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(57)  An optical device (10) of the present invention
includes a movable reflection body (210), a first light-
emitting element (300) attached to the movable reflection
body (210), an aperture (112) through which at least a
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portion of light (L) emitted from the first light-emitting
element (300) passes, and a first light-receiving element
(400) that receives passing light (PL) having passed
through the aperture (112).

}102,1 10
\

}400

416,418

412,414

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 455 758 A1 2

Description
TECHNICAL FIELD

[0001] The present invention relates to an optical de-
vice and a sensor device.

BACKGROUND ART

[0002] Inrecentyears, various optical devices such as
light detection and ranging (LIDAR) have been devel-
oped. The optical device may have a micro-electro me-
chanical system (MEMS) mirror that reflects light emitted
from a light-emitting element such as a laser diode (LD) .
For example, as described in Patent Document 1, the
MEMS mirror may be provided with a piezo-resistance
element that detects a swing of the MEMS mirror.

RELATED DOCUMENT
PATENT DOCUMENT

[0003] [Patent Document 1] Japanese Unexamined
Patent Publication No. 2014-56211

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM

[0004] The present inventors have studied to attach a
light-emitting element to a movable reflection body in-
stead of a piezo-resistance element or in addition to the
piezo-resistance element in order to detect a swing of a
movable reflection body such as a MEMS mirror. In this
optical device, the swing of the movable reflection body is
detected by allowing a light-receiving element such as a
four-segment photodiode (PD) to receive light emitted
from a light-emitting element. However, in this optical
device, the light-receiving element may be irradiated with
light different from the light emitted from the light-emitting
element, such as external light. Therefore, there is room
forimprovement in the accuracy of detection of the swing
of the movable reflection body.

[0005] One example of problems to be solved by the
presentinvention may be to accurately detecta swingofa
movable reflection body.

SOLUTION TO PROBLEM

[0006] The invention as described in Claim 1 is an
optical device including:

a movable reflection body,

afirst light-emitting element attached to the movable
reflection body,

an aperture through which at least a portion of light
emitted from the first light-emitting element passes,
and
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a first light-receiving element that receives the light
having passed through the aperture.

[0007] The invention as described in Claim 6 is a
sensor device including:

the optical device,

a second light-emitting element,

a second light-receiving element that receives light
emitted from the second light-emitting element, re-
flected by the movable reflection body, and reflected
or scattered by an object present outside the optical
device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Fig. 1 is a perspective view of an optical device
according to an embodiment.

Fig. 2 is an exploded perspective view of the optical
device according to the embodiment.

Fig. 3 is a cross-sectional view taken along line A-A
of Fig. 1.

Fig. 4 is a cross-sectional view taken along line B-B
of Fig. 1.

Fig. 5 is a cross-sectional view taken along line C-C
in Fig. 1.

Fig. 6 is a view for describing an example of an
operation of the optical device according to the em-
bodiment.

Fig. 7 is a view for describing an example of the
operation of the optical device according to the em-
bodiment.

Fig. 8 is a view showing a configuration of a sensor
device according to Examples.

DESCRIPTION OF EMBODIMENTS

[0009] Hereinafter, embodiments and Examples of the
present invention will be described with reference to the
drawings. In all drawings, the same constituent compo-
nents are denoted by the same reference signs, and
detailed explanation thereof will not be repeated.
[0010] Fig. 1is a perspective view of an optical device
10 according to an embodiment. Fig. 2 is an exploded
perspective view of the optical device 10 according to the
embodiment. Fig. 3 is a cross-sectional view taken along
line A-A of Fig. 1. Fig. 4 is a cross-sectional view taken
along line B-B of Fig. 1. Fig. 5 is a cross-sectional view
taken along line C-C in Fig. 1.

[0011] InFigs. 1t05, anarrowindicating afirstdirection
X, aseconddirectionY, or a third direction Z indicates that
adirection from a proximal end toward a distal end of the
arrow is a positive direction in the direction indicated by
the arrow, and that a direction from the distal end toward
the proximal end of the arrow is a negative directionin the
direction indicated by the arrow. In Fig. 5, an X-marked
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circle indicating the third direction Z indicates that a
direction from the foreground to the background of a
paper plane is a positive direction in the third direction
Z and that a direction from the background to the fore-
ground of the paper plane is a negative direction in the
third direction Z. The first direction X, the second direction
Y, and the third direction Z are orthogonal to each other.
[0012] As shown in Figs. 1 to 4, the optical device 10
includes a housing body 100, an optical scanning device
200, a first light-emitting element 300, a first light-receiv-
ing element 400, a flexible substrate 500, a first magnetic
circuit610, a second magnetic circuit 620, and a heat sink
630. As shownin Figs. 1 to 4, the housing body 100 has a
base 102 and a lid 104. As shown in Figs. 1 to 5, the
optical scanning device 200 includes a movable reflec-
tion body 210, a first frame body 220, a pair of first torsion
bars 230, a second frame body 240, a pair of second
torsion bars 250, a first terminal 262, and a second
terminal 264. The pair of first torsion bars 230 include
afirstmetal bar 232 and a second metal bar 234. The pair
of second torsion bars 250 includes a third metal bar 252
and a fourth metal bar 254.

[0013] In Figs. 1 to 5, the positive direction in the first
direction X is a direction from a side where the second
metal bar 234 is positioned toward a side where the first
metal bar 232 is positioned. The negative direction in the
first direction X is a direction from the side where the first
metal bar 232 is positioned toward the side where the
second metal bar 234 is positioned. The positive direction
in the second direction Y is a direction from a side where
the fourth metal bar 254 is positioned toward a side where
the third metal bar 252 is positioned. The negative direc-
tion in the second direction Y is a direction from the side
where the third metal bar 252 is positioned toward the
side where the fourth metal bar 254 is positioned. The
positive direction in the third direction Z is a direction from
a side where the base 102 is positioned toward a side
where the lid 104 is positioned. The negative direction in
the third direction Z is a direction from the side where the
lid 104 is positioned toward the side where the base 102is
positioned.

