprising the resonant scanning mirror, and the detec-
tor are mounted as an integrated unit;

wherein the at least one light selection unit is an integral

part of the housing.

6. The image forming apparatus of claim 5, wherein:

the housing is an injection-molded plastic housing; and

the at least one light selection unit is an integral injected-

molded plastic portion of the injection-molded plastic
housing.
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7. An image forming apparatus comprising:

a light source to emit a laser beam;

aresonant scanning mirror to reflect the laser beam emitted
from the light source, and scan the reflected laser beam
in a plurality of scanning directions;

a plurality of detectors to detect the reflected laser beam
during the scanning of the reflected laser beam, and
generate synchronizing signals for each of the plurality
of scanning directions;

a light selection unit to restrict paths over which the
reflected laser beam is incident on the plurality of detec-
tors to a plurality of predetermined paths; and

an alignment checking unit to check an alignment of the
resonant scanning mirror based on the synchronizing
signals generated by the plurality of detectors when the
reflected laser beam is incident on the plurality of detec-
tors over the plurality of predetermined paths.

8. The image forming apparatus of claim 7, wherein the

alignment checking unit comprises:
a controller to:
detect the synchronizing signals generated by the detec-
tors;

determine a time difference between detection times of
two synchronizing signals generated by each of the
detectors during one scanning cycle of the resonant
scanning mirror;

compare the time difference with a preset reference
time; and

determine whether the resonant scanning mirror is
aligned correctly based on a result of the comparison;

a memory to store information indicative of the preset
reference time; and

a display unit to display an indication of whether the reso-
nant scanning mirror is aligned correctly under control
of the controller.

9. The image forming apparatus of claim 8, wherein the

two synchronizing signals comprise:

a first synchronizing signal generated when the resonant
scanning mirror is scanning the reflected laser beam in a
first scanning direction; and

a second synchronizing signal generated when the resonant
scanning mirror is scanning the reflected laser beam in a
second scanning direction different from the first scan-
ning direction.

10. The image forming apparatus of claim 7, wherein each

of the detectors comprises an optical sensor.

11. The image forming apparatus of claim 7, wherein the
controller comprises a counter to determine the time differ-
ence.

12. The image forming apparatus of claim 7, wherein the
resonant scanning mirror comprises a reflection surface that
oscillates at a predetermined resonant frequency to perform
forward and backward scanning.

13. A method of aligning an image forming apparatus
comprising:

emitting a laser beam from a light source so that the laser
beam is incident on a resonant scanning mirror and is
reflected by the resonant scanning mirror;

oscillating the resonant scanning mirror to scan the
reflected laser beam in a plurality of scanning directions;

restricting a path over which the reflected laser beam is
incident on at least one detector to a predetermined path;

detecting a synchronizing signal generated by the at least
one detector when the reflected laser beam is incident on
the at least one detector over the predetermined path;
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determining a time difference between detection times of
two synchronizing signals generated by the at least one
detector;

comparing the time difference with a preset reference time;

determining whether the resonant scanning mirror is
aligned correctly based on a result of the comparison;
and

displaying an indication of whether the resonant scanning
mirror is aligned correctly.

14. The aligning method of claim 13, wherein:

the at least one detector comprises a plurality of detectors;
and

the determining of a time difference comprises determin-
ing a time difference between detection times of two
synchronizing signals generated by each of the detectors
during one scanning cycle of the resonant scanning mir-
ror.

15. The aligning method of claim 13, wherein the deter-
mining of whether the resonant scanning mirror is aligned
correctly comprises determining that the resonant scanning
mirror is not aligned correctly when the time difference is not
equal to the preset reference time.

16. The aligning method of claim 13, wherein the two
synchronizing signals comprise:

a first synchronizing signal generated when the reflected
laser beam is being scanned by the resonant scanning
mirror in a first scanning direction; and

a second synchronizing signal generated when the
reflected laser beam is being scanned by the resonant
scanning mirror in a second scanning direction different
from the first scanning direction.

17. A laser scanning device comprising:

a light source to emit a laser beam;

aresonant scanning mirror to reflect the laser beam emitted
from the light source and alternately scan the reflected
laser beam in a first scanning direction between a first
scan end point and a second scan end point, and a second
scanning direction between the second scan end point
and the first scan end point;

a first detector to detect the reflected laser beam and gen-
erate a first synchronizing signal when the reflected laser
beam is approaching the first scan end point while being
scanned in the second scanning direction, and a second
synchronizing signal when the reflected laser beam is
receding from the first scan end point while being
scanned in the first scanning direction; and

afirstlight selection unit to prevent the reflected laser beam
from being incident on the first detector during the scan-
ning of the reflected laser beam except when the reso-
nant scanning mirror is disposed at a predetermined
location.

18. The laser scanning apparatus of claim 17, further com-

prising a controller to:

detect the first synchronizing signal and the second syn-
chronizing signal;

determine a first time difference between a detection time
of the first synchronizing signal and a detection time of
the second synchronizing signal;

compare the first time difference with a first preset refer-
ence time; and
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determine whether the resonant scanning mirror is cor-
rectly aligned based on a result of the comparison.

19. The laser scanning device of claim 18, wherein the
controller determines that the resonant scanning mirror is not
correctly aligned when the controller does not detect the first
synchronization signal within a predetermined time, or when
the first time difference is not equal to the first preset refer-
ence time.

20. The laser scanning device of claim 18, wherein the
controller determines that the resonant scanning mirror is
correctly aligned when the first time difference is equal to the
first preset reference time.

21. The laser scanning device of claim 17, further compris-
ing:

a second detector to detect the reflected laser beam and
generate a third synchronizing signal when the reflected
laser beam is approaching the second scan end point
while being scanned in the first scanning direction, and
a fourth synchronizing signal when the reflected laser
beam is receding from the second scan end point while
being scanned in the second scanning direction; and

a second light selection unit to prevent the reflected laser
beam from being incident on the second detector during
the scanning of the reflected laser beam except when the
resonant scanning mirror is disposed at the predeter-
mined location.

22. The laser scanning apparatus of claim 21, further com-

prising a controller to:

detect the first synchronizing signal, the second synchro-
nizing signal, the third synchronizing signal, and the
fourth synchronizing signal;

determine a first time difference between a detection time
of the first synchronizing signal and a detection time of
the second synchronizing signal;

determine a second time difference between a detection
time of the third synchronizing signal and a detection
time of the fourth synchronizing signal;

compare the first time difference with a first preset refer-
ence time;

compare the second time difference with a second preset
reference time; and

determine whether the resonant scanning mirror is cor-
rectly aligned based on a result of the two comparisons.

23. The laser scanning device of claim 22, wherein the
controller determines that the resonant scanning mirror is not
correctly aligned when the controller does not detect the first
synchronization signal within a predetermined time, or when
the first time difference is not equal to the first preset refer-
ence time, or when the controller does not detect the third
synchronization signal within a predetermined time, or when
the second time difference is not equal to the second preset
reference time.

24. The laser scanning device of claim 22, wherein the
controller determines that the resonant scanning mirror is
correctly aligned when the first time difference is equal to the
first preset reference time, and the second time difference is
equal to the second preset reference time.
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