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TILT ERROR CORRECTIVE SCANNING OPTICAL
SYSTEM

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

BACKGROUND OF THE INVENTION

(1) Field of the Invention

‘The present invention relates to a tilt error corrective
scanning optical system mainly used in a laser printer or
the like for eliminating scanning pitch slippage of scan-
ning lines in an auxiliary scanning direction.

More particularly, the present invention relates to a
tilt error corrective scanning optical system comprising
a linear image forming optical device for causing a
beam emitted from a light source to form a linear image
on a deflecting and reflecting surface of deflecting
means, and a scanning image forming optical device for
causing the beam reflected and deflected by the deflect-
ing means to form an image on a scanned object.

(2) Description of the Prior Art

In recent years, there is an increasing demand for the
laser beam printer in accordance with diversification
and development of office automating machines be-
cause of becoming smaller and cheaper as well as ad-
vantage of high speed printing. With the laser beam
printer including deflecting means such as a polygonal
mirror for deflecting a beam emitted from a light
source, for example, there occur tilt errors with respect
to a direction perpendicular to a scanning plane (in the
case of a polygonal mirror, tilt errors with respect to an
axis of revolution of reflecting surfaces) which are
caused by manufacturing errors, assembly errors or
vibrations at times of rotation of the mirror.

The beam reflected by a deflecting and reflecting
surface having such errors results in an image forming
position on a scanned object slipped or deviated in an
auxihary scanning direction and a nonuniformity in the
scanning line pitch. In the case of a recording apparatus
such as the laser beam printer, for example, the nonuni-
formity in the scanning line pitch deteriorates the qual-
ity of recorded images.

The aforesaid tilt error corrective scanning optical
systems is designed for eliminating the nonuniformity in
the scanning line pitch. The beam emitted from the light
source is once converged by the linear image forming
optical device in a direction perpendicular to the scan-
ning plane to form a linear image on a deflecting and
reflecting surface of the deflecting means. The beam
from a point of deflection and reflection is restored in
the above direction by the scanning image forming
optical system to form a conjugate image on the
scanned object. This process substantially precludes the
influence of the tilt errors of the deflecting and reflect-
ing surface.

On the other hand, the tilt error corrective optical
system causes the beam to form on the scanned object
an image having a height proportional to an incident
angle of the beam on the scanning image forming opti-
cal device, so that the beam scans the object at a con-
stant scanning speed.

In this specification the term “scanning plane” means
a plane formed by a time series set of the scanning beam,
namely a plane including main scanning lines on the
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scanned object and an optical axis of the tilt corrective
scanning optical system. |

Vanous construction of the tilt corrective scanning
optical system have been proposed heretofore.

One example 1s disclosed in U.S. Pat. No. 3,750,189.
This construction comprises a2 scanning image forming
optical device including a beam shaping optical element
such as a cylindrical lens for restoring the beam into a
circular form, which beam has been converged into a
line by a linear image forming optical element and re-
flected by deflecting means, and a converging optical
element for converging the restored beam to form an
image on the scanned object.

Where the beam is restored by the beam shaping
optical element as in the above construction, the restric-
tive condition to regain the circular beam is imposed on
the beam shaping optical element. As a result, there is a
reduced freedom for improving distortion characteris-
tics provided for the converging optical element to
realize the constant scanning speed of the beam and
image forming characteristics for forming images on the
scanned object. In order to realize excellent distortion
and image forming characteristics, the scanning image
forming optical device requires many lenses, thereby
complicating the optical device construction.

The Japanese patent application laid open under No.
30-93720 discloses a proposal for improving the forego-
ing prior construction. In this construction, a beam
shaping optical element such as a cylindrical lens as
noted above is interposed between the converging opti-
cal element and the scanned object.

With this construction, the beam shaping optical ele-
ment must be located close to the scanned object in
order to produce high quality images. It is therefore
necessary for the beam shaping optical element to be
long in the main scanning direction, which is contrary
to a compact construction.

A further known construction is disclosed in U.S.
Pat. No. 4,379,612 wherein the scanning image forming
optical device disposed between the deflecting means
and the scanned object comprises a single spherical lens
and a single lens including a toric surface, the latter
being disposed at a side of the single spherical lens op-
posed to the scanned object. This scanning image form-
ing optical device has the distortion characteristics for
realizing the constant speed scanning of the beam as
well as the function 10 correct the tilt errors of the
deflecting and reflecting surfaces in cooperation with
the linear image forming optical system.

Although this construction realizes a compact optical
system, only a limited freedom is provided thereby. For
example, it is difficult to enlarge the field angle for
increasing the scanning range of the beam where both
the distortion characteristics for realizing the constant
speed scanning of the beam and the function to correct
the tilt errors of the deflecting and reflecting surfaces
are maintained in an excellent state.

SUMMARY OF THE INVENTION

The object of the present invention is to eliminate the
disadvantages of the known optical systems and to pro-
vide a compact tilt error corrective optical system com-
prising a linear image forming optical device for causing
a beam emitted from a light source to form a linear
image on a deflecting and reflecting surface of deflect-
ing means and a scanning image forming optical device
for causing the beam reflected and deflected by the
deflecting means to form an image on a scanned object,
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this optical system permitting the field angle to be en-
larged in the main scanning direction while maintaining
excellent image forming characteristics and an excellent
tilt error correcting function.

