
US 20070206260A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0206260 A1 

Mochizuki (43) Pub. Date: Sep. 6, 2007 

(54) LIGHT SCANNING UNIT, AND IMAGE Publication Classi?cation 
FORMING APPARATUS USING THE SAME (51) Int. Cl. 

G02B 26/08 (2006.01) 
(75) Inventor: Takeshi Mochizuki, (52) us. Cl. ..................................................... .. 359/216 

Hltachmaka-shl (JP) (57) ABSTRACT 

Correspondence Address; The invention is to provide a light scanning unit designed to 
CROWELL & MORING LLP suppress the quantity of torsion of a light beam caused by an 
INTELLECTUAL PROPERTY GROUP inclination angle of a cylindrical lens disposed between a 
P_()_ BOX 14300 light source and an optical de?ecting element so as to 

_ suppress increase in diameter of the beam imaged on a 
WASHINGTON’ DC 20044 4300 to-be-scanned surface. The object is achieved by the light 

_ scanning unit in Which a collimator lens, an aperture, a 
(73) Asslgneer Ricoh Printing Systems, Ltd” cylindrical lens, a spherical lens, a rotary polygon mirror, an 

MinaIO-ku (JP) F0 lens and a to-be-scanned surface are disposed in an 
optical path between the light source and the optical de?ect 

_ ing element in order of increasing distance from the light 
(21) Appl' NO" 11/709’249 source. The light scanning unit is designed to satisfy an 

_ expression of MtéD/o When 6 designates a diameter of the 
(22) Flledt Feb- 22, 2007 aperture, D designates a diffraction diameter of each beam 

focused on the to-be-scanned surface and scanning the 
(30) Foreign Application Priority Data to-be-scanned surface, y designates a rotation angle With a 

Mar. 2, 2006 (JP) ............... .. 2006-056731 

generatrix of the cylindrical lens, and Mt designates a 
conjugate magni?cation. 



Patent Application Publication 

12 

11 

Sep. 6, 2007 Sheet 1 0f 7 US 2007/0206260 A1 

7/“ 

\ 10 
>’- 1 

J 63/ 
\__w___/ 

6 

FIG. 2 

X(+) 

L 6 7 ‘ 2M 1 
4 

G/ 



Patent Application Publication Sep. 6, 2007 Sheet 2 0f 7 US 2007/0206260 A1 

FIG. 3 



Patent Application Publication Sep. 6, 2007 Sheet 3 0f 7 US 2007/0206260 A1 



Patent Application Publication Sep. 6, 2007 Sheet 4 0f 7 US 2007/0206260 A1 

11 x15} 
\ 

' 30 

FIG. 6A 3w 

\ Y3(+) 

- 6 

1 
11 

mm 3 ' 

11 x30) 
11 

FIG. 6B 9/1 - 
z 

7 P 
0 . 

11 

FIG. 6C 



Patent Application Publication Sep. 6, 2007 Sheet 5 0f 7 US 2007/0206260 A1 

FIG. 7A 

FIG. 78 

FIG. 7C I ___Y9(+) 

is)’ 6x9 ' 



Patent Application Publication Sep. 6, 2007 Sheet 6 0f 7 US 2007/0206260 A1 

FIG. 8 



Patent Application Publication Sep. 6, 2007 Sheet 7 0f 7 US 2007/0206260 A1 

FIG. 9 ' 

Y:‘5(+) 

X3(+) 4 

38~/~ 37 

FIG. 10 

24 

1a\m 21 

16 + 

17a 
17 . 

17b 

51‘. 3/00 



US 2007/0206260 A1 

LIGHT SCANNING UNIT, AND IMAGE 
FORMING APPARATUS USING THE SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to a light scanning 
unit and an image forming apparatus using the light scan 
ning unit. 

DESCRIPTION OF THE BACKGROUND ART 

[0002] In an optical system of a light scanning unit using 
a laser as a light source, a laser beam emitted from the laser 
is collimated by a collimator lens, and a to-be-scanned 
surface is scanned With the collimated laser beam through a 
rotary polygon mirror and an F6 lens, While the laser beam 
is imaged on the to-be-scanned surface through a cylindrical 
lens and the F6 lens. 
[0003] Recently in a light scanning unit for use in an 
image forming apparatus or the like, there has been knoWn 
a fundamental con?guration in Which a plurality of arrayed 
light sources are used for increasing the printing speed, and 
a coupling optics, a cylindrical lens and a spherical lens are 
disposed betWeen the light sources and an optical de?ecting 
element so that a pupil plane on a posterior focal plane of an 
imaging optics and the optical de?ecting element have a 
conjugate relationship (for example, see JP-A-63-20802l). 
[0004] Further, due to groWing requirements for higher 
de?nition in printing quality, enlargement in printing Width, 
higher speed in printing speed, and so on, the imaging 
performance of optical systems has been severer and severer. 
The imaging performance of an optical system depends on 
the machining and assembling accuracies of lenses, mirrors, 
etc., the aberrations of the lenses and the mirrors, and the 
di?fractions of laser beams. Therefore, not only improve 
ment in machining accuracies of the lenses, the mirrors, etc., 
but also improvement in the assembling and adjusting 
accuracies of those are required. 
[0005] One of factors in causing deterioration of the 
imaging performance of an optical system is a problem that 
the diameters of light beams on a to-be-scanned surface are 
increased because so-called torsion Which is a tWo-dimen 
sional asymmetry occurs in the light beams due to rotation 
of a cylindrical lens. A solution to this has been disclosed, 
i.e. by adjustment of the rotation angle of the cylindrical lens 
With its optical axis as its rotation axis, the quantity of the 
torsion can be suppressed (for example, see JP-A-7-24846l 
and JP-A-6-l880l). 
[0006] HoWever, When the rotation angle of the cylindrical 
lens is adjusted as described in JP-A-7-24846l and JP-A 
6-18801, not only is there a problem that a device for 
adjusting the angle is required, but there is another problem 
that it takes time to adjust the angle or the number of 
man-hours in production increases. 

