
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

39
0 

63
1

A
1

��&�����������
(11) EP 2 390 631 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
30.11.2011 Bulletin 2011/48

(21) Application number: 11160159.7

(22) Date of filing: 29.03.2011

(51) Int Cl.:
G01D 5/347 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 29.03.2010 JP 2010074847

(71) Applicant: Mitutoyo Corporation
Kawasaki-shi
Kanagawa-ken 213-8533 (JP)

(72) Inventors:  
• Nagahama, Tatsuya

Kawasaki-shi
Kanagawa 213-8533 (JP)

• Mizutani, Miyako
Kawasaki-shi
Kanagawa 213-8533 (JP)

• Yaku, Toru
Kawasaki-shi
Kanagawa 213-8533 (JP)

(74) Representative: Skone James, Robert Edmund
Gill Jennings & Every LLP 
The Broadgate Tower 
20 Primrose Street
London EC2A 2ES (GB)

(54) Optical encoder

(57) A miniaturized optical encoder capable of ob-
taining a sufficient amount of light in the light receiving
element is provided. An optical encoder 1 includes a
scale 2 having scale markings 21 and a readhead 3 hav-
ing a light source 31 that emits light to the scale 2, a
scale-side lens 32 that transmits the light emitted from
the light source 31 to the scale 2, and a light receiving
element 33 that receives the light that has been reflected
by the scale 2 and that has passed through the scale-
side lens 32. The light source 31 is arranged between
the scale-side lens 32 and the light receiving element 33,
and a distance between the light source 31 and the scale-
side lens 32 is set to be a focal distance fs of the scale-
side lens 32. An optical axis Lsrc of the light source 31
is matched with an optical axis Ls of the scale-side lens
32 in a reading direction of the scale markings 21 and is
separated from an optical axis Ls of the scale-side lens
32 by a predetermined distance D in a direction perpen-
dicular to the reading direction of the scale markings 21.
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Description

