
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2015/146139 Al
1 October 2015 (01.10.2015) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61B 5/0245 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

PCT/JP2015/001639 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KN, KP, KR,

23 March 2015 (23.03.2015) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
2014-065981 27 March 2014 (27.03.2014) JP (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: SEIKO EPSON CORPORATION [JP/JP]; 4- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

1, Nishi-shinjuku 2-chome, Shinjuku-ku, Tokyo, 163081 1 TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(JP). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,(72) Inventors: NARUSAWA, Atsushi; c/o SEIKO EPSON
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,CORPORATION, 3-5, Owa 3-chome, Suwa-shi, Nagano,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,3928502 (JP). GU, Yu; c/o SEIKO EPSON CORPORA
GW, KM, ML, MR, NE, SN, TD, TG).TION, 3-5, Owa 3-chome, Suwa-shi, Nagano, 3928502

(JP). Published:

(74) Agents: WATANABE, Kazuaki et al; c/o Intellectual — with international search report (Art. 21(3))
Property Division SEIKO EPSON CORPORATION, 80,
Harashinden, Hirooka, Shiojiri-shi, Nagano, 3990785 (JP).

(54) Title: BIOLOGICAL INFORMATION DETECTING DEVICE AND ELECTRONIC APPARATUS

(57) Abstract: A biological information de

IFig. 1]
tecting device includes: a first light receiving
portion which receives light from a subject; a
second light receiving portion which re
ceives light from the subject; and a light-
transmissive member which is provided at a
position further on the subject side than the
first light receiving portion and the second
light receiving portion, through which light
from the subject is transmitted. In a direction
from the biological information detecting
device to the subject, when a height of the

B light-transmissive member at a position or in
a region corresponding to the first light re
ceiving portion is set to h i and a height of
the light-transmissive member at a position
or in a region corresponding to the second
light receiving portion is set to h2, h i > h2 is
satisfied.



Description

Title of Invention: BIOLOGICAL INFORMATION DETECTING

DEVICE AND ELECTRONIC APPARATUS

Technical Field
[0001] The present invention relates to a biological information detecting device, an

electronic apparatus, or the like.

Background Art
[0002] A pulse wave represents a change in the volume of blood, and therefore, a photo

electric pulse wave sensor can measure the pulse wave by capturing the change in the

volume of blood in a site to be measured. However, the volume of blood in a portion to

be measured also changes due to movement (hereinafter, referred to as body motion) of

a human body in addition to pulsation (that is, pulse wave) of the heart. For this reason,

at the time of measuring a pulse wave using the photoelectric pulse wave sensor, in

some cases, a noise due to body motion is included in wave motion in the process of

propagation of the pulse wave from the heart to a site to be measured. That is, blood is

a fluid and blood vessels are elastic, and therefore, in some cases, the flow of blood,

which is caused by body motion, causes a change in the volume of blood and is

measured as pseudo pulsation.

[0003] A pulse wave measuring device which performs calculation processing in order to

remove a noise component due to such body motion has been developed. For example,

PTL 1 discloses a technique of emitting light having different wavelengths, measuring

reflected light thereof at the same time, and extracting a pulsation component from the

measured value. This technique uses the fact that there are different extinction charac

teristics between oxygenated hemoglobin which is dominant in arterial blood and

reduced hemoglobin which is dominant in venous blood.

Citation List

Patent Literature
[0004] PTL 1: JP-A-55- 120858

Summary of Invention

Technical Problem
[0005] However, the irradiation light having different wavelengths which is used in a sensor

that measures a pulse wave by detecting reflected light also has different penetration

depths of light into a living body. For this reason, in the technique disclosed in PTL 1,

the difference in absorbance which is caused by a plurality of sensors also includes an

influence caused by the differences in the penetration depths of light having different



wavelengths, and therefore, it is difficult to reduce the noise caused by body motion.

Solution to Problem
[0006] An advantage of some aspects of the invention is that it is possible to provide a b i

ological information detecting device which detects signals having different charac

teristics while having correlations in each light receiving portion of a plurality of light

receiving portions to some extent, by having an appropriate structure, an electronic

apparatus, etc.

[0007] Another advantage of some aspects of the invention is that it is possible to provide a

biological information detecting device which reduces a body motion noise based on

the signals which have different characteristics and are detected in each light receiving

portion of the plurality of light receiving portions, an electronic apparatus, etc.

[0008] An aspect of the invention relates to a biological information detecting device

including: a first light receiving portion which receives light from a subject; a second

light receiving portion which receives light from the subject; and a light-transmissive

member which is provided at a position further on the subject side than the first light

receiving portion and the second light receiving portion, through which light from the

subject is transmitted, and which applies a pressing force by coming into contact with

the subject at the time of measuring biological information of the subject. In a direction

from the biological information detecting device to the subject, when a height of the

light-transmissive member at a position or in a region corresponding to the first light

receiving portion is set to h i and a height of the light-transmissive member at a

position or in a region corresponding to the second light receiving portion is set to h2,

h i > h2 is satisfied.

[0009] According to the aspect of the invention, the heights of the light-transmissive

member at positions or regions respectively corresponding to the first light receiving

portion and the second light receiving portion may be different from each other. A c

cordingly, it is possible to provide a difference in the pressing force, for example.

Therefore, it is possible to make the characteristics of a first detection signal from the

first light receiving portion and the characteristics of a second detection signal from the

second light receiving portion be different from each other. Thus, it is possible to

detect biological information based on the first and second detection signals which

have different characteristics from each other.

[0010] In the aspect of the invention, the height h i may be a height of the light-transmissive

member at a representative position of the first light receiving portion, and the height

h2 may be a height of the light-transmissive member at a representative position of the

second light receiving portion.

[001 1] With this configuration, it is possible to set heights of the light-transmissive members



corresponding to the light receiving portions based on the representative positions of

the light receiving portions.

[0012] In the aspect of the invention, the biological information detecting device may

further include at least one light emitting portion emitting light to the subject. When a

region including the first light receiving portion and the light emitting portion in a plan

view seen from the subject side is set to a first region and a region including the second

light receiving portion and the light emitting portion in a plan view seen from the

subject side is set to a second region, the height h i may be an average height of the

light-transmissive member in the first region and the height h2 may be an average

height of the light-transmissive member in the second region.

[0013] With this configuration, it is possible to set the heights of the light-transmissive

members corresponding to the light receiving portions using the average heights in the

first and second regions.

[0014] In the aspect of the invention, at the time of measuring the biological information of

the subject, when a pressing force of the light-transmissive member at a position or in a

region corresponding to the first light receiving portion is set to PI and a pressing force

of the light-transmissive member at a position or in a region corresponding to the

second light receiving portion is set to P2, PI > P2 may be satisfied.

[0015] With this configuration, it is possible to provide a difference in the pressing force,

and therefore, it is possible to make the characteristics of a first detection signal from

the first light receiving portion and the characteristics of a second detection signal from

the second light receiving portion be different from each other, or the like.

[0016] In the aspect of the invention, the biological information detecting device may

further include a processing portion which calculates the biological information of the

subject based on a first detection signal detected by the first light receiving portion.

[0017] With this configuration, it is possible to calculate the biological information based on

the first detection signal.

[0018] In the aspect of the invention, the biological information detecting device may

further include at least one light emitting portion which emits light to the subject, and

the first light receiving portion may be disposed between the light emitting portion and

the second light receiving portion.

[0019] With this configuration, it is possible to appropriately dispose the light emitting

portion and the plurality of light receiving portions, or the like.

[0020] In the aspect of the invention, when a distance between the light emitting portion and

the first light receiving portion is set to LI and a distance between the light emitting

portion and the second light receiving portion is set to L2, L2 > 2 x LI may be

satisfied.

[0021] With this configuration, it is possible to appropriately set the distance between the



light emitting portion and each of the light receiving portions, or the like.

[0022] In the aspect of the invention, the biological information detecting device may

further include at least one light emitting portion which emits light to the subject, and

when a distance between the light emitting portion and the first light receiving portion

is set to LI and a distance between the light emitting portion and the second light

receiving portion is be set to L2, L2 > LI may be satisfied.

[0023] With this configuration, it is possible to appropriately set the distance between the

light emitting portion and each of the light receiving portions, or the like.

[0024] In the aspect of the invention, the distance LI between the light emitting portion and

the first light receiving portion may satisfy 1 mm <= LI <= 3 mm, and the distance L2

between the light emitting portion and the second light receiving portion may satisfy 2

mm <= L2.

[0025] With this configuration, it is possible to appropriately set the distance between the

light emitting portion and each of the light receiving portions, or the like.

[0026] In the aspect of the invention, the biological information detecting device may

further include at least one light emitting portion emitting light to the subject, and the

light emitting portion may be disposed between the first light receiving portion and the

second light receiving portion.

[0027] With this configuration, it is possible to appropriately dispose the light emitting

portion and the plurality of light receiving portions, or the like.

[0028] In the aspect of the invention, the biological information detecting device may

further include a contact portion which is provided around the light-transmissive

member and comes into contact with the subject at the time of measuring the biological

information of the subject, and when a height at a position or in a region corresponding

to the contact portion is set to h3, h i > h3 > h2 may be satisfied.

[0029] With this configuration, it is possible to appropriately set the relationship between the

heights of the light-transmissive members corresponding to the light receiving portions

and the height of the contact portion, or the like.

[0030] In the aspect of the invention, the light-transmissive member may have a curved

surface-like convex portion.

[0031] With this configuration, it is possible to appropriately apply pressing force using the

curved surface-like convex portion, or the like.

[0032] Another aspect of the invention relates to an electronic apparatus including the b i

ological information detecting device described above.

Brief Description of Drawings
[0033] The invention will be described with reference to the accompanying drawings,

wherein like numbers reference like elements.