[0014] The housing body 100 houses the optical scan-
ning device 200, the first light-emitting element 300, the
first light-receiving element 400, at least a portion of the
flexible substrate 500, the first magnetic circuit 610, the
second magnetic circuit 620, and the heat sink 630. The
lid 104 is attached onto a surface of the base 102 on the
positive direction side in the third direction Z.

[0015] As shown in Figs. 1, 3, and 4, in the optical
scanning device 200, at least a portion of the movable
reflection body 210, at least a portion of the first frame
body 220, and at least a portion of the pair of first torsion
bars 230 are mounted on a surface side of the base 102in
the positive direction in the third direction Z in a state of
being exposed from the opening 150 of the lid 104. In
addition, at least a portion of the second frame body 240
and at least a portion of the pair of second torsion bars
250 are covered with the lid 104, as viewed from the
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positive direction in the third direction Z. Therefore, it is
possible to make it difficult for the first light-receiving
element 400 to be irradiated with external light, as com-
pared with a case where at least a portion of the second
frame body 240 and at least a portion of the pair of second
torsion bars 250 are exposed from the lid 104, as viewed
from the third direction Z. In addition, the reflected light
from the second torsion bar 250 can be suppressed from
returning to the light-receiving element for distance mea-
surement, provided outside the optical scanning device
200, evenin a case where a metal portion with a relatively
high reflectance of the second torsion bar 250 is irra-
diated with diffusely reflected light from the outside of the
optical scanning device 200 inside the housing body 100,
as compared with a case where at least a portion of the
pair of second torsion bars 250 is exposed from the lid
104.

[0016] As shown in Figs. 3 and 4, the movable reflec-
tion body 210 has a movable support table 212 and a
reflection body 214. As shown in Fig. 5, the movable
support table 212 includes a first metal body 212a, a
second metal body 212b, and aresin part212c. Atleasta
portion of the first metal body 212a is positioned on the
positive direction side in the first direction X with respect
to at least a portion of the second metal body 212b. At
least a portion of the second metal body 212b is posi-
tioned on the negative direction side in the first direction X
with respect to at least a portion of the first metal body
212a. The resin part 212c covers at least a portion of a
surface of the first metal body 212a on the positive
direction side in the third direction Z and at least a portion
of a surface of the second metal body 212b on the positive
direction side in the third direction Z. The reflection body
214 is positioned on a surface side of the resin part 212¢
in the positive direction in the third direction Z. The sur-
face of the reflection body 214 on the positive direction
side in the third direction Z is a reflection surface that
reflects light from the outside of the optical scanning
device 200, such as distance measurement light. The
reflection body 214 is swingable together with the mo-
vable support table 212.

[0017] As shown in Fig. 5, the first frame body 220
includes afirstmetal frame body 222 and afirst resin body
224. The first metal frame body 222 is positioned in at
least a portion of a region surrounding the movable
reflection body 210 and the pair of first torsion bars
230, as viewed from the third direction Z. Atleast a portion
ofthe first metal frame body 222 is sealed by the first resin
body 224. In a case where the first resin body 224 is
provided, an unnecessary vibration of the first frame body
220 can be suppressed, as compared to a case where the
first resin body 224 is not provided.

[0018] The first metal bar 232 connects the movable
reflection body 210 and the first frame body 220. In
addition, the first metal bar 232 extends parallel to the
first direction X. Specifically, as shown in Fig. 5, an end of
the first metal bar 232 on the negative direction side in the
first direction X is connected to the first metal body 212a.
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An end of the first metal bar 232 on the positive direction
sidein the first direction X is connected to an inner edge of
the end of the first metal frame body 222 on the positive
direction side in the first direction X.

[0019] The second metal bar 234 connects the mova-
ble reflection body 210 and the first frame body 220. In
addition, the second metal bar 234 extends parallel to the
first direction X. Specifically, as shown in Fig. 5, an end of
the second metal bar 234 on the positive direction side in
the first direction X is connected to the second metal body
212b. An end of the second metal bar 234 on the negative
direction side in the first direction X is connected to an
inner edge of the end of the first metal frame body 222 on
the negative direction side in the first direction X.
[0020] As shownin Figs. 2, 3, and 4, a first permanent
magnet 216 is provided on a surface side of the movable
reflection body 210 in the negative direction in the third
direction Z. Inthe examples shownin Figs. 2, 3, and 4, the
first permanent magnet 216 is positioned on the negative
direction side in the first direction X with respect to the
center of the movable reflection body 210 in the first
direction X. The movable reflection body 210 swings with
respect to the first frame body 220 using the pair of first
torsion bars 230 as a rotation axis by allowing the first
permanent magnet 216 to receive a magnetic flux gen-
erated from the first magnetic circuit 610.

[0021] Specifically, as shown in Figs. 2, 3, and 4, the
first magnetic circuit 610 includes a first coil 612, a first
yoke 614, and a pair of second yokes 616. The first coil
612 is wound around the first yoke 614. As shown in Figs.
3 and 4, the first yoke 614 extends parallel to the second
direction Y in the space on the negative direction side in
the third direction Z with respect to the first light-emitting
element 300 and the flexible substrate 500. Each of the
pair of second yokes 616 is connected to each of an end
of the first yoke 614 on the positive direction side in the
second direction Y and an end of the first yoke 614 on the
negative direction side in the second direction Y. As
shown in Fig. 4, each tip of the pair of second yokes
616 faces each other through a space positioned on the
negative direction side in the third direction Z with respect
to the movable reflection body 210. By allowing an alter-
nating current to flow through the first coil 612, an alter-
nating current magnetic field is generated from each tip of
the pair of second yokes 616. The movable reflection
body 210 swings with respect to the first frame body 220
using the pair of first torsion bars 230 as a rotation axis by
allowing the first permanent magnet 216 to receive the
alternating current magnetic field.

