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An optical encoder includes: a scale having a scale grating;
a light source that emits light; and a light-receiving device
that receives light that has passed through the scale. The
optical encoder also has a shielding plate that shapes the
beam shape, which is the shape of the light emitted from the
light source. The shielding plate is disposed between the
light source and the scale and defines the beam shape such
that the shape of a long-length contour portion and the shape
of a long-length side section have no correlation with each
other. The long-length contour portion is a portion extending
in the measurement direction at the contour of the beam
shape of the light emitted to the light-receiving device via
the scale, and the long-length side section is a section
extending in the measurement direction at the contour of the
light-receiving device.

\\ \\, AN 7/ /
4 A x \, )(\/ //
~ \\% N, i

51(55)

- (52(55)
Py
N
7
0 \\ NUZRN ( / 4240
A )
NNV [




US 2024/0175729 Al

May 30, 2024 Sheet 1 of 10

Patent Application Publication

=) X A () A B X

ey RNE: /NN




Patent Application Publication

May 30, 2024 Sheet 2 of 10

US 2024/0175729 Al

(7}

74

5

\ N1 (7

}

AN
\\ i
1T ety i 7 T ey
A m_l“....w __f__-i-"’&_...
e T LS bt 17§ N
amB R == ot | b — o
d ot U -
o mp- ] 1 N
- d P T o P4 T e <
AT BT ond T P
N ] -
— e T M=
o d P T T
o 1 mini.
ﬁ:/"-\\\h me 1 L mys= 1 |
APPSR S N T gy ] el
& e T R SRy B
R s— e ——
T e beened P : o e G :: -
e E}: e §F L E e et 13 L Peed
R el _____mm.-m ____mm.“_
o MR | U e I
i b e A I R,
Rt Ny 0 § 5 T ‘o
o - et 3 e P
&= et P 1
‘‘‘‘‘ ::T: ::::”" ey
CJ/"" e d ol PR} bonnnd 17 L s
~ ) e 1 b
mii b o I
e g b T L L bt T o
) Pttt T e e T L ™~
. bt L et T
— ]
e B T e T ook T ded )
o 4 MRS o T P~
P ) T L] d §d -
. L b 1 {7
el
>

Ri2




US 2024/0175729 Al

May 30, 2024 Sheet 3 of 10

(14>

Patent Application Publication




Patent Application Publication = May 30, 2024 Sheet 4 of 10 US 2024/0175729 A1

B21




US 2024/0175729 Al

May 30, 2024 Sheet 5 of 10

T P | X et
ORI e e MR R N L z
e p el he ,-1,4..;..”.,,”,:,“,, :

Zﬁmm\i.rﬁfm RN KZE\Z: g4 DL /, // ;

T
SERASNENEEERNRNVARUANDURRIASEN INRS; PEETEERE | 5 0
ISNRENRRRNAENRERINS A i:,.:.:,: TITITITH. v N

TTITIETI - o

m.ﬂm
e

R e R R L U
T - T . Phd T - /. ) ! ’ ! b
Ty T L ss,. - e T C 1\ f_ H [T R R T vmnmmw
S P N W e L BN ' - ! ! ! ! ! ! ¢ f *
{z....i\\ ‘\ o f/ ~ o £ x\ o ///1.?51\\ / ; ; ; i ! P
I - . A - S aepenspangr s A
,T:_..ﬂ...m,w w:m\::::m SHENRNESNENRRENEERE RN A \\

[T x:r,:E;, SEREENIENNYSENY) .,m,m.,:_ﬁgmﬁ:.x\.x...ﬂ S, /
SENEENEES NN AR RN\ VACERRNNNEN EETTTRLNY S C
:::m ::,:wj:;.\w,zm

- /

i
- /| e ! ¥
- \ it P et
e R RN SR
I N S &
\\\\1\\\\ M z.ﬂ.!...ll{z'um P o ‘ :
il v d
JiL g (9

Patent Application Publication



Patent Application Publication = May 30, 2024 Sheet 6 of 10 US 2024/0175729 A1

Signal voltage [V]
A Differential
A-phase
— Differential

Offset error of
differential A-phase

Displacement

Offset error of
differential B-phase

Fig.6A

Signal voltage [V]

Differential
A-phase

IANIAVINYS

B
Displacement

Fig.6B



US 2024/0175729 Al

May 30, 2024 Sheet 7 of 10

Patent Application Publication

TN
m
Nt

f
y ~

\ |/ (VOLVE

~,

RS

me\;ea.fuxvﬂésf ;;;:..:::::W/\x,\

J/ | \\ \ ,./ : /,/ _///:

/S / T\ (VO LVS

/
Coy

(vorw -/

A s L— (
o ,ﬁf kN
08 jj v (vo1)z
VoL /
\\a (W01

\..
Vi



US 2024/0175729 Al

May 30, 2024 Sheet 8 of 10

Patent Application Publication

| | \
NN
3 / \ //
\ \ SN NN
B R AR R RN IR . o o o v o e .rl\;.».»{ - o

A (¥)

/ >/ o0y
N\

\\ \ / //Qmw%m

\ \, N
018N N
\\\ iiiiiiiiiiiiii 3 —
Y, m,m% | (101009
\a
0ie /../ m \M -/i/;//
&1 : T
0ze - 1\ _
Y ’
S (L1002
(101008 (101)07
A
e
001



US 2024/0175729 Al

May 30, 2024 Sheet 9 of 10

Patent Application Publication

(oLL)e
Aorimﬁ/
«th:m}\

R NSNS RENIRRRRERNN :...m [ENNRRNANNRNIENENNENNENN NN
T R R R R E R F R R PR R R
S X P T E ﬁ I ﬁﬁmﬁw I TTTTE
L QRNEERNNNRNNNRNRRNRE/|INNNRNRANAN T :::m:
o m_\ M\_ A
,_. _,_’ _,.f ﬁ.,. _y,f _./ ../ ,/., /li!}{!iiii!l!li!}iiﬂ\ii{i“ iiiiiiiiiiiiiiiiiii 4 \_
[N SusssstansAdusNannndiifiiannidnssAnsnnannannniannn
,.,\,\,, SENRENN ::,m,:(m;:.‘::i::::r:m:::i:-:,m:
Lo A B O T N O T T O T T T L T
SO ‘A,m,d‘m TEEAT ‘m,.,m,.d,‘m..,ﬂ..m.:m,.‘m.,.,w,.;ﬂ _M ERSREREEN RN ,m.d FEETED
AN N S EECEEELEEL RGEEEELEEE SRR S Sk
CVITAS 2 VA A S TN T ,d,iiﬂiiﬁi )
(OLELL ,8:, L \ 00L 004  0OL wﬁ

bl

{

,@T\./Sm

SWCNQ

0o

018




Patent Application Publication = May 30, 2024 Sheet 10 of 10  US 2024/0175729 A1l

///
\
320
Fig.10A
810 600
,,,,, A
N 620
A

......