[0001] In the related art, there is known an optical encoder including a scale having latticed or striped scale markings
and a readhead, which has a light source that emits light to the scale and a light receiving element that receives the light
reflected by the scale, so that the position of the readhead with respect to the scale is measured based on the light
received by the light receiving element. Some sample optical encoders are disclosed in Japanese Patent Application
Publication Nos. 2003-307440 ("Patent Document 1") and 2006-284564 ("Patent Document 2").
[0002] The optical encoder disclosed in Patent Document 1 includes scale markings (a scale) and a reflection type
optical reader (a readhead) having a light-emitting diode (a light source), an object lens, and a light receiving unit (a light
receiving element). In addition, the reflection type optical reader has a half-mirror arranged between the light-emitting
diode and the object lens so that an optical path of the light emitted from the light-emitting diode and directed toward
the scale markings through the object lens is separated from an optical path of the light reflected by the scale markings
and directed toward the light receiving unit through the object lens.
[0003] However, in the optical encoder disclosed in Patent Document 1, as the light receiving unit receives the light
through the half-mirror, there may be a problem that a sufficient amount of light cannot be obtained. In addition, if the
amount of the light emitted from the light-emitting diode increases in order to obtain a sufficient amount of light, power
consumption of the light-emitting diode increases, and further, lifetime of the light-emitting diode decreases.
[0004] On the other hand, the photoelectric encoder (optical encoder) disclosed in Patent Document 2 includes a
scale, a light source, a lens, and a light receiving element. In the photoelectric encoder, an optical path of the light emitted
from the light source and directed toward the scale is separated from an optical path of the light reflected by the scale
and directed toward the light receiving element through the lens, and a sufficient amount of light is obtained by the light
receiving element by arranging the scale, the lens, and the light receiving element in a Scheimpflug relationship.
[0005] However, in the photoelectric encoder disclosed in Patent Document 2, the scale and the light receiving element
cannot be arranged in parallel. Therefore, there is a problem in that the photoelectric encoder becomes large in size.
[0006] In addition, in the photoelectric encoder disclosed in the fifth embodiment of Patent Document 2, the scale and
the light receiving element are arranged in parallel by arranging four lenses between the scale and the light receiving
element. However, in this photoelectric encoder, since four lenses are arranged between the scale and the light receiving
element, there is a problem in that the photoelectric encoder becomes large in size.
[0007] The present invention provides a miniaturized optical encoder capable of obtaining a sufficient amount of light
in the light receiving element.
[0008] An optical encoder according to the present invention includes a scale having latticed or striped scale markings,
and a readhead, which has a light source that emits light to the scale. The readhead includes a light receiving element
that is arranged in parallel with the scale and receives the light reflected by the scale, so that the position of the readhead
with respect to the scale is measured based on the light received by the light receiving element, wherein the readhead
has a scale-side lens that transmits the light emitted from the light source to the scale and transmits the light reflected
by the scale to the light receiving element. The light source is arranged between the scale-side lens and the light receiving
element, and a distance between the light source and the scale-side lens is set to be a focal distance of the scale-side
lens, and wherein an optical axis of the light source is matched with an optical axis of the scale-side lens in a reading
direction of the scale markings and is separated from an optical axis of the scale-side lens by a predetermined distance
in a direction perpendicular to a reading direction of the scale markings.
[0009] In this configuration, since the optical axis of the light source is separated from the optical axis of the scale-
side lens by a predetermined distance in the direction perpendicular to a reading direction of the scale markings (here-
inafter, referred to as a direction perpendicular to the scale markings), the illumination light emitted from the light source
is transmitted to the scale through a light source-side of the scale-side lens in a direction perpendicular to the scale
markings. In addition, this light is reflected by the scale and received by the light receiving element through a side of the
scale-side lens opposite to the light source-side in a direction perpendicular to the scale markings. Therefore, according
to the present invention, it is possible to separate the optical path of the light emitted from the light source and directed
toward the scale from the optical path of the light reflected by the scale and directed toward the light receiving element
through the scale-side lens without using a half-mirror. Therefore, it is possible to obtain a sufficient amount of light in
the light receiving element.
[0010] In addition, the scale and the light receiving element are arranged in parallel, and a single scale-side lens is
arranged between the scale and the light receiving element. Since the light source is arranged between the scale-side
lens and the light receiving element, it is possible to miniaturize the optical encoder.
[0011] Furthermore, since a distance between the light source and the scale-side lens is set to be the focal distance
of the scale-side lens, the optical encoder can be used to constitute an object (scale) side telecentric optical system in
a reading direction of the scale markings, to thereby increase the focal depth of the readhead. Accordingly, it is possible
to increase an allowable interval between the scale and the readhead.
[0012] According to the present invention, it is preferable that the predetermined distance is set to be equal to or larger
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than 1/2 of a Width of the light source in a direction perpendicular to a reading direction of the scale markings.
[0013] Here, if the predetermined distance between the optical axis of the light source and the optical axis of the scale-
side lens in a direction perpendicular to the scale markings is set to be smaller than 1/2 of the width of the light source
in a direction perpendicular to the scale markings, a part of the light source protrudes from the optical axis of the scale-
side lens in a direction perpendicular to the scale markings so that the light receiving element does not receive light.
Therefore, use efficiency of the light emitted from the light source is degraded.
[0014] On the other hand, according to the present invention, since the predetermined distance between the optical
axis of the light source and the optical axis of the scale-side lens in a direction perpendicular to the scale markings is
set to be equal to or larger than 1/2 of the width (numerical aperture) of the light source in a direction perpendicular to
the scale markings, it is possible to improve use efficiency of the light emitted from the light source.
[0015] According to the present invention, it is preferable that the readhead has an aperture for transmitting the light
that has been reflected by the scale and has passed through the scale-side lens toward the light receiving element, that
a distance between the aperture and the scale-side lens is set to be a focal distance of the scale-side lens, and that
within a plane perpendicular to a reading direction of the scale markings, an optical axis of the aperture and an optical
axis of the light source are axisymmetrical to each other with respect to an optical axis of the scale-side lens.
[0016] Here, if the optical encoder according to the present invention is configured in reliance solely on the width or
the position of the light source, there is a problem that performance of the optical system of the optical encoder may
vary due to influence from positional deviation of the light source.
[0017] According to the present invention, since the optical encoder has an aperture for transmitting the light that has
been reflected by the scale and passed through the scale-side lens, it is possible to achieve an object (scale) side
telecentric optical system by designing the width or position of the aperture, in addition to by designing the width or
position of the light source. Since designing or positioning the aperture is relatively easier than designing or positioning
the light source, it becomes easier to suppress variance in the performance of the optical system of the optical encoder.
[0018] According to the present invention, it is preferable that the readhead has a light receiving element-side lens
arranged between the aperture and the light receiving element, a distance between the aperture and the light receiving
element-side lens is set to be a focal distance of the light receiving element-side lens, and an optical axis of the light
receiving element-side lens is matched with an optical axis of the scale-side lens.
[0019] In this configuration, since the optical encoder can be used to constitute a bidirectional telecentric optical system
in a reading direction of the scale markings, it is possible to increase the focal depth. Accordingly, it is also possible to
increase the allowable interval between the light receiving element and the light receiving element-side lens.
[0020] According to the present invention, it is preferable that the readhead has a light receiving element-side lens
arranged between the aperture and the light receiving element, a distance between the aperture and the light receiving
element-side lens is set to be the focal distance of the light receiving element-side lens, and an optical axis of the light
receiving element-side lens is matched with an optical axis of the scale-side lens in a reading direction of the scale
markings and is separated from an optical axis of the scale-side lens by twice the predetermined distance in a direction
perpendicular to a reading direction of the scale markings.
[0021] In this configuration, the optical encoder can be used to constitute a bidirectional telecentric optical system in
a reading direction of the scale markings. Accordingly, it is also possible to increase the allowable interval between the
light receiving element and the light receiving element-side lens.
[0022] In addition, since both of the optical axes of the scale-side lens and the light receiving element-side lens are
separated by a predetermined distance, respectively, on both sides from the optical axis of the aperture along the
direction perpendicular to the reading direction of the scale markings, the light passing through the aperture transmits
through the portions of the lenses having the same shape. As a result, the optical encoder can be used to reduce
influence of the lens aberration and perform accurate measurement.
[0023] According to the present invention, it is preferable that the readhead has two light sources, two scale-side
lenses, and two apertures, and within the YZ plane perpendicular to the X reading direction of the scale markings, the
optical axes of each light source, each scale-side lens, and each aperture are axisymmetrical to one another with respect
to the Z optical axis of the light receiving element-side lens.
[0024] In this configuration, the light beams reflected by two scale markings can be received by a single light receiving
element. Therefore, for example, the optical encoder can be configured such that one set of scale markings is used for
detecting a movement amount of the scale and the readhead and another set of scale markings is used for detecting
the origins of the scale and the readhead, and light from both of these two sets of scale markings can be received by
the single light receiving element. As a result, it is possible to reduce the number of components in comparison with the
case where the optical encoder is configured to receive the light beams with two light receiving elements.
[0025] According to the present invention, it is preferable that the light source includes a light-emitting body that emits
light and a diffusion plate that is arranged in a later stage of an optical path of the light emitted from the light-emitting
body and diffuses the light emitted from the light-emitting body.
[0026] In this configuration, since the width of the light source can be substituted with the width of the diffusion plate,
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it is possible to more easily design the optical encoder.
[0027] According to the present invention, it is preferable that the light source includes a light-emitting body that emits
light and a light-emitting body lens arranged in a later stage of an optical path of the light emitted from the light-emitting
body, and the scale-side lens and the light-emitting body lens constitute a Kohler illumination.
[0028] In this configuration, since it is possible to reduce unevenness of the light emitted from the light source and
directed toward the scale through the scale-side lens, it is possible to perform accurate measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