[0022] As shown in Fig. 5, the second frame body 240
includes a second metal frame body 242 and a second
resin body 244. The second metal frame body 242 is
positioned in atleast a portion of a region surrounding the
first frame body 220 and the pair of second torsion bars
250, as viewed from the third direction Z. Atleast a portion
of the second metal frame body 242 is sealed by the
second resin body 244. In a case where the second resin
body 244 is provided, an unnecessary vibration of the
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second frame body 240 can be suppressed, as com-
pared to a case where the second resin body 244 is not
provided.

[0023] The third metal bar 252 connects the first frame
body 220 and the second frame body 240. In addition, the
third metal bar 252 extends parallel to the second direc-
tion Y. Specifically, as shown in Fig. 5, an end of the third
metal bar 252 on the negative direction side in the second
direction Y is connected to the part of the outer edge of the
first metal frame body 222 that corresponds to the posi-
tive side of the second direction Y and the center of the
first direction X. An end of the third metal bar 252 on the
positive direction side in the second direction Y is con-
nected to the part of the inner edge of the second metal
frame body 242 that corresponds to the positive side of
the second direction Y and the center of the first direction
X.

[0024] The fourth metal bar 254 connects the first
frame body 220 and the second frame body 240. In
addition, the fourth metal bar 254 extends parallel to
the second direction Y. Specifically, as shown in Fig. 5,
an end of the fourth metal bar 254 on the positive direction
side in the second direction Y connected to the part of the
outer edge of the first metal frame body 222 that corre-
sponds to the negative side of the second direction Y and
the center of the first direction X. An end of the fourth
metal bar 254 on the negative direction side in the second
direction Y is connected to the part of the inner edge of the
second metal frame body 242 that corresponds to the
negative side of the second direction Y and the center of
the first direction X.

[0025] As shown in Figs. 2 and 3, each of the pair of
second permanent magnets 226 is provided at each of
both ends of the first frame body 220 in the first direction
X. In the examples shown in Figs. 2 and 3, each of the
second permanent magnets 226 is provided on a surface
side of the first frame body 220 in the negative directionin
the third direction Z. The first frame body 220 swings with
respect to the second frame body 240 using the pair of
second torsion bars 250 as a rotation axis by allowing
each of the pair of second permanent magnets 226 to
receive a magnetic flux generated from the second mag-
netic circuit 620. Thus, the movable reflection body 210 is
integrated with the first frame body 220 and the pair of first
torsion bars 230 to swing with respect to the second
frame body 240 using the second torsion bar 250 as a
rotation axis.

[0026] Specifically, as shown in Fig. 2, the second
magnetic circuit 620 includes one pair of second coils
622 positioned on the positive direction side in the first
direction X and the other pair of second coils 622 posi-
tioned on the negative direction side in the first direction
X. The pair of second coils 622 positioned on the positive
direction side in the first direction X face each other
through the end part of the first frame body 220 on the
positive direction side in the first direction X. By allowing
an alternating current to flow through the pair of second
coils 622, an alternating current magnetic field is gener-
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ated from the pair of second coils 622. In addition, the
other pair of second coils 622 positioned on the negative
direction side in the first direction X face each other
through the end part of the movable reflection body
210 on the negative direction side in the first direction
X. By allowing an alternating current to flow through the
pair of second coils 622, an alternating current magnetic
field is generated from the other pair of second coils 622.
The first frame body 220 swings with respect to the
second frame body 240 using the pair of second frame
bodies 240 as a rotation axis by allowing the second
permanent magnet 226 provided at each of both ends
of thefirst frame body 220 in the first direction X to receive
the alternating magnetic field. Thus, the movable reflec-
tion body 210 is integrated with the first frame body 220
and the pair of first torsion bars 230 to swing with respect
to the second frame body 240 using the second torsion
bar 250 as a rotation axis.

[0027] In an embodiment, at least a portion of each of
the four second coils 622 is covered with the lid 104, as
viewed from the positive direction in the third direction Z.
Accordingly, the reflected light from the second coil 622
can be suppressed from returning to the light-receiving
element for distance measurement, provided outside the
optical scanning device 200, even in a case where a
metal portion with a relatively high reflectance of the
second coil 622 is irradiated with diffusely reflected light
from the outside of the optical scanning device 200 inside
the housing body 100, as compared with a case where at
least a portion of each second coil 622 is exposed from
the lid 104. In addition, the lid 104 covers a metal portion
with a relatively high reflectance, such as a wiring that
connects the flexible substrate 500 and the first coil 612, a
soldering portion between the wiring and the flexible
substrate 500, a wiring that connects the flexible sub-
strate 500 and the second coil 622, and a soldering
portion between the wiring and the flexible substrate
500, as viewed from the positive direction in the third
direction Z. Accordingly, the reflected light from the metal
portion can be suppressed from returning to the light-
receiving element for distance measurement, provided
outside the optical scanning device 200, even in a case
where the metal portion is irradiated with the diffusely
reflected light, as compared with a case where the metal
portion is not covered with the lid 104.

[0028] Furthermore, heat generated from the second
magnetic circuit 620 is transferred to the heat sink 630
through a heat transfer agent which is not shown in the
drawing. Thus, the heat generated from the second
magnetic circuit 620 can be released to the outside of
the optical device 10.