.......................................................................



US 2024/0175729 Al

OPTICAL ENCODER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This non-provisional application claims priority
under 35 U.S.C. § 119 (a) from Japanese Patent Application
No. 2022-187827, filed on Nov. 24, 2022, the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to an optical encoder
for measuring relative displacement between a head and a
scale.

Description of the Related Art

[0003] Optical encoders that utilize a method for detecting
phase changes in interference fringes corresponding to dis-
placement have conventionally been realized (see, for
example, Japanese Patent Application No. 2008-32530).
[0004] FIG. 8is a schematic diagram showing an example
of the conventional configuration of such optical encoder
100.

[0005] As shown in FIG. 8, laser light emitted from a light
source 200 is collimated by a collimator lens [.0. Thereafter,
the light beam is limited in terms of its size and shape by an
aperture 300, which is a beam shaping element, inserted in
the optical path, and the light beam enters into a scale 400
after undergoing reflection at a mirror M. The light beam
that has entered into the scale 400 is branched off into two
diffraction light beams, each injected into an index grating
500. The two light beams are re-diffracted and re-directed in
the directions, along which the two beams will meet, by
means of the index grating 500. Then, interference fringes
are formed in the space where the two beams overlap.
Light-receiving means 600 provided with element rows 710
of light-receiving elements 700 is disposed at the position
where the interference fringes are formed (see FIG. 9). The
light source 200, the aperture 300, the mirror M, the index
grating 500, and the light-receiving means 600 are provided
in a head 101. The head 101 allows these configurations to
be moved together back and forth relative to the scale 400.
The optical encoder 100 determines the amount of displace-
ment by using the element rows 710 (see FIG. 9) to detect
the phase changes in the interference fringes associated with
the change in the relative position between the head 101 and
the scale 400.

[0006] FIG. 9 is a diagram showing conventional light-
receiving means 600. Specifically, FIG. 9 shows the light-
receiving means 600 along with a light interference pattern
p resulting from diffraction at the aperture in the light beam
emitted into the light-receiving means 600. The light-receiv-
ing means 600 is provided with multiple element rows 710.
Each element row 710 is provided with multiple light-
receiving elements 700 arranged along the measurement
direction with a pitch equal to the period of the interference
fringes generated by diffraction at the scale and index
grating. The element rows 710 are arranged in a direction
(Y-direction) orthogonal to the measurement direction
(X-direction) on a light-receiving surface of the light-receiv-
ing means 600. In addition, the element rows 710 are
staggered along the measurement direction (X-direction).
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Specifically, the light-receiving means 600 includes: an
A-phase element row 711 for detecting an A-phase signal; a
B-phase element row 712 for detecting a B-phase signal; an
AB-phase element row 713 for detecting an AB-phase
signal; and a BB-phase element row 714 for detecting a
BB-phase signal, and thus, it detects four-phase signals.
With respect to the A-phase element row 711, the B-phase
element row 712 is staggered in the measurement direction
(X-direction) such that it has a phase difference of 90°, the
AB-phase element row 713 is staggered such that it has a
phase difference of 180°, and the BB-phase element row 714
is staggered such that it has a phase difference of 270°. By
arranging multiple sets of element rows 710 for such four
phases (hereinafter referred to as “element row groups™) in
the orthogonal direction, even if there are variations in light
intensity within the beam emitted into the light-receiving
means 600, the variations in the signal intensities of the
respective phases are mitigated by averaging the intensities
of the received light among the multiple sets of element row
groups.

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0007] In the optical encoder 100 configured in this way,
unwanted light, such as stray light that has passed through
an unintended optical path or high-order diffraction light,
may enter into the light-receiving surface 610 of the light-
receiving means 600. The aperture 300 (see FIG. 8) is a
beam-shaping element with an opening provided in a shield-
ing plate, and it limits the size and shape of the light beam
so as to be as small as possible in order to prevent such
unwanted light from entering. More specifically, the mini-
mum required shape and size of the light beam are the same
as those of a light-receiving area 620 (the area where the
light-receiving elements 700 are formed) in the light-receiv-
ing means 600, but the actual shape and size of the light
beam are set so as to be the above-described minimum
required shape and size plus the margin required for the
assembly of the optical encoder 100, the processing accu-
racy, and the space required due to the restriction of the
processing process of the opening to be provided in the
shielding plate.

[0008] FIG. 10A is a schematic diagram showing a con-
ventional aperture 300. For example, the aperture 300 has an
opening 310 in the shape of an elongated hole (a through-
hole in the shape where the short sides of a rectangle are
replaced by semi-circular arcs), as shown in FIG. 10A. The
light limited by such aperture 300 becomes a light beam with
the shape substantially equal to that of the opening of 310,
and enters into the light-receiving means 600 by way of a
scale of 400, or the like (see FIG. 8). At this time, the light
beam enters into the light-receiving means 600 so that a
rectangular portion at the center of the light beam covers the
light-receiving area 620 in the light-receiving means 600.

[0009] Except for the interference fringes generated by the
diffraction grating, which are necessary for determining the
displacement amount, it is desirable that the light intensity
inside the light beam entering the light-receiving means 600
is substantially uniform. However, when the light from the
light source 200 (see FIG. 8) passes through the aperture
300, a diffraction phenomenon occurs at the edge 320 of the
opening 310, and thus, unwanted and regular light interfer-
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ence patterns may be formed at the light-receiving surface
610 of the light-receiving means 600.