Fig. 1 is a schematic diagram illustrating an optical encoder according to the first embodiment of the present invention.
Fig. 2 is a schematic diagram illustrating the optical encoder according to a first embodiment of the present invention
as seen in a direction perpendicular to scale markings.
Fig. 3 is a schematic diagram illustrating the optical encoder according to a second embodiment of the present
invention as seen in a reading direction of the scale markings.
Fig. 4 is a schematic diagram illustrating the optical encoder according to the first and second embodiments as seen
in a direction perpendicular to the scale markings.
Fig. 5 is a schematic diagram illustrating the optical encoder according to a third embodiment of the present invention
as seen in a reading direction of the scale markings.
Fig. 6 is a schematic diagram illustrating the optical encoder according to the first to third embodiments as seen in
a direction perpendicular to the scale markings.
Fig. 7 is a schematic diagram illustrating the optical encoder according to a fourth embodiment of the present
invention as seen in a reading direction of the scale markings.
Fig. 8 is a schematic diagram illustrating the optical encoder according to a fifth embodiment of the present invention
as seen in a reading direction of the scale markings.
Fig. 9 is a schematic diagram illustrating a light source of the optical encoder according to a sixth embodiment of
the present invention.
Fig. 10 is a schematic diagram illustrating a light source of the optical encoder according to a seventh embodiment
of the present invention.