The foregoing object is accomplished in one pre-
ferred embodiment of the invention by providing a
scanning image forming optical device for causing the
beam reflected and deflected by the deflecting means to
form an image on a scanned object, the scanning image
forming optical device consisting of a first lens disposed
between the deflecting means and the scanned object,
and a second lens disposed at a side of the first lens
opposed to the scanned object, wherein the first lens
includes a cvlindrical surface, and the second lens de-
fines a toric surface.

The term “toric surface’ hereinafter used refers to a
refracting surface having one refracting power in the
main scanning direction of the beam and another re-
fracting power in the auxiliary scanning direction
which is perpendicular to the main scanning direction,
in a plane perpendicular to the optical axis of the tilt
corrective scanning optical system.

The term “cylindrical surface” refers to one form of

toric surface having a refracting power only in either
the main scanning direction or the auxiliary scanning
direction.

In the construction defined above, the cylindncal
surface and toric surface are provided by different
lenses. This feature enables the tilt corrective scanning
optical system to maintain excellent image forming
characteristics over a very wide range in the direction
perpendicular to the scanning plane, thereby increasing
the designing freedom. This diminishes designing re-
strictions in the direction parallel to the scanning plane.
In this direction the optical system is capable of main-
taining excellent image forming characteristics and en-
Jarging the field angle while having distortion charac-
teristics for maintaining sufficiently rehiable constant
speed scanning of the scanned object by the beam.

Furthermore, this optical system has a wide range of
magnification while maintaining a deflecting and re-
flecting point on the deflecting means and an image
forming point on the scanned object in conjugation with
respect to the scanning image forming optical device in
the direction perpendicular to the scanning plane. The
lower the magnification, the better is the effect of tilt
error correction. Conversely, the higher the magnifica-
tion, the better the image forming characteristics tend
to become. Thus, magnification may be set in accor-
dance with required performance.

The increased designing freedom as described above
allows a small size optical system to be designed with
ease to fulfill desired performance. Thus the optical
system may be able to provide a large field angle and
have a compact construction.

According to a further development of this embodi-
ment, the first and second lenses include plane and
spherical surfaces opposed to the cylindrical and tornc
surfaces, respectively. This feature provides for accu-
rate position setting at times of shaping the cylindncal
and toric surfaces, thereby to facilitate shaping work.

In particular, the cylindrical surface of the first lens
has a negative refracting power in the direction perpen-
dicular to the scanning plane, and the first lens as a
whole has a negative refracting power in this direction.
This construction promotes the image forming charac-
teristics over a wide range in this direction.
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The negative cylindrical surface may be defined at a
side of the first lens opposed to the deflecting means.
This realizes an optical system providing a wide field
angle and capable of effectively correcting tilt errors of
the deflecting and reflecting surfaces of the deflecting
means which is carried out through this negative cyhn-
drical surface and the toric surface of the second lens.

It is advantageous if the second lens has a concave
surface opposed to the deflecting means. This enables
the optical system to have good image forming charac-
teristics in the direction perpendicular to the scanning
plane while promoting the constant speed scanning of
the beam with a distortion provided in the direction
paralle] to the scanning plane.

In a still further development of this embodiment, the
negative cylindrical surface is defined on the side of the
first lens opposed to the scanned object. This enables
the optical system to have excellent image forming
characteristics over a wide range of the scanned object
in the direction perpendicular to the scanning plane.

It is still further advantageous if the following condi-
tions (A) and (B) are satisfied to maintained excellent
image forming characteristics:

f1H<O (A)
wherein f1H is a focal length of the first lens in the
direction parallel to the scanning plane, and

IfIH/f1V | >2 (B)
wherein f1V is a focal length of the first lens in the
direction perpendicular to the scanning plane.

The condition (A) relates mainly to the distortion
deliberately provided in the direction paralle] to the
scanning plane in order to realize the constant speed
scanning of the beam on the scanned object. Where this
condition is not satisfied, it is difficult to maintain reh-
able constant speed scanning over a wide field angle,
which renders the optical system unfit for practical use.

The condition (B) is mainly for correcting spherical
aberration and field curvature in the direction perpen-
dicular to the scanning plane. Where this condition 1s
not satisfied, it is difficult to correct the above two
aberrations with a good balance over a wide field angle.
Particularly where the field curvature is not sufficiently
corrected, the spot size varies on the scanning lines
which deteriorates image quality.

The object of the present invention is accomplished
in another embodiment by providing a scanning 1mage
forming optical device for causing the beam reflected
and deflected by the deflecting means to form an image
on a scanned object, the scanning image forming optical
device consisting of a first lens disposed between the
deflecting means and the scanned object, and a second
lens disposed at a side of the first lens opposed to the
scanned object, wherein the first lens comprises a cylin-
drical lens having no refracting power in a direction
parallel to a scanning plane, and the second lens in-
cludes a toric surface.

This construction produces effects similar to those of
the foregoing embodiment. As in the foregoing embodi-
ment, the two lenses constituting the scanning image
forming optical device include a plane surface opposed
to the cylindrical surface and a sphernical surface op-
posed to the toric surface, respectively. This feature
provides for accurate position setting at times of shap-
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ing the cylindrical and toric surfac:s thereby to facili-
tate shaping work.

The cylindrical surface is defined at a side of the
cylindrical lens opposed to the scanned object and has a
negative refracting power in the direction perpendicu-
lar to the scanning plane. This realizes an optical system
providing a wide field angle and capable of correcting
tilt errors of the deflecting and reflecting surfaces of the
deflecting means with enhanced reliability which is
carried out through this negative cylindrical surface
and the toric surface of the second lens.