[0010] FIG. 10B is a diagram showing an example of the
light interference pattern p generated in association with the
diffraction at the edge 320 of the conventional opening 310.
As shown in FIG. 10B, in the light interference pattern p,
alternating light and dark patterns are formed substantially
parallel to the contour of the light beam. When the light
beam is limited to be as small as possible so as to cover the
light-receiving area 620, the portion of the light beam along
the measurement direction at the contour of the light beam
will have a shape correlated with the shape of the section of
the light-receiving area 620 extending in the measurement
direction at the contour of the light-receiving area 620 (in
this case, the portion and the section are both linear). Then,
as shown in FIG. 9, the distribution of the light and dark
portions of the light interference pattern p overlaps with the
element rows 710. For example, the light portions of the
light interference pattern p enter into the A-phase element
row 711 and the B-phase element row 712, whereas the dark
portions of the light interference pattern p enter into the
AB-phase element row 713 and the BB-phase element row
714, and there may therefore be a significant difference in
the intensities of the received light among the element rows.
[0011] Such significant differences in the intensities of the
received light among the element rows cannot be sufficiently
canceled out with the averaging approach where multiple
sets of element row groups are used, and when determining
differential signals (a differential A-phase signal and a
differential B-phase signal) by using combinations of an
A-phase signal (0°) with an AB-phase signal (180°), and a
B-phase signal (90°) with a BB-phase signal (270°), a DC
offset may be generated in the differential signals and/or a
difference in amplitude may be generated. Under the pres-
ence of a DC offset, the center positions of the Lissajous
curves drawn by the differential A-phase signal and the
B-phase signal may become offset from the origin. In
addition, under the presence of a difference in amplitude, the
shape of the Lissajous curve (ideally circular) may deform
(becoming oblong) or shrink. These issues become the
factors in deteriorating the measurement accuracy.

[0012] Inaddition, in the above-described configuration, if
there is a misalignment in the distance between the scale 400
and the head 101, the orientation (relative angle) of the head
101 relative to the scale 400, or the like, as shown in FIG.
8, the position of the light interference pattern p (see FIG.
10B) relative to the light-receiving means 600 may change.
As such, the average amount of light of the light emitted into
each element row 710 varies, and in association with this,
the detected signals also vary, thereby causing errors, which
leads to a decrease in the measurement accuracy.

[0013] An object of the present invention is to provide an
optical encoder that can reduce the effects of the light
interference patterns in the light beam that may occur in
association with diffraction in a beam-shaping element, such
as an aperture disposed between the light source and the
scale.

Means for Solving the Problems

[0014] The optical encoder of the present invention com-
prises: a scale having a scale grating arranged with a
predetermined period along a measurement direction; a light
source that emits light toward the scale; and light-receiving
means that has a light-receiving area, the light-receiving area
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having multiple light-receiving elements arranged with a
predetermined period in the measurement direction, and
receiving light that has passed through the scale. The optical
encoder also comprises a beam-shaping element that shapes
the beam shape, which is the shape of the light emitted from
the light source. The beam-shaping element is disposed
between the light source and the scale, and defines the beam
shape such that the shape of a long-length contour portion
and the shape of a long-length side section have no corre-
lation with each other, wherein the long-length contour
portion is a portion the beam shape extending in the mea-
surement direction at the contour of the beam shape of the
light from the light source emitted into the light-receiving
means via the scale, and the long-length side section is a
section of the light-receiving means extending in the mea-
surement direction at the contour of the light-receiving
means.

[0015] Here, the light-receiving area refers to an area of
the light-receiving surface of the light-receiving means,
where the light-receiving elements are provided. In addition,
the shape of the long-length contour portion having no
correlation with the shape of the long-length side section
refers to a shape that has no commonality or similarity
between the two shapes, such as in the case where one of
them is linear and the other is curved or wavy. Further, the
shape of the edge of the beam-shaping element does not
necessarily coincide with the contour of the beam shape.
Specifically, the shape of the edge of the beam-shaping
element and the contour of the beam shape of the beam
emitted into the light-receiving surface may have different
shapes, when the light is emitted into the beam-shaping
element at a predetermined angle, when the light is emitted
via multiple beam-shaping elements with different shapes,
or the like. The beam-shaping element defines the shape of
the beam emitted into the light-receiving surface.

[0016] According to the present invention, by defining
shape of the long-length contour portion by means of the
beam-shaping element such that it has no correlation with
the shape of the long-length side section, it is possible to
prevent the light interference pattern and the interference
fringes arising from the signal light from being overlapping
with each other with correlativity therebetween. This makes
it possible to prevent effects on the interference fringes, and
to suppress a decrease in the detection accuracy and mea-
surement accuracy. Accordingly, the optical encoder is
capable of reducing the effects of unwanted light that may
occur due to an optical element (the beam-shaping element),
such as an aperture disposed between the light source and
the scale.

[0017] Preferably, in this case, the shape of the long-length
side section is linear.

[0018] According to such a configuration, it is possible to
detect signals in a stable manner even if there is an adhering
substance, such as dirt, on the light-receiving surface.
[0019] In this case, the beam-shaping element includes a
beam-shaping part with edges having predetermined shapes.
Preferably, the shape of the edge of the beam-shaping part,
the edge defining the long-length contour portion, includes
multiple circular arcs with a common radius. Desirably, the
beam-shaping part has the minimum required size, which is
the size of the contour, or the like, of the light-receiving area
plus the minimum space.

[0020] According to such configuration, by performing
some machining on the above-described minimum required
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size using a cutting tool, or the like, capable of drilling a hole
of a predetermined diameter which forms the beam-shaping
part, it is possible to easily form the beam-shaping part that
defines the shape of the long-length contour portion having
no correlation with the shape of the long-length side section.
[0021] Preferably, in this case, the shape of the edge of the
beam-shaping part is a circular arc with the radius, the edge
defining a short-length contour portion, wherein the short-
length contour portion is a portion of the beam shape
extending in a direction orthogonal to the measurement
direction at the contour of the beam shape.