SUMMARY OF THE INVENTION 

[0007] The present invention Was developed to solve the 
forgoing problems belonging to the background art. An 
object of the invention is to provide a light scanning unit 
Which is designed to suppress the quantity of torsion of a 
light beam caused by the inclination angle of a cylindrical 
lens disposed betWeen a light source and an optical de?ect 
ing element so as to suppress increase in diameter of the 
beam imaged on a to-be-scanned surface. 
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[0008] In order to attain the foregoing object, according to 
a ?rst con?guration of the present invention, there is pro 
vided a light scanning unit including an optical de?ecting 
element for de?ecting a plurality of beams emitted from a 
light source having a plurality of light outgoing portions, and 
a scanning optics for focusing the plurality of de?ected 
beams on a to-be-scanned surface and scanning the to-be 
scanned surface With the plurality of de?ected beams; 
Wherein: 
[0009] the plurality of light outgoing portions belonging to 
the light source are arrayed substantially on one straight line, 
and the straight line is inclined With respect to a plane Where 
the plurality of beams emitted from the plurality of light 
outgoing portions are de?ected to scan; 
[0010] a coupling optics for forming the beams emitted 
from the light source into parallel beams, a cylindrical lens 
having a positive poWer and having a generatrix in a 
direction substantially perpendicular to the plane Where the 
beams are de?ected to scan, and a spherical lens having a 
positive poWer are disposed in an optical path betWeen the 
light source and the optical de?ecting element in order of 
increasing distance from the light source; 
[0011] an aperture for limiting diameters of the beams is 
disposed in a posterior focal plane of the coupling optics; 
[0012] the cylindrical lens and the spherical lens form an 
afocal system in the plane Where the beams are de?ected to 
scan, and the aperture and the optical de?ecting element are 
disposed in a conjugate relationship in the plane Where the 
beams are de?ected to scan; 

[0013] an anterior focal plane of the spherical lens and the 
to-be-scanned surface are disposed in a conjugate relation 
ship in the plane Where the beams are de?ected to scan; and 
[0014] the folloWing expression is satis?ed: 

