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The living body information sensor according to the present
invention can be attached to a living body. A light emitting
unit emits light to the living body. The light receiving unit
receives reflected light from the living body thatis included in
the light emitted by the light emitting unit to the living body,
and outputs a signal according to intensity of the reflected
light. A control device generates information about the living
body based on the signal from the light receiving unit. The
control device controls the light emitting unit to turn on and
off in an alternate manner. The control device sets a total of a
turn-on time of the light emitting unit in a prescribed time
interval to be smaller when the living body information sen-
sor is attached to the living body than when the living body
information sensor is not attached to the living body.

111 132

~a
3

iy

NSNS

'z
|

’
e

N

OSSOSOV S NN,

10-1%

\

14—

15

SRR

NN NN

-12
- 11

o] I b

200] g

N NN N

—y
enend
3
/
{
i

T R e e e




Patent Application Publication  Sep. 29,2016 Sheet 1 of 18 US 2016/0278712 Al

FIG.1
?\ 13 18 111 112
AAAAAAARRERAR SV AV ANNNY
7 T Ltk 147
Chovo, LR 1
14—

15

oo
ronf
1
/

i
i

o




Patent Application Publication  Sep. 29,2016 Sheet 2 of 18 US 2016/0278712 Al

F1G.2
- 200
| . _|DIsPLAY
2 CONTROL DEVICE —> it
i L 54
| !
| —S0 s s 400
. Pall o oz
L wHTE | |G R |
i1 LED | | SENSOR SENSOR]
| 11



Patent Application Publication  Sep. 29,2016 Sheet 3 of 18 US 2016/0278712 Al

FIG.3A

&1,
Sé

= TIME

FIG.3B

512




HOSNIS
&

US 2016/0278712 Al

e 444 feed

4

LINA bed
el ) ONISSIOON
okt MO | WU LK

A IdSIG
ALvY
T LHYIH

O0¥

NZLE

LINN
QLLIWHIRIY

ad Ll

ot [ o e w ?m&m

HOSNES

e
e

S

vid
&4 Y

05— 0%

S

Sep. 29,2016 Sheet4 of 18

EN
S LIHM

LIND
AOHINGD

i

! 04
01z

POld

Patent Application Publication



US 2016/0278712 Al

Sep. 29,2016 Sheet 5 of 18

Patent Application Publication

HO{ -= %&;

|, tee ) m
Amwmmm + m
_ AHOWIN  fet— 2]

3] s

ke i e e i A e 2w i b e e e o b

M m
j - ;
aza gz -~ & m
QG :
LLE ) :
¥ m
. AHOWIN = s :
ﬁw ) m\\ m
aig 97 4 m
0% —
LIND
TOHLINGD
gLz -~

(A4

GOl



Patent Application Publication  Sep. 29,2016 Sheet 6 of 18

FIG.6

¥

NG
(NOT ATTACHED)

START
MEASUREMENT

US 2016/0278712 Al

\Ef - S211

TURN ON WHITE LED

@ 5212

STORE DG VALUE (Data_on) OBTAINED
IN STATE WHERE WHITE LED TURNS ON

‘é 8213

TURN OFF WHITE LED

\E: 5214

STORE DG VALUE (Data off) OBTAINED
IN STATE WHERE WHITE LED TURNS OFF

@ 8215
< Data_on-Data_off > PRESCRIBED

THRESHOLD VALUE ?

3216

LED AT L1

SET TURN-ON
INTERVAL OF WHITE

YES
(ATTACHED)

AR

SET TURN-ON
INTERVAL OF WHITE
LEDAT L2 OLY

@ 5218

N\ NO

< HAS MEASUREMENT ENDED 7 /




Patent Application Publication  Sep. 29,2016 Sheet 7 of 18 US 2016/0278712 Al

FIG.T
1\ 13 18 it ‘32
) |
OO NN SO SIS N ANANN
10-FA—— \
§ 7/2{\395 GIR] R SR
14— (A 14
1577 é
s
17

\[vl



Patent Application Publication  Sep. 29,2016 Sheet 8 of 18 US 2016/0278712 Al

FIG.8

(@) CURRENT L1

co}— g@ @6 ®
o T TV
ksl | |

- R

(b) CURRENT
mﬁ\
o)

_1________,___
i ;
2

7 S L — 35—




Patent Application Publication  Sep. 29,2016 Sheet9 of 18 US 2016/0278712 Al

FIG.9A
DG
SPECTRUM
INTENSITY
FIG.9B
DGR
A
SPECTRUM

INTENSITY




Patent Application Publication  Sep. 29,2016 Sheet 10 of 18  US 2016/0278712 Al

FIG.10A

FIG.10B




Patent Application Publication  Sep. 29,2016 Sheet 11 of 18  US 2016/0278712 Al

FIG.1H

\\ 1 18 1’%% 1‘;2
1

NEEERRNNN \\*l\\\\i\\;: SRNN
T s L 12

10 : § \ E




Patent Application Publication  Sep. 29,2016 Sheet 12 of 18  US 2016/0278712 Al

FIG.12

/ IO |\
Y/,ééOQVVV/,ﬂé$G0977’%%A4000/ LD

2/ HZ HEA 18 111 H‘EA \’328 12A




Patent Application Publication  Sep. 29,2016 Sheet 130f18  US 2016/0278712 Al

FIG.13

SENSITIVITY
A

LT

WAVELENGTH

GREEN = RED NEAR INFRARED
"I ) ] ]
{
YELLOW

I
I
i
i
I
I
|
i
I
I
I
|
et
I



Patent Application Publication  Sep. 29,2016 Sheet 14 of 18  US 2016/0278712 Al

FIG.14

\\\\\i&&\\\\i\ﬁ
///////// y”x“/f//////

QA/ HZ HZA i8 H‘E 1A JZB 12A




Patent Application Publication  Sep. 29,2016 Sheet 150f18  US 2016/0278712 Al

FIG.15

S//f”///////// f’if“//i"////// ////E//// ,/ 2

28/7 HQ ’HZA 18 111 111A 128 12A

12




US 2016/0278712 Al

Sep. 29,2016 Sheet 16 of 18

Patent Application Publication

mmwm 2
e el ] ddH fe] OV e et L SOSNER
m w ) ) e |
me prAN A AN m w /!m:.
umnt ) LINT o
AVTSHD =TT DLLINHLMY o
w "
G0Y | s |
| | i JHOSNIS | |
m “ “ mu
" w M w o |
| mwm vig elg zis VSO vl
08~ m
: L 0S
| LN I I <=
- 01
. oi8 m
di/m



Patent Application Publication  Sep. 29,2016 Sheet 17 of 18  US 2016/0278712 Al

FiG.17
100000
P Ce
10000 b <7 i
o f‘fg’cﬁ.’ - Gr
MOLAR Ay
ABSORPTION 1000 ¢ N SENSITIVITY
COEFFICIENT P N,
fem ™ /M] i N
180 ¢ fg E ?E; : e
@5 S xe %Sk"h_%v"’ E
wn® e | ; j‘:“‘ E lsmK S |
300 400 500 600 { 700 800 900 1000

WAVELENGTH [nm]



Patent Application Publication  Sep. 29,2016 Sheet 18 of 18  US 2016/0278712 Al

FI1G.18
| 331 s ey
pl | AMPLITUDE BiL |
2l EXTRAGTION e |
LUNIT |
| SIGNAL 3
| RATIO Spl; | 54
i CALCULATION| ™ SQE_GULATEON m-meas»
| ;832 UNIT E
no!  |AMPLITUDE - ;
e EXTRAGTION oo |
L UNIT |

e o =y rm a1 e e e ey e T m 1w 3 T e = wa £ m G T = w1 e e e s o



US 2016/0278712 Al

LIVING BODY INFORMATION SENSOR

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a living body infor-
mation sensor, and particularly to a wearable living body
information sensor.

[0003] 2. Description of the Background Art

[0004] Wearable living body information sensors have
been conventionally known. For example, Japanese Patent
Laying-Open No. 2012-143316 (PTD 1) discloses a wearable
living body information sensor. The living body information
sensor includes a first and second optical sensors and an
arithmetic circuit. The first optical sensor includes a first light
emitting unit emitting light of the first luminescence intensity
to a living body, and a first light receiving unit receiving the
light emitted from the first light emitting unit and reflected
inside the living body to generate a first light receiving signal.
The second optical sensor includes a second light emitting
unitemitting light ofthe second luminescence intensity lower
than the first luminescence intensity to a living body, and a
second light receiving unit receiving the light emitted from
the second light emitting unit and reflected inside the living
body to generate a second light receiving signal. The arith-
metic circuit subtracts the second light receiving signal from
the first light receiving signal to obtain pulse wave data.