[0022] According to such configuration, at the time of
forming the beam-shaping part using the cutting tool, or the
like, capable of drilling a hole of a predetermined diameter,
it is possible to easily form the beam-shaping part for
defining the shape of the long-length contour portion having
no correlation with the shape of the long-length side section,
by using one type of cutting tool, or the like, with a
predetermined radius, without having to use cutting tools, or
the like, capable of drilling multiple holes with different
radii. In addition, since the beam-shaping part can be formed
with one type of cutting tool, or the like, there are no
additional components, difficult manufacturing processes,
machining methods, or the like, and it is therefore possible
to achieve cost reduction in terms of components, time,
tools, and the like, as compared to the case where different
cutting tools, or the like, are used for the respective parts.
[0023] Preferably, in this case, an index grating is pro-
vided between the scale and the light-receiving means,
wherein the index grating has a grating arranged with a
predetermined period.

[0024] According to such a configuration, since it is pos-
sible to suppress unwanted light from the scale by means of
the index grating, the optical encoder can achieve higher
accuracy.

[0025] Preferably, in this case, a lens is provided between
the scale and the light-receiving means, wherein the lens
collects light that has passed through the scale and images
the light on the light-receiving means.

[0026] According to such configuration, the optical
encoder can image and detect scale random patterns using a
lens imaging system. In addition, it is possible to improve
the degree of freedom of design, since the optical encoder
allows the optical path of light, or the like, to be freely
designed owing to the disposition of the lens.

[0027] Preferably, in this case, the light emitted from the
light source is laser light.

[0028] According to such configuration, since the laser
light is coherent, even if there is a shift in the positions
where the scale and the light-receiving means are disposed
by one of them approaching, or moving away from, the
other, it is still possible to maintain the intensity of the
signals to be detected.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a schematic diagram showing an optical
encoder according to a first embodiment.

[0030] FIG. 2 is a schematic diagram showing light-
receiving means in the above-described optical encoder.
[0031] FIG. 3 is a diagram showing a beam-shaping
element (shielding plate) in the above-described optical
encoder.
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[0032] FIG. 4 is a schematic diagram showing the shape of
the beam emitted into the light-receiving means in the
above-described optical encoder, and the light interference
patterns.

[0033] FIG. 5 is diagram in which the beam shape is
overlaid on the light-receiving means in the above-described
optical encoder.

[0034] FIGS. 6A and 6B are graphs representing the
relationship between the signal level (voltage) of the detec-
tion signals (differential signals of the two phases) and the
displacement in the optical encoder.

[0035] FIG. 7 is a schematic diagram showing an optical
encoder according to a second embodiment.

[0036] FIG. 8 is a schematic diagram showing an example
of the configuration of a conventional optical encoder.
[0037] FIG. 9 is a diagram showing conventional light-
receiving means.

[0038] FIG. 10A is a schematic diagram showing a con-
ventional aperture.

[0039] FIG. 10B is a diagram showing an example of a
light interference pattern generated in association with dif-
fraction at an edge of an opening of the conventional
aperture.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

First Embodiment

[0040] The first embodiment of the present invention will
now be described below with reference to FIGS. 1 to 6.
[0041] FIG. 1 is a schematic diagram showing the optical
encoder 1 according to the first embodiment. Specifically,
section (A) in FIG. 1 is a schematic diagram showing the
optical encoder 1 from the side, and section (B) in FIG. 1 is
a schematic diagram showing the optical encoder 1 from a
direction (i.e., a front direction) different from that in section
(A). In FIG. 1, a portion of the light emitted from the light
source 2 is illustrated by arrows to thereby indicate the
directions and optical path of the light.

[0042] As shown in FIG. 1, the optical encoder 1 is
provided with a light source 2, a beam-shaping element
(shielding plate) 3, a scale 4, an index grating 5, and
light-receiving means 6. In addition, the light source 2, the
shielding plate 3, a mirror M, the index grating 5, and the
light-receiving means 6 are provided in a head 10. The head
10 allows these configurations to be moved together back
and forth relative to the scale 4.

[0043] The optical encoder 1 is a linear encoder provided
with the plate-shaped scale 4 formed along the X-direction,
which is the measurement direction; and the head 10 pro-
vided, in a movable manner, relative to the scale 4 along the
X-direction. In the following descriptions and the respective
drawings, the measurement direction, i.e., the lengthwise
direction, of the scale 4 will be set forth as the X-direction,
the widthwise direction of the scale 4 will be set forth as the
Y-direction, and the height direction perpendicular to the X-
and Y-directions will be set forth as the Z-direction. In
particular, regarding the shielding plate 3, the lengthwise
direction or the widthwise direction may simply be used.
[0044] The linear encoder obtains positional information
from the amount of relative movement between the scale 4
and the head 10 by moving the head 10 along the scale 4.
[0045] The light source 2 emits light with a constant width
toward the scale 4. The light source 2 is, for example, a
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semiconductor laser. Therefore, the light emitted from the
light source 2 is laser light. Laser light has a better coherency
as compared to the light from light emitting diodes (LEDs).
Specifically, if, for example, there is a difference in the
optical path length between two light rays from the LED to
the light-receiving means 6, interference fringes may not be
generated on the light-receiving means 6. However, if a
diode laser with a coherent length of several centimeters is
used, even if there is a difference in the optical path length
between two light rays from the diode laser to the light-
receiving means 6, interference fringes can still be generated
on the light-receiving means 6, as long as such difference is
within a few centimeters. For this reason, a semiconductor
laser is employed in the optical encoder 1 as the light source
2. Obviously, the light source 2 is not limited to semicon-
ductor lasers, and any light source may be employed as long
as it has a coherent length capable of generating interference
fringes (interference light). For example, the light source
may be a helium neon laser with a coherent length of several
meters, or the aforementioned LED. A collimator lens L is
disposed between the light source 2 and the shielding plate
3. The collimator lens L. collimates the light from the light
source 2.

[0046] The shielding plate 3 is a beam-shaping element
that shapes the beam shape B1, which is the shape of the
light emitted from the light source 2, and is an optical
element for limiting the extent of the light emitted into the
scale 4. The shielding plate 3 is disposed on the optical path
of the light between the light source 2 and the scale 4. The
light that has passed through the collimator lens L is
reflected by the mirror M, after going through the shielding
plate 3, and directed toward the scale 4, and is then diffracted
by the scale 4 and emitted into the light-receiving means 6
via the index grating 5. The details of the shielding plate 3
will be described later.