When 6 designates a diameter of the aperture in a direction 
perpendicular to the plane Where the beams are de?ected to 
scan, D designates a diffraction diameter of each beam 
focused on the to-be-scanned surface and scanning the 
to-be-scanned surface, y designates an angle betWeen the 
generatrix of the cylindrical lens and a direction perpen 
dicular to the plane Where the beams are de?ected to scan, 
and Mt designates a conjugate magni?cation from the ante 
rior focal plane of the spherical lens to the to-be-scanned 
surface in the plane Where the beams are de?ected to scan. 
[0015] According to a second con?guration of the present 
invention, in the light scanning unit according to the ?rst 
con?guration, the cylindrical lens is not provided With any 
means for adjusting an angle of the generatrix but has a 
reference surface perpendicular to the generatrix and an 
optical axis thereof, so that the cylindrical lens can be 
attached to a ?xed pedestal With the reference surface in 
contact With the ?xed pedestal and Without adjusting the 
angle of the generatrix. 
[0016] According to a third con?guration of the present 
invention, there is provided an image forming apparatus 
including a photoconductor, a charging unit for charging the 
photoconductor, a light scanning unit for optically scanning 
the photoconductor With light so as to form an electrostatic 
latent image on the photoconductor in accordance With 
image information to be recorded, a developing unit for 
attaching toner to the electrostatic latent image so as to form 
a toner image, a transfer unit for transferring the toner image 
onto a recording medium, and a ?xation unit for ?xing the 
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transferred toner image onto the recording medium; Wherein 
the light scanning unit is a light scanning unit according to 
the ?rst or second con?guration. 
[0017] According to the present invention, due to use of 
the aforementioned con?gurations, the quantity of torsion of 
a light beam caused by the inclination angle of the cylin 
drical lens disposed betWeen the light source and the optical 
de?ecting element is suppressed so that the increase of the 
diameter of the light beam imaged on the to-be-scanned 
surface can be suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a plan vieW shoWing a schematic con 
?guration of a light scanning unit according to an embodi 
ment of the present invention; 
[0019] FIG. 2 is a vieW shoWing the relationship betWeen 
the layout of optical elements and the paraxial rays of light 
beams 11 and 12 vieWed on a main-scanning surface of the 
light scanning unit shoWn in FIG. 1; 
[0020] FIG. 3 is a vieW shoWing the relationship betWeen 
the layout of the optical elements and the paraxial ray of the 
light beam 11 vieWed on the main-scanning surface of the 
light scanning unit shoWn in FIG. 1; 
[0021] FIG. 4 is a vieW shoWing the relationship betWeen 
the layout of the optical elements and the paraxial rays of the 
light beams 11 and 12 vieWed on a sub-scanning surface of 
the light scanning unit shoWn in FIG. 1; 
[0022] FIG. 5 is a vieW shoWing the relationship betWeen 
the layout of the optical elements and the paraxial ray of the 
light beam 11 vieWed on the sub-scanning surface of the 
light scanning unit shoWn in FIG. 1; 
[0023] FIGS. 6A-6C are vieWs for explaining the relation 
ship about the inclination of a generatrix of a cylindrical 
lens, FIG. 6A being a vieW from the light beam incoming 
side of the cylindrical lens, FIG. 6B being a vieW from above 
FIG. 6A, FIG. 6C being a vieW shoWing the relationship 
about an image focused on a plane 9; 
[0024] FIGS. 7A-7C are vieWs for explaining the relation 
ship about the inclination of the generatrix of the cylindrical 
lens, FIG. 7A being a vieW from the light beam incoming 
side of the cylindrical lens, FIG. 7B being a vieW from above 
FIG. 7A, FIG. 7C being a vieW shoWing the relationship 
about an image focused on the plane 9; 
[0025] FIG. 8 is a vieW shoWing the relationship about 
refraction of a paraxial ray in an outermost edge portion of 
a light beam Within a scanning plane betWeen the cylindrical 
lens and a to-be-scanned surface When a cylindrical lens 
having an inclined generatrix is used as the cylindrical lens; 
[0026] FIG. 9 is a plan vieW Where the cylindrical lens is 
attached to a pedestal; and 
[0027] FIG. 10 is a vieW shoWing a schematic con?gura 
tion of an image forming apparatus according to an embodi 
ment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] The aforementioned torsion may occur in a cylin 
drical lens itself. In order to suppress the occurrence of 
torsion caused by the cylindrical lens itself, researches Were 
carried out. As a result, the present invention Was obtained 
as folloWs. That is, an aperture for limiting diameters of 
beams emitted from a light source is disposed betWeen a 
coupling optics such as a collimator lens for collimating the 
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beams and the cylindrical lens and in a posterior focal plane 
of the coupling optics. A spherical lens having a positive 
poWer is disposed betWeen the cylindrical lens and an 
optical de?ecting element such as a rotary polygon mirror. 
The cylindrical lens and the spherical lens form an afocal 
system. The aperture and the optical de?ecting element such 
as a rotary polygon mirror for de?ecting the beams emitted 
from the light source are disposed in a conjugate relationship 
in the plane Where the beams are de?ected to scan. An 
anterior focal plane of the spherical lens having a positive 
poWer and disposed in the cylindrical lens and the optical 
de?ecting element and a to-be-scanned surface to be 
scanned With the de?ected beams imaged thereon are dis 
posed in a conjugate relationship in the plane Where the 
beams are de?ected to scan. The coupling optics, the aper 
ture, the cylindrical lens, the spherical lens, the optical 
de?ecting element and the to-be-scanned surface are dis 
posed to satisfy the expression MtéD/oy When 6 designates 
a diameter of the aperture, D designates a diffraction diam 
eter of each beam focused on the to-be-scanned surface and 
scanning the to-be-scanned surface, and Mt designates a 
conjugate magni?cation from the anterior focal plane of the 
spherical lens to the to-be-scanned surface in the plane 
Where the beams are de?ected to scan. Thus, the in?uence 
given to the beams on the to-be-scanned surface by the 
rotation angle of the generatrix of the cylindrical lens is 
reduced so that good imaging performance can be achieved. 
[0029] An embodiment of a light scanning unit according 
to the present invention Will be described beloW With 
reference to the draWings. 
[0030] FIG. 1 is a vieW shoWing a schematic con?guration 
of a light scanning unit according to an embodiment of the 
present invention. In FIG. 1, the reference numeral 1 rep 
resents a light source constituted by a semiconductor laser 
array having tWo light outgoing portions substantially 
arrayed in one straight line; 2, a collimator lens serving as 
the coupling optics; 3, a cylindrical lens having a generatrix 
in a direction substantially perpendicular to a scanning 
direction and having a positive poWer; 4, a spherical lens 
having a positive poWer; 5, a rotary polygon mirror having 
six re?ection surfaces and serving as the optical de?ecting 
element; 6, an F6 lens having a 3-group 3-element con?gu 
ration of elements 61-63 and serving as the scanning optics; 
7, a to-be-scanned surface constituted by a photoconductor 
drum to be attached to an image forming apparatus; 8, an 
aperture having a diameter 8; 9, an anterior focal plane of the 
spherical lens 4 (posterior focal plane of the cylindrical lens 
3); 10, a center line of the optical system; and 11, a paraxial 
ray of a beam. In FIG. 1, for the sake of simpli?cation of the 
draWing, only one light beam emitted from the light source 
1 constituted by the semiconductor laser array having tWo 
light outgoing portions substantially arrayed in one straight 
line is shoWn, While the other light beam emitted therefrom 
is not shoWn. 

