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(54) OPTICAL ENCODER

(57) An optical encoder, with a simple structure, that
can output a high-precision origin signal is provided.

Rotary origin phase slits (112), which are formed into
a pattern of linear slits arranged in parallel at equal pitch-
es, are prepared for a rotary disk (110), while fixed origin
phase slits (122), which are formed into a pattern of linear
slits arranged in parallel at equal pitches, are prepared
for a fixed origin phase scale (120). Light emitted by a
light source (130) passes through an ejection window
(121) and irradiates the rotary origin phase slits (112).
The light reflected at the rotary origin phase slits (112)
passes through the fixed origin phase slits (122) and is
detected by a light-receiving element (140). Then, based
on the detection signal, an origin signal is generated.
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Description

Technical Field

[0001] The present invention relates to an optical en-
coder employed for a sensor, for positioning a rotary ap-
paratus such as a motor, and relates particularly to an
optical encoder that includes an origin detection function.

Background Art

(Conventional Example 1)

[0002] A reference position signal generator is conven-
tionally disclosed, wherein a first grid having predeter-
mined grid pitches and a second grid having integer times
the predetermined grid pitches are individually formed
for a main scale and a reading scale, and wherein the
detection outputs of the first grid and the second grid are
synthesized to generate an origin signal (see, for exam-
ple, patent document 1).
Fig. 19 is a perspective view of the arrangement of a
conventional reference position signal generator.
Referring to the drawing, reference numeral 210 denotes
a main scale and reference numeral 220 denotes a read-
ing scale. First grids 211 and 221, second grids 212 and
222, and third grids 213 and 223, each of which is formed
of a light transmitting portion and a non-light transmitting
portion, are individually provided for the main scale 210
and the reading scale 220. The pitch of the second grids
212 and 222 is twice that of the first grids 211 and 221,
and the pitch of the third grids 213 and 223 is four times
that the pitch of the first grids 211 and 221.
Furthermore, reference numerals 201, 202 and 203 de-
note light sources; 231, 232 and 233 denote light-receiv-
ing elements; 240 denotes an addition circuit; and 250
denotes a discrimination circuit.
[0003] The operation performed by this arrangement
will now be described.
Fig. 20 is a schematic diagram illustrating the operating
principle of a conventional reference position signal gen-
erator.
In accordance with relative movements between the
main scale 210 and the reading scale 220, the light-re-
ceiving element 231 outputs a basic signal having a peak
value, as shown in Fig. 20 (a), that is consonant with the
grid pitch of the first grid 211 and 221. Further, signals
shown in (b) and (d) are obtained from the light-receiving
elements 232 and 233. (c) shows a signal obtained by
adding the outputs of the light-receiving elements 231
and 232, and (e) shows a signal obtained by adding the
outputs of the light-receiving elements 231, 232 and 233.
The addition of the outputs of the light-receiving elements
is performed by the addition circuit 240, and as is appar-
ent from (e), a special peak rises among a plurality of
peaks included in the basic signal, and becomes a signal
that suppresses the adjacent peaks. The output signal
of the addition circuit 240 is transmitted to the discrimi-

nation circuit 250, where the origin signal is generated.
As described above, a plurality of grids having different
pitches are employed, and the detection signals gener-
ated by the individual grids are synthesized to generate
the origin signal.

(Conventional Example 2)

[0004] There is another conventional optical encoder
that includes an origin detection function, in addition to
a three-grid optical system for emitting an incremental
signal (see, for example, patent document 2).
Fig. 21 is a perspective view of an encoder according to
this conventional example.
A three-grid optical system characteristic is that the sys-
tem is not affected by gap fluctuation and can obtain an
ideal sinusoidal signal.
Referring to the drawing, reference numeral 300 denotes
a reflective type main scale, and 310 denotes an index
scale.
A fixed optical grid 301, for displacement detection, a
fixed optical grid 302, for origin detection, and a reference
mark 303 are formed in the reflective type main scale
300, and movable optical grids 331A and 331B, for dis-
placement detection, a movable optical grid 341, for or-
igin detection, and an origin detection window 342 and
a reference light detection window 343 are formed in the
index scale 310.
Furthermore, reference numerals 311A and 311B denote
light sources for displacement detection; 321 denotes a
light source for origin detection; 322 denotes a light
source for an origin detection window; and 323 denotes
a light source for reference light detection. Moreover, ref-
erence numerals 411A and 411B denote light-receiving
elements for displacement detection; 421 denotes a light-
receiving element for origin detection; 422 denotes a
light-receiving element for an origin detection window;
and 423 denotes a light-receiving element for reference
light detection.
[0005] The operation performed in this conventional
example to generate an origin signal will now be de-
scribed.
Fig. 22 is a signal waveform diagram showing the gen-
eration principle for an origin signal. In this drawing, light
emitted by the origin detection light source 321 passes
through the movable origin detection optical grid 341 and
is reflected by the fixed origin detection optical grid 302,
and the reflected light again passes through the movable
origin detection optical grid 341 and is detected by the
origin phase light-receiving element 421. When the main
scale 300 is displaced relative to the index scale 310 in
a direction indicated by an arrow C, or in the opposite
direction, the light-receiving element 421 generates a first
electric origin detection signal Vo1 having a pitch S2, as
shown in Fig. 22.
The light emitted by the origin detection window light
source 322 passes through the origin detection window
342 and irradiates the reference mark 303. When the
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main scale 300 is displaced in the direction indicated by
the arrow C, or in the opposite direction, the light-receiv-
ing element 422 detects light that is reflected by the fixed
origin detection optical grid 302 and the reference mark
303, and generates a second electric Vo2 for origin de-
tection, as shown in Fig. 22.
Further, light emitted by the reference light detection light
source 323 passes through the reference light detection
window 343 and irradiates the fixed, displacement de-
tection optical grid 301, and the reference light detection
light-receiving element 423 detects the light reflected
therefrom. The light-receiving element 423 generates a
first reference voltage Vref1 and a second reference volt-
age Vref2, as shown in Fig. 20, that are little affected by
optical modulation.
[0006] Next, the origin signal generation operation will
be described.
In consonance with the displacement of the main scale
300, the second electric signal Vo2 is changed, as indi-
cated by Vo21, Vo22 and Vo23 in Fig. 22. To21 indicates
a voltage at which the light-receiving element 422 is read-
ing an optical signal output only through the optical grid
302; Vo22 indicates a voltage at which the light-receiving
element 422 is reading an optical signal output through
both the optical grid 302 and the reference mark 303;
and Vo23 is a voltage at which the light-receiving element
422 is reading an optical signal from only the reference
mark 303.
First, a second comparator (not shown) detects a second
intersection P0, where the second electric signal Vo2 be-
comes equal to the second reference voltage Vref2.
Then, a first comparator (not shown) employs the second
intersection P0 to detect an intersection at a fixed number
(N) position, i.e., a first intersection P3 where the first
electric signal Vo1 becomes equal to the first reference
voltage Vref1, and an absolute origin identification circuit
(not shown) defines the first intersection P3 as the origin
position. In this manner, the location of the origin is de-
termined.

