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FIG. 4

A: SINGLE-END DETECTION - LINEARLY
SYMMETRICAL ARRANGEMENT
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FIG. 5

B: SINGLE-END DETECTION - ROTATIONALLY
SYMMETRICAL ARRANGEMENT
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FIG. 6

C: SINGLE-END DETECTION - LINEARLY SYMMETRICAL
ARRANGEMENT -NO-POWER PORTION PRESENT
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FIG. /

D: SINGLE-END DETECTION- ROTATIONALLY SYMMETRICAL
ARRANGEMENT -NO-POWER PORTION PRESENT
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COLOR SHIFT: | Ax1-Ax2 |



US RE45918 E

Sheet Sof 11

Mar. 8, 2016

Ol

U.S. Patent

g Ol



U.S. Patent Mar. 8, 2016 Sheet 6 of 11 US RE45,918 E

FIG. 9
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FIG. 12
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FIG. 13
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OPTICAL SCANNING APPARATUS, OPTICAL
WRITING APPARATUS, AND IMAGEL
FORMING APPARATUS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present document incorporates by reference the entire
contents of Japanese priority document, 2006-062983 filed 1n

Japan on Mar. 8, 2006 and 2006-069460 filed in Japan on
Mar. 14, 2006.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appara-
tus such as a mult1 function peripheral or a plotter that
includes at least two of the following, namely, an optical
scanning apparatus that scans a scanning surface, an optical
writing apparatus that includes the optical scanning appara-
tus, a copying machine that includes the optical writing appa-
ratus, a printer, and a fax machine.

2. Description of the Related Art

Optical scanning apparatuses are widely known 1n relation
to digital copying apparatuses and laser printers. Optical
scanning apparatuses employ scanning optical system, which
involves focusing optical beams detlected by an optical
deflector to form a beam spot on a scanning suriace.

In an optical writing apparatus or an 1mage forming appa-
ratus that includes an optical scanning apparatus, there 1s a
tendency for the optical performance to deteriorate due to
reduced tolerance of the optical element, expansion/contrac-
tion of the optical element due to temperature variation, etc. A
stable optical performance 1s thus desirable alongside a small
beam spot diameter.

A stable optical performance can be attained by including
an adjustment mechanism in the optical element. However,
this method 1s neither cost-efiective nor space-etfective.

Stability particularly 1s sought with regard to the position
of the beam spot of different colors 1n a main scanmng direc-
tion. A multi-color image clearly shows degradation 1f the
beam spots of all the colors do not form at the same spot.

The position of the beam spot 1n the main scanning direc-
tion can be stabilized, by adjusting the write timing. Synchro-
nization detection method 1s well known as a method for
clectrically adjusting a write-start timing and involves pro-
viding a photo sensor 1n all parts except those used for writ-
ng.

In synchronization detection method, photoreception can
be performed at one end of a scan line or both ends of the scan
line. The latter method can be expected to considerably
reduce non-coincidence of the beam spots 1n the main scan-
ning direction as a standard for the write start timing 1s set at
both ends of the scan line. However, 1n a color image forming,
apparatus producing color images, two photo sensors would
be required per scanning optical system (for each color),
increasing the number of components 1n terms of the photo
sensors as well as electrical control boards for the photo
SEeNSors.
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A technology thus 1s sought to enable adjustment of the
write start timing using as few photo receptors as possible.

Again stability 1s desirable in the light beam used 1n detect-
ing synchronization (hereinatter, “synchronization-detecting
light™) as 1t 1s taken as a standard for the write start timing.
However, even the synchronization-detecting light that
reaches the photo sensor 1s affected by the deterioration of the
optical performance of the scanning lens due to reduced tol-
erance, temperature variation, and the like.

In the optical scanning apparatus disclosed 1n Japanese
Patent Application Laid-open No. 2002-98921, a notch 1s
provided at an end of the scanning lens for the passage of the
synchronization-detecting light, so that the synchronization-
detecting light does not pass through the scanning lens and be
adversely affected by the expansion and contraction of the
scanning lens.

In the optical scanning apparatus disclosed in Japanese
Patent Application Laid-open No. 3293345, a rn1b 1s provided
for the passage of the synchronization-detecting light, again
so that the synchronization-detecting light does not pass
through the scanning lens and be adversely atfected by the
expansion and contraction of the scanning lens.

In an apparatus with optical writing as its principal func-
tionality, the synchronous optical systems need to be placed
where they will not interfere with the parts performing optical
writing. This puts a constraint on the freedom 1n designing,
especially with increasing demand for low-cost and compact
optical scanning apparatus. Particularly, this constraint
necessitates the length ol the synchronous optical system path
to be increased, leading to less than i1deal conditions for
photoreception.

A method s disclosed in Japanese Patent Application Laid-
open No. H3-81720 wherein a synchromization mirror which
forms a synchronization optical system and a synchronization
detecting unit are coupled within a sub-scanning cross-sec-
tion.

The synchronization-detecting light only reduces the shift
of the beam spots of each color individually 1n the main
scanning direction and by no means addresses the shift of the
beam spots between different colors.

To obtain a high quality image, merely reducing the shift of
the beam spot of each color individually 1n the main scanning
direction 1s not enough, but 1t 1s also necessary for the optical
scanning apparatus and the optical writing apparatus to be
able to reduce the shift in the beam spots of different colors
(heremafiter, “color shift”) 1n the main scanning direction, and
not allow color shift due to temperature variation.

The layout constraint encountered 1n a quest to make the
scanning optical systems compact cannot be bypassed only 1n
the method disclosed i Japanese Patent Application Laid-

open No. H3-81720.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to at least partially
solve the problems 1n the conventional technology.

According to an aspect of the present invention, an optical
scanning apparatus includes 2n (where n=1) light sources,
cach light source including m (where m=1) light emitting
units; a synchronization detecting unmit that recerves mxn light
beams from the light sources, scans a scanning surface by the
light beams emitted by 2n light sources, and determines a
write timing for writing to the scanning surface, the light
beams being substantially symmetrical with respect to a sub-
scanning cross-section that includes a rotational axis of an
optical detlector; and a first scanning lens system and a sec-
ond scanning lens system arranged facing each other on either
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side of optical deflector and causing m light beams to perform
imaging on the respective scanning surfaces, wherein syn-

chronization detection by the synchronization detecting unit
1s performed at one end of each scan line, and the first scan-
ning lens system and the second scanning lens system are
arranged substantially symmetrically with reference to a line
in a main scanning direction orthogonal to the rotational axis
of the optical detlector.

According to another aspect of the present invention, an
optical scanning apparatus includes an optical deflector that
deflects light beams emitted by a light source 1n a main
scanning direction; a scanning lens system that focuses the
light beams detlected by the optical deflector on a scanning
surface as a beam spot; a synchronization detecting unit that
determines a write timing for writing to the scanning surface;
and a synchronization optical system that includes at least one
converging unit that converges the light beams on the syn-
chronization detecting unit, wherein the converging unit that
contributes the most to a sub-scanning position shiit by the
synchronization detecting unit and the synchronization
detecting unit are coupled within a sub-scanning cross-sec-
tion and a condition D>7/2 1s satisfied, where D 1s a beam
diameter at a light-recerving unit of the synchronization
detecting umt, and Z 1s a light-receiving zone of the light-
receiving unit 1n a sub-scanning direction.