[0031] The beam 11 emitted and diverged from the light 
source 1 is formed into a beam parallel to the center line 10 
of the optical system by the collimator lens 2. The diameter 
of the beam 11 is limited by the aperture 8, and the beam 11 
is converged on the plane 9 by the cylindrical lens 3. The 
plane 9 and the to-be-scanned surface 7 are disposed in a 
conjugate relationship With respect to a main-scanning 
direction. The cylindrical lens 3 and the spherical lens 4 
form an afocal system With respect to the main-scanning 
direction. The diverged beam 11 having passed through the 
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plane 9 is formed into a collimated beam again by the 
spherical lens 4. The beam 11 is de?ected by the rotary 
polygon mirror 5 While the re?ection direction is changed 
With the rotation of the rotary polygon mirror 5. The 
de?ected beam 11 is converged on the to-be-scanned surface 
7 again by the F6 lens 6, and focused thereon. Thus, a 
scanning line is formed on the to-be-scanned surface 7 in 
accordance With the light emitted from the light source 1. 
[0032] In this embodiment, assume that the cylindrical 
lens 3 is disposed in the state Where the angle of the 
generatrix of the cylindrical lens 3 is turned When the 
scanning line is formed. In this case, the diameter of the 
scanning beam may be increased in the main-scanning 
direction on the to-be-scanned surface 7. Increase in the 
diameter of the scanning beam can be suppressed if the 
cylindrical lens 3 is disposed in a speci?c layout. This point 
Will be described With reference to FIGS. 2 to 8. 
[0033] First, formation of a scanning line When the angle 
of the generatrix of the cylindrical lens 3 is not turned Will 
be described With reference to FIGS. 2 to 5. 
[0034] FIGS. 2 to 5 shoW the outline of the con?guration 
of the optical system betWeen the light source 1 and the 
to-be-scanned surface 7. In FIGS. 2 to 5, parts having the 
same con?gurations as those in FIG. 1 are given the same 
reference numerals correspondingly. The reference numeral 
12 represents a paraxial ray of a beam emitted from the other 
light outgoing portion of the light source 1. The tWo light 
outgoing portions of the light source 1 are substantially 
arrayed in one straight line. The straight line is disposed to 
be inclined at a small angle With respect to the plane Where 
the beams 11 and 12 are de?ected to scan. In FIGS. 2 to 5, 
the reference numeral 5 represents only a re?ection surface 
of the rotary polygon mirror 5. 
[0035] Further, in the draWings and description about this 
embodiment, a Z-axis is set in parallel to the center line 10 
of the optical system Within a plane Where the beams should 
be de?ected to scan, an X-axis is set perpendicularly to the 
center line 10 of the optical system Within the plane Where 
the beams should be de?ected to scan, and a Y-axis is set 
perpendicularly to the Z-axis and the X-axis. In this speci 
?cation, a direction parallel to the X-axis Will be referred to 
as a main-scanning direction, a direction parallel to the 
Y-axis Will be referred to as a sub-scanning direction, an XZ 
plane Will be referred to as a main-scanning plane, and a YZ 
plane Will be referred to as a sub-scanning plane. 
[0036] FIG. 2 is a vieW in the plane (main-scanning plane) 
Where a beam of a chief ray is de?ected to scan. 