[0029] The first terminal 262 and the second terminal
264 are connected to the second metal frame body 242.
Specifically, as shown in Fig. 5, the first terminal 262 is
connected to the part of the outer edge of the second
metal frame body 242 that corresponds to the positive
side of the second direction Y and the center of the first
direction X. The second terminal 264 is connected to the
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part of the outer edge of the second metal frame body 242
that corresponds to the positive side of the second direc-
tion Y and the part shifted to the positive direction side in
the second direction Y from center of the first direction X.
It should be noted that a position where the first terminal
262 and the second terminal 264 are provided is not
limited to this example. In an embodiment, the first term-
inal 262 and the second terminal 264 are pressed against
the flexible substrate 500 by the lid 104. Accordingly, itis
easier to ensure continuity between the first terminal 262
and the flexible substrate 500, and a conduction between
the second terminal 264 and the flexible substrate 500, as
compared with a case where the first terminal 262 and the
second terminal 264 are not pressed against the flexible
substrate 500 by the lid 104.

[0030] The first light-emitting element 300 is, for ex-
ample, a light-emitting diode (LED). The first light-emit-
ting element 300 is attached onto the negative direction
side in the third direction Z of the movable support table
212. Accordingly, the first light-emitting element 300 is
swingable together with the movable reflection body 210.
[0031] One of the anode and the cathode of the first
light-emitting element 300 is electrically connected to the
first metal body 212a. The other of the anode and the
cathode of the first light-emitting element 300 is electri-
cally connected to the second metal body 212b. In an
embodiment, the drive current of the first light-emitting
element 300 can flow between the first terminal 262 and
the second terminal 264.

[0032] Specifically, as shown in Fig. 5, the first metal
frame body 222 is provided with two first split parts 222a.
One of the two first split parts 222a is provided between a
connection part between the first metal frame body 222
and the first metal bar 232, and a connection part be-
tween the first metal frame body 222 and the fourth metal
bar 254. The other of the two first split parts 222a is
provided between a connection part between the first
metal frame body 222 and the second metal bar 234, and
a connection part between the first metal frame body 222
and the third metal bar 252. Thus, an occurrence of a
short circuit between the first metal body 212a and the
second metal body 212b through the first metal frame
body 222 is prevented. In addition, an occurrence of a
short circuit between the third metal bar 252 and the
fourth metal bar 254 through the first metal frame body
222 is prevented.

[0033] Inaddition, as showninFig. 5, the second metal
frame body 242 includes a second split part 242a on the
positive direction side in the second direction Y of the
second metal frame body 242, and another second split
part 242a on the negative direction side in the second
direction Y of the second metal frame body 242. The
second split part 242a on the positive direction side in the
second direction Y of the second metal frame body 242 is
provided in a portion of the second metal frame body 242
which is corresponds to the positive side of the second
direction Y and the part shifted to the negative direction
side in the first direction X from the center part in the first
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direction X. In the example shown in Fig. 5, the second
split part 242a on the positive direction side in the second
direction Y of the second metal frame body 242 is posi-
tioned between a connection part between the second
metal frame body 242 and the first terminal 262, and a
connection part between the second metal frame body
242 and the second terminal 264. The other second split
part 242a on the negative direction side in the second
direction Y of the second metal frame body 242 is pro-
vided in a portion of the second metal frame body 242
which is corresponds to the negative side of the second
direction Y and the part shifted to the positive direction
side in the first direction X from the center part in the first
direction X. These two second split parts 242a preventan
occurrence of a short circuit between the first terminal
262 and the second terminal 264 through the second
metal frame body 242.

[0034] In an embodiment, the drive current of the first
light-emitting element 300 can flow from the first terminal
262 to the second terminal 264, through the third metal
bar 252, aportion between a connection partbetween the
first metal frame body 222 and the third metal bar 252,
and a connection part between the first metal frame body
222 and the first metal bar 232 in the first metal frame
body 222; a portion between a connection part between
the first metal frame body 222 and the second metal bar
234, and a connection part between the first metal frame
body 222 and the fourth metal bar 254 in the first metal bar
232, the first metal body 212a, the first light-emitting
element 300, the second metal body 212b, the second
metal bar 234, and the first metal frame body 222; and a
portion between a connection part between the second
metal frame body 242 and the fourth metal bar 254, and a
connection part between the second metal frame body
242 and the second terminal 264 in the fourth metal bar
254 and the fourth metal frame body 242. In this example,
the drive current flows from the first terminal 262 to the
second terminal 264. However, the drive current may flow
from the second terminal 264 to the first terminal 262.
[0035] As shown in Figs. 3 and 4, the first light-receiv-
ing element 400 is positioned on the negative direction
side in the third direction Z with respect to the first light-
emitting element 300. At least a portion of the light-
shielding body 110 of the base 102 is positioned between
the first light-emitting element 300 and the first light-
receiving element 400 in the third direction Z. The
light-shielding body 110 defines an aperture 112. At least
a portion of light emitted from the first light-emitting ele-
ment 300 passes through the aperture 112. The firstlight-
receiving element 400 receives light having passed
through the aperture 112.

[0036] In the examples shown in Figs. 3 and 4, the
aperture 112 includes a narrow hole 114 and a wide hole
116. The narrow hole 114 penetrates a surface of the
light-shielding body 110 on the positive direction side in
the third direction Z. The inner surface of the narrow hole
114 is substantially parallel to the third direction Z. Thus,
the opening area of the narrow hole 114, which is per-
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pendicular to the third direction Z, is constant regardless
of the position in the third direction Z. The wide hole 116
penetrates a surface of the light-shielding body 110 on
the negative direction side in the third direction Z. An end
of the wide hole 116 on the positive direction side in the
third direction Z communicates with an end of the narrow
hole 114 on the negative direction side in the third direc-
tion Z. The opening area of the wide hole 116, which is
perpendicular to the third direction Z, is larger than the
opening area of the narrow hole 114, which is perpendi-
cular to the third direction Z. Specifically, in the examples
shown in Figs. 3 and 4, the inner surface of the wide hole
116 is a surface inclined with respect to the third direction
Z. Thus, the opening area of the wide hole 116, which is
perpendicular to the third direction Z, increases from the
positive direction to the negative direction in the third
direction Z. It should be noted that the shape of the
aperture 112 is not limited to the examples shown in Figs.
3 and 4. For example, the inner surface of the wide hole
116 may be substantially parallel to the third direction Z. In
this case, the opening area of the wide hole 116, which is
perpendicular to the third direction Z, is constant regard-
less of the position in the third direction Z.

