US 20140243689A1

United States

(19)
a2y Patent Application Publication o) Pub. No.: US 2014/0243689 A1
YAMASHITA et al. 43) Pub. Date: Aug. 28, 2014
(54) BIOLOGICAL INFORMATION DETECTOR Publication Classification
AND BIOLOGICAL INFORMATION
MEASURING DEVICE (51) Int.CL
A61B 5/024 (2006.01)
(71)  Applicant: SEIKO EPSON CORPORATION, A61B 5/00 (2006.01)
Tokyo (IP) A61B 5/01 (2006.01)
A61B 5/021 (2006.01)
(72) Inventors: Hideto YAMASHITA, Suwa (IP); A61B 5/026 (2006.01)
Yoshitaka IIJIMA, Shiojiri (JP); (52) US.CL
Shigemi SATO, Asahi-mura (JP) CPC ....ccue. AG61B 5/02427 (2013.01); A61B 5/021
(2013.01); 461B 5/0261 (2013.01); A61B 5/01
(73) Assignee: SEIKO EPSON CORPORATION, (2013.01); 618 5/6824 (2013.01); A61B
Tokyo (JP) 5/681 (2013.01)
USPC ottt 600/479
(21)  Appl. No.: 14/275,290 (57 ABSTRACT
A biological information detector is adapted to be attached to
(22) Filed: May 12, 2014 a user’s body, and includes a light-emitting part, a reflecting
part, a light-receiving part and a processing unit. The light-
L. emitting part is configured to emit light toward the user’s
Related U.S. Application Data body. The reflecting part is disposed in a periphery of the
(63) Continuation of application No. 12/973,259, filed on light-emitting part to reflect at least a part of the light emitted
Dec. 20, 2010, now Pat. No. 8,758,239. by the light-emitting part toward the user’s body. The light-
receiving part is configured to receive light reflected at the
(30) Foreign Application Priority Data user’s body to produce a light reception signal. The process-
ing unit is configured to process the light reception signal to
Jan. 5,2010  (JP) eeeoeieiineieieieccee 2010-000453 produce biological information.

(A)

(B)

169

18



Patent Application Publication  Aug. 28, 2014 Sheet 1 of 7 US 2014/0243689 A1

Fig. 1



Patent Application Publication  Aug. 28, 2014 Sheet 2 of 7 US 2014/0243689 A1

(A)
12—1
(B)
3
12—1
(C)
s 12
12=1 12255 bl
3
12—3




Patent Application Publication  Aug. 28, 2014 Sheet 3 of 7 US 2014/0243689 A1

(A)
(B)
A2
14 .
12—-3
.-..“'\. ."“\‘\..
Y 12-2
1251



Patent Application Publication  Aug. 28, 2014 Sheet 4 of 7 US 2014/0243689 A1

e EPY

Ah2/| A2 /ic’ W1 ‘-_/—5

Fig. 4

Fig. 5



Patent Application Publication  Aug. 28, 2014 Sheet S of 7 US 2014/0243689 A1

AMOUNT OF LIGHT RECEIVED

(R17)

(R1")




Patent Application Publication  Aug. 28, 2014 Sheet 6 of 7 US 2014/0243689 A1

80

000

16 A9
é
18

Fig. 8

(A)
(B)



US 2014/0243689 A1l

Aug. 28,2014 Sheet 7 of 7

Patent Application Publication

LV AV1dSIa
G6

-

LNoHID
NOILVLNdWOD)
aLvy 3sNd

¥6

A

"B
LINDHID LHVd ONILO3L3Q
NOISHIANOD QIY | NOILY¥31200Y
16 96
 J M
LnouD Vg
N9 LinowIn
._whwo_.mﬂwmmun_r u NOISYIANOD /Y | NOILYDIAITIAY oz.s.__%.wm_
26 €6 c6 gl
14Vd
LINDHID TOHLINOD »| ONILLIAZ
: -1HOI
: 16 oy




US 2014/0243689 Al

BIOLOGICAL INFORMATION DETECTOR
AND BIOLOGICAL INFORMATION
MEASURING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
U.S. application Ser. No. 12/973,259 filed on Dec. 20, 2010.
This application claims priority to Japanese Application No.
2010-000453 filed on Jan. 5, 2010. The entire disclosures of
U.S. application Ser. No. 12/973,259 and Japanese Applica-
tion No. 2010-000453 are hereby incorporated herein by
reference.

BACKGROUND
[0002] 1. Technological Field
[0003] The present invention relates to a biological infor-

mation detector and a biological information measuring
device and similar devices.

[0004] 2. Background Technology

[0005] A biological information measuring device mea-
sures human biological information such as, for example,
pulse rate, blood oxygen saturation level, body temperature,
or heart rate, and an example of a biological information
measuring device is a pulse rate monitor for measuring the
pulse rate. Also, a biological information measuring device
such as a pulse rate monitor may be installed in a clock, a
mobile phone, a pager, a PC, or another electrical device, or
may be combined with the electrical device. The biological
information measuring device has a biological information
detector for detecting biological information, and the biologi-
cal information detector includes a light-emitting part for
emitting light towards a detection site of a test subject (e.g. a
user), and a light-receiving part for receiving light having
biological information from the detection site.

[0006] In Patent Citation 1, there is disclosed a pulse rate
monitor (or in a broader sense, a biological information mea-
suring device). A light-receiving part (e.g. a light-receiving
part 12 in FIG. 16 of Patent Citation 1) of the pulse rate
monitor receives light reflected at a detection site (e.g. dotted
line in FIG. 16 of Patent Citation 1) via a diffusion reflection
plane (e.g. reflecting part 131 in FIG. 16 of Patent Citation 1).
In an optical probe 1 in Patent Citation 1 (or in a broader
sense, a biological information detector), a light-emitting part
11 and the light-receiving part 12 overlap in plan view, and the
size of the optical probe is reduced.

PRIOR ART REFERENCE

[0007] Patent Citation 1: JP-A 2004-337605 is an example
of related art.

SUMMARY

[0008] In the optical probe 1 of Patent Citation 1, in an
instance in which there is a significant level of noise arising
fromto e.g. external light, or under similar circumstances, the
detection accuracy of the biological information detector is
poor.