[fig.l]Fig. 1 shows a cross-sectional view and a plan view showing a disposition

example of first and second light receiving portions in the present embodiment.

[fig.2]Fig. 2 shows views illustrating the distance between the first and second light

receiving portions and a light emitting portion.

[fig.3A]Fig. 3A is an external view of a biological information detecting device of the

present embodiment.

[fig.3B]Fig. 3B is an external view of a biological information detecting device of the

present embodiment.

[fig.4]Fig. 4 is an external view of the biological information detecting device

according to the present embodiment.

[fig.5]Fig. 5 is a view illustrating installation of the biological information detecting

device and communication between a terminal device and the biological information

detecting device.

[fig.6]Fig. 6 is a functional block diagram of the biological information detecting

device.

[fig.7]Fig. 7 is a perspective view showing the appearance of a sensor portion.

[fig.8]Fig. 8 is a view illustrating an influence of the distance between the light

emitting portion and the light receiving portions on permeation depth of light.

[fig.9]Fig. 9 is a view showing a relationship between signal intensity of a detection

signal and the distance between the light emitting portion and the light receiving

portions.

[fig.lO]Fig. 10 is a view illustrating the relationship between a measurement distance

in a depth direction and the distance between the light emitting portion and the light

receiving portions.

[fig. 1l]Fig. 11 is a view illustrating change in absorbance with respect to a pressing

force.

[fig.l2]Fig. 12 is a view illustrating change in sensitivity of a body motion noise with

respect to the pressing force.

[fig.l3]Fig. 13 shows views illustrating a degree of improvement in an MN ratio (SN

ratio) due to noise reduction processing, between a case of providing a difference in

the pressing force and a case of not providing the same.

[fig. 14]Fig. 14 is a view showing the relationship between a DC component and an AC

component, which are detected by each light receiving portion, and a cuff pressing

force.

[fig.l5]Fig. 15 shows views illustrating a region corresponding to the first light

receiving portion and the height of a light-transmissive member in the region.

[fig.l6]Fig. 16 shows views illustrating a region corresponding to the second light

receiving portion and the height of a light-transmissive member in the region.



[fig.l7]Fig. 17 shows a cross- sectional view and a plan view showing an example in

which the first and second light receiving portions are disposed opposite to each other.

[fig.l8]Fig. 18 shows views illustrating the height in the case of the opposed dis

position.

[fig. 19A]Fig. 19A is a disposition example in a case in which a plurality of light

emitting portions are provided.

[fig.l9B]Fig. 19B is a disposition example in a case in which a plurality of light

emitting portions are provided.

[fig.20A]Fig. 20A is a view illustrating body motion noise reduction processing using

a second detection signal.

[fig.20B]Fig. 20B is a view illustrating body motion noise reduction processing using a

second detection signal.

[fig.21]Fig. 2 1 is a view illustrating adaptive filter processing.

[fig.22]Fig. 22 is a view illustrating the flow of signal processing.

Description of Embodiments
[0034] Hereinafter, the present embodiment will be described. The present embodiment

described below does not unjustly limit the content of the invention described in the

appended claims. In addition, all of the configurations described in the present em

bodiment are not necessarily essential configuration requirements of the invention.

[0035] 1. Technique of Present Embodiment

First, a technique of the present embodiment will be described. As described above,

when detecting biological information such as pulse wave information using a photo

electric sensor, a noise due to body motion causes a problem. For this reason, when ac

curately detecting biological information, it is necessary to reduce the body motion

noise using some technique.

[0036] When reducing the body motion noise, a component corresponding to the body

motion noise is reduced (removed in a narrow sense) while maintaining a component

corresponding to a pulse signal as much as possible among detection signals of the

photoelectric sensor. That is, in the body motion noise reduction processing, it is

necessary to know which signal component corresponds to the body motion noise.

[0037] On the contrary, a technique of reducing body motion noise using a motion sensor

has been known. The motion sensor is a sensor for detecting movement of a user

(wearer of a biological information detecting device), and therefore, it is possible to

obtain a signal corresponding to body motion, that is, a signal corresponding to a body

motion noise using the motion sensor. Here, an acceleration sensor, a gyro sensor, an

atmospheric pressure sensor, or the like can be considered as the motion sensor.

[0038] The technique of reducing body motion noise using the above-described motion



sensor may also be used together in the present embodiment. However, the present

applicant suggests another technique of reducing body motion noise. Specifically, a

signal in which a large number of body motion noises are included is acquired using a

second light receiving portion which is different from a first light receiving portion that

detects a pulse signal.

[0039] As described above, the body motion noises are included in detection signals in the

photoelectric sensor. It is possible to mainly acquire the detection signals including the

body motion noises using the second light receiving portion in which the sensitivity of

a pulse signal is purposely set to be low and the sensitivity of a body motion noise is

purposely set to be high, using such a point.

[0040] If it is possible to detect the signal corresponding to a body motion noise in the

second light receiving portion, it becomes possible to reduce the body motion noise by

removing (reducing) the component corresponding to a detection signal in the second

light receiving portion from a detection signal in the first light receiving portion. At

this time, the sensitivity of a pulse signal is low in the second light receiving portion,

and therefore, the pulse component included in the detection signal of the first light

receiving portion will not be excessively reduced.

[0041] However, in order to enable such processing, it is necessary that the characteristics

(for example, frequency characteristics) of body motion noises included in the

detection signals in the first light receiving portion and the second light receiving

portion be identical to each other (or be sufficiently close to each other). That is, the

detection signals of the two light receiving portions need to be closely correlated to

each other while providing a difference in the detection characteristics such that the

first light receiving portion mainly detects a pulse signal and the second light receiving

portion mainly detects a body motion noise.

[0042] In the technique disclosed in PTL 1, frequency bands of light beams detected by each

of a plurality of light receiving portions are very different from each other. For this

reason, even if it is possible to make the characteristics of the detection signals from

each of the light receiving portions be different from each other, it is somewhat

difficult to provide correlations therebetween. This is because if the wavelengths of

light beams are different from each other, the permeation depths into a living body are

also different from each other, and therefore, the structure of blood vessels, bones, and

the like, which are detection targets, become different from each other in the first

place.

[0043] For this reason, in the present embodiment, an identical wavelength band of light is

used in the plurality of light receiving portions. The light in the identical wavelength

band does not mean that a wavelength having maximum intensity is completely

identical, and indicates that the wavelength having the maximum intensity falls within



a predetermined range (for example, range of an identical color). The light emitted

from a light emitting portion 150 is light in a wavelength band included in a range of,

for example, 470 nm to 610 nm. More specifically, the light emitted from the light

emitting portion 150 is light in a wavelength band included in a range of 520 nm to

570 nm. The light in this wavelength band is more easily reflected from hemoglobin in

blood vessels compared to light in other wavelength bands.

[0044] In the present specification below, as described above, a specific configuration of a

biological information detecting device that satisfies the requirements that the charac

teristics of detection signals are different in each of the light receiving portions while

providing correlations therebetween to some degree, will be described. As will be

described later using Figs. 8 to 12, it is known that sensitivity with respect to a pulse

signal or sensitivity with respect to a body motion noise changes depending on the

pressing force applied to a subject, or the distance between the light emitting portion

and the light receiving portions. Moreover, it is possible to adjust the pressing force

applied to the subject depending on the height of a member (light-transmissive member

to be described later in a narrow sense) coming into contact with the subject at a

position or in a region corresponding to the light receiving portions.

[0045] That is, hereinafter, a specific configuration of a biological information detecting

device which includes a method of setting the height of the light-transmissive member

at a position or in a region corresponding to a light receiving portion and the distance

between the light emitting portion and light receiving portions, and has a height or a

distance which is appropriately set using the technique, will be described.

[0046] For example, the biological information detecting device according to the present

embodiment includes a first light receiving portion 140 which receives light from a

subject; a second light receiving portion 141 which receives light from the subject; and

a light-transmissive member 50 which is provided at a position further on the subject

side than the first light receiving portion 140 and the second light receiving portion

141, through which light from the subject is transmitted, and which applies a pressing

force by coming into contact with the subject at the time of measuring the biological

information of the subject. As shown in Figs. 1A and IB, in a direction (DRl) from the

biological information detecting device to the subject, when the height of the light-

transmissive member 50 at a position or in a region corresponding to the first light

receiving portion is set to h i and the height of the light-transmissive member 50 at a

position or in a region corresponding to the second light receiving portion is set to h2,

h i > h2 is satisfied.

[0047] A configuration (in particular, the height or the shape of the light-transmissive

member 50) of the biological information detecting device according to the present

embodiment is schematically shown in Figs. 1A and IB for simplification, and the di-



mensions or the proportions which are shown in the drawings are different from those

in reality. In addition, this point is also applied to the drawings after Fig. 2A.

[0048] At this time, as will be described later using Fig. 6, the biological information

detecting device may include a processing portion 200 that calculates the biological in

formation of a subject based on a first detection signal detected by the first light

receiving portion 140. In this manner, it is possible to calculate biological information

such as a pulse using the first detection signal from the first light receiving portion 140.

[0049] In addition, the biological information detecting device according to the present em

bodiment includes the first light receiving portion 140 which receives light from a

subject; the second light receiving portion 141 which receives light from the subject;

the processing portion 200; and at least one light emitting portion 150 which emits

light with respect to the subject. When the distance between the light emitting portion

150 and the first light receiving portion 140 is set to L I and the distance between the

light emitting portion 150 and the second light receiving portion 141 is set to L2, L I <

L2 is satisfied as shown in Figs. 2A and 2B. The processing portion 200 performs body

motion noise reduction processing that reduces a body motion noise in the first

detection signal detected by the first light receiving portion 140 based on a second

detection signal detected by the second light receiving portion 141, and calculates b i

ological information based on the first detection signal after the body motion noise

reduction processing.