SUMMARY OF THE INVENTION

[0005] In order to suppress power consumption of the liv-
ing body information sensor, the light emitting unit may be
controlled so as to repeatedly turn on and off in an alternate
manner. When the light emitting unit turns on and off at
intervals by which a user can recognize that the light emitting
unit repeatedly turns on and off, however, the light emitting
unit seems to blink, which may cause the user to feel uncom-
fortable.

[0006] On the other hand, when the light emitting unit is
turned on and off at relatively shorter intervals to such an
extent that the user does not feel uncomfortable, power con-
sumption of the living body information sensor may be
unable to be sufficiently suppressed.

[0007] Also, when living body information such as pulses
or an oxygen saturation concentration in blood is measured
while the user wearing a living body information sensor is
exercising outdoors or the like, sunlight including infrared
light enters the living body information sensor, which may
cause measurement errors.

[0008] Therefore, an object of the present invention is to
provide aliving body information sensor capable of suppress-
ing power consumption. Another object of the present inven-
tion is to provide a living body information sensor capable of
improving measurement accuracy. A living body information
sensor according to one embodiment of the present invention
can be attached to a living body. A light emitting unit emits
light to the living body. A light receiving unit receives
reflected light from the living body that is included in the light
emitted by the light emitting unit to the living body, and
outputs a signal according to intensity of the reflected light. A
control device generates information about the living body
based on the signal from the light receiving unit. The control
device controls the light emitting unit to repeatedly turn on
and off in an alternate manner. The control device sets a total
of aturn-on time of the light emitting unit in a prescribed time
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interval to be smaller when the living body information sen-
sor is attached to the living body than when the living body
information sensor is not attached to the living body.

[0009] The “turn-on time” means a time interval from the
time when the light emitting unit having been turned off is
turned on to the time when the light emitting unit is turned off
for the first time after the time when the light emitting unit is
turned on.

[0010] By sucha configuration, the total time during which
acurrent flows through the light emitting unit is less when the
living body information sensor is attached to the living body
than when the living body information sensor is not attached
to the living body. Consequently, the power consumption of
the living body information sensor is less when this sensor is
attached to the living body than when this sensor is not
attached to the living body. Namely, the living body informa-
tion sensor according to the present invention allows suppres-
sion of power consumption.

[0011] Preferably, the control device sets a turn-on interval
of the light emitting unit to be longer when the living body
information sensor is attached to the living body than when
the living body information sensor is not attached to the living
body.

[0012] The “turn-on interval” means a time interval from
the time when the light emitting unit having been turned on is
turned off'to the time when the light emitting unit is turned on
for the first time after the time when the light emitting unit is
turned off.

[0013] Preferably, the control device sets the turn-on inter-
val of the light emitting unit based on a first signal received
from the light receiving unitin a state where the light emitting
unit turns on and a second signal received from the light
receiving unitin a state where the light emitting unit turns off.
[0014] Preferably, the control device calculates a difference
obtained by subtracting a level of the second signal from a
level of the first signal. The control device sets the turn-on
interval at a first turn-on interval when the difference is
smaller than a prescribed threshold value. The control device
sets the turn-on interval at a second turn-on interval longer
than the first turn-on interval when the difference is larger
than the prescribed threshold value.

[0015] Preferably, the control device controls the light
emitting unit to repeatedly turn on and off in an alternate
manner in a prescribed turn-on period. The control device sets
a ratio of the turn-on time of the light emitting unit to the
prescribed turn-on period to be less when the living body
information sensor is attached to the living body than when
the living body information sensor is not attached to the living
body.

[0016] The “turn-on period” means a time interval from the
time when the light emitting unit having been turned off is
turned on, and then the light emitting unit is once turned off,
to the time when the light emitting unit is turned on for the first
time after the light emitting unit is turned off. Furthermore,
the “ratio of the turn-on time of the light emitting unit to the
prescribed turn-on period” will be also hereinafter simply
referred to as a “turn-on duty ratio”.

[0017] Preferably, the living body information sensor fur-
ther includes a substrate, a first light shielding wall, and a
second light shielding wall. On the substrate, the light emit-
ting unit, the light receiving unit and the control device are
formed. The first light shielding wall is disposed to surround
the light emitting unit along an outer surrounding edge of the
substrate. The second light shielding wall partitions space
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provided by the substrate and the first light shielding wall into
space in which the light emitting unit is located and space in
which the light receiving unit is located.

[0018] A living body information sensor according to
another embodiment of the present invention includes a light
receiving unit and generates information about a living body
based on a signal from the light receiving unit. The light
receiving unit includes a first optical sensor converting first
light into a first signal. The first optical sensor includes a first
photoelectric conversion element and a first color filter. The
first photoelectric conversion element converts the first light
into the first signal. The first color filter is formed on an
optical path leading to the first photoelectric conversion ele-
ment, and the first light passes through the first color filter.
The living body information sensor further includes an infra-
red light elimination layer formed on the optical path leading
to the first photoelectric conversion element.

[0019] The color filter is a color resist film containing pig-
ments such as red, green, and blue. The color resist is made
using, in addition to resist components, a pigment dispersed
resist containing finely-dispersed pigments as coloring mate-
rials.

[0020] By such a configuration, the light from which infra-
red light is eliminated by the infrared light elimination layer
enters the first optical sensor. Since the first light included in
the light having passed through the infrared light elimination
layer can pass through the first color filter, most of the light
received by the first photoelectric conversion element is the
first light. Consequently, the living body information sensor
can generate information about a living body with little influ-
ence from infrared light. Namely, the living body information
sensor according to the present invention can improve the
measurement accuracy.

[0021] Preferably, the living body information sensor fur-
ther includes a control device. The control device generates
the information about the living body based on the signal
from the light receiving unit. The light receiving unit further
includes a second optical sensor. The second optical sensor
converts second light into a second signal. The second optical
sensor includes a second photoelectric conversion element
and a second color filter. The second photoelectric conversion
element converts the second light into the second signal. The
second color filter is formed on an optical path leading to the
second photoelectric conversion element, and the second
light passes through this second color filter. The infrared light
elimination layer is formed also on the optical path leading to
the second photoelectric conversion element. The control
device receives the first signal and the second signal from the
light receiving unit, and generates the information about the
living body based on the first signal and the second signal.
[0022] Preferably, the light receiving unit further includes a
first substrate on which the first optical sensor and the second
optical sensor are formed. The infrared light elimination layer
is formed on a surface of the first substrate.

[0023] The level of the signal can be a voltage value or a
current value of an electrical signal, for example.

[0024] Preferably, the infrared light elimination layer
includes an infrared cut filter. The infrared cut filter covers the
first color filter and the second color filter.

[0025] The infrared cut filter is a multilayer film that is
obtained by stacking a plurality of thin films having different
refractive indexes, and that allows light having a wavelength
shorter than that of infrared light to pass therethrough.
Examples of the plurality of thin films having different refrac-
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tive indexes can be those obtained by periodically stacking
two films including a TiO, film and an SiO, film by the
sputtering method.

[0026] Preferably, the infrared light elimination layer
includes an infrared cut resin. The infrared cut resin covers
the first substrate.

[0027] Theinfrared cutresinisa resin containing a material
that absorbs infrared light (for example, light having a wave-
length of 750 nm or higher).

[0028] Preferably, the infrared light elimination layer
includes an infrared cut filter and an infrared cut resin. The
infrared cut filter covers the first color filter and the second
color filter. The infrared cut resin is stacked on the infrared cut
filter, and covers the first substrate.

[0029] Preferably, the living body information sensor fur-
ther includes a light emitting unit, a second substrate, a first
light shielding wall, and a second light shielding wall. The
light emitting unit emits light including the first light and the
second light. The second substrate has the light emitting unit,
the light receiving unit and the control device formed thereon.
The first light shielding wall is formed to surround the light
emitting unit and the light receiving unit along an outer sur-
rounding edge of the second substrate. The second light
shielding wall partitions space provided by the second sub-
strate and the first light shielding wall into space in which the
light emitting unit is located and space in which the light
receiving unit is located. When the living body information
sensor is attached to the living body. light included in the light
emitted from the light emitting unit and reflected inside the
living body enters the light receiving unit.

[0030] Preferably, the light emitting unit is a light emitting
diode that emits white light.

[0031] Preferably, the first light is green light, and the sec-
ond light is red light.

[0032] Preferably, the control device generates the infor-
mation about the living body based on a difference between a
level of the first signal and a level of the second signal.