[0009] According to several modes of the present inven-
tion, it is possible to provide a biological information detector
and a biological information measuring device in which the
detection accuracy or the measurement accuracy can be
improved.
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[0010] A biological information detector according to one
aspect is adapted to be attached to a user’s body, and includes
a light-emitting part, a reflecting part, a light-receiving part
and a processing unit. The light-emitting part is configured to
emit light toward the user’s body. The reflecting part is dis-
posed in a periphery ofthe light-emitting part to reflect at least
apart of the light emitted by the light-emitting part toward the
user’s body. The light-receiving part is configured to receive
light reflected at the user’s body to produce a light reception
signal. The processing unit is configured to process the light
reception signal to produce biological information

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG.1is an example of a configuration of a biologi-
cal information detector according to a present embodiment;
[0012] FIG. 2 includes diagrams (A), (B), and (C) that are
examples of configurations of a first reflecting part;

[0013] FIG. 3 includes diagrams (A) and (B) that are
examples of the outer appearance of the first reflecting part
and a light-emitting part;

[0014] FIG. 4 is another example of a configuration of the
biological information detector according to the present
embodiment;

[0015] FIG. 5 is an example of an outer appearance of a
light-receiving part;

[0016] FIG. 6 is a schematic diagram showing a setting
position of the second reflecting part;

[0017] FIG. 7 is a diagram showing a relationship between
the setting position of the second reflecting part and the
amount of light received at the light-receiving part;

[0018] FIG. 8 includes diagrams (A) and (B) that are
examples of the outer appearance of a biological information
measuring device containing the biological information
detector; and

[0019] FIG. 9 is an example of a configuration of the bio-
logical information measuring device.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0020] A description shall now be given for the present
embodiment. The present embodiment described below is not
intended to unduly limit the scope ofthe Claims ofthe present
embodiment. Not every configuration described in the
present embodiment is necessarily an indispensible constitu-
ent feature of the present invention.

1. Biological Information Detector

[0021] FIG. 1 shows an example of a configuration of a
biological information detector according to the present
embodiment. As shown in FIG. 1, the biological information
detector contains a light-emitting part 14, a first reflecting part
12, a light-receiving part 16, and a second reflecting part 18.
The light-emitting part 14 generates a first light R1 directed at
a detection site O of a test subject (e.g. a user), and a second
light R2 directed at a direction other than a direction of the
detection site O (i.e., directed at the first reflecting part 12).
The first reflecting part 12 reflects the second light R2 and
directs the second light R2 towards the detection site O. The
light-receiving part 16 receives lights R1', R2' (i.e., reflected
lights), having biological information, the lights R1', R2'
produced by each of the first light R1 and the second light R2
being reflected at the detection site O. The second reflecting
part 18 reflects the lights R1', R2' having biological informa-
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tion from the detection site O (i.e. the reflected lights) and
directs the lights R1', R2' towards the light-receiving part 16.
The presence of the first reflecting part 12 causes the light
second light R2, that does not directly reach the detection site
O of'the test subject (i.e., the user), to reach the detection site
O. In other words, the amount of light reaching the detection
site O via the first reflecting part 12 increases, and the effi-
ciency of the light-emitting part 14 increases. Therefore, the
detection accuracy (i.e., the signal-to-noise ratio) of the bio-
logical information detector increases.

[0022] In Patent Citation 1, there is disclosed a configura-
tion corresponding to the second reflecting part 18 (i.e., a
reflecting part 131 in FIG. 16 of Patent Citation 1). Specifi-
cally, the light-receiving part 12 in FIG. 16 of Patent Citation
1 receives light reflected at a detection site via the reflecting
part 131. However, in Patent Citation 1, a configuration cor-
responding to the first reflecting part 12 is not disclosed. In
other words, at the time of filing, those skilled in the art had
not been aware of the issue of increasing the efficiency of the
light-emitting part 11 in FIG. 16 in Patent Citation 1.

[0023] Inthe example shown in FIG. 1, the detection site O
(e.g. a blood vessel) is within the test subject. As shown in
FIG. 1, the light-emitting part 14 may have a first light-
emitting surface 14A for emitting the first light R1, the first
light-emitting surface 14A facing the detection site O. The
first light R1 travels into the test subject and diffuses or
scatters at the epidermis, the dermis, and the subcutaneous
tissue. The first light R1 then reaches the detection site O, and
is reflected at the detection site O. The reflected light R1'
reflected at the detection site O diffuses or scatters at the
subcutaneous tissue, the dermis, and the epidermis, and trav-
els to the second reflecting part 18. The first light R1 is also
partially absorbed at the blood vessel (or in a broader sense,
the detection site O). Therefore, due to an effect ofa pulse, the
rate of absorption at the blood vessel varies, and the amount of
the reflected light R1' reflected at the detection site O also
varies. Biological information (e.g. pulse rate) is thus
reflected in the reflected light R1' reflected at the detection site
0O

[0024] In the example shown in FIG. 1, the light-emitting
part 14 may also have a second light-emitting surface 14B for
emitting the second light R2, the second light-emitting sur-
face 14B being a side surface of the first light-emitting surface
14A. In such an instance, the first reflecting part 12 may have
a wall part surrounding the second light-emitting surface
14B, and the wall part may have a first reflecting surface
(corresponding to label 12-2 shown in FIGS. 2(A) through
2(C)) capable of reflecting the second light R2 towards the
detection site O. The second light R2 is not necessarily lim-
ited to that emitted from the second light-emitting surface
14B. Specifically, the first reflecting surface (label 12-2
shown in FIGS. 2(A) through 2(C)) reflects light other than
light travelling directly from the light-emitting part 14 to the
detection site O (i.e., the second light R2) and directs the
second light R2 towards the detection site O.

[0025] The second light R2 also travels into the test subject,
and the reflected light R2' reflected at the detection site O
travels towards the second reflecting part 18. Biological infor-
mation (i.e., the pulse rate) is also reflected in the reflected
light R2' reflected at the detection site O. In the example
shown in FIG. 1, the first light R1 is partially reflected at a
surface SA of the test subject (e.g. a skin surface). In an
instance in which the detection site O is within the test sub-
ject, biological information (i.e., the pulse rate) is not

Aug. 28,2014

reflected in reflected light R1" reflected at the surface SA of
the test subject (i.e., a directly reflected light).