(Conventional Example 3)

[0007] Further, although a description relevant to an
origin signal is not included, the invention of an optical
rotary encoder employing a three-grid optical system is
disclosed (see, for example, patent document 3).
Fig. 23 is a perspective view of an optical rotary encoder
according to this conventional example.
Referring to this drawing, rotary slits 111 are formed in
a rotary disk 110, at equal pitches, and light source slits
133, for displacement detection, and fixed, displacement
detection slits 134 and 135 are formed by a fixed scale
160.
[0008] The light emitted by a light source 130 passes
through the displacement detection light source slit 133
and irradiates the rotary displacement detection slits 111,
and the light that is reflected forms a diffracted image on
the fixed displacement detection slits 134 and 135.

According to the description of the conventional example,
slit patterns are formed so that, along the linear path of
light emitted by the light source, the slit pitches of the
three slits are equal, or the pitches of the light source
slits 133 for displacement detection and the fixed dis-
placement detection slits 134 and 135 are twice that of
the slit pitches of the rotary displacement detection slits
111. As a result, a displacement signal is obtained that
is resistant to gap fluctuation and has a superior S/N ratio.
Patent Document 1: JP-A-56-14112
Patent Document 2: JP-A-61-212727
Patent Document 3: JP-A-9-133552

Disclosure of the Invention

Problems to be solved by the Invention

[0009] However, for generation of the origin signal ac-
cording to the invention of the first conventional example,
since the detection outputs provided by a plurality of slits
of different grid pitches must be synthesized, an opera-
tion circuit for synthesizing these detection outputs is re-
quired, and the arrangement of a detection circuit is there-
fore complicated. In addition, it is difficult for a three-grid
optical system to obtain a superior S/N detection signal
by providing a common gap setup for different grid pitch-
es. Therefore, using the three-grid optical system is dif-
ficult.
[0010] Further, according to the invention of the sec-
ond conventional example, the first electric origin detec-
tion signal Vo1 and the second electric origin detection
signal Vo2 are employed together, and to determine the
position of the origin, an intersection at which the first
electric origin detection signal Vo1 equals the first refer-
ence voltage Vref1 is identified, based on a reference
position that is obtained from the second electric signal
Vo2. Therefore, an absolute origin identification circuit is
required, as is a complicated circuit arrangement.
In addition, since the second electric origin detection sig-
nal Vo2 is not affected by optical modulation using grids,
it is difficult to generate a signal that is sharply changed
relative to a displacement, and therefore, generation of
a high-precision origin signal is difficult.
[0011] In addition, according to the invention of the
third conventional example, since the origin signal is not
provided, origin signal generation means must be sepa-
rately provided, externally.
While taking these problems into account, one objective
of the present invention is to provide an optical encoder
that includes high-precision original signal generation
means, having a simple arrangement, that can also be
applied for a three-grid optical system.

Means for solving the Problems

[0012] In order to resolve the above described prob-
lems, the present invention has the following arrange-
ment.
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According to a first aspect of the invention, there is pro-
vided an optical encoder for detecting a relative rotation
angle for two members, including:

a rotary disk provided for one of the two members
that rotate relative to each other, and
a light source, a fixed scale and a light-receiving el-
ement provided for the other of the two members,
wherein
the rotary disk is provided with rotary origin phase
slits that are formed into a pattern of linear slits ar-
ranged in parallel at equal pitches, and
the fixed scale is provided with fixed origin phase
slits that are formed into a pattern of linear slits ar-
ranged in parallel at equal pitches.

[0013] According to a second aspect of the invention,
there is provided the optical encoder according to the
first aspect, wherein
the fixed origin phase slits are provided with a plurality
of types of slit patterns arranged at different locations, in
a direction of a long axis of the slits, from the rotation
center of the rotary disk.
[0014] According to a third aspect of the invention,
there is provided the optical encoder according to the
first aspect, wherein
the rotary origin phase slits are provided with the slit pat-
tern displaced, in a direction of a short axis of the slits,
from the rotation center of the rotary disk, and
the fixed origin phase slits are provided with the slit pat-
tern displaced, in the direction of the short axis of the
slits, from the rotation center.
[0015] According to a fourth aspect of the invention,
there is provided the optical encoder according to the
first aspect, wherein
the rotary origin phase slits are provided with the slit pat-
tern displaced, in a direction of a short axis of the slits,
from the rotation center of the rotary disk, and
the fixed origin phase slits are provided with a plurality
of types of the slit patterns that are displaced, in a direc-
tion of the short axis of the slits, from the rotation center,
and that are located at different positions, in a direction
of a long axis of the slits, from the rotation center.
[0016] According to a fifth aspect of the invention, there
is provided the optical encoder according to the first as-
pect, wherein
the fixed scale is provided with origin phase light source
slits that are formed into a pattern of linear slits arranged
in parallel and at equal pitches and that are located in a
front face of the light source, and the fixed origin phase
slits.
[0017] According to a sixth aspect of the invention,
there is provided the optical encoder according to the
fifth aspect, wherein
the fixed origin phase slits are provided with a plurality
of types of the slit patterns located at different positions,
in a direction of a long axis of the slits, from the rotation
center of the rotary disk.

[0018] According to a seventh aspect of the invention,
there is provided the optical encoder according to the
fifth aspect, wherein
the rotary origin phase slits are provided with the slit pat-
tern displaced, in a direction of a short axis of the slits,
from the rotation center of the rotary disk, and
the fixed origin phase slits are provided with the slit pat-
tern displaced, in the direction of the short axis of the
slits, from the rotation center.
[0019] According to an eighth aspect of the invention,
there is provided the optical encoder according to the
fifth aspect, wherein
the rotary origin phase slits are provided with the slit pat-
tern displaced, in a direction of a short axis of the slits,
from the rotation center of the rotary disk, and
the fixed origin phase slits are provided with a plurality
of types of the slit patterns that are displaced from the
rotation center in the direction of the short axis of the slits,
and that are located at different positions, in a direction
of a long axis of the slits, from the rotation center.
[0020] According to a ninth aspect of the invention,
there is provided an optical encoder for detecting a rel-
ative rotation angle for two members, including:

a rotary disk provided for one of the two members
that rotate relative to each other, and
a light source, a fixed scale and a light-receiving el-
ement provided for the other of the two members,
wherein
the rotary disk is provided with rotary origin phase
slits formed into a pattern of slits radially arranged
at equal pitches, of which a circular arc center is lo-
cated at a position differing from a rotation center of
the two members that rotate relative to each other,
and
the fixed scale is provided with fixed origin phase
slits that are formed into a pattern of slits radially
arranged at equal pitches.