[0050] In this manner, it is possible to mainly detect a pulse signal in the first light receiving

portion 140 and a body motion noise in the second light receiving portion 141 as

described above by providing a difference in at least one of the height of the light-

transmissive member at a position or in a region corresponding to each light receiving

portion, and the distance between each light receiving portion and the light emitting

portion. For this reason, it is possible to perform body motion noise reduction

processing using the second detection signal of the second light receiving portion 141

with respect to the first detection signal of the first light receiving portion 140, to ac

curately obtain biological information from the first detection signal after the body

motion noise reduction processing, or the like.

[0051] 2. Configuration Example of Biological Information Detecting Device or the like

2.1 Overall Configuration Example of Biological Information Detecting Device

External views of a biological information detecting device (biological information

measuring device) of the present embodiment are shown in Figs. 3A to 4. Fig. 3A is a

view in which the biological information detecting device is viewed from a frontward

direction, Fig. 3B is a view in which the biological information detecting device is

viewed from above, and Fig. 4 is a view seen from a side surface direction.

[0052] As shown in Figs. 3A to 4, the biological information detecting device of the present



embodiment has a band portion 10, a case portion 30, and a sensor portion 40. The

case portion 30 is attached to the band portion 10. The sensor portion 40 is provided on

the case portion 30. In addition, the biological information detecting device has the

processing portion 200 to be described later as shown in Fig. 6. The processing portion

200 is provided in the case portion 30 and detects biological information based on a

detection signal from the sensor portion 40. The biological information detecting

device of the present embodiment is not limited to the configurations shown in Figs.

3A to 4, and it is possible to perform various modifications, for example, omitting a

part of constituents, replacing the constituents with other constituents, and adding other

constituents.

[0053] The band portion 10 is used to install the biological information detecting device by

winding the biological information detecting device around the wrist of a user. The

band portion 10 has a band hole 12 and a buckle portion 14. The buckle portion 14 has

a band insertion portion 15 and a protrusion portion 16. A user inserts an end of the

band portion 10 into the band insertion portion 15 of the buckle portion 14 and inserts

the protrusion portion 16 of the buckle portion 14 into the band hole 12 of the band

portion 10 to place the biological information detecting device on the wrist. In this

case, the magnitude of the pressing force (pressing force with respect to a surface of

the wrist) of the sensor portion 40 to be described later is adjusted depending on which

band hole 12 is inserted with the protrusion portion 16.

[0054] The case portion 30 corresponds to a main body portion of the biological information

detecting device. Various components of the biological information detecting device

such as the sensor portion 40 and the processing portion 200 are provided in the case

portion 30. That is, the case portion 30 is a housing for storing these components. The

case portion 30 has, for example, a top case 34 and a bottom case 36. The case portion

30 may not be in a mode in which the case portion 30 is separated into the top case 34

and the bottom case 36.

[0055] The case portion 30 is provided with a light emitting window portion 32. The light

emitting window portion 32 is formed of a light-transmissive member. The case

portion 30 is provided with a light emitting portion (LED: light emitting portion for no

tification which is different from the light emitting portion 150 of a photodetection

unit) which is mounted on a flexible substrate, and light from the light emitting portion

is emitted to the outside of the case portion 30 through the light emitting window

portion 32.

[0056] As shown in Fig. 4, the case portion 30 is provided with a terminal portion 35. When

the biological information detecting device is mounted on a cradle which is not shown,

a terminal portion of the cradle and the terminal portion 35 of the case portion 30 are

electrically connected to each other. Accordingly, it is possible to charge a secondary



battery provided in the case portion 30.

[0057] The sensor portion 40 detects biological information such as the pulse wave of a

subject. For example, the sensor portion 40 has the first light receiving portion 140, the

second light receiving portion 141, and the light emitting portion 150, as illustrated in

Fig. 1A or the like. In addition, the sensor portion 40 has a convex portion 52 which is

formed of a light-transmissive member 50 and is coming into contact with the surface

of the skin of the subject so as to apply a pressing force. In a state in which the convex

portion 52 applies a pressing force on the surface of the skin in this manner, the light

emitting portion 150 emits light which is then reflected by a subject (blood vessel) and

is received by the first light receiving portion 140 and the second light receiving

portion 141. The result of light reception is output to the processing portion 200 as a

first detection signal and a second detection signal. Then, the processing portion 200

performs noise reduction processing on the first detection signal based on the second

detection signal from the sensor portion 40 and detects biological information such as a

pulse wave based on the first detection signal after the noise reduction processing. The

biological information which is a detection target of the biological information

detecting device of the present embodiment is not limited to the pulse wave (pulse

rate), and the biological information detecting device may be a device for detecting b i

ological information (for example, oxygen saturation in the blood, body temperature,

and heart rate, and the like) in addition to the pulse wave.

[0058] Here, the light-transmissive member 50 of the biological information detecting

device of the present embodiment may have a curved surface-like convex portion 52.

That is, the convex portion 52 in the present embodiment may have any shape that

relatively protrudes compared to a peripheral region so as to appropriately apply the

pressing force, and can be realized by using a curved surface shape as shown in Fig.

1A in a narrow sense.

[0059] Fig. 5 is a view illustrating installation of a biological information detecting device

400 and communication between a terminal device 420 and the biological information

detecting device. As shown in Fig. 5, a user as a subject installs the biological in

formation detecting device 400 on a wrist 410 like a watch. As shown in Fig. 4, the

sensor portion 40 is provided on a surface of the case portion 30 on the subject. A c

cordingly, when the biological information detecting device 400 is installed, the

convex portion 52 of the sensor portion 40 applies a pressing force by coming into

contact with the surface of the skin of the wrist 410. In this state, the light emitting

portion 150 of the sensor portion 40 emits light and the first light receiving portion 140

and the second light receiving portion 141 receive reflected light, and thereby, b i

ological information such as a pulse wave is detected.

[0060] The biological information detecting device 400 and the terminal device 420 are



communicably connected to each other, and therefore, it is possible to exchange data.

The terminal device 420 is a portable communication terminal such as a smart phone, a

mobile phone, and a feature phone. Alternately, the terminal device 420 may be an in

formation processing terminal such as a tablet type computer. Proximity wireless com

munication such as Bluetooth (registered trade name) may be employed as a comm u

nication connection between the biological information detecting device 400 and the

terminal device 420. It is possible to display various information pieces such as the

pulse rate or consumed calories on a display portion 430 (LCD or the like) of the

terminal device 420 by communicably connecting the biological information detecting

device 400 and the terminal device 420 to each other in this manner. That is, various

information pieces which are obtained based on the detection signals of the sensor

portion 40 can be displayed thereon. Calculation processing of information such as the

pulse rate or the consumed calories may be performed in the biological information

detecting device 400, or at least one part of the processing may be performed in the

terminal device 420.

[0061] The light emitting window portion 32 is provided on the biological information

detecting device 400 and a user is notified of various information pieces through

emission of light (lighting and flashing) from the light emitting portion for notification.

For example, when the body enters a fat burning zone or when the fat burning zone

ends, the user is notified of this information by the emission of light of the light

emitting portion through the light emitting window portion 32. In addition, when the

terminal device 420 receives an email or the like, the biological information detecting

device 400 is notified of the information from the terminal device 420. Then, the user

is notified of the reception of the email or the like through emission of light in the light

emitting portion of the biological information detecting device 400.

[0062] In this manner, in Fig. 5, no display portion such as an LCD is provided in the b i

ological information detecting device 400 and information, of which it is necessary to

notify a user with characters, figures, or the like, is displayed on the display portion

430 of the terminal device 420. In this manner, in Fig. 5, miniaturization of the b i

ological information detecting device 400 is realized by notifying a user of a minimum

amount of necessary information through emission of light from the light emitting

portion without providing any display portion such as an LCD. In addition, it is also

possible to improve the aesthetic appearance of the biological information detecting

device 400 by not providing the display portion in the biological information detecting

device 400.

[0063] 2.2 Functional Block Diagram

Fig. 6 is a functional block diagram of a biological information detecting device of

the present embodiment. In Fig. 6, the biological information detecting device includes



the sensor portion 40, a motion sensor portion 170, a vibration generation portion 180,

the processing portion 200, a storage portion 240, a communication portion 250, an

antenna 252, and a notification portion 260. The biological information detecting

device of the present embodiment is not limited to the configuration of Fig. 6, and it is

possible to perform various modifications, for example, omitting a part of constituents,

replacing the constituents with other constituents, and adding other constituents.

[0064] The sensor portion 40 detects biological information such as a pulse wave and

includes the first light receiving portion 140, the second light receiving portion 141,

and the light emitting portion 150. However, the sensor portion 40 may have three or

more light receiving portions. Here, an example in which the light emitting portion 150

shares a plurality of light receiving portions as will be described later is shown using

Figs. 1A to 2B or the like. However, the number of light emitting portions is not

limited to one, and two or more light emitting portions may be provided.

[0065] A pulse wave sensor (photoelectric sensor) is realized by the first light receiving

portion 140, the second light receiving portion 141, the light emitting portion 150, and

the like. In the case of Fig. 6, a first pulse wave sensor is realized by the first light

receiving portion 140 and the light emitting portion 150, and a second pulse wave

sensor is realized by the second light receiving portion 141 and the light emitting

portion 150. The sensor portion 40 outputs signals, which are detected by a plurality of

pulse wave sensors, as detection signals (pulse wave detection signals).

[0066] The motion sensor portion 170 outputs a body motion detection signal which is a

signal that changes in accordance with the body motion based on sensor information

pieces of various motion sensors. The motion sensor portion 170 includes, for

example, an acceleration sensor 172 as the motion sensor. The motion sensor portion

170 may have a pressure sensor, a gyro sensor, or the like as the motion sensor.