According to still another aspect of the present invention,
an optical writing apparatus includes a plurality of optical
scanning apparatuses, each optical scanning apparatus
including, 2n (where n=1) light sources, each light source
including m (where m=1) light emitting units; a synchroni-
zation detecting unit that recerves mxn light beams from the
light sources, scans a scanning surface by the light beams
emitted by 2n light sources, and determines a write timing for
writing to the scanning surface, the light beams being sub-
stantially symmetrical with respect to a sub-scanning cross-
section that includes a rotational axis of an optical deflector;
and a first scanning lens system and a second scanning lens
system arranged facing each other on either side of optical
deflector and causing m light beams to perform 1maging on
the respective scanning surfaces, wherein synchromization
detection by the synchronization detecting unit 1s performed
at one end of each scan line, and the first scanning lens system
and the second scanning lens system are arranged substan-
tially symmetrically with reference to a line 1n a main scan-
ning direction orthogonal to the rotational axis of the optical
deflector, wherein synchronization-detecting light of only
one optical scanning apparatus 1s detected, and write timings
of the other optical scanning apparatuses 1s electrically esti-
mated based on detection signals of detected synchroniza-
tion-detecting light.

According to still another aspect of the present invention,
an 1mage forming apparatus includes the above optical scan-
ning apparatus.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the mvention,
when considered 1n connection with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a graph for explaining a main scanning position
shift:

FIG. 2 1s a schematic of an optical scanning apparatus
according to a first embodiment of the present invention hav-
ing a linearly symmetrical arrangement;
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FIG. 3 1s a schematic of an optical scanning apparatus
having a rotationally symmetrical arrangement;

FIG. 4 15 a graph for explaining the main scanning position
shift in the linearly symmetrical arrangement;

FIG. 5 15 a graph for explaining the main scanning position
shift in the rotationally symmetrical arrangement;

FIG. 6 1s a graph for explaining the main scanning position
shift when the arrangement is linearly symmetrical and a
synchronization-detecting-light passage portion has no
pOWer;

FIG. 7 1s a graph for explaining the main scanning position
shift when the arrangement is rotationally symmetrical and
the synchronization-detecting-light passage portion has no
pOwer;

FIG. 8 1s a side view of an optical writing apparatus
wherein optical scanning apparatuses are arranged at two
levels:

FIG. 9 1s a schematic wherein incidence angles of light
beams of an upper level and a lower level 1n a main scanning
direction are different;

FIG. 10 1s a schematic wherein reflecting point of the light
beams of the upper level and the level are different;

FIG. 11A 1s a schematic of the conventional horizontal
incidence method;

FIG. 11B 1s a schematic of a grazing-incidence method;

FIG. 12 1s a schematic of a full-color image forming appa-
ratus;

FIG. 13 1s an oblique view of the principal parts of an
optical scanning apparatus according to embodiment 2-1;

FIG. 14 1s a graph showing a relation between a sub-
scanning position shift of synchronization-detecting light
incident on a synchronization detecting unit and a diameter of
a beam spot; and

FIG. 15 1s a schematic of a single-color 1image forming
apparatus.

(L]
=T

ERRED

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

Exemplary embodiments of the present invention are
described below with reference to the accompanying draw-
ngs.

Four combinations are possible with regard to the portion
of a scanning lens through which the synchronization-detect-
ing light passes (heremafter, “synchronization-detecting-
light passage portion™) and arrangement of scanning optical
systems, based on the presence or absence of power in the
synchronization-detecting-light passage portion and linearly
symmetrical or rotationally symmetrical arrangement of the

scanning optical systems. The four combinations are given
below 1n Table 1.

TABL.

L]
[

Presence/absence of power 1n
Synchronization-detecting-light passage portion/
Arrangement of scanning optical systems

Linearly  Rotationally
symmetrical symmetrical

Power present A B
Power absent C D

Each of the combinations A to D 1s considered under an
assumption that temperature variation on, either side of an
optical detlector 1s uniform (hereinatfter, “uniform tempera-
ture variation™).

In FIG. 2 and FIG. 3, image height h 1s mapped upward,
and Ax represents the position shift 1n a main scanning direc-
tion (hereinafter, “main scanning position shift”) due to tem-
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perature variation. When performing synchronization detec-
tion on both sides, there are methods for detecting a scanning-
start end and a scanning-stop end. As the scanning-stop end 1s
considered as a scanning-start end for scanning by the next
surface of the optical deflector, the argument 1s carried forth
by focusing on sensing of the scanning-start end.

For the sake of simplicity, 1t 1s assumed that the rise in the
temperature 1n an optical scanning apparatus according to the
present embodiment 1s uniform. In other words, 1t 1s assumed
that the thermal expansion of the scanning lens on either side
of the optical deflector 1s uniform.

The color shift produced due to the deformation of the
scanning lenses due to temperature variation 1s assessed 1n
cach of the four cases A to D.

FIG. 2 1s a schematic of an optical layout when the scan-
ning optical systems are arranged linearly symmetrically
(Case A and Case C 1n Table 1). In FIG. 2, the reference
numerals 1 and 1' represent light sources, 2 represents an
optical deflector (such as a polygon mirror), 3 and 3' represent
t-theta lenses which are the scanning lenses that form a scan-
ning lens system, 4 and 4' represent synchronization detecting,
units, and 6 and 6' represent scanning surfaces.

The f-theta lenses 3 and 3' are arranged on the main scan-
ning direction facing the optical deflector 2, and substantially
linearly symmetrically on a main scanning plane with refer-
ence to a rotational center 7 of the optical reflector 2.

As the 1-theta lenses 3 and 3' are arranged substantially
linearly symmetrically, the main scanning position shift in
one scanning optical system can be taken as Ax1 on a positive
side of the image height h, and the main scanning position
shift in the other scanning optical system can be taken as Ax2
on a negative side of the image height h.

Between Case A and Case C shown 1n Table 1, the light
beam reaching the synchronization detecting units 4 and 4'
may or may not be affected by the temperature variation.

FIG. 3 1s a schematic of an optical layout when the scan-
ning optical systems are arranged rotationally symmetrically
(Case B and Case D 1n Table 1). As the scanning lenses 3 and
3' are arranged rotationally symmetrically, on a write-end
side, the main scanning position shiit 1n the scanning optical
system can be taken as Ax1, and on a write-start side, the main
scanning position shift in the scanning optical system can be
taken as Ax2.

The difference between Case B and Case D shown 1n Table
1 1s that in Case B the light beam reaching the synchronization
detecting units 4 and 4' 1s affected by temperature variation
and Case D, the light beam reaching the synchronization
detecting units 4 and 4' 1s not affected by temperature varia-
tion.

As shown1n FIG. 1, the main scanning position shift can be
described in terms of the image height h. In FIG. 1 (as in other
drawings ), an arrow S represents a scanmng direction, and the
portion of the scan line represented by a dashed line m rep-
resents a non-emitting portion of the light source.

In Case A, the synchronization-detecting light passing
through the scanning optical system produces a position shift
of Ax1 1n one scanming optical system and Ax2 1n the opposite
direction 1n the other scanning optical system. Consequently,
the main scanning position shift caused by the scanning opti-
cal systems on the two sides resembles the graph shown 1n
FIG. 4, which 1s essentially the graph shown in FIG. 1 shifted
upward by Ax1 and downward by Ax2.

The color shift1s the difference between the graph shown in
FIG. 1 and the graph shown in FIG. 4, and 1s thus Ax1+Ax2.

In Case B, a position shift of Ax1 1s produced 1n the syn-
chronization-detecting light passing through both the scan-
ning optical systems but in the opposite directions. Conse-
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quently, the main scanning position shift caused by the
scanning optical systems on the two sides resembles the graph
shown in FI1G. 5, which 1s essentially the graph shown 1n FIG.
1 shifted upward and downward by Ax1. The color shiit 1s the
difference between the graph shown 1n FIG. 1 and the graph

shown 1n FIG. 4, and 1s thus Ax1+Ax2.