[0021] According to a tenth aspect of the invention,
there is provided the optical encoder according to the
ninth aspect, wherein
the fixed scale is provided with origin phase light source
slits that are formed into a pattern of radially arranged
slits and that are located in front of the light source, and
the fixed origin phase slits.

Advantages of the Invention

[0022] According to the invention described in the first
aspect, since only one pattern type, for which linear slits
are arranged at equal pitches, is required for both the
rotary origin phase slits and the fixed origin phase slits,
the pattern arrangement is simple. In addition, since only
one signal obtained through the rotary origin phase slits
and the fixed origin phase slits need be processed, the
structure of a detection circuit is also simplified.
According to the invention described in the fifth or tenth
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aspect, since origin detection using a three-grid optical
system is enabled, a large gap is available between the
rotary disk and the fixed scale, and it is possible for an
encoder to provide an origin signal that is not affected by
gap fluctuation.
According to the invention described in the ninth aspect,
since only one pattern type, where slits are radially ar-
ranged at equal pitches, is required for the rotary origin
phase slits and the fixed origin phase slits, the pattern
arrangement is simple. In addition, since only one signal
obtained through the rotary origin phase slits and the
fixed origin phase slits need be processed, the structure
of a detection circuit is also simplified.

Brief Description of the Drawings

[0023]

Fig. 1 is a perspective view of an encoder according
to a first embodiment of the present invention.
Fig. 2 is a slit pattern diagram illustrating the arrange-
ment of rotary origin phase slits according to the first
embodiment of the present invention.
Fig. 3 is a schematic diagram illustrating the posi-
tional relationship for the first embodiment of the
present invention between an image, obtained using
the rotary origin phase slits, and fixed origin phase
slits.
Fig. 4 is a graph showing the relationship between
the rotation angle of the rotary origin phase slits and
the output of an origin phase light-receiving element
according to the first embodiment of the present in-
vention.
Fig. 5 is a perspective view of an encoder according
to a second embodiment of the present invention.
Fig. 6 is a slit pattern diagram illustrating the arrange-
ment of rotary origin phase slits according to the sec-
ond embodiment of the present invention.
Fig. 7 is a schematic diagram illustrating the posi-
tional relationship for the second embodiment of the
present invention between an image, obtained using
the rotary origin phase slits, and fixed origin phase
slits.
Fig. 8 is a graph showing the relationship between
the rotation angle of the rotary origin phase slits and
the output of an origin phase light-receiving element
according to the second embodiment of the present
invention.
Fig. 9 is a perspective view of an encoder for a third
embodiment of the present invention.
Fig. 10 is a graph showing the relationship between
the rotation angle of rotary origin phase slits and the
output of an origin phase light-receiving element ac-
cording to the third embodiment of the present in-
vention.
Fig. 11 is a perspective view of an encoder for a
fourth embodiment of the present invention.
Fig. 12 is a schematic diagram illustrating the posi-

tional relationship for the fourth embodiment of the
present invention between an image, obtained using
rotary origin phase slits, and fixed origin phase slits.
Fig. 13 is a perspective view of the encoder showing
other effects obtained for the fourth embodiment of
the present invention.
Fig. 14 is a perspective view of an encoder for a fifth
embodiment of the present invention.
Fig. 15 is a perspective view of an encoder for a sixth
embodiment of the present invention.
Fig. 16 is a perspective view of an encoder for a
seventh embodiment of the present invention.
Fig. 17 is a perspective view of an encoder for an
eighth embodiment of the present invention.
Fig. 18 is a perspective view of an encoder for a ninth
embodiment of the present invention.
Fig. 19 is a perspective view of the arrangement of
a reference position signal generator according to a
first conventional example.
Fig. 20 is a schematic diagram illustrating the oper-
ation principle of the reference position signal gen-
erator of the first conventional example.
Fig. 21 is a perspective view of an encoder according
to a second conventional example.
Fig. 22 is a signal waveform diagram illustrating the
principle of the generation of an origin signal accord-
ing to the second conventional example.
Fig. 23 is a perspective view of an optical rotary en-
coder according to a third conventional example.

Description of Reference Numerals and Signs

[0024]

100: rotation center
110: rotary disk
111: rotary displacement detection slit
112: rotary origin phase slit
120, 160: fixed scale
121: ejection window
122 to 124: fixed origin phase slit
125, 126, 134, 135: fixed displacement de-

tection slit
130: light source
132: origin phase light source slit
133: displacement detection light source

slit
140, 141, 142: origin phase light-receiving element
143, 144: displacement detection light-receiving

element
150: rotary shaft
170: image
250: hub

Best Modes for Carrying Out the Invention

[0025] The embodiments of the present invention will
now be described while referring to drawings.