[0067] The processing portion 200 performs various kinds of signal processing or control

processing by, for example, using the storage portion 240 as a working region. For

example, it is possible to realize the processing using a processor such as CPU or a

logic circuit such as ASIC. The processing portion 200 includes a signal processing

portion 210, a pulsation information calculation portion 220, and a notification control

portion 230.

[0068] The signal processing portion 210 performs various kinds of signal processing

(filtering processing or the like), and for example, the signal processing is performed

with respect to a pulse wave detection signal from the sensor portion 40, body motion

detection signal from the motion sensor portion 170, or the like.

[0069] For example, the signal processing portion 210 includes a body motion noise

reduction portion 212 and a second body motion noise reduction portion 214. The

body motion noise reduction portion 212 performs body motion noise reduction



processing that reduces (removes) a body motion noise, which is a noise caused by

body motion, from a first detection signal based on a second detection signal among

pulse wave detection signals. In addition, the second body motion noise reduction

portion 214 performs second body motion noise reduction processing that reduces the

body motion noise from the first detection signal based on a body motion detection

signal from the motion sensor portion 170. Specifically, a spectrum subtraction method

may be used for the body motion noise reduction processing in the body motion noise

reduction portion 212 and an adaptive filter or the like may be used for the second

body motion noise reduction processing in the second body motion noise reduction

portion 214. The processing in the body motion noise reduction portion 212 and the

second body motion noise reduction portion 214 will be described later in detail. In

Fig. 6, a configuration in which the second body motion noise reduction processing is

preformed in the second body motion noise reduction portion 214 after the body

motion noise reduction processing in the body motion noise reduction portion 212 is

shown. However, various modifications can be made, for example, including reversing

the processing order or the like.

[0070] The pulsation information calculation portion 220 performs calculation processing of

pulsation information based on a signal from the signal processing portion 210 or the

like. The pulsation information is, for example, information such as a pulse.

Specifically, the pulsation information calculation portion 220 performs frequency

analysis processing such as FFT with respect to the pulse wave detection signal after

the noise reduction processing in the body motion noise reduction portion 212 and the

second body motion noise reduction portion 214, obtains a spectrum, and performs

processing of setting a representative frequency to a frequency of a heartbeat in the

obtained spectrum. A value, which is obtained by multiplying 60 by the obtained

frequency, becomes a pulse rate (heart rate) which is generally used. The pulsation in

formation is not limited to the pulse rate itself, and may be, for example, various other

information pieces (for example, a frequency or cycle of a heartbeat) indicating the

pulse rate. In addition, the pulsation information may be information indicating the

state of the pulsation, and for example, a value indicating a blood volume may be used

as the pulsation information.

[0071] The notification control portion 230 controls notification portion 260. The noti

fication portion 260 (notification device) notifies a user of various information pieces

by controlling the notification control portion 230. It is possible to use the light

emitting portion for notification as the notification portion 260, for example. In this

case, the notification control portion 230 controls lighting, flashing, or the like of the

light emitting portion by controlling an electrical current flowing in an LED. The noti

fication portion 260 may be a display portion such as an LCD, a buzzer, or the like.



[0072] In addition, the notification control portion 230 controls the vibration generation

portion 180. The vibration generation portion 180 notifies a user of various in

formation pieces through vibration. The vibration generation portion 180 can be

realized using a vibration motor (vibrator), for example. The vibration motor generates

a vibration by rotating an eccentric spindle, for example. Specifically, the motor itself

is made swung by attaching the eccentric spindle to both ends of a driving axis (rotor

axis). The vibration of the vibration generation portion 180 is controlled by the noti

fication control portion 230. The vibration generation portion 180 is not limited to such

a vibration motor and various modifications can be made thereto. For example, the

vibration generation portion 180 may be realized using a piezoelectric element or the

like.

[0073] For example, a notification of starting up when a power source is turned on, a noti

fication of success in detecting an initial pulse wave, a warning when a state in which

the pulse wave cannot be detected continues for a certain time, a notification during a

movement of the fat burning zone, a warning when a battery voltage drops, a noti

fication of a wake-up alarm, and a notification of an email, a phone call, or the like

from a terminal device such as a smart phone can be performed using the vibration

generated by the vibration generation portion 180. These information pieces may be

notified by the light emitting portion for notification, or may be notified by both the

vibration generation portion 180 and the light emitting portion.

[0074] The communication portion 250 performs communication processing with the

external terminal device 420 as described in Fig. 5. For example, processing of

wireless communication such as Bluetooth (registered trade name) or the like in

compliance with the standard is performed. Specifically, the communication portion

250 performs reception processing of signals from the antenna 252 or a transmission

processing of signals to the antenna 252. The function of the communication portion

250 can be realized using a processor for communication or a logic circuit such as

ASIC.

[0075] 2.3 Configuration Example of Sensor Portion

2.3.1 Overall Configuration Example of Sensor Portion

A detailed configuration example of a sensor portion 40 is shown in Figs. 1A, IB,

and 7. Fig. 7 is a perspective view of the sensor portion 40, Fig. 1A is a cross-sectional

view of the sensor portion 40, and Fig. IB is a plan view showing a disposition of the

light emitting portion 150, the first light receiving portion 140, and the second light

receiving portion 141 on a substrate 160. Fig. IB corresponds to a plan view when

observed in a direction (direction of DR2) from a subject to the biological information

detecting device in an installed state in Fig. 1A.

[0076] The sensor portion 40 has the first light receiving portion 140, the second light



receiving portion 141, and the light emitting portion 150. The first light receiving

portion 140, the second light receiving portion 141, and the light emitting portion 150

are mounted on the substrate 160 (sensor substrate). The first light receiving portion

140 and the second light receiving portion 141 receive light (reflected light,

transmitted light, or the like) from a subject. The light emitting portion 150 emits light

with respect to the subject. For example, if the light emitting portion 150 emits light to

the subject and the light is reflected by the subject (blood vessel), the first light

receiving portion 140 and the second light receiving portion 141 receive and detect the

reflected light.

[0077] The first light receiving portion 140 and the second light receiving portion 141 can

be realized using, for example, a light receiving element such as a photodiode. The

light emitting portion 150 can be realized using, for example, a light emitting element

such as an LED. For example, the first light receiving portion 140 and the second light

receiving portion 141 can be realized using a p-n junction diode element which is

formed on a substrate of a semiconductor. In this case, an angle limiting filter for re

stricting a light receiving angle, or a wavelength limiting filter for limiting a

wavelength of light incident on a light receiving element may be formed on the diode

element.

[0078] For example, in the case of a pulse monitor, light from the light emitting portion 150

progresses inside a subject, and is diffused or scattered in the epidermis, the dermis,

the subcutaneous tissue, or the like. Then, the light reaches blood vessels (portion to be

detected) and is reflected from the blood vessels. At this time, a portion of light is

absorbed by the blood vessels. Then, the absorption rate of light changes in the blood

vessels due to the pulse and the amount of reflected light also changes. Therefore, the

first light receiving portion 140 receives the reflected light and detects the change in

the amount of the light such that it is possible to detect the pulse rate as biological in

formation or the like.

[0079] A light shielding member 70 (light shielding wall 100) is provided between the first

and second light receiving portions 140 and 141 and the light emitting portion 150. In

the disposition shown in Fig. 1A, the light shielding wall 100 is provided between the

first light receiving portion 140 and the light emitting portion 150. The light shielding

member 70 shields light from the light emitting portion 150 so that the light is not

directly incident on the first light receiving portion 140 and the second light receiving

portion 141.

[0080] In addition, a throttle portion which is not shown in the drawing may be provided in

the sensor portion 40. The throttle portion restricts light from a subject or light from

the light emitting portion 150 in an optical path between the subject and the sensor

portion 40. The throttle portion is, for example, provided between the light-



transmissive member 50 and the sensor portion 40. The throttle portion may also be

provided between the light-transmissive member 50 and a subject or in the light-

transmissive member. In addition, the light shielding member 70 and the throttle

portion may be integrally formed by subjecting metal to sheet metal working, for

example.

[0081] The light-transmissive member 50 is provided on a surface on the side of the b i

ological information detecting device coming into contact with a subject and transmits

light from the subject. In addition, the light-transmissive member 50 comes into

contact with the subject at the time of measuring the biological information of the

subject. For example, the convex portion 52 (detection window) of the light-

transmissive member 50 comes into contact with the subject. It is desirable that the

shape of the surface of the convex portion 52 be a curved surface shape (spherical

surface shape). However, the shape of the surface of the convex portion 52 is not

limited thereto and various shapes can be employed. In addition, the light-transmissive

member 50 may be transparent with respect to a wavelength of light from the subject,

and a transparent material or a colored material may be used.

[0082] 2.3.2 Distance between Light Emitting Portion and Light Receiving Portion

Next, a distance LI between the light emitting portion 150 and the first light

receiving portion 140 and a distance L2 between the light emitting portion 150 and the

second light receiving portion 141 will be described. Fig. 8 is a view illustrating the

influence of the distance between the light emitting portion and the light receiving

portions on permeation depth of light. The light emitting portion 150 and the first light

receiving portion 140 come into contact with a skin surface Sf of the wrist of a user

and the light emitting portion 150 and the second light receiving portion 141 come into

contact with the skin surface Sf of the wrist of the user. Here, the two light receiving

portions share the light emitting portion 150 as described above. In reality, the light-

transmissive member 50 comes into contact with the skin surface Sf as described

above. However, the light-transmissive member 50 is omitted in Fig. 8 to simplify the

description.