[0047] The mirror M is disposed between the shielding
plate 3 and the scale 4. The mirror M enables the traveling
direction of light to be freely designed by being disposed
midway along the optical path of the light emitted from the
light source 2. In this embodiment, the light from the light
source 2 will travel in a direction away from the scale 4 if
the light is emitted directly without the mirror M being
disposed. By disposing the mirror M at a predetermined
angle, the traveling direction of the light can be changed and
the light from the light source 2 can be emitted into the scale
4.

[0048] The scale 4 is made of glass, or the like, and is
formed in a plate shape. On one side of the scale 4, a scale
grating 40 is provided, with reflective parts and non-reflec-
tive parts being arranged with a predetermined period along
the X-direction. The scale grating 40 is provided with a
reflective part 41 that reflects light from the light source 2
and a non-reflective part 42 that absorbs, or the like, light
without reflecting the light. The reflective part 41 is a metal
plate that is machined to reflect light. The non-reflective part
42 is applied with an anti-reflective agent that absorbs light
so that it does not reflect light. The reflective part 41 and the
non-reflective part 42 have an equal width and are arranged
at equal intervals. The reflective part 41 may not need to be
a metal plate, as long as it can reflect light. For example, the
reflective part 41 may be a mirror, or the like. The scale
grating 40 serves as a diffraction grating for diffracting
incident light, and diffracts and divides the light emitted
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from the light source 2 into a 0-order light ray, +/-1-order
light rays, +/-2-order light rays, and the like.

[0049] The index grating 5 is disposed between the scale
4 and the light-receiving means 6. The index grating 5
guides the light diffracted and divided by the scale 4 onto the
light-receiving area 60 of the light-receiving means 6. The
index grating 5 has a plate surface 50 parallel to the surface
of the scale 4 on which the scale grating 40 is disposed, and
comprises a grating 55 on the plate surface 50 along the
X-direction, which is a predetermined direction. The grating
55 has a convex part 51 and a recess part 52. The convex part
51 and the recess part 52 are formed in an alternating manner
and arranged with a predetermined period along the X-di-
rection, which is the measurement direction. The index
grating 5 is a transmissive-type diffraction grating plate
formed by a plate material made of synthetic quartz. The
index grating 5 may not need to be formed by a plate
material made of synthetic quartz, and any index grating
may be employed, as long as it is a transparent plate
material. The index grating 5 re-diffracts the light diffracted
by the scale 4, and redirects the +1-order light ray and the
—1-order light ray in the directions along which they inter-
sect.

[0050] The light that has passed through the scale grating
40 and the index grating 5 forms interference fringes, on the
light-receiving means 6, in which the phases vary in accor-
dance with the relative movement between the scale 4 and
the head 10. The period of the interference fringes corre-
sponds to the period of the scale grating 40. The optical
encoder 1 takes the +/-1-order light rays as signal light, and
uses the interference fringes formed by the +/-1-order light
rays for detection. The light other than the +/-1-order light
rays is unwanted light that does not contribute to the
measurement.

[0051] FIG. 2 is a schematic diagram showing the light-
receiving means 6 in the optical encoder 1.

[0052] As shown in FIG. 2, the light-receiving means 6 is
disposed parallel to the XY-plane surface, which is the plate
surface of the scale 4. The light-receiving means 6 includes
the light-receiving area 60 that receives light from the light
source 2 via the scale 4. The light-receiving means 6
receives the light that has passed through the scale 4, detects
the interference fringes formed by such light, and outputs
detection signals corresponding to the phases of the detected
interference fringes. A photo diode array (PDA) is used for
the light-receiving means 6. A PDA is a detector with the
ability to measure multiple interference fringes at once. The
light-receiving means 6 is not limited to PDAs and any
detector may be used, such as a charge-coupled device
(CCD), or the like.

[0053] The light-receiving area 60 includes multiple ele-
ment rows 7. Each element row 7 is provided with multiple
light-receiving elements 70 arranged along the X-direction,
which is the measurement direction, with the same period as
that of the interference fringes. A plurality of element rows
7 are arranged in the Y-direction orthogonal to the X-direc-
tion in the light-receiving area 60. In addition, the element
rows 7 are staggered along the X-direction. Specifically, the
element rows 7 include an A-phase element row 71, a
B-phase element row 72, an AB-phase element row 73, and
a BB-phase element row 74. With respect to the A-phase
element row 71, the B-phase element row 72 is staggered in
the X-direction with a phase difference of 90°, the AB-phase
element row 73 is staggered with a phase difference of 180°,
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and the BB-phase element row 74 is staggered with a phase
difference of 270°, in terms of the arrangement pitch (i.e.,
the period) of the light-receiving elements 70 configuring
the element rows 7.

[0054] Based on this configuration, the A-phase element
row 71 outputs an A-phase signal, the B-phase element row
72 outputs a B-phase signal with a phase difference of 90°
from the A-phase signal, the AB-phase element row 73
outputs an AB-phase signal (i.e., a negative-phase signal of
the A-phase) with a phase difference of 180° from the
A-phase signal, and the BB-phase element row 74 outputs a
BB-phase signal (i.e., a negative-phase signal of the
B-phase) with a phase difference of 270° from the A-phase
signal. In other words, the light-receiving means 6 outputs
four-phase signals as detection signals. The detection signal
varies in accordance with the relative movement between
the scale 4 and the head 10. By arranging multiple sets of
element rows 7 for such four phases (i.e., the element row
groups) in the orthogonal direction, even if there are varia-
tions in the light intensity within the beam emitted into the
light-receiving means, the variations in the signal intensities
of the respective phases are mitigated by averaging the
intensities of the received light among the multiple sets of
element row groups.

[0055] FIG. 3 is a diagram showing the shielding plate 3
in the optical encoder 1.