The second lens may include a concave surface op-
posed to the deflecting means to provide the same ad-
vantage as noted hereinbefore.

The object of the present invention may be accom-
plished in a further embodiment by providing a scan-
ning image forming optical device for causing the beam
reflected and deflected by the deflecting means to form
an 1mage on a scanned object, the scanning image form-
ing optical device consisting of a first lens disposed
between the deflecting means and the object scanned,
and a second lens disposed at a side of the first lens
opposed to the scanned object, wherein the first lens
includes a first cylindrical surface having an axis ex-
tending perpendicular to a scanning plane and a second
cylindrical surface having an axis extending perpendic-
ular to an optical axis in the scanning plane, and the
second lens includes a toric surface.

This construction also produces effects similar to
those of the foregoing embodiments. The aspect of this
embodiment worthy of special mention is that the cylin-
drical surface having an axis extending perpendicular to
the scanning plane increases the designing freedom in
the direction parallel to the scanning plane, thereby to
secure excellent constant speed scanning over a wide
field angle.

In this embodiment the second lens includes a plane
or spherical surface opposed to the toric surface. This
feature provides for accurate position setting at times of
shaping the toric surface, thereby to facilitate shaping
work as in the case of the foregoing embodiments.

The second cylindrical surface of the first lens having
an axis extending perpendicular to the optical axis in the
scanning plane is opposed to the deflecting means and
has a negative refracting power. This realizes an optical
system providing a wide field angle and capable of
effectively correcting tilt errors of the deflecting and
reflecting surfaces of the deflecting means with which is
carrnied out through this negative cylindrical surface
and the toric surface of the sécond lens.

Further, the second lens may include a concave sur-
face opposed to the deflecting means to provide the
same advantage as noted hereinbefore.

With this embodiment also, excellent image forming
characteristics may be maintained by satisfying the con-
ditions (A) and (B) set out hereinbefore.

The object of the present invention may be accom-
plished in a still further embodiment by providing a
scanning image forming optical device for causing the
beam reflected and deflected by the deflecting means to
form an image on a scanned object, the scanning image
forming optical device consisting of a first lens disposed
between the deflecting means and the scanned object,
and a second lens disposed at a side of the first lens
opposed to the scanned object, wherein the first lens
includes a cylindrical surface having an axis extending
perpendicular to a scanning plane, and the second lens
includes a cylindrical surface having an axis extending
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perpendicular to a scanning plane, and the second lens
includes a cylindrical surface hawng an axis extending
perpendicular to an optical axis in the scanning plane,
and a toric surface.

This construction also produces effects similar to
those of the foregoing embodiments. The aspect of this
embodiment worthy of special mention is that the first
lens includes a cylindrical surface having an axis extend-
ing perpendicular to the scanming plane and this in-
creases the designing freedom in the direction parallel
to the scanning plane. In this direction the optical sys-
tem is capable of maintaining excellent image forming
characteristics and enlarging the field angle while hav-
ing distortion characteristics for maintaining suffi-
ciently reliable constant speed scanning of the scanned
object by the beam.

This feature allows the optical system to maintain
excellent image forming characteristics over a wide
range in the direction perpendicular to the scanning
plane which is achieved through the cylindrical surface
and tonc surface of the second lens.

With this embodiment too, it is advantageous if the
cylindrical surface of the second lens is defined on the
side opposed to the deflecting means to have a negative
refracting power in the direction perpendicular to the
scanning plane. The cylindrical surface having 2 nega-
tive refracting power in the direction perpendicular to
the scanning plane enables the optical system to have
sufficient image forming characteristics over a wide
range in that direction.

With this embodiment, excellent image forming char-
acteristics may be maintained by satisfying the condi-
tion (A) set out hereinbefore.

The four embodiments for accomplishing the object
of the present invention have been described along with
several modifications thereof. The common basic con-
cept of the various constructions according to the in-
vention resides in a scanning image forming optical
device for causing the beam reflected and deflected by
the deflecting means to form an image on a scanned
object, the scanning image forming optical device con-
sisting of a first lens disposed between the deflecting
means and the scanned object, and a second lens dis-
posed at a side of the first lens opposed to the scanned
object, wherein the second lens includes a toric surface
opposed to the scanned object, and one of a surface of
the second lens opposed to the deflecting means, a sur-
face of the first lens opposed to the scanned object and
a surface of the first lens opposed to the deflecting
means defines a cylindrical surface having a refracting
power in a direction perpendicular to a scanning plane.

Other object, features and advantages of the present
invention will be apparent from the following descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B through FIGS. SA and $B show
various exampies of lens arrangement in a scanning
image forming optical device of a tilt error corrective
scanning optical system according to a first embodiment
of the present invention, in which FIGS. 1A through
SA are sectional views taken in a direction paralle]l to a
scanning plane, and FIGS. 1B through 5B are sectional
views taken in a direction perpendicular to the scanning
plane.

FIGS. 6 through 10 are aberration diagrams in the
direction parallel to the scanning plane in the examples
of lens arrangement according to the first embodiment.



Re. 34,438

7
FI1GS. 11 through 15 are aberration diagrams in the

direction parallel to the scanning plane in the examples
of lens arrangement according to the first embodiment.