[0083] It is known that sensitivity with respect to a deep portion in a living body becomes

lower compared to sensitivity with respect to a shallow portion as the distance between

the light emitting portion and the light receiving portion is shorter. That is, the intensity

of light emitted from the light emitting portion 150 which is reflected at a position of a

depth D l in a biological tissue and reaches the first light receiving portion 140 is

stronger than the intensity of light emitted from the light emitting portion 150 which is

reflected at a position of a depth D2 which is deeper than the depth D l and reaches the

first light receiving portion 140. In contrast, although the intensity of light emitted

from the light emitting portion 150 which is reflected at the position of the depth D l



and reaches the second light receiving portion 141 is stronger than the intensity of light

emitted from the light emitting portion 150 which is reflected at the position of the

depth D2 and reaches the second light receiving portion 141, there is no such a great

difference between the intensities that is caused in the first light receiving portion 140.

For this reason, the first light receiving portion 140 is suitable for measuring a pulse

wave in blood vessels at a shallower position than that of the second light receiving

portion 141.

[0084] Fig. 9 is a view showing the relationship between signal intensity and a distance LD

between the light emitting portion 150 and the light receiving portion. The distance LD

between the light emitting portion 150 and the light receiving portion is, for example, a

distance between the light emitting portion 150 and a central position (representative

position) of the light receiving portion. For example, when the light receiving portion

has a rectangular shape (substantially rectangular shape), the position of the light

receiving portion is in a central position of the rectangular shape. In addition, when the

light emitting portion 150 has a lens portion 151 as shown in Fig. 1A or the like, the

position of the light emitting portion 150 is, for example, in a central position (position

of an LED chip) of the lens portion 151.

[0085] As is clear from Fig. 9, as the distance LD between the light emitting portion 150 and

the light receiving portion becomes shorter, the signal intensity of a detection signal

becomes stronger, and therefore, the detection performance including sensitivity is

improved. Accordingly, it is desirable that the distance LD between the light emitting

portion 150 and the first light receiving portion 140, which mainly detects a pulse

signal, be shorter.

[0086] In this case, as shown in Fig. 9, it is desirable that the distance between the first light

receiving portion 140 and the light emitting portion 150 be LD < 3 mm. For example,

as is clear from a tangential line G2 on a side of a characteristic curve Gl of Fig. 9 on

which the distance between the first light receiving portion and the light emitting

portion is long, the characteristic curve Gl is saturated in a range of LD >= 3 mm. On

the contrary, in a range of LD < 3 mm, the signal intensity is greatly increased as the

distance LD becomes shorter. Accordingly, it is desirable that LD > 3 mm be satisfied

in this sense.

[0087] In the sensor portion 40 of the present embodiment shown in Figs. 2A and 2B, the

distance L I between the light emitting portion 150 and the first light receiving portion

140 is, for example, about LI = 1.0 mm to 3.0 mm.

[0088] In addition, there is also a lower limit value for the distance LD, and it is not

desirable that the distance LD be too short. Fig. 10 is a schematic view showing a state

in which light emitted from the light emitting portion 150 is reflected and scattered in a

living body and a part of the reflected or scattered light is received by the light



receiving portion. In this case, light from the light emitting portion 150 is diffused or

scattered in the blood vessels of a subject or the like, the diffused or scattered light is

incident on the light receiving portion, and a pulse wave is detected. In Fig. 10, in

general, a relationship of LD = 2 x LB is satisfied between the distance LD between

the light emitting portion 150 and the light receiving portion, and a measurement

distance LB in a depth direction. For example, a measurement limit distance using a

light detection unit configured to include the light emitting portion 150 and the light

receiving portion which are separated by a distance LD is about LB = LD / 2.

Moreover, there is no blood vessel which becomes a detection object of a pulse wave

within a range where the distance LB is 100 micrometers to 150 micrometers. A c

cordingly, when the distance LD becomes LD <= 2 x LB = 2 x 100 micrometers to 2 x

150 micrometers = 0.2 mm to 0.3 mm, it is expected that the detection signal of the

pulse wave may become extremely small. That is, when the distance LD becomes

short, the measurement distance LB also becomes short in a depth direction. Therefore,

if there is no detection object within a range of the distance LB, the detection signal

becomes extremely small. That is, the shorter the distance LD is, the better the

detection performance is, but there is a limitation and a lower limit value. In the

present embodiment, the distance L I is set to about LI >= 1.0 mm since it is necessary

to detect a pulse signal in the first light receiving portion 140 with sufficient intensity.

That is, it is desirable that the distance L I be 1.0 mm <= LI <= 3.0 mm.

[0089] On the contrary, the distance L2 between the light emitting portion 150 and the

second light receiving portion 141 may be set such that the sensitivity with respect to a

pulse signal is lower than that of the first light receiving portion 140 and the sensitivity

with respect to a body motion noise is higher than that of the first light receiving

portion 140. For example, when L2 < 1.0 mm or 3.0 mm < L2, the degree of the pulse

signal is decreased and the degree of the body motion noise is increased (an MN ratio

is decreased), compared to the first light receiving portion 140 having a range of 1.0

mm <= L I <= 3.0 mm.

[0090] However, in the second light receiving portion 141, the MN ratio (where M

represents a pulse signal, N represents a noise, and the MN ratio is a ratio (generally,

SN ratio) of the pulse signal to the noise) of the detection signal may be sufficiently

small compared to the MN ratio of the detection signal of the first light receiving

portion 140. That is, a point in which the value of L2 is changed with respect to LI

may be emphasized rather than a point of setting the distance, such as L2 < 1.0 mm or

3.0 mm < L2, as an absolute value, so as to be able to create a difference between the

first and second detection signals to some extent (for example, to the extent that noise

reduction processing can be performed through a spectrum subtraction method to be

described later).



[0091] That is, the pulse component may be included in the second detection signal from the

second light receiving portion 141 to some extent as long as it is enough to have a

smaller MN ratio than that of the first detection signal. In other words, L2 may be

within a range of 1.0 mm <= L2 <= 3.0 mm.

[0092] Here, a relationship such as L2 > 2 x L I may be satisfied as a relationship between

L I and L2 for creating a difference between the first and second detection signals. In

this case, if L I is 1.0 mm, L2 may be 2.5 mm or the like since L2 is greater than 2.0

mm, and the pulse signal is detected with a certain degree of intensity. Moreover, it is

possible to satisfy the condition that the MN ratio of the second detection signal be

smaller than that of the first detection signal for which a smaller distance L I is set.

[0093] When the body motion noise is relatively increased in the second light receiving

portion 141, L2 may be set to be extremely small as described above. That is, the

distance between each of the light receiving portions and the light emitting portion 150

may be determined using a relationship of L2 < LI, for example, L2 < L I 1 .

However, in some cases, it is difficult to set L I or L2 to an extremely small value in

consideration of the necessity of providing the light shielding wall 100 or the like in

order to shield direct light from the light emitting portion 150 to each of the light

receiving portions. For example, in a case that L I = 1.0 mm, it is necessary to satisfy

L2 < 0.5 mm or the like, and therefore, it could be difficult to dispose each of the

components in terms of space. Hereinafter, an example in which L2 > L I will be

mainly described by considering such a point. However, a relationship of L2 < L I may

be set depending on the situation.

[0094] Various disposition techniques that satisfy the above-described relationship of the

distance can be considered. For example, the biological information detecting device

may have at least one light emitting portion (light emitting portion 150) which emits

light with respect to a subject, and the first light receiving portion 140 may be disposed

between the light emitting portion 150 and the second light receiving portion 141.

[0095] An example of such disposition is shown in the above-described Figs. 2A and 2B. In

this case, L I and L2 become the distances shown in Fig. 2A or the like. Here, L I and

L2 have a relationship in which L2 > 2 x LI, and therefore, the above-described rela

tionship is satisfied if L I is set to 1.0 mm to 3.0 mm, for example.

[0096] As described above, in the biological information detecting device according to the

present embodiment, it is possible to perform various modifications of the relationship

between L I and L2. However, in a narrow sense, when the distance between the light

emitting portion 150 and the first light receiving portion 140 is set to L I and the

distance between the light emitting portion 150 and the second light receiving portion

141 is set to L2, L2 > L I is satisfied, and more specifically, L2 > 2 x L I is satisfied.

[0097] In addition, when using a specific numerical value, L I may satisfy 1 mm <= L I <= 3



mm and L2 may satisfy 2 mm <= L2. However, as described above, if a relative rela

tionship with L I is to be emphasized, it is necessary that the condition of L2 satisfy not

only 2 mm <= L2, but also the relative relationship. For example, L2 > L I and L2 >= 2

mm may be satisfied. Alternately, L2 > 2 x L I and L2 >= 2 mm may be satisfied under

a strict condition.

[0098] 2.3.3 Height of Light- transmissive Member

In addition, it is known that sensitivity with respect to a pulse signal or a body

motion noise also changes due to a pressing force with respect to a subject.

[0099] Fig. 11 is a view illustrating change in absorbance with respect to a pressing force.

The horizontal axis indicates the pressing force and the longitudinal axis indicates the

absorbance. If the pressing force changes, affected blood vessels change. Blood vessels

which are the most likely to be affected by the pressing force, that is, blood vessels

which are affected by the lowest pressing force are capillaries. In the example shown

in Fig. 11, the amount of change in the absorbance is great when the pressing force

exceeds pi, which means that the capillaries start to collapse due to the pressing force.

The absorbance gently changes when the pressing force exceeds p2, which means that

the capillaries have almost completely collapsed (being closed). An artery is a blood

vessel which is affected after the capillaries are. The amount of change in the ab

sorbance is again great when the pressing force is further increased to exceed p3,

which means that an artery starts to collapse due to the pressing force. The absorbance

gently changes when the pressing force exceeds p4, which means that the artery has

almost completely collapsed (being closed).