[0033] Preferably, the information about the living body is
a heart rate.
[0034] The control device generates the information about

the living body based on a ratio between a level of the first
signal and a level of the second signal.

[0035] Preferably, the information about the living body is
an oxygen saturation concentration in blood.

[0036] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a cross-sectional view showing the con-
figuration of a living body information sensor according to
the first embodiment.

[0038] FIG. 2 is a functional configuration diagram of the
living body information sensor in FIG. 1.

[0039] FIG. 3A is a time chart illustrating the operation of
the living body information sensor according to the first
embodiment, which shows waveforms of signals from a G
sensor and an R sensor.

[0040] FIG. 3B is a time chart illustrating the operation of
the living body information sensor according to the first
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embodiment, which shows a waveform of a signal showing
the level difference between the signals from the G sensor and
the R sensor.

[0041] FIG. 4 is a functional configuration diagram of a
control device in FIG. 2.

[0042] FIG. 5 is a functional configuration diagram for
illustrating details of an arithmetic unit in FIG. 4.

[0043] FIG. 6 is a flowchart showing a process performed
by a control unit to set a turn-on interval of a light emitting
unit.

[0044] FIG. 7 is a diagram showing the state where the
living body information sensor is not attached to a human
body.

[0045] FIG. 8 is a time chart showing the manner in which
a current flowing through the living body information sensor
changes periodically.

[0046] FIG.9A is a diagram showing a frequency spectrum
illustrating the operation of a heart rate extraction processing
unit, which shows a frequency spectrum of a digital signal
generated in an FFT unit in FIG. 4.

[0047] FIG. 9B is a diagram showing a frequency spectrum
illustrating the operation of the heart rate extraction process-
ing unit, which shows a frequency spectrum of another digital
signal generated in the FFT unit in FIG. 4.

[0048] FIG.10A is a diagram showing the manner in which
a wrist watch equipped with the living body information
sensor is attached to a wrist.

[0049] FIG. 10B is a diagram showing the living body
information sensor mounted in the wrist watch in FIG. 10A.
[0050] FIG. 11 is a cross-sectional view showing the con-
figuration of a living body information sensor according to
the second embodiment.

[0051] FIG. 12 is a cross-sectional view showing the con-
figuration of a light receiving unit included in the living body
information sensor according to the second embodiment.
[0052] FIG. 13 is a diagram showing spectral characteris-
tics of an infrared cut filter, a G filter, an R filter, and a
photodiode.

[0053] FIG. 14 is a cross-sectional view showing the con-
figuration of a light receiving unit included in a living body
information sensor according to the first modification of the
second embodiment.

[0054] FIG. 15 is a cross-sectional view showing the con-
figuration of a light receiving unit included in a living body
information sensor according to the second modification of
the second embodiment.

[0055] FIG. 16 is a functional configuration diagram of a
living body information sensor according to the third embodi-
ment.

[0056] FIG.17is adiagram showing the relationamong the
wavelength of light, the molar absorption coefficient of
hemoglobin, and the spectral sensitivity of the G filter, and the
spectral sensitivity of the R filter.

[0057] FIG. 18 is a functional configuration diagram of an
arithmetic unit included in a living body information sensor
according to the third embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0058] Embodiments of the present invention will be here-
inafter described in detail with reference to the accompanying
drawings, in which the same or corresponding components
are denoted by the same reference characters, and a descrip-
tion thereof will not be repeated.
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First Embodiment

[0059] FIG. 1 is a cross-sectional view showing the con-
figuration of a living body information sensor 1 according to
the first embodiment. In the first embodiment, an explanation
will be given with regard to the case where living body infor-
mation sensor 1 is used to measure a heart rate as information
about a human body.

[0060] Referring to FIG. 1, living body information sensor
1 includes a light emitting unit 10 provided as a white LED, a
light receiving unit 11, light shielding walls 13 and 14, lenses
15 and 16, a transparent plate 17, a substrate 18, and a control
device 200.

[0061] Substrate 18 has a surface on which light emitting
unit 10, light receiving unit 11 and control device 200 are
formed. Light receiving unit 11 includes a silicon substrate
12,and a G (green light) sensor 111 and an R (red light) sensor
112 that are formed on silicon substrate 12. Control device
200 may be formed on silicon substrate 12.

[0062] On the edge of the surface of substrate 18, light
shielding wall 14 is formed so as to surround light emitting
unit 10 and light receiving unit 11. Light shielding wall 14
serves to prevent external light from entering light receiving
unit 11. In the center of the surface of substrate 18, light
shielding wall 13 is formed for preventing white light, which
has been emitted from light emitting unit 10, from directly
entering light receiving unit 11. In other words, the space
provided by light shielding wall 14 is partitioned by light
shielding wall 13 into space in which light emitting unit 10 is
located and space in which light receiving unit 11 is located.
[0063] Lens 15 is provided in the direction in which light
emitting unit 10 emits light and lens 16 is provided in the
direction in which light receiving unit 11 receives light. Light
shielding walls 13 and 14 have openings that are closed by
transparent plate 17. For detecting a heart rate, living body
information sensor 1 is arranged such that the surface of
transparent plate 17 comes in close contact with the surface of
human body 50.

[0064] Thewhite light emitted from light emitting unit 10 is
applied through lens 15 and transparent plate 17 to human
body 50. Light a included in white light and reflected inside
the human body passes through transparent plate 17 and lens
15, and enters light receiving unit 11. G sensor 111 receives
green light included in light a, and outputs a signal according
to the intensity of this green light to control device 200. G
sensor 111 receives red light included in light a, and outputs
a signal according to the intensity of this red light to control
device 200. Control device 200 calculates a heart rate based
on the signals from G sensor 111 and R sensor 112, and
generates a signal showing the heart rate.

[0065] The functional configuration of living body infor-
mation sensor 1 will be hereinafter described. FIG. 2 is a
functional configuration diagram of living body information
sensor 1. In response to an instruction from a user to start
measurement, control device 200 outputs a control signal S0
to light emitting unit 10. In response to control signal SO0
having reached a prescribed level, light emitting unit 10 emits
light and outputs white light to a human body. The white light
output from light emitting unit 10 is reflected inside the
human body, and this reflected light enters G sensor 111 and
R sensor 112. Since a part of the white light is absorbed into
skin, blood and the like at this time, the intensity of the
reflected light changes in accordance with the pulse wave and
body motion of the human body. Specifically, the intensity of
the green light included in the reflected light changes in
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accordance with the pulse wave and the body motion of the
human body. The intensity of the red light included in the
reflected light changes in accordance with the human body
motion, but hardly changes in accordance with pulsation in
the human body.

[0066] G sensor 111 receives light emitted from light emit-
ting unit 10 and reflected inside the human body, and gener-
ates a signal S1 according to the intensity of the green light
included in the received light. The level of signal S1 (for
example, a voltage) increases as the light intensity of the
incoming green light increases. As described above, the level
of signal S1 changes in accordance with the pulsation and
body motion of the human body.

[0067] R sensor 112 receives light emitted from light emit-
ting unit 10 and reflected inside the human body, and gener-
ates a signal S2 according to the intensity of the red light
included in the received light. The level of signal S2 (for
example, a voltage) increases as the light intensity of the
incoming red light increases. As described above, signal S2
changes in accordance with human body motion, but hardly
changes in accordance with pulsation of the human body.
[0068] Control device 200 may amplify at least one of
signals S1 and S2 such that the amplitudes of the body motion
components of signals S1 and S2 that change in the same
period are approximately the same. Control device 200 cal-
culates a signal that shows the level difference between signal
S1 and a signal obtained by amplifying signal S2, and then,
obtains a pulse wave in a human body based on the signal
showing this level difference.

[0069] FIGS. 3A and 3B are time charts each illustrating
the operation of living body information sensor 1. FIG. 3A
illustrates waveforms of signals S1 and S2 while FIG. 3B
illustrates a waveform of a signal S12 that shows the level
difference between signal S1 and signal S2. In FIGS. 3A and
3B, signal S1includes a body motion component that changes
in arelatively long period and in a relatively large amplitude,
and a pulse wave component that changes in a relatively short
period and in a relatively small amplitude. Also, signal S2
includes a body motion component that is approximately the
same as that of signal S1. Signal S12 includes only a pulse
wave component.

[0070] Againreferring to FIG. 2, control device 200 counts
the pulse number per minute starting from signal S12 to
thereby calculate a heart rate. Then, control device 200 out-
puts a signal S4 showing this heart rate to a monitor (a display
unit 400) of a wrist watch-type wearable device, for example.
Display unit 400 causes its screen to display characters,
images and the like showing a heart rate according to signal
S4 from control device 200. Control device 200 and display
unit 400 may communicate with each other through wired
connection or wirelessly.