FIGS. 16A, 16B, 17A and 17B show examples of lens
arrangement in a scanning image forming optical device
of a tilt error corrective scanning optical system accord-
ing to a second embodiment of the present invention, in
which FIGS. 16A and 17A are sectional views taken in
the direction parallel to the scanning plane, and FIGS.
16B and 17B are sectional views taken in the direction
perpendicular to the scanning plane.

FIGS. 18 and 19 are aberration diagrams in the direc-
tion parallel to the scanning plane in the examples of
lens arrangement according to the second embodiment.

FIGS. 20 and 21 are aberration diagrams in the direc-
tion perpendicular to the scanning plane in the examples
of lens arrangement according to the second embodi-
ment.

FIGS. 22A and 22B through FIGS. 24A and 24B
show examples of lens arrangement in a scanning image
forming optical device of a tilt error corrective scan-
ning optical system according to a third embodiment of
the present invention, in which FIGS. 22A through
24 A are sectional views taken in the direction parallel to
the scanning plane, and FIGS. 22B through 24B are
sectional views taken in the direction perpendicular to
the scanning plane.

FIGS. 25 through 27 are aberration diagrams in the
direction parallel to the scanning plane in the examples
of lens arrangement according to the third embodiment.

F1GS. 28 through 30 are aberration diagrams in the
direction perpendicular to the scanning plane in the
examples of lens arrangement according to the third
embodiment.

FIGS. 31A and 31B through FIGS. 33A and 33B
show examples of lens arrangement in a scanning image
forming optical device of a tilt error corrective scan-
ning optical system according to a fourth embodiment
of the present invention, in which FIGS. 31A through
33 A are sectional views taken in the direction parallel to
the scanning plane, and FIGS. 31B through 33B are
sectional views taken in the direction perpendicular to
the scanning plane.

FIGS. 34 through 36 are aberration diagrams in the
direction parallel to the scanning plane in the examples
of lens arrangement according to the fourth embodi-
ment.

FIGS. 37 through 39 are aberration diagrams in the
direction perpendicular to the scanning plane in the
examples of lens arrangement according to the fourth
embodiment. |

FIG. 40 is a schematic view of a laser beam printer
employing the tilt error corrective scanning optical
system according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described hereinafter
by referring to specific examples of embodiments. A tilt
error corrective scanning optical system according to
the invention is used in a laser scanning apparatus such
as a laser beam printer.

As shown in FI1G. 40, the laser scanning apparatus
comprises a semiconductor laser 1, a collimator lens 2, a
cylindrical lens 3, a polygonal mirror 4, an {0 lens S and
a photoreceptor drum 6.

The semiconductor laser 1 emits a laser beam B di-
rectly modulated in accordance with image data. The
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laser beam B, which is one example of a beam, is shaped
by the collimator lens 2 into parallel rays. The paralle]
rays are converged into a line by the cylindrical lens 3
which is one example of linear image forming optical
element. The laser beam B then forms an image On a
deflecting surface 4a of the polygonal mirror 4 which 1s
one example of deflecting means. The laser beam B
reflected and deflected by the deflecting surface 4a with
a rotation of the polygonal mirror 4 proceeds to the f@
lens § which is one example of scanning image forming
optical device. The f@ lens 5 causes the laser beam B to
scan the photoreceptor drum 6 in a direction indicated
by reference A in the drawing, thereby forming an
image on the drum 6.

The tilt error corrective scanning optical system in-
cludes the described linear image forming optical ele-
ment 3 and the scanning image forming optical device 5
having two lenses G1 and G2, and eliminates pitch
slippage of scanning lines resulting from tilt errors of
deflecting surfaces 4a.

As described hereinbefore, there are four basic em-
bodiments of the invention, and each embodiment in-
cludes two to five variations. Each example is illus-
trated by the views showing a lens arrangement, an
aberration diagram for a direction parallel to a scanning
plane and an aberration diagram for a direction perpen-
dicular to the scanning plane. The relationship between
the various embodiments and the drawings are listed en
bloc in Table 1 hereunder.

TABLE 1

Aberrations  Aberrauons
Following ACTOSS

Embodiments Lens Arrangements  Scan Plane  Scan Plane
1-1 FIGS. 1A & IB FI1G. 6 FI1G. 11
]1-2 FIGS. 2A & 2B FIG. 7 FIG. 12
1-3 FI1GS. 1A & 3B FIG. 8 FIG. 13
1-4 FIGS. 4A & 4B FIG. 9 FI1G. 14
1-5 FIGS. 5A & 5B F1G. 10 FI1G. 15
2-1 FIGS. 16A & 16B FIG. 18 FI1G. 20
2-2 FIGS. 17A & 17B FIG. 19 FI1G. 2]
3.1 FIGS. 22A & 22B FIG. 25 FIG. 28
3.2 FIGS. 23A & 23B F1G. 26 FI1G. 29
3-3 FIGS. 24A & 24B F1G. 27 FI1G. 30
4-1 FIGS. 31A & 31B FI1G. 34 FIG. 37
4.2 FIGS. 32A & 32B FI1G. 35 FIG. 38
4-3 FIGS. 33A & 313B FIG. 36 FI1G. 39

W

Factors for the various embodiments incorporating
specific constructions of the scanning image forming
optical device § will be set forth hereinafter. The single
asterisk (*) after the reference for the reflecting surface
signifies a cylindrical surface, and the double asterisk
(**) signifies a toric surface.