[0026] The wall part of the first reflecting part 12 may
further have a second reflecting surface (corresponding to
12-3 in FIGS. 2(A) and 2(C)) for reflecting light not having
biological information (i.e., invalid light; noise) reflected at
the surface of the test subject, thereby minimizing incidence
of light not having biological information onto the light-
receiving part.

[0027] Examples of configurations of the biological infor-
mation detector are not limited by that shown in FIG. 1, and
the shape, or a similar attribute, of a part of the example of
configuration (e.g. the first reflecting part 12) may be modi-
fied. The biological information may also be blood oxygen
saturation level, body temperature, heart rate, or a similar
variable; and the detection site O may be positioned at the
surface SA of the test subject. In the example shown in FIG.
1, each of the first light R1 and the second light R2 is shown
by a single line; however, in reality, the light-emitting part 14
emits many light beams in a variety of directions.

[0028] The light-emitting part 14 is, for example, an LED.
The light emitted by the LED has a maximum intensity (or in
a broader sense, a peak intensity) within a wavelength range
of e.g. 425 nm to 625 nm, and is e.g. green in color. The
thickness of the light-emitting part 14 is e.g. 20 um to 1000
um. The light-receiving part 16 is e.g. a photodiode, and can
generally be formed by a silicon photodiode. The thickness of
the light-receiving part 16 is e.g. 20 um to 1000 um. The
silicon photodiode has a maximum sensitivity (or in a broader
sense, a peak sensitivity) for received light having a wave-
length within a range of e.g. 800 nm to 1000 nm. Ideally, the
light-receiving part 16 is formed by a gallium arsenide phos-
phide photodiode, and the gallium arsenide phosphide pho-
todiode has a maximum sensitivity (or in a broader sense, a
peak sensitivity) for received light having a wavelength
within a range of e.g. 550 nm to 650 nm. Since biological
substances (water or hemoglobin) readily allow transmission
of infrared light within a wavelength range of 700 nm to 1100
nm, the light-receiving part 16 formed by the gallium ars-
enide phosphide photodiode is more capable of reducing
noise components arising from external light than the light-
receiving part 16 formed by the silicon photodiode.

[0029] FIGS. 2(A), 2(B), and 2(C) respectively show an
example of a configuration of the first reflecting part 12
shown in FIG. 1. As shown in FIG. 2(A), the first reflecting
part 12 may have a support part 12-1 for supporting the
light-emitting part 14, and an inner wall surface 12-2 and a top
surface 12-3 of the wall part surrounding the second light-
emitting surface 14B of the light-emitting part 14. In FIGS.
2(A) through 2(C), the light-emitting part 14 is omitted. In the
example shown in FIG. 2(A), the first reflecting part 12 is
capable of reflecting the second light R2 towards the detec-
tion site O oft the inner wall surface 12-2 (see F1G. 1), and has
the first reflecting surface on the inner wall surface 12-2. The
thickness of the support part 12-1 is e.g. 50 um to 1000 pum,
and the thickness of the top surface 12-3 is e.g. 100 um to
1000 pm. The first reflecting part 12 may not necessarily have
the support part 12-1, and the light-emitting part 14 may be
supported by a part other than the first reflecting part 12.
[0030] In the example shown in FIG. 2(A), the inner wall
surface 12-2 has an inclined surface (12-2) which, with
increasing distance in a width direction (i.e., a first direction)
from a center of the first reflecting part 12, inclines towards
the detection site O in a height direction (i.e., a direction that
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is orthogonal with the first direction), in cross-section view.
The inclined surface (12-2) in FIG. 2(A) is formed by, in
cross-section view, an inclined plane, but may also be a
curved surface shown in e.g. FIG. 2(C), or a similar inclined
surface. The inner wall surface 12-2 may also be formed as a
plurality of inclined flat surfaces whose angle of inclination
vary from one another, or by a curved surface having a plu-
rality of curvatures. In an instance in which the inner wall
surface 12-2 of the first reflecting part 12 has an inclined
surface, the inner wall surface 12-2 of the first reflecting part
12 is capable of reflecting the second light R2 towards the
detection site O. In other words, the inclined surface on the
inner wall surface 12-2 of the first reflecting part 12 can be
said to be the first reflecting surface for improving the direc-
tivity of the light-emitting part 14. In such an instance, the
amount of light reaching the detection site O increases fur-
ther. The top surface 12-3 shown in FIGS. 2(A) and 2(C) may
be omitted as shown, for example, in FIG. 2(B). In an instance
in which the first reflecting part 12 has the top surface 12-3,
the reflected light R1" reflected at the surface SA of the test
subject (i.e., the directly reflected light) can be reflected
towards the detection site O or surroundings thereof, and the
reflected light R1" is deterred from reaching the light-receiv-
ing part 16 (see FIG. 1). Specifically, the top surface 12-3
shown in FIGS. 2(A) and 2(C) can be said to be the second
reflecting surface for reflecting the directly reflected light (or
in a broader sense, noise) that would otherwise reach the
second reflecting part 18 and the light-receiving part 16, and
reducing noise. In FIGS. 2(A) through 2(C), a range indicated
by label 12-4 function as a mirror surface part.