[0071] In order to suppress power consumption of living
body information sensor 1, light emitting unit 10 may be
controlled so as to repeatedly turn on and off. If the turn-on
interval of light emitting unit 10 in living body information
sensor 1 is relatively long, this light emitting unit 10 seems to
blink, which may cause the user to feel uncomfortable.
[0072] In this case, when living body information sensor 1
is attached to a human body, living body information sensor 1
comes in close contact with the human body in the state where
light emitting unit 10 faces the human body. Accordingly, the
user usually cannot see that light emitting unit 10 turns on and
off. In other words, in the case where living body information
sensor 1 is attached to a living body, it is not necessary to
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suppress blinking of light emitting unit 10. Thus, the turn-on
interval of light emitting unit 10 can be lengthened to such an
extent as not to cause any problems in heart rate measure-
ment. The turn-on interval of light emitting unit 10 is length-
ened, which causes a decrease in total time during which a
current flows through the light emitting unit in a prescribed
time interval. Consequently, power consumption of the living
body information sensor can be suppressed.

[0073] Thus, in the first embodiment, an explanation will
be given with regard to the configuration for suppressing
power consumption of living body information sensor 1 by
controlling light emitting unit 10 to turn on and off such that
the total turn-on time of light emitting unit 10 in a prescribed
time interval is less when living body information sensor 1 is
attached to the human body than when living body informa-
tion sensor 1 is not attached to the human body.

[0074] The functional configuration of control device 200
will be first hereinafter described. The following description
includes an explanation about characteristic changes of the
turn-on interval of light emitting unit 10 in the first embodi-
ment.

[0075] FIG. 4is a functional configuration diagram of con-
trol device 200. Referring to FIG. 4, control device 200
includes amplifiers 211 and 221, AD (analog-to-digital) con-
verters 212 and 222, high-pass filters (HPF) 213 and 223, an
arithmetic unit 30, FFT (Fast Fourier Transform) units 214
and 224, a heart rate extraction processing unit 22, and a
control unit 210.

[0076] Control unit 210 turns control signal S0 into an “H”
level and an “L” level in an alternate manner at a frequency
sufficiently higher than the frequency of the pulse wave, to
cause light emitting unit 10 to turn on and off in a prescribed
period, and also controls the entire control device 200 in
synchronization with control signal SO.

[0077] Control unit 210 sets the turn-on interval of light
emitting unit 10 based on the signal from light receiving unit
11. This setting process performed by control unit 210 will be
described later in detail.

[0078] G sensor 111 receives light emitted from light emit-
ting unit 10 and reflected inside the human body, and the light
leaked thereinto from the outside in accordance with the body
motion. Then, G sensor 111 outputs signal S1 of the level in
accordance with the light intensity of the green light included
in the received light. R sensor 112 receives light emitted from
light emitting unit 10 and reflected inside the human body,
and the light leaked thereinto from the outside in accordance
with the body motion. Then, R sensor 112 outputs signal S2 of
the level in accordance with the light intensity of the red light
included in the received light.

[0079] Amplifier 211 amplifies signal S1 output from G
sensor 111. AD converter 212 converts the output signal from
amplifier 211 into a digital signal. High-pass filter 213
removes a direct-current (DC) component in the output signal
of AD converter 212. The signal having passed through high-
pass filter 213 is output to arithmetic unit 30 as a digital signal
D1. Amplifier 221 amplifies signal S2 output from R sensor
112. AD converter 222 converts the output signal from ampli-
fier 221 into a digital signal. High-pass filter 223 removes a
DC component in the output signal of AD converter 222. The
signal having passed through high-pass filter 223 is output to
arithmetic unit 30 as a digital signal D2.

[0080] Arithmetic unit 30 includes memories 310 and 320,
subtractors 311, 321 and 323, and an amplifier 322, as shown
in FIG. 5. Memory 310 temporarily stores digital signal D1 as
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a digital signal D1D in a time zone during which control
signal S0 is atan “L” level (that is, the time zone during which
light emitting unit 10 is turned off), and temporarily stores
digital signal D1 as a digital signal D1L in a time zone during
which control signal S0 is at an “H” level (that is, the time
zone during which light emitting unit 10 is turned on). After
that, memory 310 outputs digital signals D1D and DIL to
subtracter 311.

[0081] Digital signal D1D includes a noise component
resulting from the light and the like having leaked into G
sensor 111 from the outside in the time zone during which
light emitting unit 10 is turned off. This noise component is
included also in digital signal D1L. Subtracter 311 subtracts
digital signal D1D from digital signal D11, and outputs a
digital signal DG. Therefore, digital signal DG is a signal
obtained by removing a noise component from digital signal
D1L.

[0082] Similarly, memory 320 temporarily stores digital
signal D2 as a digital signal D2D in a time zone during which
control signal SO is at an “L” level (that is, the time zone
during which light emitting unit 10 is turned off), and also
temporarily stores digital signal D2 as a digital signal D2L in
a time zone during which control signal S0 is at an “H” level
(that is, the time zone during which light emitting unit 10 is
turned on). After that, memory 320 outputs digital signals
D2D and D2L to subtracter 321.

[0083] Digital signal D2D includes a noise component
resulting from the light and the like having leaked into R
sensor 112 from the outside in the time zone during which
light emitting unit 10 is turned off. This noise component is
included also in digital signal D2L. Subtracter 321 subtracts
digital signal D2D from digital signal D2L, and outputs digi-
tal signal DR. Therefore, digital signal DR is a signal obtained
by removing a noise component from digital signal D2L..
[0084] Digital signal DG mainly includes a body motion
component and a pulse wave component. Digital signal DR
mainly includes a body motion component. Amplifier 322
amplifies digital signal DR such that the level of the body
motion component included in digital signal DG and the level
of the body motion component included in digital signal DR
are almost the same. Subtracter 323 subtracts digital signal
DR from digital signal DG, and outputs a digital signal DGR.
Digital signal DGR 1is a signal obtained by subtracting digital
signal DR including a body motion component from digital
signal DG including a body motion component and a pulse
wave component. Accordingly, it can be said that this digital
signal DGR mainly includes a pulse wave component.
[0085] In addition, although digital signal DR is amplified
by amplifier 322 in arithmetic unit 30 shown in FIG. 5, the
present invention is not limited thereto, but at least one of
digital signals DG and DR may be amplified or attenuated
such that the levels of the body motion components included
in digital signals DG and DR are almost the same.

[0086] Again referring to FIG. 4, FFT unit 214 applies fast
Fourier transform to digital signal DG to generate a frequency
spectrum of digital signal DG, and outputs the generated
frequency spectrum to heart rate extraction processing unit
22. FFT unit 224 applies fast Fourier transform to digital
signal DGR to generate a frequency spectrum of digital signal
DGR, and outputs the generated frequency spectrum to heart
rate extraction processing unit 22. Heart rate extraction pro-
cessing unit 22 calculates the heart rate of a human body
based on the frequency spectra output from FFT units 214 and
224, and outputs a signal S4 showing the calculated heart rate
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to display unit 400. The details of the process performed by
heart rate extraction processing unit 22 will be described later.

[0087] Thefollowing is an explanation about the flow ofthe
process performed by control unit 210 to set the turn-on
interval of light emitting unit 10 with reference to FIG. 6.
Referring to FIG. 6, when the user gives a measurement start
instruction to cause living body information sensor 1 to start
measurement of the heart rate, control unit 210 turns on light
emitting unit 10 in step S211, and advances the process to step
S212. In step S212, control unit 210 stores a DG value (Data_
on) obtained in the state where light emitting unit 10 tums on,
and then, advances the process to step S213. Control unit 210
turns off light emitting unit 10 in step S213, and advances the
process to step S214. In step S214, control unit 210 stores a
DG value (Data_off) obtained in the state where light emit-
ting unit 10 turns off, and then, advances the process to step
S215.

[0088] In step S215, control unit 210 determines whether
the value obtained by subtracting Data_off from Data_on is
greater than a prescribed threshold value. This determination
corresponds to a determination as to whether living body
information sensor 1 is attached to a human body or not.

[0089] When living body information sensor 1 is attached
to a human body (see FIG. 1), in the state where light emitting
unit 10 turns on, white light is applied to human body 50, and
light a. reflected inside human body 50 enters light receiving
unit 11. The value of digital signal DG (Data_on) is deter-
mined according to the intensity of red light included in light
a. In the state where light emitting unit 10 turns off, light @
does not enter light receiving unit 11. Accordingly, the value
of digital signal DG (Data_off) is smaller than Data_on.