In the aberration diagrams for the direction parallel
to the scanning plane, an ideal image height for realizing
a uniform velocity scanning by the beam is expressed by
f.0, wherein @ is an incident angle, i.e. an angle formed
between the deflected beam and a lens optical axis, and
f is a focal length of all scanning optical devices in the
direction parallel to the scanning plane, and distortions
are expressed by the percentage of difference between
the ideal image height and actual image heights as fol-
lows:

{(y' —£0)/f8} x 100 (%)

wherein v’ is an actual image height.
In the factors for the various embodiments, 2w is a
maximum incident angle, nl is the refractive index (in
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780 nm) of an optical material forming the first lens G1,
n2 is the refractive index (in 780 nm) of an optical mate-
rial forming the second lens G2, f1H is the focal length
of the first lens G1 in the direction parallel to the scan-
ning plane, f2H is the focal length of the second lens G2
in the direction parallel to the scanning plane, fV is the
focal length of all scanning optical devices in the direc-
tion perpendicular to the scanning plane, f1V is the
focal length of the first lens G1 in the direction perpen-
dicular to the scanning plane, and f2V is the focal length
of the second lens G2 in the direction perpendicular to
the scanning plane. The unit of the numerical values for
focal lengths, radii of curvature angd spaces (Do-D3) on
optical axis is millimeter unless otherwise indicated.

(Embodiment i-1)
f= 125 F No. = 50, 2& = 97’

Radii of Radii of
Curvature Curvature
{Main Scan {Aux. Scan On-Axis Refractive
Direction) Direction) Distance Indices
[Deflection
Point]
dg = 13.5
rj= —168.35 = —168.38
Gl d =195 n = 1609
r2* = o ray = 67.20
d>» = 2.0
ry = o Tay = &0
G2 di = 220 n; = 1.78¢
14** = —74.10 Tyy = —21.87
fin = =276.391 Ly = ~T6.459 fi4/fy = .61
{Embodiment -2}
=125, F No = 30, 2 = 97"
Radn of Radii of
Curvature Curvalture
(Main Scan {Aux. Scan On-Axis Refractive
Direction) Direction) Distance Indices
[Deflecuion
Point}
do = 120
ry = —128.9] Ny = — =12891
Gl di =170 n; = 1511
r3* = o Iyy = 350.91
dy = 20
1 = o iy = o
G2 dy = 23.0 ny = 1786
r4** = —72.47 Few = 21,23
fiw = —252.184 [,y = —69.188 fin/Tiy = 1.64
(Embodiment 1-3)
f = 125, F No. = 30, 2w = 97"
Radu of Radii of
Curvature Curvature
{Main Scan {Aux. Scan On-Axis Kefractive
Diarection) Dhirection) Distance Indices
[Deflection
Point)
do = 15.6
M* = o Tiv = —B8.95
Gl d; = B.6 n; = 1.511
r>= 506.15 Iy = 306.15
dy = 64
ry1 = —623.06 v = =623.06
G2 dy =404 n; = 1786
r4** = —BRO.R7 Fay = — 2521

fiw = —990.177 f1y = 17107 [u/f)y = 57.89
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(Embodiment }-4)
f = 125, F No. = 50, 2w = 97"

Radii of - Radi of
Curvature Curvature
(Main Scan {Aux. Scan On-Axis Refractive
Direction) Direction) Distance Indices
[Deflection
Point]
do = 15.5
I']"'= o0 iy &% — - ]1.63
Gl d; = 8.6 a1 = 1.609
r; = 557.18 Iy = 357,18
d; = 6.4
ry = —631.58 rsv = —631.58
G2 dy = 403 ny = 1.786
Tg = — 80.49 fay = =~—25.18
fiy = 914548 fiy = —1B.595 [iw/fiy = 49.10
(Embodiment 1-3)
f= 125, F No. = 50, 20 = 97°
Radii of Radi: of
Curvature Curvature
(Mam Scan {Aux. Scan On-Axis Refractive
Direction) Direction} Dhstance Indices
[Deflection
Point]
| do = 13.0
ri = —200.62 ny = —200.62
Gt di =70 nt = 1.786
N = x ray = 43163
d = 1.1
A= o Tay = o
Gl di= 420 ny = 1.786
l'4.." = —73.30 Tey = —2317
fiw = —255 3330,y = —45.063 fiu/fiy = 5.67
(Embodiment 2-1)
f = 125 F No. = 50, 2w = 97°
Radn of Rad: of
Curvature Curvature
{(Main Scan {Aux. Scan On-Axis Refractive
Dhrection) IDirection) Dristance Indices
{Deflection
Point}
do = 10.0
rN*= — e Ny = — 55,08
Gl dy = 50 ny = 1.51]
o = ¢ ryy = 26,25
dy = 1.2
r3 = -241.40 fav = —241.40
G?2 d; =513 ny= 1786
I'q,“ = —76.34 fyy = 2420
(Embodiment 2-2)
f = 125, F No. = 50, 23w = 97"
Radii of Radi of
Curvature Curvature
{(Main Scan (Aux. Scan On-Axs Refractive
Dhirection) Direction) Distance Indices
{Deflection
Point}
do = 110
I = e« iy = &0
Gl dy = 5.0 n; = 1.511
n* = oy = 235.48
d = 1.2
ry = —229.63 I3y = —229.63
G2 d; = 516 ny= 1786
r4** = —75.59 sy = 2478




M

Radi of
Curvature
(Main Scan
Direction)

r* = —165.22

o

= o
G2
r4*® = —73.95

11

(Embodiment 3-1)