[0037] The first light-receiving element 400 is, for ex-
ample, a four-segment PD (photodiode). As shown in
Figs. 2, 3, and 4, a surface of the first light-receiving
element 400 on the positive direction side in the third
direction Z has a light-receiving area 410. The light-
receiving area 410 includes a first light-receiving area
412, a second light-receiving area 414, a third light-
receiving area 416, and a fourth light-receiving area
418. The first light-receiving area 412, the second
light-receiving area 414, the third light-receiving area
416, and the fourth light-receiving area 418 are segmen-
ted from each other. Specifically, the first light-receiving
area 412 is positioned on the positive direction side in the
first direction X and on the positive direction side in the
second direction Y with respect to the center of the light-
receiving area 410 in the first direction X and the second
direction Y. The second light-receiving area 414 is posi-
tioned on the negative direction side in the first direction X
and on the positive direction side in the second direction
Y with respect to the center of the light-receiving area 410
in the first direction X and the second direction Y. The third
light-receiving area 416 is positioned on the negative
direction side in the first direction X and on the negative
direction side in the second direction Y with respect to the
center of the light-receiving area 410 in the first direction
X and the second direction Y. The fourth light-receiving
area 418 is positioned on the positive direction side in the
first direction X and the negative direction side in the
second direction Y with respect to the center of the light-
receiving area 410 in the first direction X and the second
direction Y.

[0038] The flexible substrate 500 is, for example, a
flexible printed circuit (FPC). The flexible substrate 500
is electrically connected to the first light-receiving ele-
ment 400. The flexible substrate 500 is provided to
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transmit a signal generated in the first light-receiving
element 400 by allowing the first light-receiving element
400 to receive light. The flexible substrate 500 is pulled
out from the housing body 100 toward the negative
direction side in the second direction Y.

[0039] Figs. 6 and 7 are each a view for describing an
example of an operation of the optical device 10 accord-
ing to an embodiment. In Figs. 6 and 7, a white circle with
a black dot indicating the first direction X shows that a
direction from a back side toward a front side of a paper
surface is the positive direction in the first direction X and
a direction from the front side toward the back side of the
paper surface is the negative direction in the first direction
X.Inaddition, in Figs. 6 and 7, only the reflection body 214
out of the movable support table 212 and the reflection
body 214 of the movable reflection body 210 is shown for
the sake of description.

[0040] In Figs. 6 and 7, the first reference line R1, the
second reference line R2, and the center line C are
virtually shown for the sake of description. The first
reference line R1 passes through the center of the swing
of the movable reflection body 210 around the pair of first
torsion bars 230 in parallel with the third direction Z, as
viewed from the positive direction in the first direction X.
The second reference line R2 passes through the center
of the swing of the movable reflection body 210 around
the pair of first torsion bars 230 in parallel with the second
direction Y, as viewed from the positive direction in the
first direction X. The center line C passes through the
center of the movable reflection body 210 in the direction
perpendicular to a surface of the reflection body 214 on
the positive direction side in the third direction Z, as
viewed from the positive direction in the first direction X.
[0041] Inthe examples shown in Figs. 6 and 7, the first
reference line R1 passes through the center of the aper-
ture 112 in the first direction X and the second direction Y
and the center of the light-receiving area 410 in the first
direction X and the second direction Y. In addition, in the
examples shown in Figs. 6 and 7, a light-emitting point at
which light L is emitted from the first light-emitting ele-
ment 300, as viewed from the positive direction in the first
direction X, is shifted to a side where the first light-emit-
ting element 300 is positioned along the center line C with
respect to the center of a swing of the movable reflection
body 210 around the pair of first torsion bars 230.
[0042] The state shown in Fig. 6 will be described. In
the state shown in Fig. 6, a swing angle of the movable
reflection body 210 around the pair of first torsion bars
230is 0°, as viewed from the positive direction in the first
direction X. Therefore, the center line C overlaps with the
first reference line R1 in the first direction X, as viewed
from the positive direction in the first direction X.

[0043] The light L spreads toward the periphery of a
center line C as a distance from the light-emitting point of
the first light-emitting element 300 is increased. The
portion irradiated with the light L toward the narrow hole
114 passes through the narrow hole 114 in a direction
parallel to the center line C as the passing light PL. On the
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contrary, the portion irradiated with the light L toward the
periphery of the narrow hole 114 is shielded by a periph-
eral portion of the narrow hole 114 on a surface of the
light-shielding body 110 on the positive direction side in
the third direction Z.

[0044] The passinglight PL passes through the narrow
hole 114 and then through the wide hole 116. The passing
light PL spreads away from the light-emitting point of the
first light-emitting element 300. On the other hand, the
opening area of the wide hole 116, which is perpendicular
to the third direction Z, is larger than the opening area of
the narrow hole 114, which is perpendicular to the third
direction Z. Therefore, the passing light PL can pass
through the wide hole 116 without being shielded by
the inner surface of the wide hole 116. The passing light
PL passes through the wide hole 116, and then the center
of the light-receiving area 410 in the first direction X and
the second direction Y, and a periphery of the center are
irradiated with the passing light PL.