[0031] In the example shown in FIG. 1, the first reflecting
part 12 may project towards the detection site O by e.g. a
predetermined height Ahl (where Ahl is e.g. 50 pm to 950
um) in relation to a surface of the light-emitting part 14 that
determines the shortest distance relative to the surface SA of
the test subject (e.g. the first light-emitting surface 14A). In
other words, a spacing between the first reflecting part 12 and
the surface SA of the test subject (e.g. Ah2=fh0-Ah1, where
Ah2 is 200 um to 1200 um) may be smaller than a spacing that
represents the shortest distance between the light-receiving
part 14 and the surface SA of the test subject (e.g. AhO=Ah1+
Ah2). Therefore, in the first reflecting part 12, the presence of
e.g. a projection Ah1 from the light-emitting part 14 makes it
possible to increase the area of the first reflecting surface
(12-2) and increase the amount of light reaching the detection
site O. Also, with regards to the light reflected at the detection
site O, the presence of a space Ah2 between the first reflecting
part 12 and the surface SA of the test subject makes it possible
to obtain a light path for the light to reach the second reflect-
ing part 18 from the detection site O. Also, in an instance in
which the first reflecting part 12 has the second reflecting
surface (12-3), adjusting Ah1 and Ah2 allows the amount of
light having biological information (i.e., valid light) and light
not having biological information (i.e., invalid light: noise)
incident on the light-receiving part 16 to be respectively
adjusted, thereby making it possible to further improve the
S/N.

[0032] FIGS. 3(A) and 3(B) respectively show an example
of an outer appearance of the first reflecting part 12 and the
light-emitting part 14 of FIG. 1 in plan view. In the example
shown in FIG. 3(A), in plan view (when viewed from e.g.
towards the detection site O shown in FIG. 1), an outer cir-
cumference of the first reflecting part 12 is circular, where the
diameter of the circle is e.g. 200 um to 11,000 um. In the
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example shown in FIG. 3(A), the wall part (12-2) of the first
reflecting part 12 surround the light-emitting part 14 (see
FIGS. 1 and 2(A)). The outer circumference of the first
reflecting part 12 may also be a quadrilateral (or specifically,
a square) in plan view as shown e.g. in FIG. 3(B). Also, in the
examples shown in FIGS. 3(A) and 3(B), in plan view (when
viewed from e.g. towards the detection site O shown in FIG.
1), the outer circumference of the light-emitting part 14 is a
quadrilateral (or specifically, a square), where the length of
one side of the square is e.g. 100 pm to 10,000 pm. The outer
circumference of the light-emitting part 14 may also be cir-
cular.

[0033] The first reflecting part 12 is made of metal whose
surface is subjected to mirror surface finishing, and thereby
has a reflective structure (or specifically, a mirror reflection
structure). The first reflecting part 12 may also be formed
from e.g. a resin whose surface is subjected to mirror surface
finishing. Specifically, for example, a base metal forming a
base of the first reflecting part 12 is readied, and a surface of
the base metal is then e.g. subjected to plating. Alternatively,
amold of the first reflecting part 12 (not shown) is filled with
athermoplastic resin, molding is performed, and a metal film,
for example, is then deposited by vapor deposition on a sur-
face of the mold.

[0034] In the examples shown in FIGS. 3(A) and 3(B), in
plan view (when viewed from e.g. towards the detection site
O shownin FIG. 1), aregion of the first reflecting part 12 other
than that directly supporting the light-emitting part 14 (the
inner wall surface 12-2 and the top surface 12-3, and a part of
the support part 12-1) is exposed. The exposed region is
shown as a mirror surface part 12-4 in FIG. 2(A). Although in
the example shown in FIG. 2(A), a dotted line representing
the mirror surface part 12-4 is shown within the first reflecting
part 12, the mirror surface part 12-4 is actually formed on a
surface of the first reflecting part 12.

[0035] In the examples shown in FIGS. 2(A), 2(B), and
2(C), the mirror surface part 12-4 preferably has a high reflec-
tivity. The reflectivity of the mirror surface part 12-4 is e.g.
80% to 90% or higher. It is possible for the mirror surface part
12-4 to be formed only on the inclined surface of the inner
wall surface 12-2. In an instance in which the mirror surface
part 12-4 is formed not only on the inclined surface of the
inner wall surface 12-2 but also on the support part 12-1, the
directivity of the light-emitting part 14 increases further. In an
instance in which the mirror surface part 12-4 is formed on the
top surface 12-3, the first reflecting part 12 is capable of
reflecting the reflected light R1", which has been reflected in
the surface SA of the test subject (i.e., the directly reflected
light; invalid light), towards the detection site O or the sur-
roundings thereof, as shown e.g. on FIG. 1, and the reflected
light R1" is deterred from reaching the second reflecting part
18 and the light-receiving part 16. Since the directivity of the
light-emitting part 14 increases and the directly reflected light
(or in a broader sense, noise) decreases, the detection accu-
racy of the biological information detector increases.

[0036] FIG. 4 shows another example of a configuration of
the biological information detector according to the present
embodiment. As shown in FIG. 4, the biological information
detector may further comprise a substrate 41 having a first
surface (e.g. a front surface) and a second surface that is
opposite the first surface (e.g. a reverse surface). Structures
that are identical to those in the example described above are
affixed with the same numerals, and a description of the
structures will be omitted. In the example shown in FI1G. 4, the
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light-receiving part 16 is positioned on the first surface, and
the first reflecting part 12 is positioned on the second surface.
When, in cross-section view, W1 is a maximum value for the
length of the first reflecting part 12 in a direction parallel to
the first surface, and W2 is a maximum value for the length of
the light-receiving part 16 in the same direction, an equation
W1=W?2 is satisfied.

[0037] The substrate 41 is formed of e.g. a transparent
material (e.g. polyimide) and allows transmission of the
reflected light R1' produced by the first light R1 emitted at the
detection site O, and other light. The maximum value W1 for
the length of the first reflecting part 12 is made equal to or less
than the maximum value W2 for the length of the light-
receiving part 16, thereby making it possible to increase the
amount of light reaching the second reflecting part 18. In
other words, the maximum value W1 for the length of the first
reflecting part 12 can be set so that the first reflecting part 12
does not block or reflect the reflected light R1’ reflected at the
detection site O. The thickness of the substrate 41 is e.g. 10
um to 1000 pm. Wiring for the light-emitting part 14 and
wiring for the light-receiving part 16 may be formed on the
substrate 41. The substrate 41 is e.g. a printed circuit board;
however, a printed circuit board is not generally formed from
a transparent material, as with the substrate 15 of Patent
Citation 1. Specifically, the inventors purposefully used a
configuration in which the printed circuit board is formed
from a material that is transparent at least with respect to the
emission wavelength of the light-emitting part 14.