Radn of
Curvature
(Aux. Scan
Direction)

iy = o
Ty = 50.Gk
fiy = o

Tay = — 21.89

f= 125 F No. = 50, 2w = 97

On-Axis
Distance
dg = 125
dy = 19.8
dy = 2.2
dy = 22.5

Re. 34,438

Refractive
Indices

ny = 1.609

n; = 1.786

fiw = —271.251 fiy = —100.117 fin/hiy = 2.71

M——_—__

Radu of
Curvature
(Main Scan
Direction)

[Deflection
Point]

n*= e«

Gl
r,* = 509.21

r3 = —626.78
G2
r4** = - 80.94

(Embodiment 3-2)

Radii of
Curvature
(Aux. Scan
Direction)

My = -7.92
fzy = oo
Tyy = - 626.78

Tay = — 2502

{ = 125, F No. = 50, 20 = 97°

On-Axis
Dhstance
dgp = 15.5
dy = 85
d; = 64
dy = 404

Refractive
Indices

1.511

n

nr = 1.786

e

iy = —996.16 {1y = — 15484 fiy/fiv = 64.33

M

Radi of
Curvature
(Main Scan
Direction)

[Deflection
Point]

rn* = —200.97
Gl

) = o

=
G2
re** = —73.33

(Embodiment 3-3)

Radn of
Curvature
(Aux. Scan
Dhrection)

fay = &

T4y — — 23.21

f = 125, F No. = 50, 2 = 97

On-Axis
Distance
do = 13.0
d; = 100
d: = 1.}
dy = 39.0

Refractive
Indices

ng = 1.786

N2 = 1.786
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(Embodiment 4-1)

Radii of
Curvature
{(Main Scan
Direction)

{Deflection
Point]

r* = —186.29
Gl
ry = 2701.93

r3* = o
G2
r4** = —749]

= 125, F No. = 50, 2w = 97"

e e et e

Radin of
Curvature
(Aux. Scan
Direction)

Ty = ab

Iy = 2701.95
ray = —128.20

Tay = =— 23.28

On-Axis
Distance
do = 13.5
d; = 220
dy = 20
dy = 230

Refractive
Indices

1.786

i

n2
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-continued

M

(Embodiment 4-1)
f =125 FNo. = 50, 2w = 97°

M

Radii of Radii of

Curvature Curvature

(Main Scan (Aux. Scan On-Axis Refractive

Direction) Direction) Distance Indices
fig = —285.296

M

M

(Embodiment 4-2}
f= 125 F No. = 50, 2w = 97°

Sl ol B T B -6 Shdeet S

Radi of Radi of
Curvature Curvature
(Main Scan {(Aux. Scan On-Axis Refractive
Direction) Direction) PDistance Indices
[Deflection
Point]

dg = 13.5
I']‘ = o Tiv = oC
Gl d; = 18.0 n; = 1.609
ra = 364.35 T2y = oo

ds = 10.0
ri* = o fyy = —99.18
G2 dy =228 nz = 1786
r4** = —84.33 foy = —24.31

fig = —598.170
e ————————rre ettt
(Embodiment 4-3)
f =125 F No. = 30 2w = 97"

Radi of Radat of
Curvature Curvature
(Main Scan (Aux. Scan On-Auxis Refractive
Direction) Direction) Distance Indices
[Deflection
Point]

do = 13.5
l"]' = — 386.87 iy = oC
Gl d; = 164 n = 1609
T]' = 659.36 [y &= &0

dz = 6.0
ry = of Taw = —93.06
Gl dy = 247 n3 = 1786
ra** = —79.66 roy = —23.15

fiz = — 397.923

M

What is claimed 1s:

1. A tilt error corrective scanning optical system for
a system having deflecting means for deflecting and
reflecting a beam of light, comprising:

a linear image forming optical device for causing a
beam emitted from a light source to form a linear
image on a deflecting and reflecting surface of said
deflecting means, and

a scanning image forming optical device for causing
the beam reflected and deflected by said deflecting
means to form an image on a scanned object, said
scanning image forming optical device consisting
of a first lens disposed between said deflecting
means and said scanned object, and a second lens
disposed at a side of said first lens opposed to said
scanned object, wherein said first lens includes a
cylindrical surface, and said second lens includes a
toric surface.

2. A tilt error corrective scanning optical system as
claimed in claim 1, wherein said first lens has a negative
refracting power in a direction perpendicular to a scan-
ning plane.



Re. 34,438

13

3. A tilt error corrective scanning optical system as
claimed in claim 2, wherein said cylindrical surface of
said first lens is defined on a surface of said first lens
opposed to said deflecting means, -

4. A tilt error corrective scanning optical system as 5
claimed in claim 3, wherein said second lens defines a
concave surface opposed to said deflecting means.

5. A tilt error corrective scanning optical system as
claimed in claim 2, wherein ssid cylindrical surface of
said first lens is defined on a surface of said first lens 10
opposed to said scanned object.

6. A tilt error corrective scanning optical system as
ciaimed in any one of claims 2 through 5, wherein said
first lens per se as a whole has a negative refracting
power in a direction parallel to the scanning plane.

1. A tilt error corrective scanning optical system as
claimed in claim 6, wherein said first lens satisfies the
following condition:

13

IAHAIV] >2 20

wherein f1H is a focal length of said first lens in the
direction paralle] to the scanning plane, and f1V is a
focal length of said first lens in the direction perpendic-
ular to the scanning plane.