[0090] When living body information sensor 1 is not
attached to a human body (see FIG. 7), in the state where light
emitting unit 10 turns on, the light output from light emitting
unit 10 does not reflect inside the human body to enter light
receiving unit 11. The same also applies to the state where
light emitting unit 10 turns off. In other words, when living
body information sensor 1 is not attached to a human body,
Data_on and Data_off are almost the same.

[0091] Therefore, as a result of comparing Data_on and
Data_off, it can be determined that living body information
sensor 1 is attached to a human body if both of the values are
considerably different from each other, and it can be deter-
mined that living body information sensor 1 is not attached to
a human body if both of the values are almost the same.

[0092] In the first embodiment, it is determined based on
the difference between Data_on and Data_off whether living
body information sensor 1 is attached to a human body or not.
However, it may be determined based on the ratio between
Data_on and Data_off whether living body information sen-
sor 1 is attached to a human body or not.

[0093] Again referring to FIG. 6, when the value obtained
by subtracting Data_off from Data_on is equal to or less than
a prescribed threshold value (NO in S215), control unit 210
advances the process to step S216. In step S216, control umt
210 sets the turn-on interval of light emitting unit 10 at a
turn-on interval L1, and then, advances the process to step
S218. When the value obtained by subtracting Data_off from
Data_on is greater than the prescribed threshold value (YES
in S215), control unit 210 advances the process to step S217.
In step S217, control unit 210 sets the turn-on interval of light
emitting unit 10 at a turn-on interval L2 longer than turn-on
interval L1, and then, advances the process to step S218.



US 2016/0278712 Al

[0094] 1In step S218, control unit 210 determines whether
the heart rate measurement has ended or not in response to the
instruction from the user to end the measurement. When the
heart rate measurement has ended (YES in S218), control unit
210 ends the process. When the heart rate measurement has
not ended (NO in S218), control unit 210 returns the process
to step S211.

[0095] Inorderto start heart rate measurement immediately
after living body information sensor 1 is attached to a human
body, control unit 210 repeatedly performs the process in step
S211 to step S218 even if living body information sensor 1 is
not attached to a human body.

[0096] FIG. 8 is a diagram illustrating the difference about
power consumption, which is caused by the above-described
process performed by control unit 210, between the case
where living body information sensor 1 is not attached to a
human body and the case where living body information
sensor 1 is attached to a human body, which shows a time
chart illustrating the manner in which a current flowing
through light emitting unit 10 periodically changes. Light
emitting unit 10 turns on when the current of a current value
C0 flows, and turns off when the current value is 0. A current
flows through light emitting unit 10 during turn-on time L0 at
current value C0 in the turn-on period. In other words, light
emitting unit 10 keeps turning on during turn-on time L0 in
the turn-on period, and repeatedly turns on and off periodi-
cally according to the periodical change of the current flowing
therethrough. Current value C0 and turn-on time L0 are set to
be almost constant irrespective of whether living body infor-
mation sensor 1 is attached to a human body or not.

[0097] FIG. 8(a) is a diagram showing the state where
living body information sensor 1 is not attached to a human
body. In this case, control unit 210 sets the turn-on interval of
light emitting unit 10 at turn-on interval L1. As a result, the
turn-on period is set at a turn-on period T1 (for example,
about 8 ms).

[0098] FIG. 8(b) is a diagram showing the state where
living body information sensor 1 is attached to a human body.
In this case, control unit 210 sets the turn-on interval of light
emitting unit 10 at a turn-on interval L2 longer than turn-on
interval 1. As a result, turn-on time L0 becomes almost
constant, so that turn-on period T2 is longer than turn-on
period T1. Turn-on period T2 is about 50 ms to 100 ms, for
example.

[0099] Referring to FIG. 8(a), when living body informa-
tion sensor 1 is not attached to a human body, light emitting
unit 10 turns on six times during time interval T0, in which
case the total turn-on time is 6 LT. On the other hand, referring
to FIG. 8(b), when living body information sensor 1 is
attached to a human body. light emitting unit 10 does not turn
on in time interval T0. Accordingly, the total turn-on time in
this case is 0. Specifically, the total time during which a
current flows through light emitting unit 101s less when living
body information sensor 1 is attached to a human body than
when living body information sensor 1 is not attached to a
human body. Therefore, the power consumption of living
body information sensor 1 is less when this living body infor-
mation sensor 1 is attached to a human body than when living
body information sensor 1 is not attached to a human body.

[0100] Inaddition, light emitting unit 10 turns on six times
during time interval T0 in FIG. 8(a), but does not turn on
during time interval T0 in FIG. 8 (b). This is merely by way of
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example for the sake of explanation, and the turning-on num-
ber of light emitting unit 10 in a prescribed time interval is not
limited to six or zero.

[0101] Focusing on the turn-on duty ratio, a turn-on duty
ratio R1 in the case where living body information sensor 1 is
not attached to a human body 1s LO/T1. A turn-on duty ratio
R2 in the case where living body information sensor 1 is
attached to a human body is L0/T2. Since turn-on period T2
is greater than turn-on period T1, turn-on duty ratio R2 is less
than turn-on duty ratio R1. Namely, it can be said that control
unit 210 sets the turn-on interval of light emitting unit 10 such
that turn-on duty ratio R2 obtained in the case where living
body information sensor 1 is attached to a human body is less
than turn-on duty ratio R1 obtained in the case where living
body information sensor 1is not attached to a human body. As
a result, an average current value C2 obtained in the case
where living body information sensor 1 is attached to a human
body is less than an average current value C1 obtained in the
case where living body information sensor 1 is not attached to
ahuman body. Therefore, power consumption of living body
information sensor 1 can be set to be smaller when living
body information sensor 1 is attached to a human body than
when living body information sensor 1 is not attached to a
human body.

[0102] Inthe first embodiment, the turn-on interval of light
emitting unit 10 is lengthened, so that the turn-on duty ratio is
set to be smaller when living body information sensor 1 is
attached to a human body than when living body information
sensor 1 is not attached to a human body. However, the
method of reducing the turn-on duty ratio is not limited to a
method of lengthening the turn-on interval of light emitting
unit 10. For example, the turn-on time ofTight emitting unit 10
in the turn-on period may be shortened when living body
information sensor 1 is attached to a human body. Further-
more, when living body information sensor 1 is attached to a
human body, the turn-on interval of light emitting unit 10 may
be lengthened and the turn-on time of light emitting unit 10 in
the turn-on period may be shortened.

[0103] From the above description, according to living
body information sensor 1 in the first embodiment, power
consumption can be suppressed by controlling light emitting
unit 10 to turn on such that the total turn-on time of light
emitting unit 10 in a prescribed time interval is less when
living body information sensor 1 is attached to a human body
than when living body information sensor 1 is not attached to
a human body.

[0104] The operation of heart rate extraction processing
unit 22 will be hereinafter described with reference to FIGS.
9A and 9B. FIG. 9A is a diagram showing a frequency spec-
trum of digital signal DG generated in FFT unit 214 (see FIG.
4). FIG. 9B is a diagram showing a frequency spectrum of
digital signal DGR generated in FFT unit 224 (see FIG. 4).
The frequency of the peak at which the spectrum intensity
falls within a range equal to or greater than a predetermined
threshold value STH is defined as a candidate for the pulse
wave frequency.

[0105] When the human body motion is not negligible (for
example, when the user is jogging), the frequency spectra of
digital signals DG and DGR each show a curved line includ-
ing two peaks P1 and P2 each protruding upward, as shown in
FIGS. 9A and 9B. As described above, digital signal DG
mainly includes a body motion component and a pulse wave
component while digital signal DGR mainly includes a pulse
wave component. In other words, it can be said that digital
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signal DGR is less in body motion component than digital
signal DG. Thus, heart rate extraction processing unit 22
calculates arate at which the heights of peaks P1 and P2 of the
frequency spectrum of digital signal DGR decreases with
respect to the heights of peaks P1 and P2 of the frequency
spectrum of digital signal DG (the decrease rate). Heart rate
extraction processing unit 22 determines a frequency 2 of the
peak with the higher decrease rate (in this case, P2) as a
frequency ofthe body motion, and determines frequency 1 of
the peak with the lower decrease rate (in this case, P1) as a
frequency of the pulse wave. Then, heart rate extraction pro-
cessing unit 22 calculates a heart rate [ times/minute] based on
this frequency f1, and outputs signal S4 showing the heart rate
[times/minute] to display unit 400.