[0056] As shown in FIG. 3, the shielding plate 3 is
provided with a plate-shaped base 30 and an opening 31. The
opening 31 is a beam-shaping part formed in the shielding
plate 3, and is formed by drilling a hole in the base 30 with
a cutting tool, or the like, capable of drilling a hole of a
predetermined diameter. The opening 31 then has a prede-
termined edge 32. The edge 32 consists of long-length edge
sections 321 formed along the lengthwise direction, and
short-length edge sections 322 shorter than the long-length
edge sections 321 and formed along the widthwise direction.
[0057] The long-length edge section 321 defines a long-
length contour portion B21 (see FIG. 4), which is a portion
of the beam shape B1 at the contour B2 of the beam shape
B1 and extends in the lengthwise direction. The long-length
edge section 321 includes multiple circular arcs with a
common radius R. Specifically, one of the long-length edge
sections 321 (the upper edge in FIG. 3) includes three
circular arcs, and the other of the long-length edge sections
321 (the lower edge in FIG. 3) includes two circular arcs.
With such formation, the difference in the amount of light of
the light emitted into the light-receiving areca 60 can be
averaged out through randomization, and it is possible to
suppress detection errors, or the like, that may occur due to
the light passing through the shielding plate 3.

[0058] The short-length edge section 322 defines a short-
length contour portion B22 (see FIG. 4), which is a portion
of the beam shape B1 at the contour B2 of the beam shape
B1 and extends in the widthwise direction orthogonal to the
lengthwise direction. The short-edge section 322 consists of
a circular arc with the same radius R as that of the circular
arcs configuring the long-length edge section 321.

[0059] The opening 31 with such a shape can be formed
using a cutting tool, such as a drill or milling cutter, that is
capable of machining with the same radius R as that of the
circular arcs configuring the long-length edge sections 321
and the short-length edge sections 322. In other words, by
expanding the initial hole with a cutting tool capable of
machining with a radius R, it is possible to form, with ease,
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openings with complex shapes containing circular arcs with
a radius R in the long-length edge sections 321 and the
short-length edge sections 322 as described above. As mul-
tiple tools and/or difficult processes are not required, it is
possible to suppress the cost and time of machining.
[0060] FIG. 4 is a schematic diagram showing the beam
shape B1 and the light interference patterns P emitted into
the light-receiving means 6 in the optical encoder 1.
[0061] As shown in FIG. 4, the beam shape of the light
that has passed through the opening 31 is limited by the edge
32 of the opening 31, and the light is emitted into a
light-receiving surface 61 (see FIG. 2) of the light-receiving
means 6 as the light with the beam shape B1 having a
contour B2.

[0062] Here, the shape of the edge 32 of the opening 31
(see FIG. 3) and the contour B2 of the beam shape B1 may
not necessarily be identical and therefore may not coincide.
For example, the shape of the edge 32 of the opening 31 and
the contour B2 of the beam shape B1 of the beam emitted
into the light-receiving area 60 may have different shapes,
when, as shown in FIG. 1,: the light emitted into the scale
4 is adjusted so that it will be emitted thereto at an angle by
adjusting the angle of the mirror M; the light is emitted into
the shielding plate 3 at a predetermined angle; the light is
emitted via multiple shielding plates with different shapes;
or the like. Although in this embodiment, in order to simplify
the description, the shape of the edge 32 of the opening 31
and the contour B2 of the beam shape B1 of the beam
emitted into the light-receiving area 60 are illustrated and
described as if they were identical, strictly speaking, they
cannot be identical because the light that has passed through
the shielding plate 3 in a vertical manner is made incident on
the light-receiving means 6 at an angle, as shown in FIG. 1.
[0063] A light interference pattern P is generated, which is
the distribution of light and dark portions caused by diffrac-
tion at the edge 32 of the opening 31, inside the beam shape
B1 shown in FIG. 4. The light interference pattern P is
formed as a pattern with alternating light and dark portions
in an annual-growth ring shape along the contour of the
beam shape B1 of the light. In FIG. 5, which will be
described below, the amount of light is low in the dashed
sections, while the amount of light is high in the white
sections between the dashed sections.

[0064] FIG. 5 is a diagram in which the beam shape B1 is
overlaid on the light-receiving means 6 in the optical
encoder 1. In this embodiment, a long-length side section
R11 of the light-receiving area 60 extending in the X-direc-
tion at the contour R1 of the light-receiving area 60 is
formed in a linear manner, and a short-length side section
R12 of the light-receiving area 60 extending in the Y-direc-
tion orthogonal to the X-direction at the contour R1 of the
light-receiving area 60 is also similarly formed in a linear
manner. In other words, the contour R1 of the light-receiving
area 60 is formed in a rectangular shape. The beam shape B1
is defined by the shielding plate 3 so that the shape of the
long-length contour portion B21 extending in the X-direc-
tion is not correlated with the shape of the long-length side
section R11. In addition, the beam shape B1 is defined at the
opening 31 such that it has a size large enough to encompass
the entire light-receiving area 60.

[0065] Here, the shape of the long-length contour portion
B21 of the beam shape B1 having no correlation with the
shape of the long-length side section R11 of the contour R1
of the light-receiving area 60 refers to a shape that has no
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commonality or similarity between the two shapes, as in the
case of the present embodiment where the shape of the
long-length side section R11 is linear and the shape of the
long-length contour portion B21 is a combination of curves.
Preferably, the long-length contour portion B21 and the
long-length side section R11 may be spaced apart from each
other by a distance equal to or more than the dimension of
the light-receiving element in the direction orthogonal to the
measurement direction.

[0066] FIG. 6 shows graphs representing the relationship
between the signal level (voltage) of the detection signals
(differential signals of the two phases) and the displacement
in the optical encoder. Specifically, FIG. 6A is a graph
representing the detection signals obtained with an optical
encoder provided with an aperture with a conventional
oblong opening as shown in FIG. 10A. FIG. 6B is a graph
representing the detection signals obtained with the optical
encoder 1 of the present embodiment provided with the
aperture (shielding plate 3) with an irregularly-shaped open-
ing 31.

[0067] In the optical encoder with the conventional aper-
ture, the light and dark portions (the difference in the amount
of light) of the light interference pattern have disproportion-
ate effects on each element row, resulting in a significant
difference in the intensities of the received light among the
element rows. As a result, when differential signals (a
differential A-phase signal and a differential B-phase signal)
are determined using combinations of an A-phase signal
with an AB-phase signal, and a B-phase signal with a
BB-phase signal, an offset error such as shown in FIG. 6A
may be generated. Under the presence of an offset, the center
positions of the Lissajous curves drawn by the differential
A-phase signal and the B-phase signal may become offset
from the origin, and this becomes a factor in deteriorating
the measurement accuracy. In addition, an offset error may
also be generated if a misalignment occurs regarding the
positions where the scale 4 and the light-receiving means 6
are disposed, and therefore the orientation of the head 10
relative to the scale 4 changes or shifts.