In Case A and Case B, the synchronization-detecting light
1s alfected by the deformation of the scanning lens. Conse-
quently, even if the scanning optical systems are arranged
symmetrically with respect to the optical detlector 2, color
shift ol a magnitude of the sum of the main scanning position
shift at the two ends of the scan line (Ax1+Ax2) 1s bound to
occur. This shows that mere symmetrical arrangement of the
scanning optical systems 1s not adequate to reduce color shiit.

In Case C, temperature variation does not cause position
shift in the synchronization-detecting light 1n either scanning,
optical system. Consequently, the main scanning position
shift caused by the scanning optical systems on the two sides
resembles the graph shown 1n FIG. 6, which 1s essentially
similar to the graph shown 1n FIG. 1. Thus, there 1s virtually
no color shift in this case.

In Case D too, temperature variation does not cause posi-
tion shift in the synchronization-detecting light 1n either scan-
ning optical system.

In Case D, the main scanning position shiit caused by the
scanning optical systems on the two sides will be the reverse
of one another, and consequently resemble the graph shown
in F1G. 7, which 1s essentially the graph shown in FIG. 1, only
reversed.

In Case D, a color shiit of the magnitude of Ax1-Ax2 will
be produced.

It can be surmised that even 1n Case D where the synchro-
nization-detecting light 1s not affected by temperature varia-
tion, a perfectly symmetrical main scanmng position shift
does not occur at zero 1mage height h (that 1s, at h=0).

Thus, 1t can be concluded theoretically that Case C 1s the
only case where color shift 1s minimized by a combination of
arrangement of the scanning optical systems 1n an opposing
scanning method and absence of power 1n the synchroniza-
tion-detecting-light passage portion.

In actuality, temperature variation 1s seldom uniform
within the optical scanning apparatus. Hence, let us assume
that, of the two scanning optical systems, temperature varia-
tion occurs only 1n one. It stands to reason in terms of FIGS.
4 to 7 that the main scanning position shiit of one of the
scanning optical systems will be zero.

Therefore, 1n Cases A to D, the color shift would be of the
magnitude of at least Ax1 or Ax2.

In other words, when the temperature variation 1s not uni-
form, the combination of arrangement of the scanning optical
systems and absence of power in the synchronization-detect-
ing-light passage portion yields poor results.

Based on the study described above, the scanning optical
systems 1n the present embodiment are of the type repre-
sented by Case C of Table 1 wherein the combination of the
arrangement of the scanning optical systems and presence or
absence of power 1n the synchronization-detection-light pas-
sage portion of the scanming lens 1s used for minimizing color
shift due to temperature variation, assuming that the tempera-
ture variation 1s uniform on either side of the optical deflector
2.

Thus, the optical scanning apparatus according to the
present embodiment has the configuration shown 1n FIG. 2.
That 1s, the optical scanning apparatus 1s of an opposing
scanning type having two scanning optical systems that focus
the light beam detlected by the optical detlector 2 on the
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scanning surfaces 6 and 6' as beam spots. The salient feature
ol optical scanning apparatus 1s described below.

The optical scanning apparatus according to the present
embodiment includes 2n (where n=1) light sources, each light
source having m (where m=1) light-emitting units, synchro-
nization detecting units, and scanning lens systems. The syn-
chronization detecting units receive the incident mxn light
beams of the slight sources which are symmetrical with
respect to a sub-scanning cross-sectional surface that include
a rotational axis of the optical deflector 2, scan the scanning
surface by the light beams, and determine a write timing for
writing on the scanning surface. The scanning lens systems
focus the light beams on the scanning surfaces facing the
optical detlector 2.

Synchronization detection in the optical scanning appara-
tus according to the present embodiment 1s performed at only
one end of each scan line, and the scanning lens systems are
arranged substantially linearly symmetrically with respect to
a main scanmng direction and orthogonal to the rotational
axis of the optical deflector 2. The shift due to temperature
variation 1n the beam spot position of the synchronization-
detecting light in the main scanning direction on the scanning
surfaces or their equivalent 1n the optical scanning apparatus
according to the present embodiment 1s of the magnitude ot 5
um/° C. or less.

The magnitude of 5 um/° C. or less 1s not an unambiguous
result for Case C of Table 1 and 1s only a possibility.

The scanning optical systems facing the center of the opti-
cal deflector 2 are substantially linearly symmetrical with
respect to the rotational center of the optical deflector 2 1n the
main scanning direction orthogonal to a rotational axis of the
optical deflector 2, and hence the arrangement i1s termed
“linearly symmetrical arrangement™.

The color shift can be minimized of the magnitude of the
beam spot position shift due to temperature variation that
occurs as a matter of course 1n an optical writing apparatus 1s
S um/° C. or less.

Even though the actual temperature variation 1n an optical
writing apparatus 1s seldom uniform, the closed space of the
optical writing apparatus does not allow for too much varia-
tion in temperature distribution, enabling realization of the
favorable result specified for Case C.

In the optical scanning apparatus according to the present
embodiment, 1t 1s preferable for a no-power portion of the
scanning lenses 3 and 3' and the synchronization optical sys-
tems that focus the synchronization-detecting light of the
synchronization detecting units 4 and 4' into light-receiving
units to have power to correct the surface-tilt of the optical
deflector 2 in the sub-scanning direction.

Further, in the optical scanning apparatus according to the
present embodiment, it 1s preferable to keep the inter-surface
deviation 1n the reflecting-surface-tilt of the optical deflector
to 200 seconds or less to minimize the position shift in the
sub-scanning direction when the synchronization-detecting
light reaches the light-receiving unit and stabilize determina-
tion of write timing. In other words, the write position shift for
cach surface of the optical deflector 1s minimized in the opti-
cal scanming apparatus according to the present embodiment.

In the present embodiment, two scanning optical systems
are arranged substantially symmetrically with respect to the
sub-scanning cross-sectional surface (line 7 shown in FIG. 2)
passing through rotational axis of the optical detlector 2.
Consequently, the light beams are scanned 1n opposite direc-
tions on the scanning surfaces 6 and 6' located on either side
of the rotating optical deflector 2. However, scanning 1s per-
tormed substantially linearly symmetrically on either side of
the optical deflector 2.
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In other words, scanming lens system components required
on both sides for producing satisfactory beam spots on the
scanning surfaces 6 and 6' have an 1dentical geometry, reduc-
ing the manufacturing cost.

In the example shown 1n FIG. 2, the scanning lens system
1s represented by the f-theta lenses 3 and 3'. Other scanning
lenses can equally be used 1n a substantially linearly sym-
metrical arrangement to configure the scanning lens system.

If L1, L2, and so on up to Lj (where 1=1, 2,3, ... ) are
scanning lenses forming the scanning lens system on one side
of the optical deflector 2 1n the sequence of the nearest to the
farthest from the optical deflector 2, and L'1, L'2 and so on up
to L'y (where 1=1, 2, 3, . .. ) are scanning lenses on the other
side of the optical deflector 1n the sequence of the nearest to
the farthest from the optical deflector 2, the geometry of the
lens at any position on either side of the optical deflector 2,
such as the lenses Lj and L'y, are identical. This minimizes the
cost of manufacturing.

In other words, the number of lenses, and the number of
processes for manufacturing the optical scanning apparatus 1s
minimized.