[0100] In the present embodiment, the second light receiving portion 141 increases the

proportion of the body motion noise by detecting a signal corresponding to capillaries

and the first light receiving portion 140 increases the proportion of the pulse signal by

measuring a signal (pulse signal) corresponding to an artery. For this reason, the

pressing force in the second light receiving portion 141 is designed to be within a

range of p i to p2 and the pressing force in the first light receiving portion 140 is

designed to be within a range of p3 to p4. It is desirable that the difference between the

pressing force of the first light receiving portion 140 and the pressing force of the

second light receiving portion 141 be, for example, 2.0 kPa to 8.0 kPa.

[0101] Fig. 12 is a view illustrating change in sensitivity of a body motion noise with respect

to the pressing force. In Fig. 12, an example of a distance L from a light emitting

portion to a light receiving portion being 2 mm and an example thereof being 6 mm are

shown together. In all examples of the distance L being 2 mm and 6 mm, as a general

tendency, the lower the pressing force is, the higher the noise sensitivity is, and the

higher the pressing force is, the lower the noise sensitivity is. It is considered that this

is because blood flowing through capillaries is easily moved by body motion, and



therefore, a noise due to body motion is easily included in light which is reflected by

the capillaries existing at a position comparatively shallow in a biological tissue.

[0102] In addition, Fig. 13A is a view showing a change in an MN ratio of a first detection

signal before and after body motion noise reduction processing in a case of providing a

difference only in the distances LI and L2 between the light emitting portion 150 and

the light receiving portions without providing any difference between the pressing

force of the first light receiving portion 140 and the pressing force of the second light

receiving portion 141. Here, the degree of a reduced body motion noise corresponding

to movements, such as changing a water load and opening and closing the hand, which

are performed as movements of a user which generate body motion noise is measured.

The movement of changing the water load is, for example, a movement of changing

the height of a measurement position, and specifically, it is possible to realize the

movement by raising or lowering the arm. The opening and closing of the hand can be

realized by movements in which a state where every finger is bent so as to clench the

fist and a state where fingers are firmly stretched to open the hand are alternately

performed.

[0103] As is clear from Fig. 13A, it is possible to confirm the effect of reducing the body

motion noise by only providing a difference in the distance. On the contrary, Fig. 13B

is a view showing a change in an MN ratio of a first detection signal before and after

body motion noise reduction processing in a case of providing a difference in the

distances LI and L2 between the light emitting portion 150 and the light receiving

portions and also providing a difference between the pressing force of the first light

receiving portion 140 and the pressing force of the second light receiving portion 141.

As is clear from the comparison between Figs. 13A and 13B, it can be seen that the

effect of reducing the body motion noise is improved by also providing a difference in

the pressing force. Accordingly, the case of providing both the difference in the

distance and the difference in the pressing force will be described herein.

[0104] That is, at the time of measuring the biological information of a subject, when the

pressing force of the light-transmissive member 50 at a position or in a region corre

sponding to the first light receiving portion 140 is set to P I and the pressing force of

the light-transmissive member 50 at a position or in a region corresponding to the

second light receiving portion 141 is set to P2, P I > P2 is satisfied. In this manner, it is

possible to provide a difference in the characteristics between a first detection signal

from the first light receiving portion 140 and a second detection signal from the second

light receiving portion 141.

[0105] Specifically, providing a difference in the pressing force may be realized using a

difference in the height of the light-transmissive member 50 coming into contact with a

subject. As described above, the pressing force in the first light receiving portion 140,



which mainly detects a pulse signal, is set to be high and the pressing force in the

second light receiving portion 141 is set to be lower than that in the first light receiving

portion 140. For this reason, the height h i of the light-transmissive member at a

position or in a region corresponding to the first light receiving portion 140 may be set

to be high compared to the height h2 of the light-transmissive member at a position or

in a region corresponding to the second light receiving portion 141.

[0106] This is because it is possible to set the pressing force, which corresponds to the first

light receiving portion 140 having a high height, to be stronger than the pressing force

which corresponds to the second light receiving portion 141 having a low height, when

fixing a biological information detecting device to the wrist or the like under a given

cuff pressure, since the light-transmissive member protrudes to the subject side as the

height of the light-transmissive member becomes higher. This is shown in Fig. 14.

[0107] The horizontal axis of Fig. 14 indicates a cuff pressing force (pressure caused by the

band portion 10 in the case of the biological information detecting device shown in

Fig. 3A) and the longitudinal axis of Fig. 14 indicates DC and AC components of

detection signals. As can be seen from a DC signal shown on the top of Fig. 14, in the

first light receiving portion 140 where the pressing force is comparatively high, a

pressing force is added to a subject to some degree even in a state where the cuff

pressing force is comparatively low, and therefore, the DC component is suppressed.

On the contrary, the pressing force in the second light receiving portion 141 is com

paratively low, and therefore, the condition of suppressing the DC component in a state

where a given cuff pressure is applied is worse compared to the first detection signal.

For this reason, in the range of the "optimum cuff pressing force" shown in Fig. 14, the

pressing force corresponding to the first light receiving portion 140 falls in a range of

p3 to p4. Thus, the noise is suppressed and the signal level of the pulse signal becomes

great. In contrast, the pressing force in the second light receiving portion 141 falls in a

range of p i to p2, and therefore, the noise is not sufficiently suppressed and the

proportion of the body motion noise increases.

[0108] This is also clear from the comparison with the AC component shown on the bottom

of Fig. 14, and in the range of the optimum cuff pressing force, the signal level of the

AC component in the first detection signal is high and the signal level of the AC

component in the second detection signal is low. As described above, the pulse signal

is represented by the change of the detection signal, that is, by the AC component.

Therefore, Fig. 14 shows that the second light receiving portion 141 has a relatively

high proportion of the body motion noise while the first light receiving portion 140 can

sufficiently detect the pulse signal.

[0109] Hereinafter, the difference in the height of the light-transmissive member 50 will be

described in detail using the drawings. The perspective view, the cross- sectional view,



and the plan view of the sensor portion 40 are as shown in Figs. 7, 1A, and IB, re

spectively. As can be seen from Figs. 7 and 1A, the light-transmissive member 50 has

the convex portion 52 and a suitable pressing force is applied to a subject using the

convex portion 52.

[0110] In the biological information detecting device according to the present embodiment,

a plurality of photoelectric sensors are realized by providing a plurality of light

receiving portions, and therefore, a plurality of convex portions 52 (for example, the

number corresponding to the number of photoelectric sensors)may also be provided. In

the example of Fig. 1A, a convex portion 52-1 is provided with respect to a first photo

electric sensor which is realized by the light emitting portion 150 and the first light

receiving portion 140, and a convex portion 52-2 is provided with respect to a second

photoelectric sensor which is realized by the light emitting portion 150 and the second

light receiving portion 141.

[0111] At this time, in a state where the biological information detecting device is installed,

when the direction (DR1 in Fig. 1A) facing a subject from the biological information

detecting device is set to a height direction, the height h i of the light-transmissive

member at a position or in a region corresponding to the first light receiving portion

140 is higher than the height h2 of the light-transmissive member at a position or in a

region corresponding to the second light receiving portion 141. This can also be

realized by setting the height of the convex portion 52- 1 to be higher than the height of

the convex portion 52-2, for example. Various modifications can be made related to

how the height thereof is defined. For example, the distance from a surface of the

substrate 160 on which the light emitting portion 150 or the like is provided may be set

to the height as shown in Fig. 1A. Alternately, the thickness of the light-transmissive

member 50 itself may also be set to the height.

[01 12] Alternately, a reference surface, which is provided on a side (lower side of Fig. 1A)

opposite to a subject with respect to the substrate 160 and is parallel to the surface of

the substrate 160, may be set in the state where the biological information detecting

device is installed, and the distance from the reference surface may be set as the height

of the light-transmissive member 50. The reference surface may be a surface of any

member (for example, a main substrate on which the processing portion 200 is

mounted) or a virtual plane.

[0113] In addition, various definitions can also be considered for the position or the region

corresponding to each light receiving portion. For example, the height h i may be a

height of the light-transmissive member 50 at a representative position of the first light

receiving portion 140 and the height h2 may be a height of the light-transmissive

member 50 at a representative position of the second light receiving portion 141. The

representative position referred to herein may use a central position of each of the light



receiving portions, for example.

[0114] In this case, the central position of the first light receiving portion 140 is A 1 as

shown in Fig. IB and the central position of the second light receiving portion 141 is

A2. Moreover, the height of the light-transmissive member 50 in the central position

A l of the first light receiving portion 140 defines the intersection between the straight

line, which extends in the DR1 direction from Al, and the surface (surface coming into

contact with a subject during installation) of the light-transmissive member 50, as

shown in Fig. 1A, and the height h i of the light-transmissive member 50 in the in

tersection may be used. Similarly, the height of the light-transmissive member 50 in

the central position A2 of the second light receiving portion 141 is h2 as shown in Fig.

1A.

[0115] Alternately, when a region including the first light receiving portion 140 and the light

emitting portion 150 in a plan view seen from the subject side is set as a first region

and a region including the second light receiving portion 141 and the light emitting

portion 150 in a plan view seen from the subject side is set as a second region, the

height h i may be an average height of the light-transmissive member 50 in the first

region and the height h2 may be an average height of the light-transmissive member 50

in the second region.

[0116] Here, the plan view seen from the subject side indicates a state in which the direction

of DR2 is observed from a point of view which is set further on the subject side (DR1

side) than the light emitting portion 150 or the like in Fig. 1A, and specifically, a state

of Fig. IB. In addition, various regions containing the light emitting portion and the

light receiving portion can be considered. For example, a region, which includes a light

emitting portion and a light receiving portion and has a rectangular shape of which the

area is minimum, may be considered. In this case, the region (first region) corre

sponding to the first light receiving portion 140 is R l of Fig. 15B.