[0038] Inthe example shown in FIG. 4, the second light R2
emitted at the detection site O via the first reflecting part 12,
the reflected light R2' reflected at the detection site O, and the
reflected light R1" reflected at the surface SA of the test
subject (i.e., the directly reflected light) are omitted (refer to
FIG. 1). Those skilled in the art should be readily able to
understand the path of the second light R2 and the accurate
path of the first light R1.

[0039] As shown in FIG. 4, the biological information
detector may further contain a protecting part 49 for protect-
ing the first reflecting part 12 and the light-emitting part 14.
The protecting part 49 is formed from e.g. a transparent
material (e.g. glass), and allows transmission of the first light
R1 emitted at the detection site O, the reflected light R1'
produced by the first light R1 being reflected, and other light.
The protecting part 49 also makes it possible to ensure that
there is a gap between the first reflecting part 12 and the
detection site O (e.g. Ah2). There also exists a gap between
the first reflecting part 12 and the protecting part 49 (e.g.
Ah2'). The thickness of the protecting part 49 is e.g. 1 um to
1000 pm.

[0040] The substrate 41 is held between the second reflect-
ing part 18 and the protecting part 49; the light-receiving part
16 is placed on the substrate 41 towards the second reflecting
part 18 (or specifically, on the first surface of the substrate 41);
and the light-emitting part 14 is placed on the substrate 41
towards the protecting part 49 (or specifically, on the second
surface of the 41). Since the substrate 41 is held between the
second reflecting part 18 and the protecting part 49, even
when the light-emitting part 14 and the light-receiving part 16
are positioned on the substrate 41, there is no need to sepa-
rately provide a mechanism for supporting the substrate 41
itself, and the number of components is smaller. Also, since
the substrate 41 is formed from a material that is transparent
with respect to the emission frequency, the substrate 41 can be
disposed on a light path from the light-emitting part 14 to the
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light-receiving part 16, and there is no need to accommodate
the substrate 41 at a position away from the light path, such as
within the second reflecting part 18. A biological information
detector that can be readily assembled can thus be provided.

[0041] FIG. 5 shows an example of an outer appearance of
the light-receiving part 16 in FIG. 4. In the example shown in
FIG.5, in plan view (e.g. when viewed from a side towards the
second reflecting part 18 in FI1G. 4), an outer circumference of
the light-receiving part 16 is a quadrilateral (or specifically, a
square), and one side of the square is e.g. 100 um to 10,000
um. An outer circumference of the first reflecting part 12 is, in
plan view (e.g. when viewed from a side towards the second
reflecting part 18 in F1G. 4), circular. The outer circumference
of'the first reflecting part 12 may instead be a quadrilateral (or
specifically, a square), as in the example shown in FIG. 3(B).
The outer circumference of the light-receiving part 16 may
also be circular.

[0042] In the example shown in FIG. 5, as shown by line
segment A-A', when W1 is a maximum value for the length of
the first reflecting part 12 and W2 is a maximum value for the
length of the light-receiving part 16, an equation W1=W?2 is
satisfied. A cross-section view along the line segment A-A' in
FIG. 5 corresponds to FIG. 4. A cross-section view along line
segment B-B' in FIG. 5 resembles FIG. 1, and the maximum
value W1 of the length of the first reflecting part 12 is larger
than a minimum value of the length of the light-receiving part
16. Although the maximum value WI of the length of the first
reflecting part 12 may be set so as to be equal to or smaller
than the minimum value of the length of the light-receiving
part 16, the efficiency of the first reflecting part 12 (or, in a
broader sense, the efficiency of the light-emitting part 14)
would decrease. In the example shown in FIG. 5, the maxi-
mum value W1 of the length of the first reflecting part 12 is set
to be equal or smaller than the maximum value W2 of the
length of the light-receiving part 16, and the maximum value
W1 ofthe length of the first reflecting part 12 is set to be larger
than the minimum value of the length of the light-receiving
part 16, so that the efficiency of the light-emitting part 14 can
be maintained without blocking or reflecting the reflected
light R1".

[0043] FIG. 6 is a schematic diagram showing a setting
position of the second reflecting part 18 in FIG. 1 or 4. The
reflecting surface of the second reflecting part 18 may be
formed as e.g. a spherical surface (or in a broader sense, a
dome surface), so that the reflected light R1', produced by the
first light R1 being reflected at the detection site O, is reflected
towards the light-receiving part 16. As shown in FIG. 6, in
cross-section view, the reflecting surface of the second
reflecting part 18 is an arc. The radius of the arc is e.g. 1000
um to 15,000 um. A center C of the arc that defines the
spherical surface is located within the test subject. In an
instance in which the detection site O is located within the test
subject, the reflected light R1" reflected at the surface SA of
the test subject is an invalid light not having biological infor-
mation. The inventors identified that in an instance in which
the reflecting surface of the second reflecting part 18 is
formed by a spherical surface and the center C of the arc that
defines the spherical surface, the second reflecting part 18
minimizes reflected light reflected at the surface SA of the test
subject (or in a broader sense, noise). In FIG. 6, the distance
between the light-receiving surface of the light-receiving part
16 and the center C of the arc that defines the spherical surface
is represented by Ah.
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[0044] The reflecting surface of the second reflecting part
18 may also be formed by a parabolic surface (or in a broader
sense, a dome surface) instead of the spherical surface. As
shown in FIG. 6, in cross-section view, the reflecting surface
of the second reflecting part 18 is an arc, but may be a
parabolic line instead of an arc. If the reflecting surface of the
second reflecting part 18 is a parabolic surface, the focus of
the parabolic line defining the parabolic surface is shown in
FIG. 6 by the letter F. The focus F of the parabolic line
defining the parabolic surface is located towards the test sub-
ject relative to the light-receiving surface of the light-receiv-
ing part 16. Light that travels perpendicular to the surface SA
of the test subject reflects at the reflecting surface of the
second reflecting part 18 (i.e., the parabolic surface) and
collects at the focus F of the parabolic line defining the para-
bolic surface. Therefore, the focus F being located so as to not
coincide with the light-receiving surface of the light-receiv-
ing part 16 results in a greater likelihood of light having a path
that is nearly perpendicular to the surface SA of the test
subject (e.g. the reflected light R1' produced by reflection of
the first light R1; valid light) collecting on the light-receiving
surface of the light-receiving part 16.