DETAILED DESCRIPTION

First Embodiment

[0030] Hereinafter, a first embodiment of the present invention will be described with reference to the accompanying
drawings.
[0031] Fig. 1 is a schematic diagram illustrating an optical encoder 1 according to a first embodiment of the present
invention. In Fig. 1, the X axis denotes an axis normal to a paper plane, the Y axis denotes an axis extending in a
horizontal direction, and the Z axis denotes an axis extending in a vertical direction.
[0032] Referring to Figs. 1 and 2, the optical encoder 1 includes a scale 2 having latticed or striped scale markings
21 that can be read along the X-axis direction and a readhead 3 having a light source 31 which emits light to the scale
2, a scale-side lens 32 which transmits the light from the light source 31 to the scale 2, and a light receiving element 33
which is arranged in parallel with the scale 2 and receives the light that has been reflected by the scale 2 and has passed
through the scale-side lens 32 so that the position of the readhead 3 with respect to the scale 2 is measured based on
the light received by the light receiving element 33. That is, the scale-side lens 32 transmits the light reflected by the
scale 2 to the light receiving element 33.
[0033] The scale 2 is formed to have a rectangular plate shape, of which the longitudinal direction is aligned along
the X-axis direction, and the lateral direction is aligned along the Y-axis direction. Fig. 1 illustrates the optical encoder
1 as seen in the X-axis direction, that is, in a reading direction of the scale markings 21.
[0034] Fig. 2 is a schematic diagram illustrating the optical encoder 1 as seen in the Y-axis direction, that is, a direction
perpendicular to the reading direction of the scale markings 21. In the present description, the direction (the Y-axis
direction) perpendicular to a reading direction of the scale markings 21 may be referred to simply as the direction
perpendicular to the scale markings 21. As shown in Figs. 1 and 2, the light source 31 is arranged between the scale-
side lens 32 and the light receiving element 33, and the distance between the light source 31 and the scale-side lens
32 is set to be the focal distance fs of the scale-side lens 32.
[0035] The optical axis Lsrc of the light source 31 is matched with the optical axis Ls of the scale-side lens 32 in the
X reading direction of the scale markings 21 (refer to Fig. 2) and is separated from the optical axis Ls of the scale-side
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lens 32 by a predetermined distance D in the Y direction perpendicular to the scale markings 21 (refer to Fig. 1). Here,
the predetermined distance D is set to be equal to or larger than 1/2 of the width Wsrcy (numerical aperture) of the light
source 31 in the Y direction perpendicular to the scale markings 21.
[0036] Since the optical axis Lsrc of the light source 31 is separated from the optical axis Ls of the scale-side lens 32
by a predetermined distance D in the Y direction perpendicular to the scale markings 21, of the light emitted from the
light source 31, the light on the light source 31 side in the Y direction perpendicular to the scale markings 21 is transmitted
to the scale 2 through the light source 31 side of the scale-side lens 32 in the Y direction perpendicular to the scale
markings 21 as shown in Fig. 1. This light is reflected by the scale 2 and received by the light receiving element 33
through the opposite side of the scale-side lens 32, opposite to the light source 31 side, in the Y direction perpendicular
to the scale markings 21.
[0037] In Figs. 1 and 2, the optical path of the light received by the light receiving element 33 is denoted by the solid
line, and other optical paths of the light are omitted. In the following drawings, similar denotation will be used.
[0038] In addition, since the distance between the light source 31 and the scale-side lens 32 is set to be the focal
distance fs of the scale-side lens 32, the optical encoder 1 can be used to constitute an object (the scale 2) side telecentric
optical system in a reading direction of the scale markings 21 as shown in Fig. 2, so that it is possible to increase the
focal depth.
[0039] Specifically, the numerical aperture NA of the scale-side lens 32 can be expressed as the following equation (I): 