[01 17] The height of the light-transmissive member in the region corresponding to the first

light receiving portion 140 defines the intersections between straight lines, which

extend in the DR1 direction from points included in Rl, and the surface of the light-

transmissive member 50, and can be obtained by averaging the heights of the light-

transmissive member 50 in the intersections. For example, an average value of the

heights of the light-transmissive member 50 in the range shown in Fig. 15A is hi. Only

one cross section is shown in Fig. 15A, but the averaging of the heights in a depth

direction in Fig. 15A may also be performed. Similarly, a region (second region) corre

sponding to the second light receiving portion 141 may be set as shown in R2 of Fig.

16B and the average height in a range shown in Fig. 16A may be set to h2.

[0118] In addition, a contact portion 80 that stabilizes a state in which the sensor portion 40

and the subject come into contact with each other may also be provided in addition to



h i and h2. Here, the contact portion is, for example, 80 as shown in Fig. 1A and is

provided around the light emitting portion 150, the first light receiving portion 140,

and the second light receiving portion 141 as shown in Fig. 7, for example. In the

example of Fig. 7, the contact portion 80 having a circumferential shape surrounding

the light emitting portion 150 or the like is shown. However, the contact portion is not

limited thereto and may have a shape such as a polygonal shape. Alternately, it is not

necessary to realize the contact portion 80 using a continuous shape, and the contact

portion 80 (which is configured to have a plurality of arcs which do not come into

contact with each other, for example) having a gap may also be used. Furthermore, as

will be described later using Fig. 19B, in a case in which there are a plurality of light

emitting portions, and first and second light receiving portions are disposed so as to

face light emitting portions, the contact portion 80 may have a shape which surrounds

all of the light emitting portion 150, the second light emitting portion 157, the first

light receiving portion 140, and the second light receiving portion 141, but the contact

portion is not limited thereto. For example, the contact portion 80 may be configured to

have a first contact portion, which is provided around the light emitting portion 150

and the first light receiving portion 140, and a second contact portion, which is

provided around the second light emitting portion 157 and the second light receiving

portion 141.

[01 19] It is estimated that when providing such a contact portion 80, a biological in

formation detecting device is fixed to a subject in a state in which a pressure is

(ideally) evenly applied in the contact portion 80. That is, a plane surface defined by

the contact portion 80 becomes a surface representing a reference during installation of

the biological information detecting device. In this case, it is possible to make the

difference between a pressing force at a higher position than the surface as a reference

and a pressing force at a lower position than the surface as a reference obvious.

[0120] For example, when the height of the above-described surface as a reference, that is,

the height of the contact portion 80 is set to h3, it is possible to make the pressing force

corresponding to h_alpha be greater than the pressing force corresponding to h_beta

even if h_alpha > h_beta > h3 or h3 > h_alpha > h_beta is set. However, if h_alpha >

h_beta > h3 is satisfied, a pressure is more easily applied to the position corresponding

to h_alpha and the position corresponding to h_beta than the contact portion 80, and

therefore, the difference in the pressure does not become great. Similarly, if h3 >

h_alpha > h_beta is satisfied, a pressure is more easily applied to the contact portion 80

than the position corresponding to h_alpha or the position corresponding to h_beta, and

therefore, the difference in the pressing force also does not become obvious.

[0121] On the contrary, when h_alpha > h3> h_beta is set, the pressure at the position of

h_beta is released to the contact portion 80 whereas the pressing force is more easily



applied to the position corresponding to h_alpha than the contact portion 80, and

therefore, it is difficult to apply the pressing force. As a result, it is possible to make

the difference in the pressing force therebetween by providing a position higher than

h3 and a position lower than h3.

[0122] When applying this to the present embodiment, the height h i corresponding to the

first light receiving portion 140 corresponds to h_alpha and the height h2 corre

sponding to the second light receiving portion 141 corresponds to h_beta. That is, the

biological information detecting device according to the present embodiment has the

contact portion 80 which is provided around the light- transmissive member 50 and

comes into contact with a subject at the time of measuring the biological information

of the subject. As shown in Fig. 1A, when the height at a position or in a region corre

sponding to the contact portion 80 is set to h3, h i > h3 > h2 is satisfied.

[0123] By doing this, it is possible to make the difference between the first detection signal

and the second detection signal obvious. When considering h3, the reference of the

height needs to be standardized with h i and h2, and in Fig. 1A, for example, the

distances with respect to the surface of the substrate 160 on which the light emitting

portion 150 or the like is installed is set to h i to h3.

[0124] 2.4 Modification Example of Disposition of Light Emitting Portion and Light

Receiving Portion

Next, a modification example of disposition of a light emitting portion and light

receiving portions on the substrate 160 will be described. In Figs. 1A and IB, the light

emitting portion 150, the first light receiving portion 140, and the second light

receiving portion 141 are arranged and installed in this order along a given direction

after the first light receiving portion 140 and the second light receiving portion 141

share the light emitting portion 150. In addition, in the case of the above-described

modification example in which LI > L2, the light emitting portion 150, the second

light receiving portion 141, and the first light receiving portion 140 are arranged and

installed in this order along a given direction.

[0125] However, the disposition of the light emitting portion 150 and the plurality of light

receiving portions is not limited thereto. For example, the light emitting portion 150

may be disposed between the first light receiving portion 140 and the second light

receiving portion 141. In this case, as shown in Figs. 17A and 17B, the first light

receiving portion 140, the light emitting portion 150, and the second light receiving

portion 141 are arranged and installed in this order along a given direction.

[0126] Even in this case, if the characteristics of detection signals are made to be different

depending on the distance between the light emitting portion and the light receiving

portions as described above, a difference may be provided between L I and L2 as

shown in Fig. 17B, and L I < L2 (L2 > 2 x L I in narrower sense) may be satisfied as



shown in Figs. 17A and 17B in a narrow sense.

[0127] In addition, in the case of the disposition shown in Fig. 17B, the height h i of the

light- transmissive member 50 at a position or in a region corresponding to the first

light receiving portion 140 may be set to be higher than the height h2 of the light-

transmissive member 50 at a position or in a region corresponding to the second light

receiving portion 141. For example, the convex portion 52-1 and the convex portion

52-2 may be installed as shown in Fig. 17A.

[0128] In the disposition shown in Figs. 17A and 17B (hereinafter, also denoted as counter

disposition since a plurality of light receiving portions face to each other based on the

light emitting portion 150), an optical path from the light emitting portion 150 to the

first light receiving portion 140 and an optical path from the light emitting portion 150

to the second light receiving portion 141 do not overlap each other. For this reason, the

convex portion 52- 1 and the convex portion 52-2 hardly interrupt each other, and

therefore, it is advantageous in that it is easy to provide a difference between the height

of h i and the height of h2.

[0129] Specifically, as shown in Fig. 18B, the overlapping area between a region R l corre

sponding to the first light receiving portion 140 and a region R2 corresponding to the

second light receiving portion 141 becomes small compared to those shown in Figs.

15B and 16B. For this reason, even when obtaining an average of heights, the

overlapping area is small compared to the Figs. 15A and 16A as shown in Fig. 18A,

and therefore, it is easy to provide a difference in the heights.

[0130] Meanwhile, since the optical paths do not overlap each other, there is a concern that

the degree of correlation between a first detection signal and a second detection signal

may be decreased. As described above, it is preferable that each detection signal have a

correlation to some extent while having different characteristics in order to increase the

effect of the noise reduction processing. That is, if the correlation between the first and

second detection signals is to be emphasized, it is considered that the configuration

using the above-described disposition using Fig. 1A or the like is advantageous.

[0131] In addition, the light receiving portions share the light emitting portion 150 in both of

Figs. 1A and 17A, but a plurality of light emitting portions may be provided. For

example, the biological information detecting device may include the light emitting

portion 150 and the second light emitting portion 157 in order to realize a first photo

electric sensor using the light emitting portion 150 and the first light receiving portion

140 and to realize a second photoelectric sensor using the second light emitting portion

157 and the second light receiving portion 141.

[0132] A disposition example of elements in this case on the substrate 160 is shown in Figs.

19A and 19B. Figs. 19A and 19B are examples in which light emitting portions and the

like are observed in a plan view from a subject side, and the substrate 160 or the like is



omitted in order to simplify the description. Similarly to Fig. 1A, Fig. 19A is an

example in which a plurality of light receiving portions are provided on the same side

with respect to the light emitting portion. In addition, Fig. 19A may have a counter dis

position similarly to Fig. 17A, and the example of such a case is shown in Fig. 19B.

[0133] In addition, an example in which two photoelectric sensors are included in the b i

ological information detecting device, that is, at least one light emitting portion and

two light receiving portions are included is described above. However, the biological

information detecting device is not limited thereto and the biological information

detecting device may include three or more photoelectric sensors. In this case, all of

the light receiving portions may share one light emitting portion, or light emitting

portions forming a pair with each of the light receiving portions, or a combination

thereof may also be employed. That is, the biological information detecting device may

include first to N-th (where N is an integer of greater than or equal to 3) light receiving

portions and a first to k-th (where k is an integer satisfying 1 <= k <= N) light emitting

portions.

[0134] 3. Noise Reduction Processing

Finally, body motion noise reduction processing which is performed in the

processing portion 200 will be described. Specifically, a spectrum subtraction method

which is performed based on a second detection signal and adaptive filter processing

which is performed based on a signal from a motion sensor will be described.