[0037] The beams 11 and 12 emitted from the semicon 
ductor laser 1 are refracted by the collimator lens 2. The 
refracted beams 11 and 12 cross each other on the center line 
10 of the optical system in the aperture 8 disposed in the 
posterior focal plane of the collimator lens 2. Since the 
aperture 8 and the rotary polygon mirror 5 are disposed in a 
conjugate relationship With respect to the main-scanning 
direction, the beams 11 and 12 passing through the aperture 
8 are transmitted through the cylindrical lens 3 and the 
spherical lens 4 so as to cross each other again in the rotary 
polygon mirror 5. After that, due to refraction by the F6 lens 
6, the beams 11 and 12 reach the to-be-scanned surface 7 at 
a speci?c distance from each other. 
[0038] As is apparent from FIG. 2, the beams 11 and 12 
are located in different coordinates in the X-axis on the light 
source 1. Accordingly, the traveling directions of the beams 
transmitted through the collimator lens 2 are refracted to 
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cross each other in the aperture 8. After passing through the 
aperture 8, the beams 11 and 12 is made to cross each other 
again in the rotary polygon mirror 5 by the cylindrical lens 
3 and the spherical lens 4. Thus, the beams 11 and 12 are 
diverged. 
[0039] In order to suppress the dimensions of the rotary 
polygon mirror 5 to a required minimum, it is desired to 
make the positions of the beams 11 and 12 coincide With 
each other. To this end, the aperture 8 and the rotary polygon 
mirror 5 are disposed in a conjugate relationship With 
respect to the main-scanning direction so as to cross the 
beams 11 and 12 on the rotary polygon mirror 5. Thus, the 
positions of the beams 11 and 12 are made to coincide With 
each other in the rotary polygon mirror 5. 
[0040] FIG. 3 shoWs the paraxial rays of the beams 11 and 
12 on the main-scanning plane. Since the beams 11 and 12 
are similar to each other, the beam 11 is shoWn as repre 
sentative. The diverged beam 11 emitted from the light 
source 1 is formed into a beam parallel to the center line 10 
of the optical system by the collimator lens 2. The diameter 
of the beam 11 is limited to 8 by the aperture 8 Whose 
diameter is 8. The beam 11 is converged on the plane 9 by 
the cylindrical lens 3. The plane 9 and the to-be-scanned 
surface 7 are disposed in a conjugate relationship With 
respect to the main-scanning direction. Accordingly, the 
diverged beam 11 having passed through the plane 9 is 
transmitted through the spherical lens 4 and the F6 lens 6 so 
as to be converged again and focused on the to-be-scanned 
surface 7. 

[0041] FIG. 4 shoWs the chief rays of the beams 11 and 12 
on the sub-scanning plane. The beams 11 and 12 emitted 
from the semiconductor laser 1 are refracted by the colli 
mator lens 2. The tWo beams 11 and 12 cross each other in 
the aperture 8 disposed in the posterior focal plane of the 
collimator lens 2. Since the cylindrical lens 3 has no effect 
on the sub-scanning direction, there is no change in the 
traveling directions of the beams 11 and 12 betWeen before 
and after the beams 11 and 12 are transmitted through the 
cylindrical lens 3. Thus, due to refraction by the spherical 
lens 4, the beams 11 and 12 are at a speci?c distance 6Y5 
from each other on the rotary polygon mirror 5. Due to a 
conjugate relationship betWeen the rotary polygon mirror 5 
and the photoconductor drum 7, a distance 6Y7 betWeen the 
beams 11 and 12 on the to-be-scanned surface 7 is a value 
obtained by multiplying the distance 6% by a conjugate 
magni?cation. The beams 11 and 12 are also focused in 
positions at a predetermined distance from each other on the 
sub-scanning plane. 
[0042] FIG. 5 shoWs the paraxial rays of the beams 11 and 
12 on the sub-scanning plane. Since the beams 11 and 12 are 
similar to each other, the beam 11 is shoWn as representative. 
The diverged beam 11 emitted from the light source 1 is 
formed into a beam parallel to the center line 10 of the 
optical system by the collimator lens 2. The beam 11 is 
converged on the rotary polygon mirror 5 by the spherical 
lens 4. The rotary polygon mirror 5 and the to-be-scanned 
surface 7 are disposed in a conjugate relationship With 
respect to the sub-scanning direction. Accordingly, the beam 
11 diverged from the rotary polygon mirror 5 is transmitted 
through the F6 lens 6 so as to be converged again and 
focused on the photoconductor drum surface 7. 