[0068] In contrast, in the optical encoder 1 of the present
embodiment provided with the aperture (shielding plate 3)
with an opening 31 having an irregular shape, the difference
in the intensities of the received light among the element
rows (and among phases) is suppressed owing to an aver-
aging effect in which the amount of light of the light emitted
into the light-receiving area 60 is dispersed (i.e., random-
ized) (more specifically, a configuration is provided where
both light and dark portions of the light interference pattern
P are made incident on a single element row 7 in an irregular
manner). As a result, when differential signals (a differential
A-phase signal and a differential B-phase signal) are deter-
mined by using combinations of an A-phase signal with an
AB-phase signal, and a B-phase signal with a BB-phase
signal, detection signals in which the offset errors are
suppressed can be obtained, as shown in FIG. 6B. In
addition, even if the aforementioned misalignment occurs,
the offset errors are reduced compared to the conventional
method, and the effects on the detection accuracy are neg-
ligible.

[0069] In this way, by making the shape of the long-length
contour portion B21 and the shape of the long-length side
section R11 have no correlation with each other, it is
possible to avoid disproportionate incidence of the light and
dark portions of the light interference pattern P on a single
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element row 7, and to suppress the difference in the inten-
sities of the received light among the element rows. As a
result, the signal level difference between each phase of the
four-phase signals is reduced, and it is therefore possible to
prevent the generation of a DC offset in the differential
signals and/or the generation of a difference in amplitude
when the differential signals (a differential A-phase signal
and a differential B-phase signal) are determined.

[0070] According to such first embodiment, the following
advantageous effects can be achieved.

[0071] (1) By defining the beam shape B1, by means of
the shielding plate 3, such that it has no correlation with
the shape of a section (i.e., the long-length side section
R11) of the light-receiving means 6 extending in the
X-direction at the contour R1 of the light-receiving
means 6, it is possible to prevent the light interference
pattern P and the element rows 7 of the light-receiving
elements 70 from being overlapping with each other
with correlativity therebetween. This makes it possible
to prevent disproportionate effects of the light and dark
portions (the difference in the amount of light) of the
light interference pattern P on each element row 7, and
to suppress a decrease in the detection accuracy and
measurement accuracy due to the offset errors in the
detection signals.

[0072] (2) By forming the long-length side section R11
of the light-receiving area 60 at the contour R1 of the
light-receiving area 60 in a linear manner, it is still
possible to detect signals in a stable manner even if
there is an adhering substance, such as dirt, on the
light-receiving area 60 and/or the scale 4, which may
become noise in the detection.

[0073] (3) By performing machining for the minimum
required size using a cutting tool, or the like, for
forming an opening 31, it is possible to easily form the
opening 31 for defining the beam shape B1 which has
no correlation with the long-length side section R11 of
the light-receiving area 60 at the contour R1 of the
light-receiving area 60.

[0074] (4) At the time of forming the opening 31 using
the cutting tool, or the like, it is possible to easily form
the opening 31 for defining the beam shape B1 which
has no correlation with the long-length side section R11
of the light-receiving area 60 at the contour R1 of the
light-receiving area 60, by using one type of cutting
tool, or the like, with a predetermined radius R, without
having to use multiple cutting tools, or the like, with
different radii R.

[0075] (5) Since the opening 31 can be formed with one
type of cutting tool, or the like, there are no additional
components, difficult manufacturing processes,
machining methods, or the like, and it is therefore
possible to achieve cost reduction in terms of compo-
nents, time, tools, and the like, as compared to the case
where different blades or tools are used for the respec-
tive parts.

[0076] (6) Since it is possible to suppress unwanted
light from the scale 4 by means of the index grating 5,
the optical encoder 1 can achieve higher accuracy.

[0077] (7) Since the laser light emitted from the light
source 2 is coherent, even if there is a shift in the
positions where the scale 4 and the light-receiving
means 6 are disposed by one of them approaching, or
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moving away from, the other, it is still possible to
maintain the intensity of the signals to be detected.

Second Embodiment

[0078] The second embodiment of the present invention
will be described below with reference to FIG. 7. In the
following description, previously described parts are
denoted by the same reference numbers and the descriptions
thereof will be omitted.

[0079] In the first embodiment, the head 10 in the optical
encoder 1 employs an index grating 5. In the second
embodiment, the head 10A in the optical encoder 1A differs
from the first embodiment in that it does not have an index
grating 5 but instead has a lens 5A.

[0080] FIG. 7 is a schematic diagram showing the optical
encoder 1A according to the second embodiment. Specifi-
cally, section (A) in FIG. 7 is a schematic diagram showing
the optical encoder 1A from the side, and section (B) in FIG.
7 is a schematic diagram showing the optical encoder 1A
from a direction (i.e., a front direction) different from that in
section (A). In FIG. 7, a portion of the light emitted from the
light source 2 is illustrated by arrows to thereby indicate the
directions and optical path of the light.

[0081] As shown in FIG. 7, in the optical encoder 1A, two
lenses SA are disposed between the scale 4 and the light-
receiving means 6. The lens 5A collects the light that has
passed through the scale 4, specifically the signal light,
+/-1-order light rays, and images them on the light-receiv-
ing area 60 of the light-receiving means 6.

[0082] The lens 5A enables interference fringes to be
generated in a more efficient manner, as compared to the
case where no lens 5A is provided, since it collects the light
that has been diffracted at the scale 4 such that such light
generates interference fringes on the light-receiving area 60
of the light-receiving means 6.

[0083] In such second embodiment, the same advanta-
geous effects as those of the above-described first embodi-
ment can also be achieved. In addition, according to the
second embodiment, the following advantageous effects can
be achieved.

[0084] (8) The optical encoder 1A can image and detect
scale random patterns using a lens imaging system. In
addition, it is possible to improve the degree of freedom
of design, since the optical encoder 1A allows the
optical path of light, or the like, to be freely designed
owing to the disposition of the lens 5A.