[0135] 3.1 Spectrum Subtraction Method

Figs. 20A and 20B are views illustrating noise reduction processing of a first

detection signal based on a second detection signal. In the spectrum subtraction

method, a spectrum is obtained by performing frequency conversion processing on

each of the first and second detection signals. Then, processing of estimating a noise

spectrum from a spectrum of the second detection signal and removing the estimated

noise spectrum from a spectrum of the first detection signal is performed.

[0136] Fig. 20A shows the spectrum of the first detection signal and the spectrum of the

second detection signal which are actually obtained. As described above, the spectrum

of the second detection signal mainly becomes a spectrum corresponding to a noise

component using the biological information detecting device according to the present

embodiment. That is, it is possible to estimate that a frequency having a large peak in

the spectrum of the second detection signal is a frequency corresponding to a body

motion noise. In reality, only the peak in the spectrum of the second detection signal

may be subtracted. However, the processing is not limited thereto, and for example,

processing of subtracting the whole spectrum of the second detection signal from the

whole spectrum of the first detection signal may be performed.

[0137] During the subtraction, any one of the first detection signal and the second detection



signal is multiplied by a coefficient so as to cancel the noise, for example. The co

efficient is obtained from the signal intensity of a predetermined frequency, for

example. Alternately, the coefficient may be calculated such that the noise and the

signal are separated from each other through a technique such as clustering and the

intensity of the noise of the first detection signal and the intensity of the noise of the

second detection signal are set to be the same as each other.

[0138] An example of the first detection signal before and after the body motion noise

reduction processing using the spectrum subtraction method is shown in Fig. 20B. As

can be seen from Fig. 20B, the body motion noises which appear at 0.7 Hz to 0.8 Hz

(42 to 48 in a pulse rate) and 1.5 Hz (90 in a pulse rate) are suppressed so as to be

small through the body motion noise reduction processing, and therefore, it is possible

to suppress a possibility in which the body motion noises are erroneously determined

as pulse signals. Meanwhile, it is possible to maintain the signal level with respect to

the spectrum corresponding to pulse signals which appear below and above 1.1 Hz (66

in a pulse rate) without reducing the noises.

[0139] The spectrum subtraction method is realized through frequency conversion

processing such as fast Fourier transform (FFT), and subtraction processing in the

spectrum. Therefore, it is advantageous in that the algorithm is simple and the cal

culation quantity is small. In addition, there is no learning factor included such as

adaptive filter processing which is to be described later, and therefore, the spectrum

subtraction method has characteristics where instantaneous responsiveness is high.

[0140] 3.2. Adaptive Filter Processing

Next, body motion noise reduction processing (second body motion noise reduction

processing) will be described based on a detection signal from a motion sensor through

adaptive filter processing. A specific example of the noise reduction processing using

an adaptive filter is shown in Fig. 21. Specifically, the detection signal of the motion

sensor corresponds to a body motion noise, and therefore, in processing of removing a

noise component specified from the detection signal from a first detection signal, the

outline of the idea is the same as the spectrum subtraction method.

[0141] However, even if both the body motion noise in a pulse wave detection signal and a

body motion detection signal from a body motion sensor are signals caused by the

same body motion, their signal levels are not always the same as each other. A c

cordingly, an estimated body motion noise component is calculated by performing

filter processing through which a filter coefficient is adaptively determined with

respect to the body motion detection signal, and the difference between the pulse wave

detection signal and the estimated body motion noise component is taken. It is possible

to improve the accuracy of the noise reduction processing since the filter coefficient is

adaptively determined (by performing learning). However, it is necessary to consider a



processing load in determining the filter coefficient, or delay of an output. The

adaptive filter processing is a well-known technique, and therefore, the detailed de

scription thereof will be omitted.

[0142] In the present embodiment, the biological information detecting device has a motion

sensor (acceleration sensor 172) as shown in Fig. 6, and the processing portion 200

performs second body motion noise reduction processing through which the body

motion noise of the first detection signal is reduced based on a detection signal from

the motion sensor.

[0143] That is, in the present embodiment, it is assumed that body motion noise reduction

processing using a second detection signal from the second light receiving portion 141

is performed, but body motion noise reduction processing using the motion sensor may

be used together. Accordingly, it is possible to more precisely reduce the body motion

noise compared to the case in which only the body motion noise reduction processing

using the second detection signal is performed. For example, noises at 0.7 Hz to 0.8

Hz, or 2.3 Hz to 2.4 Hz are not fully reduced as shown in Fig. 20B. However, it is

possible to reduce the noises using processing, in which a detection signal from the

motion sensor is used, together.

[0144] In addition, the processing portion 200 may perform the body motion noise reduction

processing with respect to the first detection signal based on the second detection

signal and perform the second body motion noise reduction processing with respect to

the signal after the body motion noise reduction processing based on the detection

signal from the motion sensor.

[0145] Accordingly, it is possible to perform a plurality of times of body motion noise

reduction processing in a predetermined order. Here, as also shown in the functional

block diagram of Fig. 6, first, the body motion noise reduction processing using the

second detection signal is performed, and then, the second body motion noise

reduction processing is performed. Fig. 22 shows the flow of each signal in this case.

[0146] It is possible to detect a pulse signal and a noise signal from a living body as shown

in Fig. 22, and both of the signals are included in each detection signal from a plurality

of light receiving portions. However, in the present embodiment, the ratio

therebetween differs in each of the light receiving portions. The first detection signal

has a relatively large number of pulse signals, and the ratio of the pulse signal in the

second detection signal is low compared to the first detection signal (the ratio of the

body motion noise is high). The pulse signals and the body motion signals (body

motion noises) are separated from each other using the two detection signals. The

processing is realized through the above-described spectrum subtraction method. The

second body motion noise reduction processing using the detection signal (acceleration

signal in Fig. 22) of the motion sensor is performed with respect to the separated pulse



signals (first detection signal after the body motion noise reduction processing), and

the pulse rate or the like is estimated from the result.

The present embodiment has been described in detail as described above. Those

skilled in the art could easily understand that various modifications can be made within

a range not departing from a new matter and effect of the invention. Accordingly, such

modification examples are all considered to be included in the scope of the invention.

For example, a term which is at least once described together with a different term

having the same or broader meaning can be replaced with the different term. In

addition, the configuration and the operation of the biological information detecting

device or the like are also not limited to the present embodiment, and various modi

fications can be made.
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Claims
[Claim 1] A biological information detecting device comprising:

a first light receiving portion which receives light from a subject;

a second light receiving portion which receives light from the subject;

and

a light-transmissive member which is provided at a position nearer than

the first light receiving portion and the second light receiving portion,

through which light from the subject is transmitted,

wherein in a direction from the biological information detecting device

to the subject, when a height of the light-transmissive member at a

position or in a region corresponding to the first light receiving portion

is set to h i and a height of the light-transmissive member at a position

or in a region corresponding to the second light receiving portion is set

to h2, h i > h2 is satisfied.

[Claim 2] The biological information detecting device according to claim 1,

wherein the height h i is a height of the light-transmissive member at a

representative position of the first light receiving portion, and

wherein the height h2 is a height of the light-transmissive member at a

representative position of the second light receiving portion.

[Claim 3] The biological information detecting device according to claim 1,

further comprising:

at least one light emitting portion emitting light to the subject,

wherein when a region including the first light receiving portion and

the light emitting portion in a plan view seen from the subject side is

set to a first region and a region including the second light receiving

portion and the light emitting portion in a plan view seen from the

subject side is set to a second region, the height h i is an average height

of the light-transmissive member in the first region and the height h2 is

an average height of the light-transmissive member in the second

region.

[Claim 4] The biological information detecting device according to any one of

claims 1 to 3,

wherein at the time of measuring the biological information of the

subject, when a pressing force of the light-transmissive member at a

position or in a region corresponding to the first light receiving portion

is set to PI and a pressing force of the light-transmissive member at a

position or in a region corresponding to the second light receiving
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portion is set to P2, PI > P2 is satisfied.

The biological information detecting device according to any one of

claims 1 to 4, further comprising:

a processing portion which calculates the biological information of the

subject based on a first detection signal detected by the first light

receiving portion.

The biological information detecting device according to any one of

claims 1 to 5, further comprising:

at least one light emitting portion which emits light to the subject,

wherein the first light receiving portion is disposed between the light

emitting portion and the second light receiving portion.

The biological information detecting device according to claim 6,

wherein when a distance between the light emitting portion and the first

light receiving portion is set to LI and a distance between the light

emitting portion and the second light receiving portion is set to L2, L2

> 2 x LI is satisfied.

The biological information detecting device according to any one of

claims 1 to 5, further comprising:

at least one light emitting portion which emits light to the subject,

wherein when a distance between the light emitting portion and the first

light receiving portion is set to LI and a distance between the light

emitting portion and the second light receiving portion is set to L2, L2

> LI is satisfied.

The biological information detecting device according to claim 8,

wherein the distance LI between the light emitting portion and the first

light receiving portion satisfies 1 mm <= LI <= 3 mm, and

wherein the distance L2 between the light emitting portion and the

second light receiving portion satisfies 2 mm <= L2.

The biological information detecting device according to any one of

claims 1 to 5, further comprising:

at least one light emitting portion emitting light to the subject,

wherein the light emitting portion is disposed between the first light

receiving portion and the second light receiving portion.

The biological information detecting device according to any one of

claims 1 to 10, further comprising:

a contact portion which is provided around the light-transmissive

member and comes into contact with the subject at the time of

measuring the biological information of the subject,
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wherein when a height at a position or in a region corresponding to the

contact portion is set to h3, h i > h3 > h2 is satisfied.

[Claim 12] The biological information detecting device according to any one of

claims 1 to 11,

wherein the light-transmissive member has a curved surface-like

convex portion.

[Claim 13] An electronic apparatus comprising the biological information

detecting device according to any one of claims 1 to 12.
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