In the optical writing apparatus which includes a plurality
of optical scanning apparatuses having the configuration
described above, synchronization-detecting light from only
one of the optical scanning apparatus can be detected, and the
write timings of the other optical scanning apparatus can be
clectrically estimated based on the detected synchronization-
detecting light signal.

There 1s enhanced reliability of synchronization detection
in the optical scanning apparatus according to the present
invention because of the stability of the synchronization-
detecting light against the main scanning direction position
shift. This enables the write timings of all the optical scanning
apparatuses to be determined fairly accurately even if they are
clectrically estimated based on the synchronization-detection
light s1ignal of one of the optical scanning apparatus.

By this method (heremaftter, “delay method”), the number
of light-recerving elements (synchronization detecting units)
can be reduced, cutting down the cost of the writing optical
system.

Embodiment 1-3 1s described below with reference to FIG.
8.

In this embodiment, an optical writing apparatus 10
includes a plurality of optical scanning apparatuses arranged
at two different levels, an upper level and a lower level.

The reference numeral 5§ denotes a folded mirror and the
reference numeral 6 denotes the scanning surface 1n the form
ol a photosensitive drum.

The rotational axis of the optical deflector 2 1s common to
both the levels. Consequently, use of just a single optical
deflector 2, which 1s relatively expensive to manufacture,
cnables the cost of the optical writing apparatus 10 to be kept
down.

Further, as the phases of the optical deflector 2 rotate
around a common axis at both the levels, write timing can be
estimated more accruing when synchronization detection 1s
performed using the delay method.

The optical writing apparatus 10 shown in FIG. 8 can be
configured in such a way that the light beams from the upper
level and the lower level are incident on the optical deflector
2 at different incidence angles (that is, the light beams are
caused to form an intersection angle), as shown 1n FIG. 9.

In FI1G. 9, the reference numeral H denotes a coupling lens,
the reference numeral 12 denotes an aperture, and the refer-
ence numeral 13 denotes a cylindrical lens.
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Thus, the space between the two levels of the optical scan-
ning apparatus can be reduced up to the extent of the gap
between the light sources of the upper level and the lower
level, achieving compactness.

The formation of an intersection angle between the light
beams from the light sources of the upper and lower levels can
produce difference 1n the optical characteristics of the light
beams and cause the optical deflector 2 to deflect the light
beams at different angles. In particular, one of the synchro-
nization-detecting light beams near the deflection angle tends
to get eclipsed.

This eclipsing of the light beam can be reduced by slightly
adjusting the incidence point (by compensation of the differ-
ence 1 the maximum write widths of the upper level and
lower level), as shown in FIG. 10, preventing the difference 1in
the optical characteristics of the light beams of the scanning
optical systems at the two levels.

The optical writing apparatus according to the preceding
embodiments, the light beam 1ncident on a deflective retlec-
tion surface of the optical deflector 2 1s parallel to the normal
dropped from the deflective reflection surface. The present
invention can equally be applied to an optical writing appa-
ratus 1n which the light beam incident on the detlective reflec-
tion surface of the optical deflector 2 can form an angle with
the normal dropped from the deflective reflection surface
(Embodiment 1-6). This method 1s called the grazing-inci-
dence method.

In the existing optical scanning apparatuses that use a
horizontal opposing scanning method, as shown 1in FIG. 11A,
polygon mirrors 40 are required to be provided at two levels
to obtain a distance Z required for separating the light beams
directed towards diflerent scanning surfaces. It 1s also pos-
sible to align the polygon mirrors 40 at a single level. How-
ever, this will increase the thickness of the polygon mirror
portion, adversely aflecting the performance speed and the
COst.

In the grazing-incidence optical systems used in the
present invention, as shown 1n FIG. 11B, a pair of light beams
from a plurality of light sources that form different angles 1n
the sub-scanning direction with respect to the normal are
made incident on two opposing detlective retlection surfaces
of the same optical deflector 2. Consequently, by limiting
provision of the optical detlector 2 to just one level and further
by reducing the thickness of the polygon mirror portion in the
sub-scanning direction, the rotational inertia of the optical
deflector 2 can be reduced, shortening the startup time.

The advantage of the grazing-incidence method is that the
manufacturing cost of the optical writing apparatus can be
kept down as providing the optical deflector 2 at one level
enables forming of a full-color 1image.

To implement the grazing-incidence method, the surface of
the scanning lenses needs to be modified appropriately as,
otherwise the scan line tends to bend and wavetront aberra-
tion occurs. However, the effects can be put to practical use
when assembling, cutting down the cost.

Embodiment 1-7 (full color image forming apparatus) 1s
described below with reference to FIG. 12.

In a full color 1image forming apparatus according to the
present embodiment, such as a laser color printer, photosen-
sitive drums 20Y (yellow), 20M (magenta), 20C (cyan), and
20K (black) are arranged serially pressed against an interme-
diate transfer belt 21, which stretched tightly over rollers
102a, 102b, and 102c.

Arranged around the photosensitive drum 20Y 1n counter-
clockwise direction are a not shown charging unit, an optical
scanning apparatus 105 that functions as an exposing unit
common to all the photosensitive drums, a developing unit
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106Y, a not shown primary transfer roller provided on the
underside of the intermediate transfer belt 21, a not shown
cleaning unit, a not shown neutralizing unit, etc. Identical
components are arranged around each of the photosensitive
drums 20M, 20C, and 20K.

An eclectrostatic latent 1image 1s formed on each of the
photosensitive drums 20Y, 20M, 20C, and 20K by light
beams .1, L2, L3, and L4, respectively, based on each color
image data. The latent 1images on the photosensitive drums
20Y, 20M, 20C, and 20K are converted to visible images by
the respective developing units 106Y, 106M, 106C, and
106K.

A toner 1mage of each color 1s superposed sequentially on
the mmtermediate transfer belt 21 and transferred. A secondary
transfer roller 102d batch-transfers the superposed image
onto a transfer sheet (recording medium) supplied at a prede-
termined timing from a sheet feeder 111. A not shown clean-
ing unit cleans the intermediate transier belt 21 after the
transier of the superposed image to the transfer sheet. The
transier sheet 1s conveyed to a fixing device 114, which fixes
the color image by application of heat and pressure.

The transier sheet, after being passed through the fixing
device 114, 1s transported substantially vertically in the main
body of the apparatus to be ejected into a discharge tray 110
located at the uppermost portion of the apparatus.

Excellent reproduction of 1mages can be realized by using,
the optical scanning apparatus according to the first embodi-
ment as the optical scanning apparatus 105.

Various materials such as silver salt film can be used as
photosensitive 1mage-bearing member. The latent 1mage 1s
formed by optical scanning and 1s converted into a visual
image by the normal silver salt photographic process. Such
image forming devices can be implemented as optical photo-
engraving devices or optical imaging devices that produce CT
scan 1mages, etc.

Another photosensitive image-bearing member could be a
tull color medium in the form of a full color printing paper,
which directly produces a visible color image by the heat
energy of the beam spot produced by optical scanning.

Alternatively, a photoconductive photosensitive member
such as a zinc oxide sheet can be used as a photosensitive
image-bearing member. Another option 1s a reusable sele-
nium photosensitive member or organic semiconductor mem-
ber 1n drum or belt form.

When a photoconductive photosensitive member 1s used as
the 1mage-bearing member, an electrostatic latent 1mage 1s
formed by the uniform charging of the photosensitive mem-
ber and optical scanning by the optical scanning apparatus.
The electrostatic latent 1mage 1s converted to a visible toner
image by developing. Fixing of the toner image takes place
directly 1n the case where the photosensitive member 1s a zinc
oxide sheet. I the photosensitive member 1s of the reusable
type, the toner image 1s first transferred to a recording
medium 1n sheet form such as a transfer sheet or an overhead
projector (OHP) sheet (plastic sheet for overhead projector),
betfore the image 1s fixed.