where Wsrcx denotes a width of the light source 31 in a reading direction of the scale markings 21, Ds (not shown)
denotes a distance from the scale markings 21 of the scale 2 to the scale-side lens 32, and Dp (not shown) denotes a
distance from the scale-side lens 32 to the light receiving element 33.
[0040] In addition, the focal depth DOF of the optical encoder 1 can be expressed as the following equation (2): 

where λ denotes a wavelength of the light emitted from the light source 31.
[0041] Therefore, it is possible to increase the focal depth DOF by reducing the width Wsrcx of the light source 31.
[0042] In the present embodiment, it is possible to obtain the following effects.

(1) In the optical encoder 1, since it is possible to separate the optical path of the light emitted from the light source
31 and directed toward the scale 2 and the optical path of the light reflected by the scale 2 and directed toward the
light receiving element 33 through the scale-side lens 32 without a half-mirror, it is possible to obtain a sufficient
light amount for the light receiving element 33.
(2) The scale 2 and the light receiving element 33 are arranged in parallel with each other, and a single scale-side
lens 32 is arranged between the scale 2 and the light receiving element 33. In addition, the light source 31 is arranged
between the scale-side lens 32 and the light receiving element 33. Therefore, it is possible to miniaturize the optical
encoder 1.
(3) Since the optical encoder 1 can be used to constitute an object (the scale 2) side telecentric optical system in a
reading direction of the scale markings 21, it is possible to increase the focal depth. Therefore, it is possible to
increase the allowable interval between the scale 2 and the readhead 3.
(4) Since the predetermined distance D between the optical axis Lsrc of the light source 31 and the optical axis Ls
of the scale-side lens 32 in the direction perpendicular to the scale markings 21 is set to be equal to or larger than
1/2 of the width Wsrcy of the light source 31 in the direction perpendicular to the scale markings 21, it is possible
to improve use efficiency of the light emitted from the light source 31.

Second Embodiment

[0043] Hereinafter, a second embodiment of the present invention will be described with reference to the accompanying
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drawings. In the following descriptions, like reference numerals denote like elements as in the aforementioned embod-
iment, and descriptions thereof will not be repeated.
[0044] Fig. 3 is a schematic diagram illustrating the optical encoder 1A as seen in a reading direction of the scale
markings 21 (X direction) according to the second embodiment of the present invention. Fig. 4 is a schematic diagram
illustrating the optical encoder 1A as seen in the Y direction perpendicular to the scale markings 21.
[0045] In the first embodiment, the optical encoder 1 includes the readhead 3 having the light source 31, the scale-
side lens 32, and the light receiving element 33. On the other hand, in the present embodiment, the readhead 3A of the
optical encoder 1A further includes an aperture 34 in addition to the light source 31, the scale-side lens 32, and the light
receiving element 33 as shown in Figs. 3 and 4.
[0046] The aperture 34 is provided to transmit the light that has been reflected by the scale 2 and has passed through
the scale-side lens 32. The distance between the aperture 34 and the scale-side lens 32 is set to be the focal distance
fs of the scale-side lens 32.
[0047] In addition, within the plane (i.e., the paper plane of Fig. 3) perpendicular to a reading direction of the scale
markings 21, the optical axis La of the aperture 34 and the optical axis Lsrc of the light source 31 are axisymmetrical to
each other with respect to the optical axis Ls of the scale-side lens 32. In other words, while the optical axis La of the
aperture 34 is matched with the optical axis Ls of the scale-side lens 32 in the X reading direction of the scale markings
21 (refer to Fig. 4), the optical axis La of the aperture 34 is separated from the optical axis Ls of the scale-side lens 32
by a predetermined distance D in the Y direction perpendicular to the scale markings 21 (refer to Fig. 3).
[0048] Here, the width Way of the aperture 34 in the Y direction perpendicular to the scale markings 21 (refer to Fig.
3) is set to be a value as shown in the following equation (3) such that only a positioning error of the light source 31 of
8 in the Y direction perpendicular to the scale markings 21 is allowable. 