[0106] FIG.10A isa diagram showing the manner in which
a wrist watch 40 equipped with living body information sen-
sor 1 is attached to a wrist. Referring to FIG. 10A, wrist watch
40 includes a display unit 400, a wrist watch case 401, and
watch bands 402 and 403. Display unit 400 displays a heart
rate together with time. FIG. 10B is a diagram showing living
body information sensor 1 mounted in wrist watch 40. Refer-
ring to FIG. 10B, wrist watch 40 has wrist watch case 401 in
which living body information sensor 1 is provided. Living
body information sensor 1 is arranged in the bottom surface
portion of wrist watch 40. When wrist watch 40 is attached to
a wrist, living body information sensor 1 measures the user’s
heart rate while coming in close contact with the skin surface,
and then, outputs a signal showing a heart rate to display umt
400.

[0107] Thedevice on which living body information sensor
1 can be mounted is not limited to a wrist watch. Examples of
the device on which living body information sensor 1 can be
mounted can be glasses, an earphone, or a smart phone.
[0108] In the first embodiment, it is determined based on
the signal from light receiving unit 11 whether living body
information sensor 1 is attached to a human body or not, but
the method of determining whether living body information
sensor 1 is attached to a human body or not is not limited to the
above-described method. For example, this determination
may be made based on the signal from the sensor capable of
detecting contact between a human body and living body
information sensor 1 such as a pressure sensor or a tempera-
ture sensor. Alternatively, this determination may be made
using a mechanical mechanism like a micro-switch.

[0109] Although a heart rate is measured as information
about a living body in the first embodiment, the information
about the living body is not limited to a heart rate, but may be
an oxygen saturation concentration in blood, for example.
[0110] According to the living body information sensor in
the first embodiment, it goes without saying that not only a
heart rate in a human body but also a heart rate in a living body
including humans and animals can be detected.

Second Embodiment

[0111] In the first embodiment, the configuration allowing
suppression of power consumption has been described in
detail. In the second embodiment, the configuration allowing
improvement in measurement accuracy will be described in
detail.

[0112] The structure of light receiving unit 11 will be
described in detail in the second embodiment. Since other
structures are the same as those in the first embodiment, the
description thereof will not be repeated.
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[0113] FIG. 11 is a cross-sectional view showing the con-
figuration of a living body information sensor 2 according to
the second embodiment.

[0114] When a user measures his’her heart rate outdoors or
the like while attaching living body information sensor 2 to
user’s human body 50, light {§ included in sunlight and having
passed through human body 50 or having been reflected
inside human body 50 may enter light receiving unit 11. Light
[ originating from sunlight includes infrared light. G sensor
111 and R sensor 112 exhibit the highest sensitivities to green
light and red light, respectively, but the sensitivity to infrared
light exhibited by these sensors is not necessarily zero.
Accordingly, when living body information sensor 2 mea-
sures a heart rate, light 3 turns into a noise, which may cause
errors to occur in the measured heart rate.

[0115] Thus, in the second embodiment, an infrared light
elimination layer including an infrared cut filter is used to
eliminate such infrared light.

[0116] FIG. 12 is a cross-sectional view showing the con-
figuration of light receiving unit 11 included in living body
information sensor 2 according to the second embodiment.
Referring to FIG. 12, light receiving unit 11 includes a silicon
substrate 12, a G sensor 111, an R sensor 112, and an infrared
cut filter 101.

[0117] G sensor 111 has a photodiode 111A and a G filter
111B. R sensor 112 has a photodiode 112A and an R filter
112B. G filter 111B allows green light to pass therethrough.
Photodiode 111A converts the green light having passed
through G filter 111B into a signal S1. R filter 112B allows red
light to pass therethrogh. Photodiode 112A converts the red
light having passed through R filter 112B into a signal S2.
[0118] Silicon substrate 12 is divided into an upper layer
12A and a lower layer 12B. Upper layer 12A has a surface on
which G filter 111B and R filter 112B are formed. On the
boundary between upper layer 12A and lower layer 12B,
photodiodes 111A and 112A are provided on the lower layer
12B side. G filter 111B and R filter 112B face photodiodes
111A and 112A, respectively. Accordingly, the light that is to
enter photodiode 111A passes through G filter 111B while the
light that is to enter photodiode 112A passes through R filter
112B. In other words, G filter 111B is formed on an optical
path leading to photodiode 111A, and R filter 112B is formed
on an optical path leading to photodiode 112A.

[0119] Infrared cut filter 101 is formed on the surface of
upper layer 12A, and covers G filter 111B and R filter 112B.
Accordingly, the light that is to enter each of photodiode
111A and photodiode 112A passes through the infrared cut
filter. In other words, infrared cut filter 101 is formed on an
optical path leading to photodiode 111A and also formed on
an optical path leading to photodiode 112A.

[0120] By such a configuration, most of the light input into
photodiode 111A turns into green light while most of the light
input into photodiode 112A turns into red light. Such results
are due to a difference among spectral characteristics of infra-
red cut filter 101, G filter 111B and R filter 112B. Focusing on
the spectral characteristics in the following description, an
explanation will be given with regard to the feature that most
of the light input into photodiodes 111 A and 112A turn into
green light and red light, respectively.

[0121] FIG. 13 is a diagram showing spectral characteris-
tics of infrared cut filter 101, G filter 111B, R filter 112B, and
photodiode 111A (112A). In FIG. 12, Cir shows the spectral
characteristics of infrared cut filter 101; Cg shows the spectral
characteristics of G filter 111B; Cr shows the spectral char-
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acteristics of R filter 112B; and CO shows the spectral char-
acteristics of photodiode 111A (112A).

[0122] When light enters light receiving unit 11, this light
first passes through infrared cut filter 101. Referring to FIG.
12, since the sensitivity in the near infrared region of infrared
cut filter 101 is approximately 0, the infrared light included in
this light cannot pass through infrared cut filter 101. The light
having passed through infrared cut filter 101 passes through G
filter 111B or R filter 112B. G filter 111B exhibits the highest
sensitivity in a green region, so that it allows green light to
pass therethrough. R filter 112B exhibits the highest sensitiv-
ity in a red region, so that it allows red light to pass there-
through. Consequently, most of the light input into photo-
diode 111A turns into green light while most of the light input
into photodiode 112A turns into red light.

[0123] As described above, according to living body infor-
mation sensor 2 in the second embodiment, the infrared light
included in the light entering light receiving unit 11 is elimi-
nated by the infrared light elimination layer including infra-
red cut filter 101, so that the measurement accuracy for heart
rate measurement can be improved.

First Modification of Second Embodiment

[0124] Inthe second embodiment, an explanation has been
given with regard to the case where an infrared light elimina-
tion layer includes an infrared cut filter. The infrared light
elimination layer does not necessarily have to include an
infrared cut filter. In the first modification of the second
embodiment, an explanation will be given with regard to the
case where an infrared light elimination layer includes an
infrared cut resin.

[0125] The first modification of the second embodiment is
different from the second embodiment only in that the infra-
red light elimination layer includes an infrared cut resin in
place of an infrared cut filter. Since the first modification of
the second embodiment is the same as the second embodi-
ment other than this difference, the description thereof will
not be repeated.

[0126] FIG. 14 is a cross-sectional view showing the con-
figuration of a light receiving unit 11 included ina living body
information sensor 2A according to the first modification of
the second embodiment. Referring to FIG. 14, silicon sub-
strate 12 is entirely covered by an infrared cut resin 102. The
spectral characteristics ofinfrared cut resin 102 are almost the
same as those of the infrared cut filter. Therefore, as in the
second embodiment, the infrared light included in the light
having entered light receiving unit 11 cannot pass through the
infrared cut resin. Thus, most of the light input into photo-
diode 111 A turns into green light while most of the light input
into photodiode 112A turns into red light.

[0127] As described above, according to living body infor-
mation sensor 2A in the first modification of the second
embodiment, the infrared light included in the light entering
light receiving unit 11 is eliminated by the infrared light
elimination layer including infrared cut resin 102, so that the
measurement accuracy for heart rate measurement can be
improved.

Second Modification of Second Embodiment

[0128] Inthe second embodiment, an explanation has been
given with regard to the case where the infrared light elimi-
nation layer includes an infrared cut filter. In the first modi-
fication of the second embodiment, an explanation has been
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given with regard to the case where the infrared light elimi-
nation layer includes an infrared cut resin. Specifically, in
each of the second embodiment and the first modification of
the second embodiment, an explanation has been given with
regard to the case where a single infrared light elimination
layer is provided. The number of infrared light elimination
layers, however, does not necessarily have to be one. In the
second modification of the second embodiment, an explana-
tion will be given with regard to the case where the infrared
light elimination layer includes an infrared cut filter and an
infrared cut resin so as to consist of two layers.