7 8 



EP 2 006 643 A9

6

5

10

15

20

25

30

35

40

45

50

55

Embodiment 1

[0026] Fig. 1 is a perspective view of an encoder ac-
cording to a first embodiment of the present invention.
Referring to the drawing, reference numeral 110 denotes
a rotary disk; 120 denotes a fixed scale; 130 denotes a
light source; 140 denotes an origin phase light-receiving
element; and 150 denotes a rotary shaft. And rotary dis-
placement detection slits 111 and rotary origin phase slits
112 are formed in the rotary disk 110, while an ejection
window 121 and fixed origin phase slits 122 are formed
in the fixed scale 120. The rotary origin phase slits 112
are formed into a pattern of linear slits that are arranged
in parallel, and the fixed origin phase slits 122 are likewise
formed into a pattern of linear slits that are arranged in
parallel.
Since the structure of a displacement detection portion
is well known, no explanation for this will be given.
[0027] Fig. 2 is a slit pattern diagram, for the rotary disk
110, showing the arrangement of the rotary origin phase
slits for this embodiment. As illustrated in the drawing,
the rotary origin phase slits 112 are arranged so that a
center CL, in the direction of the long axis of the slits,
passes through a rotation center 100. The rotary origin
phase slits 112 are formed into a slit pattern having a slit
pitch P.
[0028] Next, the operation will be described.
Fig. 3 is a schematic diagram illustrating the positional
relationship, when the rotary disk is rotated, between an
image, formed using the rotary origin phase slits, and the
fixed origin phase slits. Reference numeral 170 denotes
an image that an irradiation light from the light source
130 is reflected at the rotary origin phase slits 112 and
is formed on the fixed origin phase slits 122. At pitches
P, the images are formed at the fixed origin phase slits
122. Portions inside broken lines indicate bright portions,
and other portions indicate dark portions. Further, L de-
notes the slit length in the direction of the long axis of the
fixed origin phase slits.
[0029] Fig. 3 (a) shows a case wherein an angle θ (a
rotation angle θ) formed by the image 170 and the fixed
origin phase slits 122 is greater than tan-1(P/L). Within
this range, the image 170 crosses multiple fixed origin
phase slits 122, and the bright portion and the dark por-
tion of the image 170 almost equally overlap the openings
of the fixed origin phase slits 122. Therefore, the amount
of light that passes through the fixed origin phase slits
122 indicates almost half the maximum value.
[0030] When θ approaches 0 by being changed from
the state (a) to (b) → (c) → (d) → (e) → (f), the area where
the openings of the fixed origin phase slits 122 overlap
the bright portion of the image 170 is increased, and the
amount of light that passes through the fixed origin phase
slits 122 is gradually increased. And in the state where
θ = 0, in Fig. 3(f), only the bright portion of the image 170
overlaps the openings of the fixed origin phase slits 122,
and the amount of light that passes through the fixed
origin phase slits 122 reaches the maximum.

[0031] Fig. 4 is a graph showing the relationship be-
tween the rotation angle of the rotary origin phase slits
and the output of the origin phase light-receiving element.
In this embodiment, P = 40 Pm and L = 2.4 mm are em-
ployed. It should be noted that the output of the origin
phase light-receiving element along the vertical axis rep-
resents a value obtained by normalizing the maximum
value as "1".
[0032] As is apparent from the drawing, the output is
substantially 0.5 when θ = �tan-1(P/L) = about �1°, and
rises sharply when the rotation angle is near θ=0. There-
fore, when the output of the origin phase light-receiving
element is converted into a voltage signal by a current-
voltage conversion circuit (not shown), and a point of 0.8
or higher than the element output is detected by a signal
processor, such as a comparator, an origin signal having
a width of almost �0.5° can be obtained.

Embodiment 2

[0033] Fig. 5 is a perspective view of an encoder for a
second embodiment of the present invention. Fig. 6 is a
slit pattern diagram illustrating the arrangement of rotary
origin phase slits according to this embodiment. R indi-
cates a distance from a rotation center 100 to the end of
a rotary origin phase slit 112 in the direction of the long
axis of the slits.
A difference in this embodiment from the first embodi-
ment is that the rotary origin phase slits 112 are shifted
away from the rotation center 100 in the direction of the
long axis of the slits. As illustrated in Fig. 5, a fixed scale
120, a light source 130 and an origin phase light-receiving
element are also arranged by being shifted in the same
manner.
[0034] The operation performed for this embodiment
will now be described.
Fig. 7 is a schematic diagram illustrating the relationship
in this embodiment between the position of an image,
formed by the rotary origin phase slits, and the position
of the fixed origin phase slits when the rotary disk is ro-
tated. A) is a case where R = 0, B) is a case where R =
0.5L and C) is a case where R = L.
[0035] Referring to Fig. 7, in all the cases A), B) and
C), an angle (a rotation angle θ) formed by an image 170
and fixed origin phase slits 122 is θ < -tan-1(P/L) or θ >
tan-1(P/L). Within this range, the image 170 crosses mul-
tiple fixed origin phase slits 122, and when the image 170
passes the openings of the fixed origin phase slits 122,
the bright portion and the dark portion of the image 170
have equal proportions, as in the first embodiment. How-
ever, unlike in the first embodiment, part of the fixed origin
phase slits 122 is shifted away from the image 170. Ac-
cordingly, the amount of light that passes through the
fixed origin phase slits 122 is reduced. And when the
rotation angle θ becomes greater, and the image 170 is
shifted away from the fixed origin phase slits 122, the
output of the origin phase light-receiving element is near
0.

9 10 
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[0036] In case A) in Fig. 7, in a state (b), where θ =
�tan-1(P/L), the bright portion and the dark portion of the
image 170 overlap, in equal proportions, the openings of
the fixed origin phase slits 122, and therefore, the output
of the origin phase light-receiving element is 0.5. Near θ
= �tan-1(3P/4L) in a state (c), more of the dark portion
of the image 170 overlaps the openings of the fixed origin
phase slits 122, and the output of the origin phase light-
receiving element is reduced below 0.5. When the value
of θ approaches 0 and a state (d), where θ = �tan-1(P/
2L), is established, the bright portion and the dark portion
of the image 170 overlap, in the equal proportions, the
openings of the fixed origin phase slits 122. Thus, the
output of the origin phase light-receiving element be-
comes 0.5. Thereafter, when the value of θ approaches
0, as shown for states (e) → (f), simply the ratio at which
the bright portion of the image 170 overlaps the openings
of the fixed origin phase slits 122 is increased. Therefore,
the amount of light is gradually increased, and when in
the state (f) θ = 0, the output of the origin phase light-
receiving element reaches a maximum of "1".
[0037] In the case B), as well as in the case of A), in
the state (b), where θ = �tan-1(P/L), the bright portion
and the dark portion of the image 170 overlap, in equal
proportions, the openings of the fixed origin phase slits
122. Thus, the output of the origin phase light-receiving
element is 0.5. In this state, the bright portion of the image
170 passes through the slit adjacent to the slit that the
image should pass through. When the value of θ ap-
proaches 0, as shown in the states (b) → (c) → (d) → (e)
→ (f), the image 170 is rotated and is shifted in the di-
rection of the short axis of the fixed origin phase slits 122,
and the bright portion begins to overlap the slits in the
state where θ = 0. In the state (c), the bright portion and
the dark portion of the image 170 overlap, in equal pro-
portions, the openings of the fixed origin phase slits 122,
and the output of the origin phase light-receiving element
is 0.5. In the state (d), where θ = �tan-1(P/2L), a larger
proportion of the dark portion of the image 170 overlaps
the openings of the fixed origin phase slits 122, so that
the output of the origin phase light-receiving element is
reduced to below 0.5. In the state (e), the bright portion
and the dark portion of the image again overlap, in equal
proportions, the openings of the fixed origin phase slits
122, and the output of the origin phase light-receiving
element becomes 0.5. Thereafter, the overlapping of the
bright portion of the image 170 by the openings of the
fixed origin phase slits 122 is simply increased, and the
output of the origin phase light-receiving element ap-
proaches the maximum value of 1. In the state (f), where
θ = 0, the output of the origin phase light-receiving ele-
ment reaches the maximum value of 1.
[0038] In the case C), as well as in A) and B), in the
state (b), where θ =�tan-1(P/L), the bright portion and
the dark portion of the image 170 overlap, in equal pro-
portions, the openings of the fixed origin phase slits 122,
and the output of the origin phase light-receiving element
is 0.5. In this state, the bright portion of the image 170