[0049] In this setting, even when a positioning error of the light source 31 occurs in the Y direction perpendicular to
the scale markings 21, it is possible to limit the light emitted from the light source 31 using the aperture 34 if the positioning
error is equal to or smaller than δ. Therefore, it is possible to suppress variance in the performance of the optical system
of the optical encoder 1A due to a position deviation of the light source 31.
[0050] Since the distance between the aperture 34 and the scale-side lens 32 is set to be the focal distance fs of the
scale-side lens 32, the optical encoder 1A can be used to constitute an object (the scale 2) side telecentric optical system
in the X reading direction of the scale markings 21 as shown in Fig. 4. Therefore, it is possible to increase the focal depth.
[0051] Specifically, the numerical aperture NA of the scale-side lens 32 can be expressed as the following equation (4): 

where Wax denotes a width of the aperture 34 in the X reading direction of the scale markings 21, Ds (not shown)
denotes a distance from the scale markings 21 of the scale 2 to the scale-side lens 32, and Dp (not shown) denotes a
distance from the scale-side lens 32 to the light receiving element 33.
[0052] In addition, the focal depth DOF of the optical encoder 1A can be expressed as the following equation (5): 

where λ denotes a wavelength of the light emitted from the light source 31.
[0053] Therefore, it is possible to increase the focal depth DOF by reducing the width Wax of the aperture 34.
[0054] According to the present embodiment, in addition to the aforementioned functions and effects of the first em-
bodiment, it is possible to obtain the following functions and effects.
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(5) Since the optical encoder 1A has the aperture 34 that transmits the light that has been reflected by the scale 2
and has passed through the scale-side lens 32, it is possible to provide an optical system by designing the width or
position of the aperture 34, similarly to providing an optical system by designing the width or position of the light
source 31.
(6) Since designing or positioning the aperture 34 is relatively easier than designing or positioning the light source
31, it becomes easier to suppress variance in the performance of the optical system of the optical encoder 1A.

Third Embodiment

[0055] Fig. 5 is a schematic diagram illustrating an optical encoder 1B as seen in the X reading direction of the scale
markings 21 according to a third embodiment of the present invention. Fig. 6 is a schematic diagram illustrating the
optical encoder 1B as seen in the Y direction perpendicular to the scale markings 21.
[0056] In the second embodiment, the optical encoder 1A includes the readhead 3A having the light source 31, the
scale-side lens 32, the light receiving element 33, and the aperture 34. On the other hand, in the present embodiment,
the optical encoder 1B includes the readhead 3B having a light receiving element-side lens 35 in addition to the light
source 31, the scale-side lens 32, the light receiving element 33, and the aperture 34 as shown in Figs. 5 and 6.
[0057] The light receiving element-side lens 35 is arranged between the aperture 34 and the light receiving element
33. The distance between the aperture 34 and the light receiving element-side lens 35 is set to be the focal distance fp
of the light receiving element-side lens 35.
[0058] In addition, the optical axis Lp of the light receiving element-side lens 35 is matched with the optical axis Ls of
the scale-side lens 32.
[0059] According to the present embodiment, in addition to the aforementioned functions and effects of the second
embodiment, it is possible to obtain the following functions and effects.

(7) Since the optical encoder 1B can be used to constitute a bidirectional telecentric optical system in the X reading
direction of the scale markings 21, it is possible to increase the focal depth. Accordingly, it is also possible to increase
the allowable interval between the light receiving element 33 and the light receiving element-side lens 35.

Fourth Embodiment

[0060] Fig. 7 is a schematic diagram illustrating the optical encoder 1C according to a fourth embodiment of the present
invention as seen in the X reading direction of the scale markings 21.
[0061] In the third embodiment, the optical encoder 1B includes the readhead 3B, and the optical axis Lp of the light
receiving element-side lens 35 of the readhead 3B is matched with the optical axis Ls of the scale-side lens 32. On the
other hand, according to the present embodiment, as shown in Fig. 7, the optical encoder 1C includes a readhead 3C,
and the optical axis Lp of the light receiving element-side lens 35 of the readhead 3C is matched with the optical axis
Ls of the scale-side lens 32 in the X reading direction of the scale markings 21, while Lp is separated from the optical
axis Ls of the scale-side lens 32 by twice the predetermined distance D in the Y direction perpendicular to the scale
markings 21.
[0062] According to the present embodiment, in addition to the aforementioned functions and effects of the third
embodiment, it is possible to obtain the following functions and effects.