[0045] The second reflecting part 18 is formed from e.g. a
resin, whose surface (i.e., the reflecting surface facing the
light-receiving part 16) is subjected to mirror surface finish-
ing, and thereby has a reflective structure (or specifically, a
mirror reflection structure). In other words, the second
reflecting part 18 is capable of causing mirror reflection of
light without causing diffuse reflection of light. In an instance
in which the second reflecting part 18 has a mirror reflection
structure, the second reflecting part 18 is also capable of not
causing the reflected light R1" (i.e., the directly reflected
light) to reflect towards the light-receiving part 16, where the
reflected light R1" produced by reflection of the first light R1
has a reflection angle that is different to that of the reflected
light R1' produced by reflection of the first light R1. In such an
instance, the detection accuracy of the biological information
detector further increases. As shown in FIG. 6, since the
reflected light R1' produced by reflection of the first light R1
originates from the detection site O that is within the test
subject, the reflection angle of the reflected light R1' produced
by reflection of the first light R1 (i.e., a reflection angle
relative to a straight line perpendicular to the surface SA of
the test subject) is generally small. Meanwhile, since the
reflected light R1" produced by reflection of the first light R1
originates from the surface SA of the test subject, the reflec-
tion angle of the reflected light R1" produced by reflection of
the first light R1 is generally large.

[0046] In FIG. 16 of Patent Citation 1, there is disclosed a
reflecting part 131, and according to paragraphs [0046],
[0059], and [0077] in Patent Citation 1, the reflecting part 131
has a diffuse reflection structure, and the reflectivity is
increased to increase the efficiency of the first reflecting part
12. However, at the time of filing, it had not been recognized
by those skilled in the art that in the reflecting part 131
according to Patent Citation 1, directly reflected light (orin a
broader sense, noise) is also reflected towards the first reflect-
ing part 12. In other words, the inventors identified that reduc-
ing a noise component arising from the directly reflected light
from a light reception signal increases the efficiency of the
light-receiving part. Specifically, the inventors identified that
the detection accuracy of the biological information detector
is further increased in an instance in which the second reflect-
ing part 18 has a mirror reflection structure.
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[0047] FIG. 7 is a diagram showing a relationship between
the setting position of the second reflecting part 18 and the
amount of light received at the light-receiving part 16 in FIG.
6. As shown in FIG. 7, with increasing distance Ah between
the light-receiving surface of the light-receiving part 16 and
the center C of the arc defining the spherical surface, the
amount of directly reflected light reflected at the surface SA
of'the test subject (or, in a broader sense, noise corresponding
to the reflected light R1", for example) decreases, while light
reflected at the detection site O (or, in a broader sense, bio-
logical information corresponding to reflected light R1', for
example) increases and then decreases. The position ofthe Ah
can accordingly be optimized. In an instance in which the
reflecting surface of the second reflecting part 18 is a para-
bolic surface, the distance between the light-receiving part of
the light-receiving part 16 and the focus F of the parabolic line
defining the parabolic surface can also be optimized.

2. Biological Information Measuring Device

[0048] FIGS. 8(A) and 8(B) are examples of outer appear-
ances of a biological information measuring device contain-
ing the biological information detector such as that shown in
FIG. 1. As shown in FIG. 8(A), the biological information
detector shown in FIG. 1, for example, may further contain a
wristband 80 capable of attaching the biological information
detector to an arm (or specifically, a wrist) of the test subject
(i.e., the user). In the example shown in FIG. 8(A), the bio-
logical information is the pulse rate indicated by e.g. “72.”
The biological information detector is installed in a watch
showing the time (e.g. “8:15 am™). As shown in FIG. 8(B), an
opening part is provided to a back cover of the watch, and the
protecting part 49 shown in FIG. 4, for example, is exposed in
the opening part. In the example shown in FIG. 8(B), the
second reflecting part 18 and the light-receiving part 16 are
installed in a watch. In the example shown in FIG. 8(B), the
first reflecting part 12, the light-emitting part 14, the wrist-
band 80, and other components are omitted.

[0049] FIG. 9 is an example of a configuration of the bio-
logical information measuring device. The biological infor-
mation measuring device includes the biological information
detector as shown e.g. in FIG. 1, and a biological information
measuring part for measuring biological information from a
light reception signal generated at the light-receiving part 16
of'the biological information detector. As shown in FIG. 9, the
biological information detector may have a light-emitting
part 14 and a control circuit 91 for controlling the light-
emitting part 14. The biological information detector may
further have an amplification circuit 92 for amplifying the
light reception signal from the light-receiving part 16. The
biological information measuring part may have an A/D con-
version circuit 93 for performing A/D conversion of the light
reception signal from the light-receiving part 16, and a pulse
rate computation circuit 94 for computationally obtaining the
pulse rate. The biological information measuring part may
further have a display part 95 for displaying the pulse rate.
[0050] The biological information detector may have an
acceleration detecting part 96, and the biological information
measuring part may further have an A/D conversion circuit 97
for performing A/D conversion of a light reception signal
from the acceleration detecting part 96 and a digital signal
processing circuit 98 for processing a digital signal. The
configuration of the biological information measuring device
is not limited to that shown in FIG. 9. The pulse rate compu-
tation circuit 94 in FIG. 9 may be e.g. an MPU (i.e., a micro
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processing unit) of an electronic device installed with the
biological information detector.

[0051] The control circuit 91 in FIG. 9 drives the light-
emitting part 14. The control circuit 91 is e.g. a constant
current circuit, delivers a predetermined voltage (e.g. 6 V) to
the light-emitting part 14 via a protective resistance, and
maintains a current flowing to the light-emitting part 14 at a
predetermined value (e.g. 2 mA). The control circuit 91 is
capable of driving the light-emitting part 14 in an intermittent
manner (e.g. at 128 Hz) in order to reduce consumption
current. The control circuit 91 is formed on e.g. a mother-
board, and wiring between the control circuit 91 and the
light-emitting part 14 is formed e.g. on the substrate 41 shown
in FIG. 4.