passes through the slits at the first and the second loca-
tions from a slit in the state where θ = 0. When the value
of θ approaches 0 as shown in (b) → (c) → (d) → (e) →
(f), the image 170 is rotated, and is also moved parallel
to the direction of the short axis of fixed origin phase slits
122, and the bright portion begins to overlap the slit in
the state where θ = 0. In the state (c), a little greater
proportion of the bright portion of the image 170 overlaps
the openings of the fixed origin phase slits 122, and the
output of the origin phase light-receiving element be-
comes a little higher than 0.5. In the state (d), where θ =
�tan-1(P/2L), the bright portion and the dark portion of
the image 170 again overlap, in equal proportions, the
openings of the fixed origin phase slits 122, and the out-
put of the origin phase light-receiving element becomes
0.5. In the state (e), since a larger proportion of the dark
portion of the image 170 overlaps the openings of the
fixed origin phase slits 122, the output of the origin phase
light-receiving element is lower than 0.5. Thereafter,
since simply the bright portion of the image 170 overlaps
the openings of the fixed origin phase slits 122, the
amount of light passing through the fixed origin phase
slits 122 is increased, and the output of the origin phase
light-receiving element approaches the maximum value
of 1. In the state (f), where θ = 0, the output of the origin
phase light-receiving element reaches the maximum val-
ue of 1.
[0039] Fig. 8 is a graph showing the relationship be-
tween the rotation angle θ and the output of the origin
phase light-receiving element, i.e., showing the relation-
ship between the rotation angle θ and the output of the
origin phase light-receiving element when the relation-
ship between the image 170 and the fixed origin phase
slits 122 is changed, as shown in Fig. 7, in consonance
with the rotation angle θ.
[0040] In accordance with the distance R between the
center of the rotary origin phase slits 112 and the rotation
center 100, the output of the origin phase light-receiving
element 140 is changed as shown in Fig. 8. That is, when
the distance R between the rotary origin phase slits 112
and the rotation center 100 is increased, a larger output
signal is generated in the sidebands to the right and left
of the pulse output in the state where θ = 0. And the pulse
output in the state where θ = 0 is a steeper signal. R = 0
mm corresponds to the case A) in Fig. 7, R = 1.2 mm
corresponds to the case B) in Fig. 7, and R = 2.40 mm
corresponds to the case C) in Fig. 7.
[0041] Assuming that R = 1.2 mm is set when, for ex-
ample, P = 40 Pm and L = 2.4 mm, it is found that the
pulse output in the state where θ = 0 is steeper than the
waveform of the output signal obtained when R = -1.2
mm, which corresponds to the first embodiment, and that
the magnitude of fluctuations of an output signal formed
on both sides is considerably smaller than that of an out-
put signal having a pulse shape. For example, when a
level of 0.8, of the output of the origin phase light-receiv-
ing element along the vertical axis, is employed as a
threshold value, an origin signal having a width of �0.25°
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can be detected using a comparator.
[0042] As described above, according to this embod-
iment, since the rotary origin phase slits are shifted, in
the direction of the long axis of the slits, away from the
rotation center, a sharp pulse output can be obtained,
and therefore, a high-precision origin signal can be ob-
tained. Further, in the first embodiment, since the centers
of the rotary origin phase slits 112 and the fixed origin
phase slits 122 are located on the rotation center 100,
the pulse output signal is also generated at the location
where the rotary disk is turned 180 degrees, and a signal
of two pulses is generated for one rotation. On the other
hand, in this embodiment, since the rotary origin phase
slits 112 are formed by being shifted away from the ro-
tation center 100, the output signal does not occur at the
position at which the rotary disk has been turned 180
degrees, and an origin signal of one pulse for one rotation
can be obtained.

Embodiment 3

[0043] Fig. 9 is a perspective view of an encoder for a
third embodiment of the present invention.
While referring to the drawing, reference numeral 123
denotes a first fixed origin phase slit, and 124 denotes a
second fixed origin phase slit. A difference in this em-
bodiment from the second embodiment is that two types
of fixed origin phase slits are formed in a fixed scale 120,
and are arranged at different positions along the direction
of the long axis. The first fixed origin phase slits 123 and
the second fixed origin phase slits 124 are located so
that distances R1 and R2 are respectively obtained be-
tween their ends in the directions of the long axes and a
rotation center 100.
[0044] Next, the operation performed for this embodi-
ment will be described.
As described in the second embodiment, the waveform
of the output of the origin phase light-receiving element
is changed in accordance with the distance R between
the ends of the fixed origin phase slits in the direction of
the long axis and the rotation center. By using this phe-
nomenon, the output of the origin phase light-receiving
element is obtained from multiple fixed origin phase slits,
for which the distance R is different, and is additionally
employed. As a result, a sharp pulse output can be ob-
tained in the state where θ = 0, and the pulse output
generated near θ = 0 can be suppressed.
[0045] Fig. 10 is a graph showing the relationship be-
tween the rotation angle and the output of the origin
phase light-receiving element according to this embodi-
ment. In this embodiment, the first fixed origin phase slits
123 and the second fixed origin phase slits 124, for which
P = 40 Pm and L = 2.4 mm, are respectively located at
the distances R1 = 2.5 mm and R2 = 5 mm. And the
output signal obtained from the origin light-receiving el-
ements that correspond to the fixed origin phase slits are
added together to synthesize a signal. As for the output
signal of the origin phase light-receiving element that

passed through the second fixed origin phase slits 124,
a large sideband signal occurs near �0.4°; however, this
signal is synthesized by being canceled using the output
signal of the origin phase light-receiving element that
passed through the first fixed origin phase slits 123. As
a result, when, for example, a level of 1.5 for the output
of the origin phase light-receiving element is employed
as a threshold value, an origin signal having a width of
�0.075° can be obtained using a comparator.
[0046] As described above, by appropriately employ-
ing fixed origin phase slits that are located at different
distances between the ends in the direction of the long
axis and the rotation center 100, a pulse waveform can
be obtained that is near 0°, with a small and sharp side-
band wave. Thus, a high-resolution origin signal can be
obtained.
In this embodiment, R1 and R2 are provided at a ratio of
1:2; however, there is another appropriate ratio. Also in
this embodiment, two types of fixed origin phase slits are
formed at different positions along the direction of the
long axis of the slits; however, three or more types of
fixed origin phase slits can also be employed.