(8) In the Y direction perpendicular to the scale markings 21, both the optical axes Ls and Lp of the scale-side lens
32 and the light receiving element-side lens 35 are separated from the optical axis La of the aperture 34 by a
predetermined distance D on both sides. Therefore, the light passing through the aperture 34 transmits through the
portions of the scale-side lens 32 and the light receiving element-side lens 35 having the same shape. As a result,
the optical encoder 1C can be used to reduce influence of the lens aberration and perform accurate measurement.

Fifth Embodiment

[0063] Fig. 8 is a schematic diagram illustrating the optical encoder 1D according to a fifth embodiment of the present
invention as seen in the X reading direction of the scale markings 21.
[0064] In the fourth embodiment of Fig. 7, the optical encoder 1C includes the readhead 3C, and the readhead 3C
has a single light source 31, a single scale-side lens 32, and a single aperture 34. On the other hand, according to the
present embodiment, as shown in Fig. 8, the optical encoder 1D includes a readhead 3D, and the readhead 3D has two
light sources 31, two scale-side lenses 32, and two apertures 34. In addition, two apertures 34 are formed in a single
member.
[0065] In the fourth embodiment of Fig. 7, the optical encoder 1C includes the scale 2 having latticed or striped scale
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markings 21. On the other hand, according to the present embodiment, the scale 2D includes two sets of latticed or
striped scale markings 21.
[0066] Furthermore, according to the present invention, within a plane (paper plane of Fig. 8) perpendicular to the X
reading direction of the two sets of scale markings 21, the optical axes L src, Ls, and La of the light sources 31 the scale-
side lenses 32, and the apertures 34 are axisymmetrical to one another with respect to the optical axis Lp of the light
receiving element-side lens 35.
[0067] According to the present embodiment, in addition to the aforementioned functions and effects of the fourth
embodiment, it is possible to obtain the following functions and effects.

(9) In the optical encoder 1D, since the light beams reflected by two sets of scale markings 21 can be received by
a single light receiving element 33, it is possible to reduce the number of components in comparison with the case
where the optical encoder is configured to receive the light beams with two light receiving elements.

Sixth Embodiment

[0068] Fig. 9 is a schematic diagram illustrating the light source 31E of the optical encoder 1E according to a sixth
embodiment of the present invention.
[0069] In the aforementioned embodiments, each of the optical encoders 1 to 1D includes the light source 31. On the
other hand, according to the present embodiment, the optical encoder 1E includes a light source 31E, and the light
source 31E includes a light-emitting body 311 that emits light and a diffusion plate 312 that is arranged in a later stage
of the optical path of the emitted light from the light-emitting body 311 and diffuses the light emitted from the light-emitting
body 311 as shown in Fig. 9.
[0070] Although not shown in the drawings, a distance between a plane of the diffusion plate 312 on the scale-side
lens 32 side (on the lower side of Fig. 9) and the scale-side lens 32 is set to be the focal distance fs of the scale-side lens 32.
[0071] According to the present embodiment, in addition to the aforementioned functions and effects, it is possible to
obtain the following functions and effects.

(10) Since the width of the light source 31E can be substituted with the width of the diffusion plate 312, it is possible
to easily design the optical encoder 1E.

Seventh Embodiment

[0072] Fig. 10 is a schematic diagram illustrating a light source 31F of an optical encoder 1F according to a seventh
embodiment of the present invention.
[0073] In the first to fifth embodiments, the optical encoder 1 to 1D includes the light source 31. On the other hand,
according to the present embodiment, the optical encoder 1F includes the light source 31F as shown in Fig. 10, and the
light source 31F includes a light-emitting body 311 that emits light and a light-emitting body lens 313 arranged in a later
stage of the optical path of the light emitting from the light-emitting body 311 such that the scale-side lens 32 and the
light-emitting body lens 313 constitute a Kohler illumination.
[0074] According to the present embodiment, in addition to the aforementioned functions and effects, it is possible to
obtain the following functions and effects.