[0129] The second modification of the second embodiment
is different from the second embodiment in that the infrared
light elimination layer includes an infrared cut resin in addi-
tion to an infrared cut filter. Since the second modification of
the second embodiment is the same as the second embodi-
ment other than this difference, the description thereof will
not be repeated.

[0130] FIG. 15 is a cross-sectional view showing the con-
figuration of a light receiving unit 11 included in a living body
information sensor 2B according to the second modification
of the second embodiment. Referring to FIG. 15, also in the
second modification of the second embodiment, infrared cut
filter 101 is formed on the surface of upper layer 12A of
silicon substrate 12, and covers G filter 111B and R filter
112B, as in the second embodiment. Furthermore, in the
second modification of the second embodiment, infrared cut
resin 102 is stacked on infrared cut filter 101. Infrared cut
resin 102 covers the entire silicon substrate 12.

[0131] By such a configuration, the infrared light included
in the light having entered light receiving unit 11 cannot pass
through the infrared cut resin and the infrared cut filter. Thus,
most of the light input into photodiode 111A turns into green
light while most of the light input into photodiode 112 A turns
into red light.

[0132] As described above, according to living body infor-
mation sensor 2B in the second modification of the second
embodiment, the infrared light included in the light that enters
light receiving unit 11 is eliminated by the infrared light
elimination layer including infrared cut filter 101 and infrared
cut resin 102, so that the measurement accuracy for heart rate
measurement can be improved.

[0133] Furthermore, since the infrared light elimination
layer consists of two layers, further more infrared light can be
eliminated as compared with the second embodiment and the
first modification of the second embodiment. Consequently,
the measurement accuracy for heart rate measurement can be
further improved.

Third Embodiment

[0134] Inthe second embodiment, an explanation has been
given with regard to the case where an infrared light elimina-
tion layer is used to thereby improve the heart rate measure-
ment accuracy. The oxygen saturation concentration in blood
(SpO,) has conventionally been measured using red light and
infrared light. Accordingly, in the second embodiment and
the second modification of the second embodiment in which
infrared light is eliminated by the infrared light elimination
layer, it is difficult to measure the oxygen saturation concen-
tration in blood (SpQ,) by the conventional method. Thus, an
explanation will be given in the following with regard to the
case where green light is used to thereby allow measurement
of the oxygen saturation concentration in blood (SpO,) in the
state where an infrared light elimination layer is still included.
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[0135] In the third embodiment, the infrared light elimina-
tion layer includes an infrared cut filter as in the second
embodiment. Furthermore, control device 200 in the second
embodiment is replaced with a control device 500. Since
other configurations are the same as those in the second
embodiment, the description thereof will not be repeated.
[0136] FIG. 16 is a functional configuration diagram of a
living body information sensor 3 according to the third
embodiment. Referring to FIG. 16, control device 500
includes a control unit 510, amplifiers 511 and 521, AD
(Analog-to-Digital) converters 512 and 522, high-pass filters
(HPF)513 and 523, low pass filters (LPF) 514 and 524, and an
arithmetic unit 530.

[0137] In response to an instruction from the user to start
measurement, control unit 510 outputs a signal S0 as a control
signal to light emitting unit 10 and arithmetic unit 530. In
response to signal S0, arithmetic unit 530 performs an arith-
metic operation required for calculating the oxygen satura-
tion concentration in blood.

[0138] Amplifier 511 amplifies signal S1 output from G
sensor 111. AD converter 512 converts the output signal from
amplifier 511 into a digital signal. High-pass filter 513
removes a direct-current (DC) component in the output signal
of AD converter 512. Low pass filter 514 removes a noise
component of the signal having passed through high-pass
filter 513. The signal having passed through low-pass filter
514 is output to arithmetic unit 530 as a digital signal D1.
[0139] Amplifier 521 amplifies signal S2 output from R
sensor 112. AD converter 522 converts the output signal from
amplifier 521 into a digital signal. High-pass filter 523
removes a DC component in the output signal of AD con-
verter 522. Low-pass filter 524 removes a noise component of
the signal having passed through high-pass filter 523. The
signal having passed through low-pass filter 524 is output to
arithmetic unit 530 as a digital signal D2.

[0140] Arithmetic unit 530 calculating the oxygen satura-
tion concentration in blood will be hereinafter described.
Prior to this description, the method of calculating the oxygen
saturation concentration in blood will be first schematically
described.

[0141] FIG.17is adiagram showing the relationamong the
wavelength [nm] of light, the molar absorption coefficient
[em™'/M] of hemoglobin, the spectral sensitivity of G filter
111B, and the spectral sensitivity of R filter 112B. InFIG. 17,
H1 shows a molar absorption coefficient of oxygenated
hemoglobin, and H2 shows a molar absorption coefficient of
reduced hemoglobin. Also, Cg shows spectral characteristics
of G filter 111B, and Cr shows spectral characteristics of R
filter 112B. Oxygenated hemoglobin is contained in blood in
an artery, and reduced hemoglobin is contained in blood in a
vein.

[0142] Theoxygen saturation concentration in blood shows
a proportion of the oxygenated hemoglobin concentration to
the sum of the reduced hemoglobin concentration and the
oxygenated hemoglobin concentration. Infrared light is likely
to absorb more oxygenated hemoglobin than reduced hemo-
globin. This means that the molar absorption coefficient of
oxygenated hemoglobin to infrared light is greater than the
molar absorption coefficient of reduced hemoglobin to infra-
red light. Red light is likely to absorb more reduced hemo-
globin than oxygenated hemoglobin. This means that the
molar absorption coefficient of reduced hemoglobin to red
light is greater than the molar absorption coefficient of oxy-
genated hemoglobin to red light. Conventionally, the oxygen
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saturation concentration in blood has been calculated using
the difference between the characteristics of infrared light and
red light. Referring to FIG. 17, the molar absorption coeffi-
cients of oxygenated hemoglobin and reduced hemoglobin to
infrared light in the vicinity of the wavelength of 800 [nm] are
almost equal, but the oxygen saturation concentration in
blood can be calculated by the conventional calculation
method also by using the infrared light having this wave-
length. In other words, the oxygen saturation concentration in
blood can be calculated by the conventional calculation
method as long as light has a wavelength set such that the
molar absorption coefficient of oxygenated hemoglobin and
the molar absorption coefficient of reduced hemoglobin are
equal.

[0143] In the third embodiment, since infrared light is
eliminated by the infrared light elimination layer including an
infrared cut filter, this infrared light cannot be used. In this
case, however, the molar absorption coefficients of oxygen-
ated hemoglobin and reduced hemoglobin to green light hav-
ing a wavelength A1 in the vicinity of 540 [nm] are almost
equal. Thus, in the third embodiment, green light is used in
place of infrared light to calculate the oxygen saturation con-
centration in blood.

[0144] Then, the functional configuration of arithmetic unit
530 will be hereinafter described with reference to FIG. 18.
Referring to FIG. 18, arithmetic unit 530 includes amplitude
extraction units 531 and 532, a signal ratio calculation unit
533, and an SpO, calculation unit 534.

[0145] Amplitude extraction unit 531 extracts an amplitude
value of the intensity of green light from a digital signal D1
received from G sensor 111, and outputs the extracted value
as a digital signal D1L to signal ratio calculation unit 533.
Amplitude extraction unit 532 extracts an amplitude value of
the intensity of red light from a digital signal D2 received
from R sensor 112, and outputs the extracted value as a digital
signal D2L to signal ratio calculation unit 533. When ampli-
tude extraction units 531 and 532 each extract the amplitude
value of the intensity of light from the digital signal, the
amplitude value may be amplified at a prescribed ratio. Signal
ratio calculation unit 533 calculates a ratio R between a volt-
age value V1 of digital signal D11 and a voltage value V2 of
digital signal D2L (=V1/V2), and outputs the calculated ratio
R to SpO, calculation unit 534. The less the ratio between
voltage value V1 of digital signal D1L and voltage value V2
of digital signal D2L is, the greater the oxygen saturation
concentration in blood is.

[0146] Based on the previously-prepared correspondence
table showing the corresponding relation between ratio R and
the oxygen saturation concentration in blood, SpO, calcula-
tion unit 534 calculates the oxygen saturation concentration
in blood and outputs the calculated concentration to display
unit 400. This correspondence table can be obtained in
advance by real machine experiments or simulations.