The toner image may either be directly transferred from the
photosensitive member onto the recording medium (direct
transier method) or first may be transierred onto an interme-
diate transfer medium and therefrom to the recording medium
(intermediate transier method).

Such image forming devices can be implemented as optical
printers or plotters, digital copiers, etc.

The optical scanming apparatus according to the present
invention achieves the effect of reduced color shift by virtue
of being configured by combining a linearly symmetrical
arrangement of the scanming optical systems and a condition,
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which does not allow the synchronization-detecting light
beams to be atfected by temperature variation.

The scanning optical systems for each color would need as
far as possible to be made close to each 1n terms of their form
to realize an optical scanning apparatus that performs well in
spite of temperature variation. In other words, even 1f main
scanning position shift occurs for each color, the color shift
will not be discernible, as all the colors would show the same
magnitude of main scanning position shiit.

The main scanning position shift caused by temperature
variation 1s explained below in detail. In the scanning optical
system, the light beams deflected by the optical deflector are
refracted/condensed by the scanning lenses and scan the sub-
scanning surface at a constant speed. When the scanning
speed 1s 1deal, a proportional relation 1s established between
a rotation angle 0 of the optical detlection and the beam spot
position on the sub-scanning surface.

In other words, i1deal beam spot position (hereinafter,
“1deal image height™) 1s determined by the angle of the detlec-
tive reflection surface of the optical deflector 2. A shiit from
the 1deal image height caused due to any factor 1s defined as
the main scanming position shift. From this it can be easily
imagined that the main scanning position shift can become so
large that the optical line passing through the scanning lenses
recedes far from the optical axis.

The rotation axis of the optical detlector 2 1s different from
the position of the deflective reflection surface an asymmetri-
cal scanning with respect to the optical axis of the scanning
lenses takes place. Consequently, the main scanning position
shift of the image height on the either side of the optical
deflector 2 will be different, yielding an asymmetrical form
shown 1n FIG. 1 when the main scanning position shift 1s
plotted in terms of 1image height h.

The following methods can be used for preventing only the
synchronization-detecting light beams from being affected
by temperature variation. The effects due to the present inven-
tion can be garnered 1f an appropriate method 1s selected in
accordance with the scanning optical system.

(1) Designing a synchronization optical system such that
the synchronization-detecting light does not pass through the
scanning lenses at all.

(2) Providing an air layer (an opening) in the synchroniza-
tion-detecting-light passage portion in the scanning lens to
prevent refraction by the scanning lens.

(3) Configuring the synchronization-detecting-light pas-
sage portion such that 1t 1s 1n the form a horizontal plate in the
main scanning direction so that even 1f deformation occurs in
the scanning lens, the synchronization-detecting light 1s not
alfected.

Method (1) 1s most effective for stabilization of the syn-
chronization-detecting light. However, achieving compact-
ness and slimness of the optical scanning apparatus necessi-
tates having to place the beam-shaping optical systems, the
synchronization-detecting-light passage portion, and the
scanning lens very close to the optical deflector, which 1s not
desirable. Thus, there 1s a constraint on the quest for an ever
more compact and slim optical scanning apparatus by way of
the closest the various optical components can be placed to
the optical deflector.

The problem faced 1n Method (1) can be avoided by imple-
mentation of Methods (2) and (3 ). However, 1n these methods,
the scanning lens has to be subjected to a secondary process-
ing, increasing the cost.

The synchronization-detecting light passes through the no-

power portion of the scanning lens 1n all the three Methods (1)
to (3).
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When applying the optical scanning apparatus according to
the present invention to a multi-beam method, all the compo-
nents from line 1imaging optical system to the scanning optical
system can be made common to a plurality of light beams that
are coupled. This enables the optical scanning apparatus to be
configured from line imaging optical system onwards as 1 for
a single-beam method. Consequently, a multi-beam optical
scanning apparatus can be realized that 1s stable against
mechanical variations.

As compared to the single beam method, the same writing
speed can be realized by fewer turns of the optical detlector 1n
the multi-beam method. Thus, less power 1s consumed for
driving the optical deflector, resulting 1n energy saving.

The light source used 1n the multi-beam method can use a
laser diode (LD) array method or a beam compositing
method. If a gap of 10 um or more 1s kept between the
light-emitting units 1 the LD array light source, adverse
thermal and electrical effect of adjacent light-emitting units
can be effectively prevented, and an 1deal multi-beam optical
scanning can be performed.

In the grazing-incidence method, the optical scanning
apparatus has the optical deflectors on just a single level. In
other words, by using the grazing-incidence method, the
height of the deflecting unit (polygon mirror) (the height in
the sub-scanning direction) can be reduced, and as the surface
area 1n contact with the atmosphere 1s small, increase 1n
power consumption due to windage loss can be prevented,
resulting 1n less power consumption by the optical writing
apparatus.

FIG. 13 1s a schematic of the principal parts of the optical
scanning apparatus according to a second embodiment of the
present invention. The optical scanning apparatus according
to the second embodiment employs the single beam method.
A light source 1 1n the form of a semiconductor laser device
emits a light beam, which 1s dispersive, and which enters the
coupling lens 11 and 1s coupled into the optical system dis-
posed subsequent to the coupling lens.

The light beam emerging from the coupling lens 11 1s
weakly dispersive, and passes through the 12, undergoes
beam shaping where the aperture 12 permits only the central
portion of the light beam to pass through, cutting off the
peripheral portion of the light beam. The light beam exiting
the aperture 12 enters the cylindrical lens 13, which 1s a linear
imaging optical system. The cylindrical lens 13, which has no
power 1n the main scanning direction and a positive power in
the sub-scanning direction, converges the light beam entering
it in the form of a linear image, which 1s oblong in the main
scanning direction 1n the vicinity of a deflective reflection
surface of the optical detlector 2. The optical deflector 2
functions as an optical deflector.

The deflective reflection surfaces of the optical detlector 2,
which 1s spinning at a constant speed, deflect the light beam
equiangularly and at uniform speed. The light beam thus
deflected by the optical deflector 2 passes through a single
t-theta lens 3, which forms a scanning optical system. The
optical path of the light beam exiting the f-theta lens 3 1s bent
by a folded mirror 5§ and the light beam 1s focused as a beam
spot on a photoconductive photosensitive member 25, which
1s the scanming surface. In this way, the photoconductive
photosensitive member 25, that 1s, the scanning surface, 1s
optically scanned.

Prior to optically scanning the photoconductive photosen-
sitive member 25 of sheet-type, the deflected light beam
passes through the no-power portion of the f-theta lens 3, 1s
reflected by a synchronization mirror 4a, which functions as
a converging unit, and 1s again converged 1n the main scan-
ning direction by a synchronization lens 4b, which functions
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as a converging unit, 1nto a synchronization detecting unit 4c.
The write start timing 1s determined based on the output from
the synchronization detecting unit 4¢. The synchromzation
mirror 4a and the synchronization lens 4b together form the
synchronization optical system.

The term scanning optical system refers to an optical sys-
tem that converges the light beam detlected by the optical
deflector 2 functioning as a beam deflector, as a beam spot on
the scanning surface. In the present embodiment, the scan-
ning optical system includes a single 1-theta lens 3.

The term ““spot diameter of beam spot” used 1n the speci-
fication is defined by an intensity 1/e* of a line spread function
of the light mtensity distribution in the beam spot on the
scanning surtace.