[0043] The state Where a scanning line is formed When the 
angle of the generatrix of the cylindrical lens 3 is not turned 
has been described above. The case Where the angle of the 
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generatrix of the cylindrical lens 3 is turned Will be 
described With reference to FIGS. 6A-6C, FIGS. 7A-7C and 
FIG. 8. 
[0044] FIGS. 6A-6C and 7A-7C show the relationship of 
in?uence of an angle y betWeen the generatrix of the 
cylindrical lens 3 and the Y-axis corresponding to the 
sub-scanning direction. FIGS. 6A-6C shoW the case Where 
the generatrix of the cylindrical lens 3 is not turned. FIGS. 
7A-7C shoW the case Where the generatrix of the cylindrical 
lens 3 is turned by the angle y. 
[0045] FIG. 6A shoWs the cylindrical lens 3 vieWed from 
the beam incoming side irradiated With the beam 11 Whose 
diameter is 6. In FIG. 6A, the reference numeral 30 repre 
sents the generatrix of the cylindrical lens 3. Coordinate axes 
X3 and Y3 are set in a tangent plane of the beam incoming 
side of the cylindrical lens 3 on the center line 10 of the 
optical system. The coordinate axis X3 designates the scan 
ning direction, and the coordinate axis Y3 designates the 
sub-scanning direction, shoWing (+) on their plus sides 
respectively. The generatrix 30 is parallel to the coordinate 
axis Y3. 
[0046] FIG. 6B shoWs the cylindrical lens 3 and the plane 
9 on the scanning plane. A coordinate axis X9 is set in the 
scanning direction on the plane 9. A beam Whose Width is 
limited to 6 in the sub-scanning direction by the aperture 8 
is incident on the cylindrical lens 3, refracted, and converged 
on the plane 9. 
[0047] FIG. 6C shoWs the plane 9 vieWed from the beam 
incoming side. Coordinate axes X9 and Y9 are set on the 
plane 9. The coordinate axis X9 designates the scanning 
direction, and the coordinate axis Y9 designates the sub 
scanning direction, shoWing (+) on their plus sides respec 
tively. Since the cylindrical lens 3 has no poWer in the 
sub-scanning direction, there is no change in the Width 6 in 
the sub-scanning direction. Thus, the beam has a shape 
extending in parallel to the coordinate axis Y9. 
[0048] FIG. 7A shoWs the cylindrical lens vieWed from the 
beam incoming side. The cylindrical lens 3 is rotated so that 
the generatrix 30 has an angle y With respect to the coordi 
nate axis Y3. Accordingly, the generatrix is located in the (—) 
portion of the coordinate axis X3 in the (+) portion of the 
coordinate axis Y3 and located in the (+) portion of the 
coordinate axis X3 in the (—) portion of the coordinate axis 
Y3. 
[0049] FIG. 7B shoWs the cylindrical lens 3 and the plane 
9 Within the scanning plane. In FIG. 7B, the reference 
numeral 31 represents the cylindrical lens in the (+) portion 
of the coordinate axis Y3, and 32 represents the cylindrical 
lens in the (—) portion of the coordinate axis Y3. FIG. 7B 
shoWs the state Where the cylindrical lens is shifted in the 
direction of the coordinate axis X3 in accordance With 
change in the Y3 coordinate. The reference numeral 33 
represents a beam transmitted through the cylindrical lens 
31, and 34 represents a beam transmitted through the cylin 
drical lens 32. 
[0050] The beams 33 and 34 are refracted by the cylin 
drical lenses 31 and 32 respectively so as to be converged on 
the plane 9. The positions Where the beams 33 and 34 are 
converged are on the extension of the generatrix 30. There 
is a difference in position on the coordinate axis X9 betWeen 
the beam 33 having passed through the (+) portion of the 
coordinate axis Y3 and the beam 34 having passed through 
the (—) portion of the coordinate axis Y3. Thus, the beams 33 
and 34 are at a distance 6 X9 from each other. 
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[0051] FIG. 7C shoWs the plane 9 vieWed from the beam 
incoming side. The beam has a shape extending at an angle 
y With respect to the coordinate axis Y9. The distance 6 X9 in 
the X-axis direction betWeen the beam 33 and the beam 34 
can be expressed by Expression (2) on the assumption that 
y is small. 

[0052] FIG. 8 shoWs beams Within the scanning plane 
betWeen the cylindrical lens 3 and the to-be-scanned surface 
7. In FIG. 8, the reference numeral 35 represents a ray 
having passed through a position 38 in FIG. 7A among the 
beam transmitted through the cylindrical lens 31 on the (+) 
portion of the coordinate axis Y3, and 36 represents a ray 
having passed through a position 37 in FIG. 7A among the 
beam transmitted through the cylindrical lens 32 on the (—) 
portion of the coordinate axis Y3. The distance on the plane 
9 is 6 X9. The plane 9 and the to-be-scanned surface 7 have 
a conjugate relationship With respect to the magni?cation 
Mt. Accordingly, the distance 6 X7 betWeen the beam 35 and 
the beam 36 on the to-be-scanned surface 7 is expressed by 
Expression (3). 

[0053] When the quantity of torsion of a beam on the 
to-be-scanned surface 7 is beyond a dilfractive diameter D, 
the diameter of the beam focused thereon may increase. In 
consideration of this, Expression 1 can be obtained from 
Expression (2) and Expression (3). Here, the dilfractive 
diameter D is expressed by D:(47t/J1:)~F When 7» designates 
the Wavelength of the beam, and F designates the F number. 

[0054] From above, it is apparent that When the magni? 
cation Mt and the diameter 6 of the aperture 8 are selected 
to satisfy Expression (1), the quantity of torsion of the beam 
can be suppressed Within an alloWable range even if the 
generatrix of the cylindrical lens 3 is turned at the angle y. 
Thus, increase in diameter of the beam focused on the 
to-be-scanned surface can be suppressed. 
[0055] Next, Table 1 shoWs dimensions of optical ele 
ments in the light scanning unit shoWn in FIG. 1. The 
reference signs a to c in Table 1 designate refraction surfaces 
of the collimator lens 2 having a one-group tWo-element 
con?guration; d, the aperture 8; e and f, refraction surfaces 
of the cylindrical lens 3; g and h, refraction surfaces of the 
spherical lens 4; i, a re?ection surface of the rotary polygon 
mirror 5; j to o, refraction surfaces of three lenses 61 to 63 
constituting the F6 lens 6; and p, the to-be-scanned surface. 
The refraction surface m can be obtained by the folloWing 
Expressions (4) to (6) When R (mm) designates the curvature 
radius in the main-scanning direction, r (mm), the curvature 
radius in the sub-scanning direction; X, the main-scanning 
direction; Y, the sub-scanning direction; and Z, the optical 
axis direction. 