Embodiment 4

[0047] Fig. 11 is a perspective view of an encoder for
a fourth embodiment of the present invention.
A difference in this embodiment from the first embodi-
ment is that rotary origin phase slits 112 are arranged by
being shifted from a rotation center 100 in the direction
of the short axis of the slits. While referring to the drawing,
reference numeral 250 denotes a hub that is extended
from a shaft 150 and passes through the center portion
of a rotary disk 110, and that is employed for fixing the
rotary disk 110.
[0048] Fig. 12 shows the relationship between an im-
age 170 and fixed origin phase slits 122 established when
the rotary disk 110 is positioned by being turned from the
origin position to an angle θ. In this case, reference nu-
meral 300 denotes a center of the fixed origin phase slits
122, and 200 denotes a center of the image 170 that is
obtained using the rotary origin phase slits 112. At the
origin position, the center of the image 170 overlaps the
center 300 of the fixed origin phase slits 122. Value r
defines the distance from the rotation center 100 to the
center 200 of the image 170.
[0049] It is understood that the image 170 rotates at
the center 200 to θ, and that the center 200 of the image
is shifted parallel, from the center 300 of the fixed origin
phase slits 122, distances equivalent to r-r·cosθ and
r·sinθ in the X and Y directions in the drawing. Therefore,
the signal output by the origin phase light-receiving ele-
ment is affected by the difference between the image 170
and the fixed origin phase slits 122 that is the result of
the rotation, and the difference between the image 170
and the fixed origin phase slits 122 that is the result of
the parallel movement.
[0050] The affect produced by rotation is the same as
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that shown in Fig. 3 for the first embodiment. In a case
wherein the angle θ formed by the image 170 and the
fixed origin phase slits 122 is greater than tan-1(P/L), the
image 170 crosses multiple fixed origin phase slits 122,
and the bright portion and the dark portion of the image
170 overlap, in equal proportions, the openings of the
fixed origin phase slits 122, and the output of the origin
phase light-receiving element becomes substantially half
the maximum value. Therefore, in this case, even when
the output of the origin phase light-receiving element is
affected by the parallel movement, the output does not
exceed a value nearly half the maximum value. In addi-
tion, as θ is increased, the image 170 is shifted away
from the fixed origin phase slits 122, and the output of
the origin phase light-receiving element approaches 0.
[0051] As for the affect provided by the parallel move-
ment in a case wherein θ is smaller than tan-1(P/L), dis-
placement r-r·cosθ in the X direction is very small be-
cause the value of θ is small. Further, since the fixed
origin phase slits 122 are formed so sufficiently longer in
the direction of the long axis than in the direction of the
short axis, the displacement r·sinθ in the Y direction is
also small and may be ignored. For example, in a case
where P = 40 Pm, L = 2.4 mm and r = 10 mm, an X-
directional displacement of 1.4 Pm and a Y directional
displacement of 0.17 mm are obtained when θ = tan-1

(P/L) = 0.95°, and these values are very small and may
be ignored. Therefore, in this range, the output of the
origin phase light-receiving element is affected only by
rotation.
[0052] As described above, since the rotary origin
phase slits 120 are displaced from the rotation center,
along the direction of the short axis of the rotary origin
phase slits 120, a hub 250 to be used for fixing the rotary
disk 110 can be located at the center of the rotary disk
110.
[0053] Fig. 13 is a perspective view of the encoder for
explaining the other effects obtained in this embodiment.
While referring to the drawing, reference numeral 112
denotes a rotary origin phase slit, which is formed in the
vicinity of the rotary displacement detection slit 111, that
is being displaced, from the rotation center 100, in the
direction of the short axis of the slits. Further, reference
numeral 122 denotes a fixed origin phase slit, and 125
and 126 denote fixed, displacement detection slits that
are formed in one fixed scale 120. In addition, reference
numeral 130 denotes a light source that irradiates the
rotary displacement detection slits 111 and the rotary or-
igin phase slits 112.
[0054] The operation will now be described.
Light emitted by the light source 130 passes through an
ejection window 121 and irradiates the rotary displace-
ment detection slits 111 and the rotary origin phase slits
112. When the light is reflected at the rotary displacement
detection slits 111, the reflected light passes through the
fixed displacement detection slits 125 or 126, and is de-
tected, by a light-receiving element 143 or 144, and con-
verted into a displacement signal by a signal processing

circuit (not shown) . Likewise, the light reflected at the
rotary origin phase slits 112 passes through the fixed
origin phase slits 122 and is detected by the origin phase
light-receiving element 140.
[0055] As described above, in this embodiment, since
the rotary origin phase slits are shifted, from the rotary
center, in the direction of the short axis of the slits, these
rotary origin phase slits can be arranged near the rotary
displacement detection slits. Therefore, since the fixed
displacement detection slits and the fixed origin phase
slits can be formed closely together in one fixed scale,
the structure can be simplified. In addition, the two types
of slits can be irradiated by one light source. That is, a
small detection section, which includes the light-emitting
element, the light-receiving elements and the fixed scale,
can be provided.

Embodiment 5

[0056] Fig. 14 is a perspective view of an encoder for
a fifth embodiment of the present invention.
While referring to Fig. 14, reference numeral 123 denotes
a first fixed origin phase slit and 124 denotes a second
fixed origin phase slit. These slits are formed so that they
are shifted, from the rotation center, in the direction of
the short axis of the slits, and are located at different
positions along the direction of the long axis of fixed origin
phase slits. A difference in this invention from the fourth
embodiment is that the first fixed origin phase slits 123
and the second fixed origin phase slits 124 are arranged
at different positions along the direction of the long axis
of the fixed origin phase slits.
[0057] As described above, in this embodiment, the
rotary origin phase slits are arranged so that they are
shifted, from a rotation center 100, in the direction of the
short axis of the fixed origin phase slits. Further, the first
fixed origin phase slits 123 and the second fixed origin
phase slits 124 are formed at different positions along
the direction of the long axis. Thus, a hub 250 used for
fixing a rotary disk 110 can be attached at the center of
the rotary disk 110. Moreover, when signals detected us-
ing the two types of fixed slits are synthesized, a sharp
pulse waveform having a small sideband wave can be
obtained. Therefore, a high-resolution origin signal can
be obtained.
[0058] Further, with the arrangement of this embodi-
ment, the rotary origin phase slits can be arranged near
the rotary displacement detection slits, and the fixed dis-
placement detection slits and the fixed origin phase slits
can be formed near each other in one fixed scale. There-
fore, the structure can be simplified. And in addition, both
slits can also be irradiated by a single light source, and
the size of a detection section that includes a light-emit-
ting element, a light-receiving element and a fixed scale
can be reduced.
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Embodiment 6