Modification of Embodiments

[0085] It should be noted that the present invention is not
limited to the above-described respective embodiments, and
any variation, improvement, or the like, is included in the
present invention to the extent that the object of the present
invention can be achieved.

[0086] For example, in the above-described respective
embodiments, a case has been described wherein the present
invention is employed in the optical encoder 1, which is a
linear encoder, but the encoder is not particularly limited as
to the format of the detector, the detection method, and the
like, as long as it is an optical encoder. In the above-
described respective embodiments, the scale 4 of the optical
encoder 1 is of a reflective type that reflects the light from
the light source 2, but the scale may be of a transmissive
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type. If the scale is of a transmissive type, the optical
encoder can be configured accordingly.

[0087] In the above-described respective embodiments,
the scale grating 40 is provided with a reflective part 41 and
a non-reflective part 42, and the reflective part 41 is a metal
plate. However, the scale grating may have any configura-
tion as long as it has a grid-like pattern formed therein. For
example, if the scale is of a non-transmissive type, the
reflective part and the non-reflective part may be constructed
by forming a periodic concavo-convex shape on the metal
plate, or a similar material. In addition, the scale grating 40
may be formed by applying a membrane, or the like, formed
in a grid-like pattern that does not transmit light to the scale
plate. If the scale is of a transmissive type, the scale grating
40 may comprise periodic holes in a grid-like pattern formed
in the scale, or periodic transmissive members.

[0088] In the first embodiment, the optical encoder 1 is
provided with an index grating 5, and in the second embodi-
ment, the optical encoder 1A is provided with a lens SA. The
number of these optical elements used may be higher than
the number illustrated in the above-described respective
embodiments, or these optical elements may not even be
used.

[0089] In the above-described respective embodiments,
the light-receiving means 6 outputs four-phase signals.
However, the light-receiving means may output signals
different from the four-phase signals (e.g., three-phase sig-
nals, two-phase signals, etc.), as long as it can receive light
emitted from the light source and detect signals, and any
configuration may be employed for the light-receiving
means in order to accommodate the signals to be output.
[0090] In the above-described respective embodiments,
the shielding plate 3, which is a beam-shaping element, is
provided as a unitary member. However, the beam-shaping
element may be constructed by a plurality of members that
are physically separated. For example, the contour of the
beam may be divided and limited by means of a plurality of
members disposed along the optical path. In such case, the
plurality of members that define the beam contour can be
collectively regarded as a beam-shaping element (shielding
plate 3).

[0091] The beam-shaping element may also be an optical
element, such as a mirror, a beam splitter, or a lens, instead
of a shielding plate 3. For example, by appropriately design-
ing the shape of the reflective area of the mirror M in FIGS.
1 and 7, this may be used as a beam-shaping element for
shaping the beam shape. Specifically, the reflective area in
the mirror M is determined by an area where a reflective
member, such as a metal, is deposited on the mirror M. If the
shape of such area is designed so that there is no correlation
with the long-length side section of the light-receiving area,
effects equivalent to those of the above-described respective
embodiments can be obtained. In this case, the mirror M
corresponds to the “beam-shaping element”, and the reflec-
tive area on the mirror M corresponds to the “beam-shaping
part”.

[0092] In the above-described respective embodiments,
the short-length edge section 322 at the edge 32 of the
opening 31, which is the beam-shaping part that defines the
short-length contour portion B22 of the beam shape B1, is
a circular arc with a radius R. However, the short-length
edge section 322 may not need to be a circular arc. For
example, short-length edge section 322 may have a linear
shape, a wave shape, or an irregular shape.
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[0093] In the above-described respective embodiments,
the long-length edge section 321 at the edge 32 of the
opening 31, which is the beam-shaping part that defines the
long-length contour portion B21 of the beam shape B1,
includes multiple circular arcs with a common radius R.
However, the long-length edge section 321 may not need to
include multiple circular arcs with a common radius R. For
example, such long-length edge section 321 may have a
linear shape, a wave shape, or an irregular shape.

INDUSTRIAL APPLICABILITY

[0094] As described above, the present invention can
suitably be applied to optical encoders for measuring rela-
tive displacement between heads and scales.

What is claimed is:

1. An optical encoder, comprising: a scale having a scale
grating arranged with a predetermined period along a mea-
surement direction; a light source that emits light toward the
scale; and light-receiving means that has a light-receiving
area, the light-receiving area having multiple light-receiving
elements arranged with a predetermined period in the mea-
surement direction, and receiving light that has passed
through the scale, wherein:

the optical encoder comprises a beam-shaping element
that shapes the beam shape, which is the shape of the
light emitted from the light source, wherein

the beam-shaping element is disposed between the light
source and the scale, and

the beam-shaping element defines the beam shape such
that the shape of a long-length contour portion and the
shape of a long-length side section have no correlation
with each other,
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wherein
the long-length contour portion is a portion of the beam
shape extending in the measurement direction at a
contour of the beam shape of the light from the light
source to be emitted to the light-receiving means via
the scale, and the long-length side section is a section
of the light-receiving area extending in the measure-
ment direction at a contour of the light-receiving area.

2. The optical encoder according to claim 1, wherein the
shape of the long-length side section is linear.

3. The optical encoder according to claim 1, wherein:

the beam-shaping element includes a beam-shaping part

with edges having predetermined shapes; and

the shape of the edge of the beam-shaping part, the edge

defining the long-length contour portion, includes mul-
tiple circular arcs with a common radius.

4. The optical encoder according to claim 3, wherein the
shape of the edge of the beam-shaping part is a circular arc
with the radius, the edge defining a short-length contour
portion,

wherein the short-length contour portion is a portion of

the beam shape extending in a direction orthogonal to
the measurement direction at the contour of the beam
shape.

5. The optical encoder according to claim 1, wherein an
index grating is provided between the scale and the light-
receiving means, wherein the index grating has a grating
arranged with a predetermined period.

6. The optical encoder according to claim 1, wherein a
lens is provided between the scale and the light-receiving
means, wherein the lens collects light that has passed
through the scale and images the light on the light-receiving
means.

7. The optical encoder according to claim 1, wherein the
light emitted from the light source is laser light.
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