If the light intensity distribution, 1(Y,7) to be determined
from a main scanning direction coordinate Y and a sub-
scanning direction coordinate 7, taking the central coordi-
nates of the beam spot formed on the scanning surface as the
reference, the line spread function 1 7Z direction LSZ 1s

defined by,

LSZ(Z)=[1(Y,Z)dY (The integration of the entire
width of the beam spot in' Y direction is per-
formed).

The line spread function in'Y direction LSY 1s defined by,

LSY(Y)=f(Y,Z)dZ (The integration of the entire
width of the beam spot 1n Z direction is per-
formed).

The line spread functions LSZ(Z) and LSY(Y) have sub-

stantially Gauss distribution shape. The spot diameters in'Y
direction and Z direction 1n that area are considered where the
line spread functions LSZ(Z) and LSY(Y) have a maximum
value of 1/e* or greater.

The spot diameter defined by the line spread functions can
be easily measured by optically scanning at a uniform speed
the beam spot along a slit and integrating the amount of light
received by a light detector that receives the light that comes
out of the slit. Apparatuses for measuring the spot diameter
are available 1n the market.

In the second embodiment, the optical surface (converging,
unit) that contributes the most towards a sub-scanning posi-
tion shift in the synchronization detecting unit 4¢ 1s the syn-
chronization mirror 4a.

Accordingly, in the second embodiment, the power of the
synchronization lens 4b 1n the sub-scanning direction 1s such
that the synchronization mirror 4a and the synchronization
detecting unit 4¢ are coupled within the sub-scanning cross-
section, and 1n the main scanning direction 1s such that the
synchronization lens 4b can converge the light beam 1nto the
synchronization detecting unit 4c.

Thus, the state of convergence of the light beam within the
sub-scanning cross-section of the synchronization detecting
unit 4¢ 1s determined based on the positional relation between
the optical elements (converging units) of the synchroniza-
tion optical system.

In the second embodiment, 11 the power of the synchroni-
zation lens 4b 1s set so as to satisiy a condition:

D>Z/2 (1)

where D 1s the beam diameter at the light-receiving unit of the
synchronization detecting unit 4¢, and 7. 1s the light-receiving
zone of the light-recerving unit in the sub-scanning direction,
the synchromization light intensity in the light-recerving zone
of the synchromization detecting unit 4¢ will resemble the
Gaussian distribution shown by the solid line 1n FI1G. 14.

A major part of the sub-scanning position shift due to error
in the optical elements 1n the scanning optical system gets

10

15

20

25

30

35

40

45

50

55

60

65

14

cancelled out due to the coupling relation of the synchroni-
zation mirror 4a and the synchronization detecting unit 4c.
However, an insignificant amount of sub-scanning position
shift occurs due to error of the optical elements that are not
included 1n the coupling relation.

As a result, the Gaussian distribution shifts in the sub-
scanning direction as shown by the dashed line with the light
intensity distribution restricted to the hatched portion 1in FIG.
14. If the condition 1n Non-equality (1) 1s satisfied, the beam
spot diameter 1n the sub-scanning direction 1s large enough to
cover the light-recerving zone. Thus, even 1f there 1s a residual
sub-scanning position shitt, not much of the light received 1s
lost.

The beam spot position shift occurring in the synchroniza-
tion detecting unit 1s described below. Synchronization detec-
tion 1s performed when a light beam scanned in the main
scanning direction passes through a photodiode (synchroni-
zation detecting unit). Therefore, the synchronization optical
system 1n general converges the light beam into the synchro-
nization detecting unit within the main scanning cross-sec-
tion.

As the timing of light emission from the light source can be
clectrically determined based on the light reception timing,
even 1f there 1s a main scanning position shift, synchroniza-
tion detection 1s not affected.

However, 1n case of detection of a sub-scanning position
shift, either the synchronization-detecting light does not enter
the synchronization detecting unit or, even 1f the synchroni-
zation-detecting light does enter the synchronization detect-
ing unit, the amount of light 1s not adequate enough for the
synchronization detecting unit to convert into electrical sig-
nals. Failure of synchronization detection leads to faulty
determination of light emission timing, resulting in poor opti-
cal writing.

The increasing demand for more and more compact scan-
ning optical system necessitates increasing the length of the
optical path the synchronization optical system. However,
increasing the length of the optical path has the effect of
amplifying the position shift due to the optical surfaces in the
optical system, and the tilt of the optical surface and the
sub-scanning position shift in such a case 1s too significant to
be 1gnored.

Therefore, 1n the second embodiment, the optical surface
that contributes largely to sub-scanning position shift 1s
selected to be coupled with the synchronization detecting unit
within the sub-scanning cross-section to realize an optical
system, that includes all the components from the light source
to the synchronization detecting unit, that causes minimum
sub-scanning position shiit.

However, the coupling relation mainly relaxes the angle
shift of the synchronization-detecting light incident on the
synchronization detecting unit within the sub-scanning cross-
section and does not improve the shiit of the synchronization-
detecting light in the sub-scanning direction. Therefore, 1f
there 1s error 1n the entire optical surface, residual sub-scan-
ning position shift will definitely occur.

In such a case, 1t would be pretferable that 1n addition to the
coupling relation, the following condition be satisfied:

D>7/2 (1)

where D 1s the beam spot diameter at the light-recerving unit
of the synchronization detecting unit of the synchronization
optical system, and Z 1s the light-recerving zone of the light-
receiving unit in the sub-scanning direction.

I1 the diameter of the beam spot 1n the sub-scanning direc-
tion 1s greater than the radius of the light-receiving zone 7/2,
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adequate amount of light becomes incident on the photo
diode, 1rrespective of the position shift.

Thus, due to the synergetic effect of the coupling relation
and an adequately large beam spot diameter in the sub-scan-
ning direction, an image forming apparatus in which synchro-
nization optical system 1s used 1s sturdier against external
shocks during the shipping process, even 1f minor variations
in mass production are taken into account.

The optical system formed from the synchronization opti-
cal system and the synchronization detecting unit 4¢, which
form a coupling relation, should preferably be a reducing
system within the sub-scanning cross-section. In the form of
a reducing system, the synchronization optical system
reduces the error before the converging unit and before being,
incident on the synchronization detecting unit 4¢, thus more
strongly preventing a sub-scanning position shiit.

The synchronization optical system can include the syn-
chronization mirror 4a to guide the light beam into the syn-
chronization detecting unit 4¢. As the synchronization mirror
da contributes greatly to the sub-scanning position shiit, the
contribution can be reduced by coupling the synchronization
mirror 4a and the synchronization detecting unit 4¢. Further,
elfect of reduced sub-scanning position shift can be further
improved by enabling the optical system formed by the syn-
chronization optical system and the synchronization detect-
ing unit 4¢ to function as a reducing system.

The f-theta lens 3 of the scanning optical system that
includes the synchronization optical system can include a
no-power portion 30 in the main scanning direction. The
synchronization-detecting light passing through the
no-power portion 30 1s not affected by deformation of the
t-theta lens due to temperature variation and maintains an
unvarying main scanning position.

The surface tilt of the optical detlector 2 also contributes
largely to sub-scanning position shift of the synchronization
detecting unit 4¢. Theretfore, 1n the optical scanning apparatus
according to the present embodiment, the inter-surface devia-

tion of the reflecting-surface-tilt of the optical detlector 2 1s
limited to 200 seconds or less to further reduce the sub-
scanning position shift when the synchronization-detecting
light reaches the light-receiving unit and to stabilize the deter-
mination of the write timing.