8. A tilt error corrective scanning optical system as
claimed in claim 1, wherein said scanning image form-
mg optical device is so arranged that the deflecting and
reflecting surface and said scanned object are set in an
optical conjugate relationship.

9. A tilt error corrective scanning optical system for
a system having deflecting means for deflecting and
reflecting a beam of light, comprising:

a hnear image forming optical device for causing a
beam emitted from a light source to form a linear
image on a8 deflecting and reflecting surface of said
deflecting means, and

a scanning mmage forming optical device for causing
the beam reflected and deflected by said deflecting
means t0 form an image on a scanned object, said
scanning 1mage forming optical device consisting
of a first lens disposed between said deflecting
means and said scanned obiject, and a second lens
disposed at a side of said first lens opposed to said
scanned object, wherein said first lens comprises a
cylindrical lens having no refracting power in a
direction parallel to a scanning plane, and said
second lens includes a toric surface.

10. A tilt error corrective scanning optical system as
claimed in claim 9, wherein said first lens has a negative
refracting power in a direction perpendicular to the
scanning plane.

11. A tilt error corrective scanning optical system as
claimed in ciaim 10, wherein said first lens includes a
cylindrical surface on a surface of said first lens opposed
to said deflecting means to have a negative refracting
power in the direction perpendicular to the scanning
plane.

12. A ult error corrective scanning optical system as
claimed in claim 11, wherein said second lens includes a
surface opposed to said deflecting means and having a
negative refracting power.

13. A tilt error corrective scanning optical system as
claimed in claim 9, wherein said scanning image form-
ing optical device is so arranged that the deflecting and
reflecting surface and said scanned object are set in an
optical conjugate relationship.
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14. A tilt error corrective scanning optical system for
& system having deflecting means for deflecting and
reflecting a beam of light, comprising:

a linear image forming optical device for causing a
beamn emitted from a light source to form a linear
image on a deflecting and reflecting surface of said
deflecting means, and

a scanning image forming optical device for causing
the beam reflected and deflected by said deflecting
means t0 form an image on a scanned object, said
scanning image forming optical device consisting
of a first lens disposed between said deflecting
means and said scanned object, and a second lens
disposed at a side of said first lens opposed to said
scanned object, wherein said first lens includes a
first cylindrical surface having an axis extending
perpendicular to a scanning plane and a second
cylindrical surface having an axis extending paral-
lel to the scanning plane, and said second lens in-
cludes a toric surface.

15. A tilt error corrective scanning optical system as
claimed in claim 14, wherein said first lens has a nega-
tive refracting power in a direction perpendicular to the
scanning piane.

16. A tilt error corrective scanning optical system as
claimed in claim 15, wherein said second cylindrical
surface is defined on a surface of said first lens opposed
to said deflecting means to have a negative refracting
power.

17. A tillt error corrective scanning optical system as
claimed in claim 1§, wherein said second cylindrical
surface is defined on a surface of said first lens opposed
to said scanned object to have a negative refracting
power.

18. A tilt error corrective scanning optical system as
claimed 1in claim 17, wherein said first lens has a nega-
tive refracting power in a direction parallel to the scan-
ning plane.

19. A tilt error corrective scanning optical system as
claimed in any one of claims 18 through 18, wherein
said first lens satisfies the following condition:

IH/FIV|>2

wherein f1H is a focal length of said first lens in the
direction parallel to the scanning plane, f1V is a focal
length of said first lens in the direction perpendicular to
the scanning plane.

20. A tilt error scanning optical system as claimed in
claim 16, wherein said first lens has a negative refracting
power 1n a direction parallel to the scanning plane.

21. A tilt error scanning optical system as claimed in
claim 12, wherein said first lens has a negative refracting
power in a direction parallel to the scanning plane.

22. A tilt error corrective scanning optical system as
claimed in claim 14, wherein said scanning image form-
ing optical device is so arranged that the deflecting and
reflecting surface and said scanned object are set in an
optical conjugate relationship.

23. A tilt error corrective scanning optical system for
a system having deflecting means for deflecting and
reflecting a beam of light, comprising:

a linear image forming optical device for causing a
beam emitted from a light source to form a linear
image on a deflecting and reflecting surface of said
deflecting means, and

a scanning image forming optical device for causing
the beam reflected and deflected by said deflecting
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means to form an image on a scanned object, said
scanning image forming optical device consisting
of a first lens disposed between said deflecting
means and said scanned object, and a second lens
disposed at a side of said first lens opposed to said
scanned object, wherein said first lens includes a
cylindrical surface having an axis extending per-
pendicular to a scanning plane and a second lens
includes a cylindrical surface having an axis ex-
tending parallel to the scanning plane, and a toric
surface.

24. A tilt error corrective scanning optical system as
claimed in claim 23, said cylindrical surface of said
second lens is defined on a surface of said second lens
opposed to said deflecting means to have a negative
refracting power in a direction perpendicular to the
scanning plane.

25. A tilt error corrective scanning optical system as
claimed in claim 24, wherein said first lens has a nega-
tive refracting power in a direction parallel to the scan-
ning plane.

26. A tilt error corrective scanning optical system as
claimed in claim 23, wherein said scanning image form-
ing optical device is so arranged that the deflecting and
reflecting surface and said scanned object are set In an
optical conjugate relationship.