[0052] The amplification circuit 92 shown in FIG. 9 is
capable of removing a DC component from the light recep-
tion signal (i.e., an electrical current) generated in the light-
receiving part 16, extracting only an AC component, ampli-
fying the AC component, and generating an AC signal. The
amplification circuit 92 removes the DC component at or
below a predetermined wavelength using e.g. a high-pass
filter, and buffers the AC component using e.g. an operational
amplifier. The light reception signal contains a pulsating com-
ponent and a body movement component. The amplification
circuit 92 and the control circuit 91 are capable of feeding a
power supply voltage for operating the light-receiving part 16
ate.g. reverse bias to the light-receiving part 16. In an instance
in which the light-emitting part 14 is intermittently driven, the
power supply to the light-receiving part 16 is also intermit-
tently fed, and the AC component is also intermittently ampli-
fied. The amplification circuit 92 is formed on e.g. the mother
board, and wiring between the amplification circuit 92 and the
light-receiving part 16 is formed on e.g. the substrate 41
shown in FIG. 4. The amplification circuit 92 may also have
anamplifier for amplifying the light reception signal at a stage
prior to the high-pass filter. In an instance in which the ampli-
fication circuit 92 has an amplifier, the amplifier is formed e.g.
on the substrate 41 shown in FIG. 4.

[0053] The A/D conversion circuit 93 shown in FIG. 9
converts an AC signal generated in the amplification circuit
92 into a digital signal (i.e., a first digital signal). The accel-
eration detecting part 96 shown in FIG. 9 calculates e.g.
gravitational acceleration in three axes (i.e., X-axis, y-axis,
and z-axis) and generates an acceleration signal. Movement
of'the body (i.e., the arm), and therefore the movement of the
biological information measuring device, is reflected in the
acceleration signal. The A/D conversion circuit 97 shown in
FIG. 9 converts the acceleration signal generated in the accel-
eration detecting part 96 into a digital signal (i.e., a second
digital signal).

[0054] The digital signal processing circuit 98 shown in
FIG. 9 uses the second digital signal to remove or reduce the
body movement component in the first digital signal. The
digital signal processing circuit 98 may be formed by e.g. an
FIR filter or another adaptive filter. The digital signal process-
ing circuit 98 inputs the first digital signal and the second
digital signal into the adaptive filter and generates a filter
output signal in which noise has been removed or reduced.

[0055] The pulse rate computation circuit 94 shown in FIG.
9 uses e.g. fast Fourier transform (or in a broader sense,
discrete Fourier transform) to perform a frequency analysis
on the filter output signal. The pulse rate computation circuit
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94 identifies a frequency that represents a pulsating compo-
nent based on a result of the frequency analysis, and compu-
tationally obtains a pulse rate.

[0056] A first aspect of the illustrated embodiment relates
to a biological information detector, characterized in com-
prising: a light-emitting part subjected to emit a first light
directed at a detection site of a test subject and a second light
directed in a direction other than a direction of the test subject;
a first reflecting part subjected to reflect the second light and
directing the second light towards the detection site; a light-
receiving part subjected to receive light having biological
information, the light produced by the first light and the
second light being reflected at the detection site; and a second
reflecting part subjected to reflect the light having biological
information from the detection site and directing the light
having biological information towards the light-receiving
part.

[0057] According to the first aspect of the illustrated
embodiment, the second light, which does not directly arrive
at the detection site of the test subject (e.g. a user), also
reaches the detection site via the first reflecting part. There-
fore, the amount of light reaching the detected part increases,
and the detection accuracy (i.e., signal-to-noise ratio) of the
biological information detector improves.

[0058] According to a second aspect of the illustrated
embodiment, the light-emitting part may have: a first light-
emitting surface for emitting the first light, the first light-
emitting surface facing the detection site; and a second light-
emitting surface for emitting the second light, the second
light-emitting surface being a side surface of the first light-
emitting surface; the first reflecting part may have a wall part
surrounding the second light-emitting surface; and the wall
part may have a first reflecting surface for reflecting the sec-
ond light towards the detection site.

[0059] The wall part (i.e., the first reflecting part) surround-
ing the second light-emitting surface of the light-emitting part
having the first reflecting surface thus increases the amount of
light reaching the detection site, and the accuracy of the
biological information detector further increases.

[0060] According to a third aspect of the illustrated
embodiment, the wall part may further have a second reflect-
ing surface for reflecting light that has been reflected at a
surface of the test subject and does not contain biological
information, thereby suppressing the light not having biologi-
cal information from being incident on the light-receiving
part.

[0061] The second reflecting surface of the first reflecting
part is thus capable of minimizing incidence of light not
having biological information (i.e., invalid light) onto the
light-receiving part and improve the S/N (i.e., signal-to-noise
ratio).

[0062] According to a fourth aspect of the illustrated
embodiment, the first reflecting part may project further
towards the detection site than the light-receiving part.
[0063] Specifically, the shortest distance between the first
reflecting part and the surface of the test subject may be
smaller than the shortest distance between the light-emitting
part and the surface of the test subject. The first reflecting part
may thus project towards the detection site by e.g. a prede-
termined height Ahl in relation to a surface of the light-
emitting part that determines the shortest distance relative to
the surface of the test subject (e.g. the first light-emitting
surface). Specifically, a spacing between the first reflecting
part and the surface of the test subject (e.g. Ah2=Ah0-Ah1)
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may be smaller than a spacing that represents the shortest
distance between the light-receiving part and the surface of
the test subject (e.g. Ah0=Ah1+Ah2). Therefore, in the first
reflecting part, the presence of e.g. a projection Ahl from the
light-emitting part makes it possible to increase the area of the
first reflecting surface and increase the amount of light reach-
ing the detection site. Also, with regards to the light reflected
atthe detection site, the presence of e.g. Ah2 makes it possible
to obtain a light path for the light to reach the second reflect-
ing part from the detection site. Also, in an instance in which
the first reflecting part has the second reflecting surface,
adjusting Ahl and Ah2 allows the amount of light having
biological information (i.e., valid light) and light not having
biological information (i.e., invalid light: noise) incident on
the light-receiving part to be respectively adjusted, thereby
making it possible to further improve the S/N.