TABLE 1 

sub-scanning main-scanning 
direction direction 

surface curvature curvature spacing refractive 
number radius r (mm) radius R (mm) (mm) index 

(A 6.9 

a 8.25 4.5 1.591 

b 2.93 6.0 1.513 



US 2007/0206260 A1 

TABLE l-continued 

sub-scanning main-scanning 
direction direction 

surface curvature curvature spacing refractive 
nurnber radius r (rnrn) radius R (mm) (min) index 

c —7.89 6.7 1 .0 
d w 50 1 .0 

e w 25 .7 3 1.513 

f w 146 1.0 

g m 3 1.513 

h —51.3 100 1.0 
i w 23 .4 1 .0 
j —5 14 17 .9 1 .5 13 
k 884 210.9 1.0 
l w 7 1.718 

In —54.95 —153 214 1.0 
n 116 0° 7 1.498 

0 — 1 1 6 0° 54. 8 1 .0 

p 100 00 

Z :fo(X, Y)+f2(X, Y) (4) 

[0056] Here, fO(X,Y) designates a fundamental toric 
shape, and f2Q(,Y) designates an additional function which 
is rotation-asymmetric. A section on XZ plane in a local 
coordinate system using an intersection with the optical axis 
as origin is expressed by the following Expression (5). The 
section is rotation-symmetric with respect to an axis which 
is on the XZ plane, in parallel to the X-axis and at a distance 
r from the origin along the Z-axis. 

[0057] Thus, a section on the YZ plane is a circle whose 
curvature radius is r. f2Q(, Y) is expressed by the following 
Expression (6). 

Here, PM designates a constant. 
[0058] The coef?cients of the additional function for the 
surface number m are P12:—1.4E—6 and P22:7.74E—7. 
[0059] The number of faces of the rotary polygon mirror 
5 is six, the radius of an inscribed circle thereof is 32 mm, 
and the angle of incidence of a beam is 1.19 radians. 

[0060] The other dimensions are shown in Table 2. 

TABLE 2 

wavelength 680 nrn 
diffractive diarneter (D) of bearn on 60 prn 
to-be-scanned surface 
main-scanning direction width of aperture 2.3 min 
sub-scanning direction width (6) of aperture 2.3 min 
focal length of collimator lens 11.2 min 
focal length of cylindrical lens 57.5 min 
focal length of spherical lens 100 min 
main-scanning direction focal length of F0 lens 280 min 
sub-scanning direction conjugate magni?cation 1.58 
of F0 lens 
conjugate magni?cation (M) between anterior 2.8 
focal plane of spherical lens and to-be-scanned 
surface 

0.87 X 10*2 
(0.5 degrees) 

rotation angle (y) (radian) with respect to 
generatrix of cylindrical lens 

[0061] The value of Expression (1) can be obtained from 
these dimensions as: 
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The value is larger than M528. The relationship MtéD/oy 
in Expression (1) is satis?ed obviously. Accordingly, when 
the rotation angle y of the generatrix of the cylindrical lens 
3 is 0.874><10_2, that is, about 0.5, imaging can be performed 
properly. Based on this, when Mt and 6 are selected properly, 
the quantity of torsion of a beam can be suppressed within 
an allowable range even if the cylindrical lens 3 is disposed 
to be rotated to some extent. It is therefore unnecessary to 
adjust the rotation angle of the cylindrical lens 3. Thus, as 
shown in FIG. 9, the cylindrical lens 3 is not provided with 
any particularly special mechanism for adjusting the angle 
of the generatrix 30 but can use a simple structure where the 
cylindrical lens 3 is attached to a ?xed pedestal 38 so that a 
reference surface 37 perpendicular to the optical axis and the 
generatrix 30 of the cylindrical lens 3 abuts on the ?xed 
pedestal 38. As a result, cost can be saved greatly. 
[0062] Further, an image forming apparatus according to 
an embodiment of the invention using the light scanning unit 
according to the aforementioned embodiment will be 
described with reference to FIG. 10. FIG. 10 is a diagram 
showing a schematic con?guration of the image forming 
apparatus according to the embodiment of the invention. 
[0063] A drum-like photoconductor 18 for forming a toner 
image is driven to rotate at a constant peripheral velocity by 
a not-shown motor. The photoconductor 18 is charged 
uniformly into a speci?c polarity by a charging unit 24, and 
then exposed to a light ray 21 from the light scanning unit 
20 according the aforementioned embodiment of the inven 
tion. Thus, an electrostatic latent image corresponding to 
image information to be recorded is formed. A developing 
unit 22 is disposed on the rotation-direction downstream 
side of the exposure position. Atoner image is formed on the 
photoconductor 18 by the developing unit 22. 
[0064] Printing paper 23 serving as a recording medium is 
conveyed by a conveyance unit 14 such as a conveyance 
roller pair. The back surface of the printing paper 23 is 
charged into a polarity opposite to that of toner by a transfer 
unit 15. Thus, the toner image on the photoconductor 18 is 
transferred onto the printing paper 23. After the transfer, 
residual toner which has not been transferred is removed by 
a cleaning unit 16. The printing paper 23 to which the toner 
image is transferred from the photoconductor 18 is conveyed 
to a ?xing unit 17. 
[0065] The ?xing unit 17 is constituted by a heat roller 17a 
controlled to be heated to a constant temperature, and a 
pressure roller 17b brought into pressure contact with the 
heat roller 1711. When the printing paper 23 passes through 
the ?xing unit 17, the toner image held on the printing paper 
23 is pressed and melted to be thereby ?xed on to the 
printing paper 23. After the ?xation, the printing paper 23 is 
discharged to the outside of the image forming apparatus, 
and stocked. 
[0066] The light scanning unit used in the image forming 
apparatus is a light scanning unit according to the afore 
mentioned embodiment of the invention shown in FIG. 1, 
where a beam emitted from the F6 lens 6 is refracted at a 
predetermined angle by a re?ecting mirror so as to form the 
ray 21 shown in FIG. 10, and then imaged on the to-be 
scanned surface 7 of the photoconductor 18. 
[0067] Since the image forming apparatus according to 
this embodiment uses the light scanning unit according to 
the aforementioned embodiment, it is possible to provide an 
image forming apparatus which can achieve higher printing 
de?nition and higher printing speed at lower cost. 
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[0068] The invention is applicable especially effectively to 
requirements for higher de?nition, higher printing speed, 
etc. in an image forming apparatus such as a laser printer. 
What is claimed is: 
1. A light scanning unit comprising: 
an optical de?ecting element for de?ecting a plurality of 
beams emitted from a light source having a plurality of 
light outgoing portions; and 