[0045] The state shown in Fig. 7 will be described. In
the state shown in Fig. 7, the movable reflection body 210
is in a state of rotating counterclockwise around the pair
of first torsion bars 230 with respect to a state where a
swing angle around the pair of first torsion bars 230 is 0°,
as viewed from the positive direction in the first direction
X. Thus, the center line C is in a state of rotating counter-
clockwise with respect to the first reference line R1, as
viewed from the positive direction in the first direction X.
[0046] The light L spreads toward the periphery of a
center line C as a distance from the light-emitting point of
the first light-emitting element 300 is increased. The
portion irradiated with the light L toward the narrow hole
114 passes through the narrow hole 114 in a direction
inclined with respect to the first reference line R1, as the
passing light PL. Specifically, the passing light PL is
inclined to a side opposite to the side on which the center
line Cisinclined with respect to the first reference line R1.
On the contrary, the portion irradiated with the light L
toward the periphery of the narrow hole 114 is shielded by
a peripheral portion of the narrow hole 114 on a surface of
the light-shielding body 110 on the positive direction side
in the third direction Z.

[0047] The passinglight PL passes through the narrow
hole 114 and then through the wide hole 116. The passing
light PL spreads away from the light-emitting point of the
first light-emitting element 300. On the other hand, the
opening area of the wide hole 116, which is perpendicular
to the third direction Z, is larger than the opening area of
the narrow hole 114, which is perpendicular to the third
direction Z. Therefore, the passing light PL can pass
through the wide hole 116 without being shielded by
the inner surface of the wide hole 116. The passing light
PL passes through the wide hole 116, and then, a position
shifted to the negative direction side in the second direc-
tion 'Y with respect to the center of the light-receiving area
410 in the first direction X and the second direction Y, and
a periphery of the position are irradiated with the passing
light PL.
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[0048] From the examples shownin Figs.6and7,ina
case where a part of the light L passes through the
aperture 112, a spot generated in the light-receiving area
410 by the passing light PL moves to a side opposite to
the side where the center line Cis inclined with respect to
the firstreference line R1. For example, as shown in Figs.
6 and 7, in a case where the movable reflection body 210
swings around the pair of first torsion bars 230, a spot
generated in the light-receiving area 410 by the passing
light PL moves to a side opposite to the side where the
center line C is inclined with respect to the first reference
line R1 in the second direction Y. In addition, in a case
where the movable reflection body 210 swings around
the pair of second torsion bars 250, a spot generated in
the light-receiving area410 by the passing light PL moves
to a side opposite to the side where the center line C is
inclined with respect to the first reference line R1 in the
first direction X.

[0049] In an embodiment, the swing of the movable
reflection body 210 can be detected in accordance with a
ratio of the intensity of a signal generated in each of the
first light-receiving area 412, the second light-receiving
area 414, the third light-receiving area 416, and the fourth
light-receiving area 418 by the light L. Specifically, the
swing angle of the movable reflection body 210 around
the pair of second torsion bars 250 is estimated by a first
tilt error rate RX represented by Expression (1). In addi-
tion, the swing angle of the movable reflection body 210
around the pair of first torsion bars 230 is estimated by a
second tilt error rate RY represented by Expression (2).

RX = EX/(A + B+ C + D) (1)

RY = EY/(A + B + C + D) (2)

EX = (A + D) - (B + C) (3)

EY = (A + B) - (C + D) (4)
[0050] It should be noted that the first tilt error amount

EX is a tilt error amount of the swing of the movable
reflection body 210 around the pair of second torsion bars
250. The second tilt erroramount EY is a tilt error amount
of the swing of the movable reflection body 210 around
the pair of first torsion bars 230. A, B, C,and D are each an
intensity of a signal generated in each of the first light-
receiving area 412, the second light-receiving area 414,
the third light-receiving area 416, and the fourth light-
receiving area 418 by the passing light PL. The intensities
A, B, C,and D are increased as the spot of light with which
each of the first light-receiving area 412, the second light-
receiving area 414, the third light-receiving area 416, and
the fourth light-receiving area 418 is irradiated is larger.
[0051] A group of the first light-receiving area 412 and
the fourth light-receiving area 418, and a group of the
second light-receiving area 414 and the third light-receiv-
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ing area 416 are segmented in a moving direction of a
spot generated in the light-receiving area 410 by the
passing light PL in a case where the movable reflection
body 210 swings around the pair of second torsion bars
250. By allowing the spot to move in the first direction X, a
relationship between the irradiation areas of the spots in
the first light-receiving area 412 and the fourth light-
receiving area 418 and the irradiation areas of the spots
in the second light-receiving area 414 and the third light-
receiving area416 varies. Therefore, the firsttilt error rate
RX varies depending on the position of the spot in the first
direction X in the light-receiving area 410. Therefore, the
swing angle of the movable reflection body 210 around
the pair of second torsion bars 250 can be estimated from
the first tilt error rate RX.

[0052] A group of the first light-receiving area 412 and
the second light-receiving area 414, and a group of the
third light-receiving area 416 and the fourth light-receiv-
ing area 418 are segmented in the moving direction of a
spot generated in the light-receiving area 410 by the
passing light PL in a case where the movable reflection
body 210 swings around the pair of first torsion bars 230.
By allowing the spot to move in the second direction Y, a
relationship between the irradiation areas of the spots in
the first light-receiving area 412 and the second light-
receiving area 414 and the irradiation areas of the spots
in the third light-receiving area 416 and the fourth light-
receiving area 418 varies. Therefore, the second tilt error
rate RY varies depending on the position of the spotin the
second direction Y in the light-receiving area 410. There-
fore, the swing angle of the movable reflection body 210
around the pair of first torsion bars 230 can be estimated
from the second tilt error rate RY.

[0053] Inanembodiment, atleasta portion of the light L
passes through the aperture 112. Accordingly, the irra-
diation of the light-receiving area 410 with light different
from the light L, such as external light, can be sup-
pressed, as compared to a case where the light-shielding
body 110 is not provided. Therefore, the swing of the
movable reflection body 210 can be accurately detected,
as compared with a case where the light-shielding body
110 is not provided.