[0059] Fig. 15 is a perspective view of an encoder for
a sixth embodiment of the present invention.
While referring to the drawing, reference numeral 132
denotes an origin phase light source slit that converts,
into a linear light source array, light emitted by a light
source 130. A difference of this invention from the second
embodiment is that the origin phase light source slits 132
and fixed origin phase slits 122 are formed in a fixed scale
120.
[0060] Light emitted by the light source 130 passes
through the origin phase light source slits 132 and irra-
diates the rotary origin phase slits 112. The light reflected
at the rotary origin phase slits 112 forms interference
fringes on the fixed origin phase slits 122. Alight-receiving
element 140 detects the interference fringes through the
fixed origin phase slits 122. In this manner, origin detec-
tion can be performed by a three-grid optical system,
which employs origin phase light source slits, rotary origin
phase slits and fixed origin phase slits.
[0061] When the rotary disk of this embodiment is ro-
tated, the positional relationship of an image, formed
through the rotary origin slits and the fixed origin phase
slits, is the same as in the second embodiment, and a
sharp origin signal, as in the second embodiment, is ob-
tained. Furthermore, since the three-grid optical system
is employed as an optical system, the origin detection
signal is stably obtained, even when the gap between
the rotary disk 110 and the fixed scale 120 is changed.
In addition, since a displacement detection section (not
shown) is provided using a three-grid optical system, an
encoder, wherein the displacement detection section and
the origin detection section are little affected by gap fluc-
tuation, can be provided.
It should be noted that the origin phase light source slits,
the rotary origin phase slits and the fixed origin phase
slits may be formed at a ratio of pitches of either 1:1:1,
or 2:1:2.

Embodiment 7

[0062] Fig. 16 is a perspective view of an encoder for
a seventh embodiment of the present invention.
While referring to the drawing, reference numeral 123
denotes a first fixed origin phase slit and 124 denotes a
second fixed origin phase slit. These slits are formed so
that the slits are shifted, from the rotation center, in the
direction of the short axis of the slits, and are arranged
at different positions along the direction of the long axis
of the fixed origin phase slits. A difference of this invention
from the sixth embodiment is that the first fixed origin
phase slits 123 and the second fixed origin phase slits
124 are arranged at different positions along the direction
of the long axis of the fixed origin phase slits.
[0063] Next, the operation will be described.
Light emitted by a light source 130 passes through origin
phase light source slit 132 and irradiates rotary origin

phase slits 112. When the light is reflected at the rotary
origin phase slits 112, the reflected light forms interfer-
ence fringes on the first fixed origin phase slits 123 and
the second fixed origin phase slits 124. Light-receiving
elements 141 and 142 detect the interference fringes
through the first fixed origin phase slits 123 and the sec-
ond fixed origin phase slits 124. In this manner, origin
detection can be performed by a three-grid optical system
employing origin phase light source slits, rotary origin
phase slits and fixed origin phase slits.
[0064] Since the three-grid optical system is employed
as an optical system, an origin detection signal can be
stably obtained, as in the sixth embodiment, even when
a gap between a rotary disk 110 and a fixed scale 120
is changed. Further, in this embodiment, when signals
detected using the two types of fixed slits are synthe-
sized, a sharp pulse waveform with a small sideband
wave can be obtained. Therefore, a high-resolution origin
signal can be obtained. It should be noted that when a
displacement detection section (not shown) is provided
using a three-grid optical system, an encoder wherein
the displacement detection section and the origin detec-
tion section are little affected by gap fluctuation can be
provided, as in the sixth embodiment. The origin phase
light source slits, the rotary origin phase slits and the fixed
origin phase slits may be formed at a ratio of pitches of
either 1:1:1, or 2:1:2.

Embodiment 8

[0065] Fig. 17 is a perspective view of an encoder for
an eighth embodiment of the present invention.
While referring to the drawing, reference numeral 112
denotes a rotary origin phase slit, and 122 denotes a
fixed origin phase slit, as described above.
A difference of this invention from the second embodi-
ment is: in the second embodiment, a pattern of linear
slits arranged in parallel has been employed for the rotary
origin phase slits 112 and the fixed origin phase slits 122.
In this embodiment, slits that are radially arranged at
equal pitches, so that the same angle is formed by all
adjacent slits, are employed as rotary origin phase slits.
A center 101, of a circular arc formed by the rotary origin
phase slits, is located at a position different from that of
a rotation center 100.
[0066] In this embodiment, the rotary origin phase slits
112 are arranged near rotary displacement detection slits
111, with the circular arc open to the outside. When the
circular arc is open to the outside, a characteristic ob-
tained is that a plurality of peaks seldom occurs near the
origin, even when the rotary origin phase slits 112 are
near the rotary displacement detection slits 111.
In addition, since only one light source 130 is required to
irradiate the rotary origin phase slits 112 and the rotary
displacement detection slits 111, and since the fixed or-
igin phase slits 122 can be arranged near fixed displace-
ment detection slits 125 and 126, the size of the detection
section can be reduced.
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Embodiment 9

[0067] Fig. 18 is a perspective view of an encoder for
a ninth embodiment of the present invention.
While referring to the drawing, reference numeral 132
denotes an origin phase light source slit. A difference of
this invention from the eighth embodiment is that the or-
igin phase light source slits 132 are formed radially in a
fixed scale 120.
[0068] The operation will now be described.
Light emitted by a light source 130 passes through the
origin phase light source slits 132 and irradiates rotary
origin phase slits 112. Light reflected at the rotary origin
phase slits 112 forms interference fringes on fixed origin
phase slits 122, and an origin phase light-receiving ele-
ment 140 detects the interference fringes through the
fixed origin phase slits 122. In this manner, the origin
detection can be performed by a three-grid optical system
using origin phase light source slits, rotary origin phase
slits and fixed origin phase slits.
In addition, in this embodiment, the rotary origin phase
slits 112 are formed near the rotary displacement detec-
tion slits 111. With this arrangement, the same light
source can be employed for displacement detection and
origin detection.
[0069] As described above, in this embodiment, the
size of the detection section that includes the light-emit-
ting element, the light-receiving element and the fixed
scale can be reduced, and an encoder that is little affect-
ed by gap fluctuation, which is the feature of the three-
grid optical system, can be provided. It should be noted
that the origin phase light source slits, the rotary origin
phase slits and the fixed origin phase slits may be formed
at a ratio of pitches of either 1:1:1, or 2:1:2.
[0070] In the first to the ninth embodiments, a reflection
type optical system has been employed; however, these
embodiments can also be provided by using a transmis-
sion type optical system.