However, the cost involved 1n realizing high precision in
inter-surface deviation 1s very high. In addition, there are
physical constraints. Therefore, 1t 1s preferable for the no-
power portion 30 to have power so as to optically correct the
surface t1lt of the optical deflector 2 1n the sub-scanning
direction.

If the synchronization optical system does not include the
synchronization mirror 4a, the adverse effect of the surface
t1lt of the optical deflector 2 can be reduced by coupling the
reflecting point of the optical detlector 2 and the synchroni-
zation detecting unit 4¢ using the no-power portion 30 and the
synchronization lens 4b.

However, if the synchronization optical system includes
the synchronization mirror 4a, the adverse eflect of the sur-
face tilt of the optical deflector 2 and the synchronization
mirror 4a can be reduced by coupling the reflecting point of
the optical deflector 2 and the synchronization detecting unit
dc as well as retlecting point of the synchronization mirror 4a
and the synchronization detecting unit 4c¢.

It 1s preferable to use an optical scanning apparatus that
includes an assembly of a plurality of scanning optical sys-
tems (optical scanning apparatuses). The assembly of the
scanning optical systems can be 1n the form of a common
optical deflector 2 and a plurality of scanning optical systems
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arranged facing each other on either side of the optical detlec-
tor 2 (opposing scanning method).

A synchronization detecting unit common to all the scan-
ning optical systems can detect the synchronization-detecting
light of the plurality of scanning optical systems of the optical
scanning apparatus.

By using just a single synchromization detecting unit, the
cost can be kept down, as photodiodes are generally very
expensive. Corresponding to the reduced number of photo-
diode, the number of substrate also can be reduced, increasing
the flexibility of layout and enabling realization of a compact
optical scanning apparatus.

The write timings of the scanning optical systems whose
light beams are not guided into the only synchronization
detecting unit are electrically estimated based on the detected
synchronization-detecting light signal.

Adoption of this method of electrically detecting the write
timings of the scanning optical systems, called the delay
method, enables cost reduction and realization of a compact
writing optical system as the number of photodiodes 1s
reduced.

The image forming apparatus according to embodiment
2-2 1s described below with reference to FIG. 15.

An image forming apparatus 1000 according to the present
embodiment, such as a laser printer, includes a cylindrical
drum-type photosensitive image-bearing member 1110.
Around the image-bearing member 1110 are arranged a
charging roller 1121, a developing device 1131, a transier
roller 1141, and a cleaning device 1151. A corona charger 1s
used as a charging unit.

An optical scanning apparatus 1171 that performs optical
scanning by a laser beam LB carries out exposure for optical
writing between the charging roller 1121 and the developing
device 1131.

In FIG. 15, the reference numeral 1161 denotes a fixing,
device, the reference numeral 1181 denotes a cassette, the
reference numeral 1191 denotes a pair of resist rollers, the
reference numeral 1201 denotes a feed roller, the reference
numeral 1211 denotes a conveyance route, the reference
numeral 1221 denotes a pair of ejection rollers, the reference
numeral 1231 denotes a tray, and the reference symbol P
denotes a sheet-type recording medium in the form of a trans-
fer sheet.

When performing image formation, the image-bearing
member 1110 turns clockwise at a constant speed. The charg-
ing roller 1121 unmiformly charges the surface of the 1mage-
bearing member 1110. The laser beam LB of the optical
scanning apparatus 1171 exposes surface of the image-bear-
ing member 1110 to form thereon an electrostatic latent
image. The latent image 1s a negative latent image and the
image portion 1s exposed.

The developing device 1131 performs a reversal develop-
ment on the latent image and forms a visible toner 1mage on
the image-bearing member 1110. The cassette 1181 contain-
ing the transier sheet P 1s removably engaged into the main
frame of the image forming apparatus 1000. When the cas-
sette 1181 1s 1n an engaged state, the feed roller 1201 feeds the
leading edge of the topmost transier sheet P between the pair
of resist rollers 1191. The resist rollers 1191 passes the trans-
fer sheet along to a transfer region of the image-bearing
member 1110, timing 1t so that the transier sheet reaches the
transier region when the toner image on the image-bearing
member 1110 reaches a transier position.

At the transier region, the transier roller 1141 performs an
clectrostatic transier to transfer the toner image from the
image-bearing member 1110 onto the transier sheet P. The
transier sheet P carrying the toner image thereon 1s conveyed
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to the fixing device 1161, which fixes the toner image. The
transier sheet P 1s then conveyed through the conveyance
route 1211 and ejected out on to the tray 1231 by the pair of
¢jection rollers 1221.
After the transier of the toner 1image to the transier sheet P,
the cleaning device 1151 cleans the surface of the 1image-
bearing member 1110 to remove residual toner or paper par-
ticles.
Excellent 1image forming can be realized if the optical
scanning apparatus according to the first embodiment 1s used
as the optical scanning apparatus 1171.
The second embodiment can be expanded to a full color
image forming apparatus such as the one shown in FIG. 12.
In other words, excellent image forming can be realized by
using the optical scanning apparatus 1171 of embodiment 2-1
in place of the optical scanning apparatus 105.
According to an aspect of the present invention, color shift
can be reduced by combining a linearly symmetrical arrange-
ment of scanning optical systems and a condition 1n which
synchronization-detecting light 1s not affected by tempera-
ture variation.
Although the mnvention has been described with respect to
a specific embodiment for a complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.
What 1s claimed 1s:
1. An optical scanming apparatus comprising:
2n (where nz1) light sources|, each light source including
m (where m=1) light emitting units];
a plurality of synchronization detecting [unit] units that
[receives mxn] receive light beams from the light
sources|, scans a scanning surface by the light beams
emitted by 2n light sources, and determines a write
timing for writing to the scanning surface, the light
beams being substantially symmetrical with respect to a
sub-scanning cross-section that includes a rotational
axis of an optical deflector];
an optical deflector that deflects the light beams from the
light sources; and
a first scanning lens system and a second scanning lens
system [arranged on either side of the optical deflector
and causing m] that cause the light beams to perform
imaging on [the] respective [scanning surfaces] photo-
sensitive members, the first scanning lens system includ-
ing atleast a first scanning lens and the second scanning
lens system including at least a second scanning lens,
wherein
[synchronization detection by] the plurality of synchro-
nization detecting Junit is performed at one end of
each scan line] units are configured to perform syn-
chronization detection, [and}

the first scanning lens is a scanning lens that the light
beams deflected by the deflector first enter in the first
scanning lens system and the second scanning lens
[system] is a scanning lens that the light beams
deflected by the deflector first enter in the second
scanning lens system, the first scanning lens and the
second scanning lens are arranged substantially sym-
metrically with reference to a line [in a main scanning
direction orthogonal to the] that passes through a
rotational axis of the optical detlector and is substan-
tially parallel to a longitudinal direction of the first
and second scanning lenses, and