[0147] As described above, living body information sensor
3 according to the third embodiment allows measurement of
the oxygen saturation concentration in blood while an infra-
red light elimination layer is still provided. In other words,
according to living body information sensor 3, the oxygen
saturation concentration in blood can also be measured while
infrared light acting as noise when measuring a heart rate is
eliminated by the infrared light elimination layer so as to
improve the measurement accuracy for heart rate measure-
ment.
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[0148] In the third embodiment, an explanation has been
given with regard to the case where the infrared light elimi-
nation layer includes an infrared cut filter. The infrared light
elimination layer used when measuring the oxygen saturation
concentration in blood does not necessarily have to include an
infrared cut filter. The infrared light elimination layer used
when measuring the oxygen saturation concentrationin blood
can include, for example, an infrared cut resin as in the first
modification of the second embodiment, or can include an
infrared cut filter and an infrared cut resin as in the second
modification of the second embodiment.

[0149] Light emitting unit 10 emitting white light is used in
the first to third embodiments. However, since only green
light and red light of white light are used, a green LED that
emits green light and a red LED that emits red light may be
provided in place of light emitting unit 10.

[0150] Although one light emitting unit 10 and one light
receiving unit 11 are used in each of the first to third embodi-
ments, a plurality of light emitting units 10 and one light
receiving unit 11 may be used, in which case this one light
receiving unit 11 may be arranged in the center of the plurality
of light emitting units 10.

[0151] In the second and third embodiments, the infrared
light elimination layer is bonded to silicon substrate 12. The
infrared light elimination layer does not necessarily have to
be bonded to silicon substrate 12, but may be formed any-
where as long as it is located on the optical path leading to
photodiode 111A and also on the optical path leading to
photodiode 112A. For example, the infrared light elimination
layer may be formed inside each of G sensor 111 and R sensor
112 serving as optical sensors, or may be formed at a position
away from silicon substrate 12.

[0152] The infrared light elimination layer can include not
only an infrared cut filter and an infrared cut resin, but also
include any element as long as it can eliminate infrared light.
[0153] Explanations have been given inthe second embodi-
ment, the first modification of the second embodiment and the
third embodiment with regard to the case where a single
infrared light elimination layer is provided, and also given in
the second modification of the second embodiment with
regard to the case where two infrared light elimination layers
are provided. The number of infrared light elimination layers
is not limited to the above, but may be three or more.

[0154] In the second and third embodiments, the infrared
light elimination layer eliminates infrared light from the light
having entered the light receiving unit. It can be recognized
that infrared light is eliminated, for example, not only by the
infrared light elimination layer including an infrared cut filter
or an infrared cut resin, but also by the color filter through
which light having a prescribed wavelength is allowed to
pass. It can also be recognized that the infrared light elimina-
tion layer in the present invention further enhances the effect
of infrared light elimination, which can be achieved also by
the color filter.

[0155] The living body information sensor according to
each of the first to third embodiments allows detection of the
heart rate or the oxygen saturation concentration in blood not
only of a human body but also of living bodies including
humans and animals.

[0156] The embodiments disclosed herein are intended to
be combined as appropriate. It should be construed that
embodiments disclosed herein are by way of illustration in all
respects, not by way of limitation. The scope of the present
invention is defined by the terms of the claims, rather than the
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description of the embodiments provided above, and is
intended to include any modifications within the meaning and
scope equivalent to the terms of the claims.
What is claimed is:
1. A living body information sensor attachable to a living
body, the living body information sensor comprising:
a light emitting unit emitting light to the living body;
a light receiving unit receiving reflected light from the
living body that is included in the light emitted by the
light emitting unit to the living body, and outputting a
signal according to intensity of the reflected light; and
a control device generating information about the living
body based on the signal from the light receiving unit,
the control device
controlling the light emitting unit to repeatedly turn on
and off in an alternate manner, and

setting a total of a turn-on time of the light emitting unit
in a prescribed time interval to be smaller when the
living body information sensor is attached to the liv-
ing body than when the living body information sen-
sor is not attached to the living body.
2. The living body information sensor according to claim 1,
wherein the control device sets a turn-on interval of the light
emitting unit to be longer when the living body information
sensoris attached to the living body than when the living body
information sensor is not attached to the living body.
3. The living body information sensor according to claim 2,
wherein the control device sets the turn-on interval based on
a first signal received from the light receiving unit in a state
where the light emitting unit turns on and a second signal
received from the light receiving unit in a state where the light
emitting unit turns off
4. The living body information sensor according to claim 3,
wherein
the control device
calculates a difference obtained by subtracting a level of
the second signal from a level of the first signal,

sets the turn-on interval at a first turn-on interval when
the difference is smaller than a prescribed threshold
value, and

sets the turn-on interval at a second turn-on interval
longer than the first turn-on interval when the differ-
ence is larger than the prescribed threshold value.
5. The living body information sensor according to claim 1,
wherein
the control device
controls the light emitting unit to repeatedly turn on and
off in an alternate manner in a prescribed turn-on
period, and

sets a ratio of the tur-on time of the light emitting unit
to the prescribed turn-on period to be less when the
living body information sensor is attached to the liv-
ing body than when the living body information sen-
sor is not attached to the living body.

6. The living body information sensor according to claim 1,
further comprising:

asubstrate on which the light emitting unit, the light receiv-
ing unit and the control device are formed,

a first light shielding wall disposed to surround the light
emitting unit along an outer surrounding edge of the
substrate; and

a second light shielding wall partitioning space provided
by the substrate and the first light shielding wall into
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space in which the light emitting unit is located and
space in which the light receiving unit is located.

7. A living body information sensor including a light
receiving unit and generating information about a living body
based on a signal from the light receiving unit,

the light receiving unit including a first optical sensor con-

verting first light into a first signal,

the first optical sensor including

a first photoelectric conversion element converting the
first light into the first signal, and

afirst color filter formed on an optical path leading to the
first photoelectric conversion element, the first light
passing through the first color filter, and

the living body information sensor further comprising an

infrared light elimination layer formed on the optical
path leading to the first photoelectric conversion ele-
ment.

8. The living body information sensor according to claim 7,
further comprising a control device generating the informa-
tion about the living body based on the signal from the light
receiving unit, wherein

the light receiving unit further includes a second optical

sensor converting second light into a second signal,
the second optical sensor includes
a second photoelectric conversion element converting
the second light into the second signal, and
asecond color filter formed on an optical path leading to
the second photoelectric conversion element, the sec-
ond light passing through the second color filter,
the infrared light elimination layer is formed also on the
optical path leading to the second photoelectric conver-
sion element, and

the control device receives the first signal and the second

signal from the light receiving unit, and generates the
information about the living body based on the first
signal and the second signal.

9. The living body information sensor according to claim 8,
wherein

the light receiving unit further includes a first substrate on

which the first optical sensor and the second optical
sensor are formed, and

the infrared light elimination layer is formed on a surface of

the first substrate.

10. The living body information sensor according to claim
9, wherein

the infrared light elimination layer includes an infrared cut

filter, and

the infrared cut filter covers the first color filter and the

second color filter.

11. The living body information sensor according to claim
9, wherein
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the infrared light elimination layer includes an infrared cut
resin, and

the infrared cut resin covers the first substrate.

12. The living body information sensor according to claim
9, wherein

the infrared light elimination layer includes an infrared cut
filter and an infrared cut resin,

the infrared cut filter covers the first color filter and the
second color filter, and

the infrared cut resin is stacked on the infrared cut filter,
and covers the first substrate.

13. The living body information sensor according to claim

8, further comprising:

a light emitting unit emitting light including the first light
and the second light;

asecond substrate on which the light emitting unit, the light
receiving unit and the control device are formed;

a first light shielding wall formed to surround the light
emitting unit and the light receiving unit along an outer
surrounding edge of the second substrate; and

a second light shielding wall partitioning space provided
by the second substrate and the first light shielding wall
into space in which the light emitting unit is located and
space in which the light receiving unit is located,
wherein

when the living body information sensor is attached to the
living body, light included in the light and reflected
inside the living body enters the light receiving unit.

14. The living body information sensor according to claim
13, wherein the light emitting unit is a light emitting diode
that emits white light.

15. The living body information sensor according to claim
8, wherein

the first light is green light, and

the second light is red light.

16. The living body information sensor according to claim
8, wherein the control device generates the information about
the living body based on a difference between a level of the
first signal and a level of the second signal.

17. The living body information sensor according to claim
16, wherein the information about the living body is a heart
rate.

18. The living body information sensor according to claim
8, wherein the control device generates the information about
the living body based on a ratio between a level of the first
signal and a level of the second signal.

19. The living body information sensor according to claim
18, wherein the information about the living body is an oxy-
gen saturation concentration in blood.
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