(11) Since it is possible to reduce unevenness of the light emitted from the light source 31F and directed toward the
scale 2 through the scale-side lens 32, it is possible to perform accurate measurement.

Modification of the Embodiments

[0075] The present invention is not limited to the aforementioned embodiments but may include various modifications
and variations within the scope of the invention.
[0076] For example, while, in each of the aforementioned embodiments, the predetermined distance D is set to be
equal to or larger than 1/2 of the width Wsrcy of the light source 31, 31E, or 31F in the Y direction perpendicular to the
scale markings 21, it may be set to other values.

Claims

1. An optical encoder comprising a scale, which has scale markings, and a readhead, which has a light source that
emits light to the scale and a light receiving element that is arranged in parallel with the scale to receive the light
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reflected by the scale, so that a position of the readhead with respect to the scale is measured based on the light
received by the light receiving element,
wherein the readhead has a scale-side lens that transmits the light emitted from the light source to the scale and
transmits the light reflected by the scale to the light receiving element,
wherein the light source is arranged between the scale-side lens and the light receiving element, and
wherein an optical axis of the light source is matched with an optical axis of the scale-side lens in a reading direction
of the scale markings and is separated from an optical axis of the scale-side lens by a predetermined distance in a
direction perpendicular to a reading direction of the scale markings.

2. The optical encoder according to claim 1, wherein the predetermined distance is set to be equal to or larger than
1/2 of a width of the light source in a direction perpendicular to a reading direction of the scale markings.

3. The optical encoder according to claim 1 or 2, wherein the readhead has an aperture for transmitting the light that
has been reflected by the scale and has passed through the scale-side lens.

4. The optical encoder according to claim 3, wherein within a plane perpendicular to a reading direction of the scale
markings, an optical axis of the aperture and an optical axis of the light source are axisymmetrical to each other
with respect to an optical axis of the scale-side lens.

5. The optical encoder of claim 3 or claim 4, wherein a distance between the aperture and the scale-side lens is set
to be a focal distance of the scale-side lens.

6. The optical encoder according to any of claims 3 to 5, wherein the readhead has a light receiving element-side lens
arranged between the aperture and the light receiving element.

7. The optical encoder according to claim 6, wherein a distance between the aperture and the light receiving element-
side lens is set to be a focal distance of the light receiving element-side lens.

8. The optical encoder according to claim 6 or claim 7, wherein an optical axis of the light receiving element-side lens
is matched with an optical axis of the scale-side lens in a reading direction of the scale markings.

9. The optical encoder according to claim 8, wherein the optical axis of the light receiving element-side lens is separated
from the optical axis of the scale-side lens in a direction perpendicular to a reading direction of the scale markings.

10. The optical encoder according to claim 9, wherein the optical axis of the light receiving element-side lens is separated
from the optical axis of the scale-side lens by twice the predetermined distance in a direction perpendicular to a
reading direction of the scale markings.

11. The optical encoder according to any of claims 6 to 10,
wherein the readhead has two light sources, two scale-side lenses, and two apertures, and
within a plane perpendicular to a reading direction of the scale markings, the optical axes of the two light sources,
the two scale-side lenses, and the two apertures, respectively, are axisymmetrical to one another with respect to
an optical axis of the light receiving element-side lens.

12. The optical encoder according to any of claims 6 to 11,
wherein the readhead has a first set of a light source, a scale-side lens, and an aperture, and a second set of a light
source, a scale-side lens, and an aperture, and
within a plane perpendicular to a reading direction of the scale markings, the second set is offset from the first set
in a direction perpendicular to a reading direction of the scale markings.

13. The optical encoder according to any of the preceding claims, wherein the light source includes a light-emitting body
that emits light and a diffusion plate that is arranged in a later stage of an optical path of the light emitted from the
light-emitting body and diffuses the light emitted from the light-emitting body.

14. The optical encoder according to any of claims 1 to 12, wherein the light source includes a light-emitting body that
emits light and a light-emitting body lens arranged in a later stage of an optical path of the light emitted from the
light-emitting body, and
the scale-side lens and the light-emitting body lens constitute a Kohler illumination.
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15. The optical encoder according to any of the preceding claims, wherein a distance between the light source and the
scale-side lens is set to be a focal distance of the scale-side lens.
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