the first and second scanning lens [system] systems
[includes] include a no-power portion in the main
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scanning direction, and the light beams guided to the
plurality of synchronization detecting [unit] units
pass through the no-power portion.
2. The optical scanning apparatus according to claim 1,
wherein a magnitude of a spot position shift of [the] synchro-
nization-detecting light in the main scanning direction on an
imaging surface or i1ts equivalent due to temperature variation
detected by the plurality of synchronization detecting [unit]
units 15 S um/° C. or less.
3. The optical scanning apparatus according to claim 1,
wherein an inter-surface deviation of a surface tilt of the
optical deflector 1s kept to 200 seconds or less.
4. The optical scanning apparatus according to claim 1,
wherein [a] synchronization optical [system] systems of the
plurality of synchronization detecting [unit] urits that [con-
verges the] converge synchronization-detecting light into [a]
light-receiving [unit corrects] units correct the effect of a
surface tilt of the optical detlector.
5. The optical scanning apparatus according to claim 1,
wherein from among a first set of scanning lenses .1, 1.2, and
so on up to q (where 1=1, 2,3 . . . ) forming the first scanning,
lens system 1n the sequence of the nearest to the farthest from
the optical deflector on one side of the optical detlector and a
second set of scanning lenses L'1, L'2, and so on up to L;j
(where 1=1, 2, 3, . . . ), any pair of scanning lenses L.j and L;
have an 1dentical geometry.
6. An 1image forming apparatus comprising.
an exposing unit;
a developing unit;
a transfer unit;
a fixing unit; and
the optical scanning apparatus according to claim 1.
7. The optical scanning apparatus according to claim 1,
wherein the first scanning lens system and the second scan-
ning lens system are arranged facing each other on either side
of the optical deflector.
8. An optical scanning apparatus, comprising:
2n (where n=1) light sources|, each light source including
m (where m=1) light emitting units];
a plurality of synchronization detecting [unit] units that
[receives mxn] receive light beams from the light
sources|, scans a scanning surface by the light beams
emitted by 2n light sources, and determines a write
timing for writing to the scanming surface, the light
beams being substantially symmetrical with respect to a
sub-scanning cross-section that includes a rotational
axis of an optical deflector]; [and]
an optical deflector that deflects the light beams from the
light sources; and
a first scanning lens system and a second scanning lens
system [arranged on either side of the optical deflector
and causing m] that cause the light beams to perform
imaging on [the] respective [scanning surfaces] pioto-
sensitive members, the first scanning lens system includ-
ing at least a first scanning lens and the second scanning
lens system including at least a second scanning lens,
wherein
[synchronization detection by] the plurality of synchro-
nization detecting Junit is performed at one end of
each scan line] units are configured to perform syn-
chronization detection,

the first scanning lens [system] is a scanning lens that
the light beams deflected by the deflector first enter in
the first scanning lens system and the second scanning,
lens [system] is a scanning lens that the light beams
deflected by the deflector first enter in the second
scanning lens system, the first scanning lens and the
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second scanning lens are arranged substantially sym-
metrically with reference to a line [in a main scanning
direction orthogonal to the] that passes through a
rotational axis of the optical detlector and is substan-
tially parallel to a longitudinal direction of the first
and second scanning lenses, and

the [synchronization-detecting] synchronization detect-
ing units are configured to receive the light [does]
beams such that the light beams do not pass through
the [scanning lens system] first and second scanning
lenses.
9. The optical scanning apparatus according to claim 8,
wherein the first scanning lens system and the second scan-
ning lens system are arranged facing each other on eirther side
ol the optical detlector.
10. An optical scanning apparatus, comprising;:
2n (where n=1) light sources|, each light source including
m (where m=1) light emitting units];
a plurality of synchronization detecting [unit] units that
[receives mxn] receive light beams from the light
sources|, scans a scanning surface by the light beams
emitted by 2n light sources, and determines a write
timing for writing to the scanning surface, the light
beams being substantially symmetrical with respect to a
sub-scanning cross-section that includes a rotational
axis of an optical deflector]; [and]
an optical deflector that deflects the light beams from the
light sources; and
a first scanning lens system and a second scanning lens
system [arranged on either side of the optical deflector
and causing m] that cause the light beams to perform
imaging on [the] respective [scanning surfaces] photo-
sensitive members, the first scanning lens system includ-
ing atleast a first scanning lens and the second scanning
lens system including at least a second scanning lens,
wherein
[synchronization detection by] the plurality of synchro-
nization detecting Junit is performed at one end of
each scan line] units are configured to perform syn-
chronization detection,

the first scanning lens is a scanning lens that the light
beams deflected by the deflector first enter in the first
scanning lens system and the second scanning lens
[system] is a scanning lens that the light beams
deflected by the deflector first enter in the second
scanning lens system, the first scanning lens and the
second scanning lens are arranged substantially sym-
metrically with reference to a line [in a main scanning
direction orthogonal to the] that passes through a
rotational axis of the optical detlector and is substan-
tially parallel to a longitudinal direction of the first
and second scanning lenses, and

an opening 1s provided in each of the first and second
scanning lens [system] systems, and [the synchroni-
zation-detecting] syrchronization detecting light
passes through the opening.

11. The optical scanning apparatus according to claim 10,
wherein the first scanning lens system and the second scan-
ning lens system are arranged facing each other on either side
of the optical deflector.

12. An optical writing apparatus comprising;

a plurality of optical scanning apparatuses, each optical

scanning apparatus including,

2n (where n=1) light sources]|, each light source includ-
ing m (where m=1) light emitting units]:

a plurality of synchronization detecting [unit] units that
[receives mxn] receive light beams from the light
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sources|, scans a scanning surface by the light beams
emitted by 2n light sources, and determines a write
timing for writing to the scanning surface, the light
beams being substantially symmetrical with respect
to a sub-scanning cross-section that includes a rota-
tional axis of an optical deflector]; [and]

an optical deflector that deflects the light beams from the
light sources; and

a first scanning lens system and a second scanning lens
system [arranged facing each other on either side of
optical deflector and causing m] that cause the light
beams to perform imaging on [the] respective [scan-
ning surfaces] photosensitive members, the first scan-
ning lens system including at least a first scanning
lens and the second scanning lens system including at
least a second scanning lens,

wherein [synchronization detection by] the plurality of
synchronization detecting [unit is performed at one
end of each scan line] urits are configured to perform

synchronization detection, and

the first scanning lens is a scanning lens that the light
beams deflected by the deflector first enter in the first
scanning lens system and the second scanning lens
[system] is a scanning lens that the light beams
deflected by the deflector first enter in the second
scanning lens system, the first scanning lens and the
second scanning lens are arranged substantially sym-
metrically with reference to a line [in a main scanning
direction orthogonal to the] that passes through a
rotational axis of the optical deflector and is substan-
tially parallel to a longitudinal direction of the first
and second scanning lenses,

wherein  [synchronization-detecting] svrchronization

detecting light of only one optical scanning apparatus 1s
detected, and write timings of the other optical scanning
apparatuses [is] are electrically estimated based on
detection signals of detected [synchronization-detect-
ing] synchronization detecting light.

13. The optical writing apparatus according to claim 12,
wherein the optical deflectors of the optical scanning appa-
ratuses have a common rotational axis.

14. The optical writing apparatus according to claim 12,
wherein the light beams from the plurality of levels are inci-
dent on the same phase plane of the optical deflector at dii-
ferent incidence angles in the main scanning direction.

15. The optical writing apparatus according to claim 12,
wherein [the] synchronization optical [system includes] svys-
tems include a synchronization mirror that guides the light
beam towards the plurality of synchronization detecting
[unit] urits, and the synchronization [mirror] mirrors and the
plurality of synchronization detecting [unit] urits are coupled
within the sub-scanning cross-section.

16. The optical writing apparatus according to claim 12,
wherein the light beams from [the] a plurality of levels inci-
dent on [the] a same phase plane of the optical deflector are
deflected 1n a main scanning direction by different reflecting
points in the main scanning direction.

17. An image forming apparatus comprising;

an exposing unit;

a developing unit,

a transfer unit;

a fixing unit; and

the optical scanning apparatus according to claim 8.

18. An image forming apparatus comprising;

an exposing unit;

a developing unit,

a transfer unit;
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a fixing unit; and
the optical scanning apparatus according to claim 10.
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