[0054] In addition, in an embodiment, the portion irra-
diated with the light L toward the periphery of the narrow
hole 114 is shielded by a peripheral portion of the narrow
hole 114 on a surface of the light-shielding body 110 on
the positive direction side in the third direction Z. There-
fore, the spot generated in the light-receiving area 410 by
the passing light PL can be reduced, as compared to a
case where the light-shielding body 110 is not provided.
Accordingly, the variation amount in the first tilt error rate
RX and the variation amount in the second tilt error rate
RY can be increased and the detection sensitivity for the
swing of the movable reflection body 210 can be in-
creased, as compared with a case where the light-shield-
ing body 110 is not provided.

[0055] Inone example, the spot generated in the light-
receiving area 410 by the passing light PL may be set to



15 EP 4 455 758 A1 16

be smaller than the light-receiving area 410, as viewed
from the positive direction in the third direction Z. Speci-
fically, the length in the first direction X of the spot gen-
erated in the light-receiving area 410 by the passing light
PL may be, for example, more than 0.3 times and less
than 0.7 times the length of the first direction X of the light-
receiving area410. In a case where the length of the spot
is in the numerical range, an variation amount in the first
tilt error amount EX can be increased and an SN ratio of
the detection of the swing of the movable reflection body
210 around the pair of second torsion bars 250 can be
increased, as compared with a case where the length of
the spot is equal to or less than the lower limit of the
numerical range. In a case where the length of the spotis
in the numerical range, an variation amount in the first tilt
errorrate RX can be increased, and thus, the sensitivity of
the detection of the swing of the movable reflection body
210 around the pair of second torsion bars 250 can be
increased, as compared with a case where the length of
the spot is more than the upper limit of the numerical
range. Thelengthin the second first direction Y of the spot
generated in the light-receiving area 410 by the passing
light PL may be, for example, more than 0.3 times and
less than 0.7 times the length of the second direction Y of
the light-receiving area 410.

[0056] In addition, the amplitude in the first direction X
of the spot generated in the light-receiving area 410 by
the passing light PL may be, for example, more than 0.05
times and less than 0.1 times the length of the first
direction X of the light-receiving area 410. In a case
where the amplitude of the spotis in the numerical range,
an variation amount in the first tilt error rate RX can be
increased, and thus, the sensitivity of the detection of the
swing of the movable reflection body 210 around the pair
of second torsion bars 250 can be increased, as com-
pared with a case where the amplitude of the spotis equal
to or less than the lower limit of the numerical range. In a
case where the amplitude of the spot is in the numerical
range, at least a portion of the spot can be suppressed
from being irradiated the outside in the first direction X of
the light-receiving area 410, as compared with a case
where the amplitude of the spot is equal to or more than
the upper limit of the numerical range. The amplitude of
the spot generated in the light-receiving area 410 by the
passing light PL in the second direction Y may also be, for
example, more than 0.05 times and less than 0.1 times
the length of the second direction Y of the light-receiving
area 410.

[0057] The size and the amplitude of the spot gener-
atedinthe light-receiving area 410 by the passing light PL
can be changed by appropriately adjusting conditions
such as an opening area of the narrow hole 114 perpen-
dicular to the third direction Z, a distance between a light-
emitting point of the first light-emitting element 300 and
an end of the narrow hole 114 on the positive direction
side in the third direction Z, a distance between a light-
emitting point of the first light-emitting element 300 and
the light-receiving area 410 of the first light-receiving
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element 400, and a distance between a light-emitting
point of the first light-emitting element 300 and the center
of the swing of the movable reflection body 210.

[0058] Furthermore, the entire light L may pass
through the aperture 112. Even in this case, in a case
where the opening area of the aperture 112 perpendicular
to the third direction Z is appropriately set, the light-
receiving area 410 can be suppressed from being irra-
diated with light different from the light L, as compared
with a case where the light-shielding body 110 is not
provided.

[0059] In addition, in an embodiment, an opening area
of atleast a portion of the aperture 112 on the side where
the first light-receiving element 400 is positioned is larger
than an opening area of at least a portion of the aperture
112 on the side where the first light-emitting element 300
is positioned. Specifically, on the other hand, the opening
area of the wide hole 116, which is perpendicular to the
third direction Z, is larger than the opening area of the
narrow hole 114, which is perpendicular to the third
direction Z. Accordingly, the irradiation area of the pas-
sing light PL of the light-receiving area 410 can be in-
creased, as compared to a case where the opening area
of the wide hole 116, which is perpendicular to the third
direction Z, is equal to or less than the opening area of the
narrow hole 114, which is perpendicular to the third
direction Z. In addition, the strength of the light-shielding
body 110 can be increased, as compared with a case
where the peripheral portion of the wide hole 116 of the
light-shielding body 110 is not present.

[0060] Furthermore, in the examples shown in Figs. 6
and 7, the inner surface of the wide hole 116 is a surface
inclined with respect to the third direction Z. However, the
inner surface of the wide hole 116 may be substantially
parallel to the third direction Z. Also in this example, the
irradiation area of the passing light PL of the light-receiv-
ing area 410 can be increased, as compared to a case
where the opening area of the wide hole 116, which is
perpendicular to the third direction Z, is equal to or less
than the opening area of the narrow hole 114, which is
perpendicular to the third direction Z. In addition, the
strength of the light-shielding body 110 can be increased,
as compared with a case where the peripheral portion of
the wide hole 116 of the light-shielding body 110 is not
present.

Examples

[0061] Fig. 8 is a view showing a configuration of a
sensor device 20 according to Examples.

[0062] The sensordevice 20 includes an optical device
10 according to the embodiment. The sensor device 20
further includes a second light-emitting element 12, a
second light-receiving element 14, and a beam splitter
16. In Examples, the sensor device 20 is a light detection
and ranging (LIiDAR).