Industrial Applicability

[0071] Since the absolute position of a rotary member
can be detected with a simple arrangement, the present
invention can be applied for a position detector of a servo
motor that drives an industrial robot or a machine tool.

[FIG. 2]
A1: DIRECTION OF LONG AXIS OF ROTARY OR-
IGIN PHASE SLITS
A2: DIRECTION OF SHORT AXIS OF ROTARY OR-
IGIN PHASE SLITS

[FIG. 4]
A1: SLIT PITCH P
A2: SLIT LENGTH L
A3: OUTPUT OF ORIGIN LIGHT-RECEIVING EL-
EMENT (RELATIVE VALUE) A4: ROTATION AN-
GLE

[FIG. 7]
A1: A) CASE WHERE R=0
A2: B) CASE WHERE R = 0.5L
A3: C) CASE WHERE R = L

[FIG. 8]
A1: SLIT PITCH P
A2: SLIT LENGTH L
A3: OUTPUT OF ORIGIN LIGHT-RECEIVING EL-
EMENT (RELATIVE VALUE)
A4: ROTATION ANGLE
A5: CORRESPONDING TO CASE A)
A6: CORRESPONDING TO CASE B)
A7: CORRESPONDING TO CASE C)

[FIG. 10]
A1: SLIT LENGTH L
A2: SLIT PITCH P
A3: SYNTHESIZED
A4: OUTPUT OF ORIGIN LIGHT-RECEIVING EL-
EMENT (RELATIVE VALUE)
A5: ROTATION ANGLE

[FIG. 22]
A1: OUTPUT OF LIGHT-RECEIVING ELEMENT
421
A2: VOLTAGE
A3: DISPLACEMENT
A4: OUTPUT OF LIGHT-RECEIVING ELEMENT
422
A5: VOLTAGE
A6: DISPLACEMENT

Claims

1. An optical encoder for detecting a relative rotation
angle for two members, comprising:

a rotary disk provided for one of the two mem-
bers that rotate relative to each other, and
a light source, a fixed scale and a light-receiving
element provided for the other of the two mem-
bers, wherein
the rotary disk is provided with rotary origin
phase slits that are formed into a pattern of linear
slits arranged in parallel at equal pitches, and
the fixed scale is provided with fixed origin phase
slits that are formed into a pattern of linear slits
arranged in parallel at equal pitches.

2. The optical encoder according to claim 1, wherein
the fixed origin phase slits are provided with a plu-
rality of types of slit patterns arranged at different
locations, in a direction of a long axis of the slits, from
the rotation center of the rotary disk.

3. The optical encoder according to claim 1, wherein
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the rotary origin phase slits are provided with the slit
pattern displaced, in a direction of a short axis of the
slits, from the rotation center of the rotary disk, and
the fixed origin phase slits are provided with the slit
pattern displaced, in the direction of the short axis
of the slits, from the rotation center.

4. The optical encoder according to claim 1, wherein
the rotary origin phase slits are provided with the slit
pattern displaced, in a direction of a short axis of the
slits, from the rotation center of the rotary disk, and
the fixed origin phase slits are provided with a plu-
rality of types of the slit patterns that are displaced,
in a direction of the short axis of the slits, from the
rotation center, and that are located at different po-
sitions, in a direction of a long axis of the slits, from
the rotation center.

5. The optical encoder according to claim 1, wherein
the fixed scale is provided with origin phase light
source slits that are formed into a pattern of linear
slits arranged in parallel and at equal pitches and
that are located in a front face of the light source,
and the fixed origin phase slits.

6. The optical encoder according to claim 5, wherein
the fixed origin phase slits are provided with a plu-
rality of types of the slit patterns located at different
positions, in a direction of a long axis of the slits, from
the rotation center of the rotary disk.

7. The optical encoder according to claim 5, wherein
the rotary origin phase slits are provided with the slit
pattern displaced, in a direction of a short axis of the
slits, from the rotation center of the rotary disk, and
the fixed origin phase slits are provided with the slit
pattern displaced, in the direction of the short axis
of the slits, from the rotation center.

8. The optical encoder according to claim 5, wherein
the rotary origin phase slits are provided with the slit
pattern displaced, in a direction of a short axis of the
slits, from the rotation center of the rotary disk, and
the fixed origin phase slits are provided with a plu-
rality of types of the slit patterns that are displaced
from the rotation center in the direction of the short
axis of the slits, and that are located at different po-
sitions, in a direction of a long axis of the slits, from
the rotation center.

9. An optical encoder for detecting a relative rotation
angle for two members, comprising:

a rotary disk provided for one of the two mem-
bers that rotate relative to each other, and
a light source, a fixed scale and a light-receiving
element provided for the other of the two mem-
bers, wherein

the rotary disk is provided with rotary origin
phase slits formed into a pattern of slits radially
arranged at equal pitches, of which a circular
arc center is located at a position differing from
a rotation center of the two members that rotate
relative to each other, and
the fixed scale is provided with fixed origin phase
slits that are formed into a pattern of slits radially
arranged at equal pitches.

10. The optical encoder according to claim 9, wherein
the fixed scale is provided with origin phase light
source slits that are formed into a pattern of radially
arranged slits and that are located in front of the light
source, and the fixed origin phase slits.

21 22 



EP 2 006 643 A9 (W1A1)

13



EP 2 006 643 A9 (W1A1)

14



EP 2 006 643 A9 (W1A1)

15



EP 2 006 643 A9 (W1A1)

16



EP 2 006 643 A9 (W1A1)

17



EP 2 006 643 A9 (W1A1)

18



EP 2 006 643 A9 (W1A1)

19



EP 2 006 643 A9 (W1A1)

20



EP 2 006 643 A9 (W1A1)

21



EP 2 006 643 A9 (W1A1)

22



EP 2 006 643 A9 (W1A1)

23



EP 2 006 643 A9 (W1A1)

24



EP 2 006 643 A9 (W1A1)

25



EP 2 006 643 A9 (W1A1)

26



EP 2 006 643 A9 (W1A1)

27



EP 2 006 643 A9 (W1A1)

28

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 56014112 A [0008]
• JP 61212727 A [0008]

• JP 9133552 A [0008]


	bibliography
	description
	claims
	drawings
	search report