[0064] According to a fifth aspect of the illustrated embodi-
ment, the biological information detector may further com-
prise a substrate having a first surface, and a second surface
facing the first surface; wherein the light-receiving part may
be positioned on the first surface; the first reflecting part may
be positioned on the second surface; and an equation W1=W2
may be satisfied, when, in a cross-sectional view, W1 is a
maximum value for the length of the first reflecting part in a
direction parallel to the first surface, and W2 is a maximum
value for the length of the light-receiving part in the direction
parallel to the first surface.

[0065] Having the maximum value W1 for the length of the
first reflecting part be equal to or smaller than the maximum
value W2 for the length of the light-receiving part thus makes
it possible to increase the valid amount of light reaching the
second reflecting part. Specifically, the maximum value W1
for the length of the first reflecting part may be set so that the
first reflecting part does not block or reflect light reflected at
the detection site (i.e., reflected light having biological infor-
mation).

[0066] According to a sixth aspect of the illustrated
embodiment, a reflecting surface of the second reflecting part
may be a spherical surface or a parabolic surface, wherein a
center of an arc defining the spherical surface may be within
the test subject, or a focus of a parabolic line defining the
parabolic surface may be towards the test subject relative to a
light-receiving surface of the light-receiving part.

[0067] In an instance in which the detection site is within
the test subject, light reflected at the surface of the test subject
does not contain biological information. The inventors iden-
tified that the second reflecting part minimizes light reflected
at the surface of the test subject (or in a broader sense, noise)
in an instance in which the center of the arc defining the
spherical surface is within the test subject. Also, in an instance
in which the reflecting surface of the second reflecting part is
a parabolic surface, and the focus of the parabolic line defin-
ing the parabolic surface is towards the test subject relative to
the light-receiving surface of the light-receiving part, there is
a greater likelihood of light having a path that is nearly per-
pendicular to the surface of the test subject (e.g. the reflected
first light; valid light) collecting on the light-receiving surface
of the light-receiving part.

[0068] According to a seventh aspect of the illustrated
embodiment, the biological information detector may further
contain a wristband capable of attaching the biological infor-
mation detector to an arm of the test subject.

[0069] The detection site can thus be set on the arm of the
test subject (i.e., the user). In other words, the biological
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information detector whose detection accuracy has been
improved can be applied in an environment in which there is
a significant level of noise arising from external light.
[0070] An eighth aspect of the illustrated embodiment
relates to a biological information measuring device, charac-
terized in comprising: the biological information detector
described above; and a biological information measuring part
for measuring biological information from a light reception
signal generated at the light-receiving part.

[0071] According to the eighth aspect of the illustrated
embodiment, the biological information detector whose
detection accuracy has been improved can be used to increase
the measurement accuracy of the biological information mea-
suring device.

[0072] Although a detailed description was made concern-
ing the present embodiment as stated above, persons skilled
in the art should be able to easily understand that various
modifications are possible without substantially departing
from the scope and effects of the present invention. Accord-
ingly, all of such examples of modifications are to be included
in the scope of the present invention. For example, terms
stated at least once together with different terms having
broader sense or identical sense in the specification or draw-
ings may be replaced with those different terms in any and all
locations of the specification or drawings.

What is claimed is:

1. A biological information detector adapted to be attached

to a user’s body, comprising:

a light-emitting part configured to emit light toward the
user’s body;

a reflecting part disposed in a periphery of the light-emit-
ting part to reflect at least a part of the light emitted by the
light-emitting part toward the user’s body;

alight-receiving part configured to receive light reflected at
the user’s body to produce a light reception signal; and

a processing unit configured to process the light reception
signal to produce biological information.

2. The biological information detector according to claim

1, wherein
the reflecting part includes a reflecting surface parallel to a
light-emitting surface of the light emitting part facing
the user’s body, the reflecting surface having a high
reflectivity region.
3. The biological information detector according to claim
2, wherein

the reflecting surface has a reflectivity of 80% to 90%.

4. The biological information detector according to claim
1, wherein

the reflecting part includes a quadrilateral-shaped region.

5. The biological information detector according to claim
4, wherein

a length of at least one side of the quadrilateral-shaped
region is 100 pm to 10,000 um.

6. The biological information detector according to claim

2, wherein

the reflecting surface has at least one of a curve-shaped
corner and a right angle shaped corner.

7. The biological information detector according to claim

2, wherein

the reflecting surface has the high reflectivity region and a
low reflectivity region, and the high reflectivity region
does not overlap with the light-emitting part.

8. The biological information detector according to claim

1, further comprising
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a protecting part configured to protect the reflecting part
and the light-emitting part, the protecting part being
made of a transparent material to transmit the light
reflected at the user’s body.

9. The biological information detector according to claim

8, wherein

a thickness of the protecting part is within a range from 1
um to 1000 pum.

10. The biological information detector according to claim

1, further comprising

a substrate physically in contact with the light-receiving
part and the reflecting part and to have a thickness from
10 pum to 1000 pm.

11. The biological information detector according to claim

10, further comprising

a wiring for at least one of the light-emitting part and the
light-receiving part, the wiring being formed on the sub-
strate.

12. The biological information detector according to claim

1, further comprising

an acceleration detecting part configured to detect a move-
ment of the user’s body and to generate an acceleration
signal.
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13. The biological information detector according to claim
12, further comprising:

a first A/D conversion circuit configured to perform A/D
conversion of the light reception signal from the light-
receiving part for the processing unit;

asecond A/D conversion circuit configured to perform A/D
conversion of the acceleration signal from the accelera-
tion detecting part for the processing unit, wherein

the processing unit is configured to produce the biological

information using signals from the first A/D conversion
circuit and the second A/D conversion circuit.

14. The biological information detector according to claim
1, wherein

the light-emitting part is configured to emit the light having
a maximum intensity within a wavelength range of 425
nm to 625 nm.

15. The biological information detector according to claim
1, wherein

the light-emitting part is configured to emit green light.
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