[0063] The second light-emitting element 12 is, for
example, a laser diode (LD). As indicated by a solid-line
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arrow extending from the second light-emitting element
12 through the beam splitter 16 and the movable reflec-
tion body 210, light emitted from the second light-emitting
element 12 passes through the beam splitter 16 and is
reflected by the movable reflection body 210. The light
reflected by the movable reflection body 210 is reflected
or scattered by an object, which is not shown in the
drawing, present outside the optical device 10.

[0064] The second light-receiving element 14 is, for
example, an avalanche photodiode (APD). As indicated
by a solid-line arrow extending to the second light-receiv-
ing element 14 through the optical device 10 and the
beam splitter 16, the second light-receiving element 14 is
emitted from the second light-emitting element 12 and
reflected by the movable reflection body 210, and thus,
the reflected or scattered light is received by an object,
which is not shown in the drawing, present outside the
optical device 10. In Examples, the light received by the
second light-receiving element 14 is reflected or scat-
tered by the object, is reflected by the movable reflection
body 210 and the beam splitter 16 to reach the second
light-receiving element 14.

[0065] The structure of the sensor device 20 is not
limited to the structure according to Examples. For ex-
ample, in Examples, the optical axis of the light, which is
reflected by the movable reflection body 210 and with
which the object present outside the optical device 10 is
irradiated matches the optical axis of the light reflected or
scattered by the object. However, the optical axis of the
lightwhich is reflected by the movable reflection body 210
and with which the object present outside the optical
device 10 and the optical axis of the light reflected or
scattered by the object is irradiated may be shifted from
each other. In this case, the light reflected or scattered by
the object reaches the second light-receiving element 14
without being reflected at the movable reflection body
210.

[0066] Hitherto, the embodiment and examples of the
present invention have been described above with re-
ference to the drawings, but these are examples of the
present invention, and various configurations other than
the above description can be adopted.

[0067] For example, in an embodiment, as shown in
Fig. 6, in a state where the swing angle around the pair of
first torsion bars 230 of the movable reflection body 210 is
0°, the center of the light-receiving area 410 in the first
direction X and the second direction Y, and a periphery of
the center are irradiated with the light L. However, in a
state where the swing angle around the pair of first torsion
bars 230 of the movable reflection body 210 is 0°, a
position shifted from the center of the light-receiving area
410 in the first direction X and the second direction Y, and
a periphery of the position are irradiated with the light L.
Even in this case, the swing angle around the pair of first
torsion bars 230 of the movable reflection body 210 can
be estimated with reference to the first tilt error rate RX
and the second tilt error rate RY.

[0068] In addition, in an embodiment, the first light-
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10

receiving element 400 is a four-segment PD. However,
in a case where the movable reflection body 210 rotates
around only a single rotation axis, the first light-receiving
element 400 may be a two-segment PD. In this example,
the light-receiving area 410 has two light-receiving areas
segmented in the moving direction of the spot generated
inthe light-receiving area 410 by the light emitted from the
first light-emitting element 300. In a case where the
movable reflection body 210 rotates about only a single
rotation axis, measurement of the tilt error rate can be
made easier by a configuration in which only two seg-
mented light-receiving areas are provided rather than a
configuration in which four segmented light-receiving
areas are provided.

REFERENCE SIGNS LIST
[0069]

10 optical device

12 second light-emitting element
14 second light-receiving element
16 beam splitter

20 sensor device

100 housing body

102 base

104 lid

110 light-shielding body

112 aperture

114 narrow hole

116 wide hole

150 opening

200 optical scanning device
210 movable reflection body
212 movable support table
212a first metal body

212b second metal body
212c resin part

214 reflection body

216 first permanent magnet
220 first frame body

222 first metal frame body
222a first split part

224 first resin body

226 second permanent magnet
230 first torsion bar

232 first metal bar

234 second metal bar

240 second frame body

242 second metal frame body
242a second split part

244 second resin body

250 second torsion bar

252 third metal bar

254 fourth metal bar

262 first terminal

264 second terminal

300 first light-emitting element
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400 first light-receiving element
410 light-receiving area

412 first light-receiving area
414 second light-receiving area
416 third light-receiving area
418 fourth light-receiving area
500 flexible substrate

610 first magnetic circuit

612 first coll

614 first yoke

616 second yoke

620 second magnetic circuit
622 second coil

630 heat sink

C center line

L light

PL passing light

R1 first reference line

R2 second reference line

X first direction

Y second direction

Z third direction

Claims

An optical device comprising:

a movable reflection body;

a first light-emitting element attached to the
movable reflection body;

an aperture through which at least a portion of
light emitted from the first light-emitting element
passes; and

a first light-receiving element that receives the
light having passed through the aperture.

The optical device according to Claim 1,

wherein a light-shielding body that defines the aper-
ture shields a portion of the light emitted from the first
light-emitting element.

The optical device according to Claim 1 or 2,
wherein the first light-receiving element has a plur-
ality of light-receiving areas segmented in a moving
direction of a spot generated in the first light-receiv-
ing element by the light.

The optical device according to any one of Claims 1
to 3,

wherein an opening area of at least a portion of the
aperture on a side where the first light-receiving
element is positioned is larger than an opening area
of at least a portion of the aperture on a side where
the first light-emitting element is positioned.

The optical device according to any one of Claims 1
to 4,
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11

wherein a spot generated in the first light-receiving
element by the light is smaller than a light-receiving
area of the first light-receiving element.

6. A sensor device comprising:

the optical device according to any one of
Claims 1 to 5;

a second light-emitting element; and

a second light-receiving element that receives
light emitted from the second light-emitting ele-
ment, reflected by the movable reflection body,
and reflected or scattered by an object present
outside the optical device.
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