a scanning optics for focusing the plurality of de?ected 
beams on a to-be-scanned surface and scanning the 
to-be-scanned surface With the plurality of de?ected 
beams; Wherein: 

the plurality of light outgoing portions belonging to the 
light source are arrayed substantially on one straight 
line, and the straight line is inclined With respect to a 
plane Where the plurality of beams emitted from the 
plurality of light outgoing portions are de?ected to 
scan; 

a coupling optics for forming the beams emitted from the 
light source into parallel beams, a cylindrical lens 
having a positive poWer and having a generatrix in a 
direction substantially perpendicular to the plane Where 
the beams are de?ected to scan, and a spherical lens 
having a positive poWer are disposed in an optical path 
betWeen the light source and the optical de?ecting 
element in order of increasing distance from the light 
source; 

an aperture for limiting diameters of the beams is dis 
posed in a posterior focal plane of the coupling optics; 

the cylindrical lens and the spherical lens form an afocal 
system in the plane Where the beams are de?ected to 
scan, and the aperture and the optical de?ecting ele 
ment are disposed in a conjugate relationship in the 
plane Where the beams are de?ected to scan; 

an anterior focal plane of the spherical lens and the 
to-be-scanned surface are disposed in a conjugate rela 
tionship in the plane Where the beams are de?ected to 
scan; and 

the folloWing expression is satis?ed: 

When 6 designates a diameter of the aperture in a direction 
perpendicular to the plane Where the beams are de?ected to 
scan, D designates a diffraction diameter of each beam 
focused on the to-be-scanned surface and scanning the 
to-be-scanned surface, y designates an angle betWeen the 
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generatrix of the cylindrical lens and a direction perpen 
dicular to the plane Where the beams are de?ected to scan, 
and Mt designates a conjugate magni?cation from the ante 
rior focal plane of the spherical lens to the to-be-scanned 
surface in the plane Where the beams are de?ected to scan. 

2. A light scanning unit according to claim 1, Wherein: 
the cylindrical lens is not provided With any means for 

adjusting an angle of the generatrix but has a reference 
surface perpendicular to the generatrix and an optical 
axis thereof, so that the cylindrical lens can be attached 
to a ?xed pedestal With the reference surface in contact 
With the ?xed pedestal and Without adjusting the angle 
of the generatrix. 

3. An image forming apparatus comprising: 
a photoconductor; 
a charging unit for charging the photoconductor; 
a light scanning unit for optically scanning the photocon 

ductor With light so as to form an electrostatic latent 
image on the photoconductor in accordance With image 
information to be recorded; 

a developing unit for attaching toner to the electrostatic 
latent image so as to form a toner image; 

a transfer unit for transferring the toner image onto a 
recording medium; and 

a ?xation unit for ?xing the transferred toner image onto 
the recording medium; 

Wherein the light scanning unit is a light scanning unit 
according to claim 1. 

4. An image forming apparatus comprising: 
a photoconductor; 
a charging unit for charging the photoconductor; 
a light scanning unit for optically scanning the photocon 

ductor With light so as to form an electrostatic latent 
image on the photoconductor in accordance With image 
information to be recorded; 

a developing unit for attaching toner to the electrostatic 
latent image so as to form a toner image; 

a transfer unit for transferring the toner image onto a 
recording medium; and 

a ?xation unit for ?xing the transferred toner image onto 
the recording medium; 

Wherein the light scanning unit is a light scanning unit 
according to claim 2. 