27. A tilt error corrective scanning optical system for
a system having deflecting means for deflecting and
reflecting a beam of light, comprising:

a linear image forming optical device for causing a
beam emitted from a light source to form a hinear
image in a deflecting and reflecting surface of said
deflecting means, and

a scanning image forming optical device for causing
the beam reflected and deflected by said deflecting
means to form an image on a scanned object, said
scanning image forming optical device consisting
of a first lens disposed between said deflecting
means and said scanned object, and a second lens
disposed at a side of said first lens opposed to said
scanned object, wherein said first lens includes a
toric surface opposed to said scanned object, and
any one of the remaining surfaces, that 1s to say, a
surface of said second lens opposed to said deflect-
ing means, a surface of said first lens opposed to
said scanned object and a surface of said first lens
opposed to said deflecting means further defines a
cylindrical surface having a refracting power in a
direction perpendicular to a scanning plane.

28. A tilt error corrective scanning optical system as
claimed in claim 21, wherein said scanning image form-
ing optical device is so arranged that the deflecting and
reflecting surface and said scanned object are set in an
optical conjugate relationship.

29. A tilt error corrective laser beam printer compris-
Ing: |

a laser beam source for emitting a laser beam modu-
lated in accordance with image data,

a collimator lens for shaping the laser beam into par-
allel rays,

a linear image forming optical device for converging
the laser beam in parallel rays into a line,

deflecting means for reflecting and deflecting the
laser beam converged into a line toward a scanned
object, and

a scanning image forming optical device for causing
the laser beam reflected and deflected by a deflect-
ing and reflecting surface of said deflecting means
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to form an image on said scanned object, said scan-
ning image forming optical device consisting of a
first lens disposed between said deflecting means
and said scanned object, and a second lens disposed
at a side of said first lens opposed to said scanned
object,

wherein said first lens includes a cylindrical surface,
and said second lens includes a toric surface.

30. A laser beam printer as claimed in claim 29
wherein said linear image forming optical device com-
prises a cylindrical lens.

31. A tilt error corrective scanning optical system as
claimed in claim 29, wherein said scanning image form-
ing optical device is so arranged that the deflecting and
reflecting surface and said scanned object are set in an
optical conjugate relationship.

32. A scanning optical system for use in a laser printer
comprising.

a semiconductor laser;

a collimator lens receiving laser light from said semicon-
ductor laser and emiiting substantially parallel light
rays;

a cylindrical lens having a curvature in a cross seciion
taken in a first direction normal to @ main scan direc-
tion, said cylindrical lens receiving said parallel light
rays emitted by said collimator lens and images said
laser light at a focusing point in said cross section
taken in said first direction;

a deflector which deflects light rays transmitted by said
cylindrical lens, said deflector being disposed on a
downstream side of said cylindrical lens with respect
to said light rays; and

an anamorphic scanning lens unit which converges light
rays deflected by said deflector at a point on a scan-
ning surface;

wherein said anamorphic scanning lens unit has a two-
element composition comprising, in order from a side
nearest said deflector;

a first lens having a negative lens element with a concave
spherical surface on a side facing said deflector and a
concave cylindrical surface on a side facing said scan-
ning surface, said concave cylindrical surface having a
curvature in said cross section taken in said first direc-
tion, and

a second lens having a planar surface on a side facing
said deflector and a convex toric surface on a side
facing said scanning surface, said convex toric surface
having a stronger curvature in said cross section taken
in said first direction.

33. A scanning optical system for use in a laser printer as
claimed in claim 32, wherein said deflector is a polygonal
mirror.

34, A scanning optical system for use in a laser printer
comprising:

a semiconductor laser,

first means for focusing the light from said laser onto a
focusing point in a first dimension while leaving the
light unfocused in a second dimension normal to said
first dimension,

a deflector which deflects light rays transmitted by said
first means, said deflector being disposed on a down-
stream side of said first means with respect to light
rays, and

an anamorphic scanning lens unit which converges light
rays deflected by said deflector at a point on a scan-
ning surface;
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wherein said anamorphic scanning lens unit has a two-
element composition comprising, in order from a side
nearest said deflector;

a first lens having a negative lens element with a concave
spherical surface on a side facing said deflector and a 3
concave cylindrical surface on a side facing said scan-
ning surface, said concave cylindrical surface having a
curvature in a cross section taken in a direction nor-
mal to said first dimension, and

a second lens having a planar surface on a side facing 19
said deflector and a convex toric surface on a side
facing said scanning surface, said convex toric surface
having a stronger curvature in said cross section taken
in said direction normal to said first dimension. 15

335. A tilt error corrective scanning optical system having

a deflecting means for deflecting and reflecting a beam of
light, comprising:

a linear image forming optical device for causing the
beam emitted from a light source to form a linear 20
image in a direction and reflecting surface of said
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deflecting means, said linear image being parallel to g
direction normal to a first dimension and

an anamorphic scanning lens unit which converges the
beam deflected by said deflecting means at a point on
a scanning surface;

wherein said anamorphic scanning lens unit has a two-
element compasition comprising, in order from a side
nearest said deflecting means;

a first lens having a negative lens element with a concave
spherical surface on a side facing said deflecting
means and a concave cylindrical surface on a side
Jacing said scanning surface, said concave cylindrical
surface having a curvature in a cross section taken in
a direction normal o said first dimension, and

a second lens having a planar surface on a side facing
said deflecting means and a convex toric surface on a
side facing said scanning surface, said convex toric
surface having a stronger curvature in said cross sec-
tion taken in said direction normal to said first dimen-

sion.
T * 2 & *
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