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(54) LIGHT IRRADIATION HAIR REMOVAL DEVICE

(57) Light irradiation hair removal device (1) includes
first light source (10), second light source (12), skin cool-
ing unit (20), push switch (30), first cooling unit (40), and
second cooling unit (41). First cooling unit (40) cools first
light source (10). Second cooling unit (41) cools second
light source (12). By cooling first light source (10), first
cooling unit (40) shifts the wavelength of light emitted
from first light source (10) to a wavelength different from
the wavelength of light emitted from second light source
(12).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a light irradi-
ation hair removal device.

BACKGROUND ART

[0002] Conventionally, a light irradiation hair removal
device that emits light to remove hair is known. The light
irradiation hair removal device promotes a discharge of
hair by irradiating a skin surface of a user with a light
having a specific wavelength and causing the light to act
on melanin of hair follicles. As a light irradiation hair re-
moval device, for example, a device as shown in PTL 1
is known.
[0003] PTL 1 discloses a light irradiation hair removal
device having a light source that causes a processing
light and a sensing light to be incident on a target object,
a light detector that detects the sensing light for sensing
the target object, and a control unit for controlling the light
source. The control unit determines absorption of the
sensing light from the detected sensing light, and controls
the light source such that the processing light is gener-
ated depending on the determined absorption.

Citation List

Patent Literature

[0004] PTL 1: Japanese Patent No. 5715128

SUMMARY OF THE INVENTION

[0005] A conventional light irradiation hair removal de-
vice includes a vertical cavity surface emitting laser (VC-
SEL) with mutually-independent sub-groups that emit
light of different wavelengths. Then, the conventional
light irradiation hair removal device controls light turning
on and off of these VCSEL in the generation of the
processing light dependent on the absorption of the sens-
ing light. In the conventional light irradiation hair removal
device, since a part of the mounted VCSEL is turned off
to generate the processing light, an irradiance may be
lowered and a hair removal effect may be reduced. Fur-
ther, in the conventional light irradiation hair removal de-
vice, in a case where a light having a single wavelength
is emitted, a light depth entering the skin becomes con-
stant, and melanocytes containing melanin of the hair
follicles existing at a specific depth may be intensively
heated. In such a case, uneven heating in a depth direc-
tion of the skin occurs, and thus a sufficient hair removal
effect may not be obtained.
[0006] The present disclosure provides a light irradia-
tion hair removal device capable of uniformly irradiating
the entire area of melanocytes distributed in hair follicles
with light.

[0007] A light irradiation hair removal device according
to one aspect of the present disclosure includes a first
light source, a second light source, a skin cooling unit, a
push switch, a first cooling unit, and a second cooling
unit. The first light source emits first light having a wave-
length from 400 nm to 1200 nm inclusive. The second
light source emits second light having a wavelength from
400 nm to 1200 nm inclusive. The skin cooling unit faces
the first light source and the second light source, trans-
mits the first light emitted from the first light source and
the second light emitted from the second light source,
and cools a skin when the skin cooling unit comes into
contact with the skin. The push switch includes a pressing
unit surrounding a periphery of the first light source, the
second light source, and the skin cooling unit. In a case
where the pressing unit is not pressed, the pressing unit
protrudes toward a direction opposite to the first light
source and the second light source against the skin cool-
ing unit from a surface of the skin cooling unit in contact
with the skin. In a case where the pressing unit is pressed
by the skin, a surface pressed by the skin moves toward
the direction of the first light source and the second light
source against the skin cooling unit. The push switch
switches between emission and non-emission of the first
light from the first light source and the second light from
the second light source. The first light is emitted from the
first light source and the second light is emitted from the
second light source during at least a part of time while
the pressing unit is pressed, and the first light is not emit-
ted from the first light source and the second light is not
emitted from the second light source while the pressing
unit is not pressed. The first cooling unit cools the first
light source. The second cooling unit cools the second
light source. By cooling the first light source, the first cool-
ing unit shifts the wavelength of the first light emitted from
the first light source to a wavelength different from the
wavelength of the second light emitted from the second
light source.
[0008] According to the present disclosure, it is possi-
ble to obtain a light irradiation hair removal device capa-
ble of uniformly irradiating the entire area of melanocytes
distributed in hair follicles with light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is a cross-sectional view illustrating a config-
uration of a light irradiation hair removal device ac-
cording to the present exemplary embodiment.
Fig. 2 is a cross-sectional view taken along line II-II
in Fig. 1.
Fig. 3 is a perspective view illustrating an example
of an arrangement state of a first light source and a
second light source according to the present exem-
plary embodiment.
Fig. 4 is a control block diagram according to a con-
troller.
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Fig. 5 is a cross-sectional view illustrating an exam-
ple of a state before use of the light irradiation hair
removal device.
Fig. 6 is a cross-sectional view illustrating an exam-
ple of a state of the light irradiation hair removal de-
vice before a push switch is pressed.
Fig. 7 is a cross-sectional view illustrating an exam-
ple of a state of the light irradiation hair removal de-
vice after the push switch is pressed.
Fig. 8 is a cross-sectional view illustrating an exam-
ple of a state of the light irradiation hair removal de-
vice while the skin is irradiated with light.

DESCRIPTION OF EMBODIMENT

[0010] Hereinafter, exemplary embodiments will be
described in detail with reference to the drawings. How-
ever, detailed descriptions more than necessary may be
omitted. For example, detailed descriptions of already
well-known matters or redundant descriptions of sub-
stantially the same configuration may be omitted.
[0011] Note that, the accompanying drawings and the
following description are only presented to help those
skilled in the art fully understand the present disclosure,
and are not intended to limit the subject matters described
in the scope of claims.
[0012] Further, in the following exemplary embodi-
ment, up-down direction Z of light irradiation hair removal
device 1 is defined with an emission port as an upward
direction and a direction opposite to the emission port as
a downward direction. Further, a direction in a horizontal
direction of light irradiation hair removal device 1 is de-
fined as width direction Y, and a direction orthogonal to
up-down direction Z and width direction Y is defined as
front-back direction X.
[0013] Hereinafter, light irradiation hair removal device
1 according to the present exemplary embodiment will
be described with reference to Figs. 1 to 8.

[Configuration]

[0014] Fig. 1 is a cross-sectional view illustrating the
configuration of light irradiation hair removal device 1 ac-
cording to the present exemplary embodiment, and Fig.
2 is a cross-sectional view taken along line II-II in Fig. 1.
As shown in Figs. 1 and 2, light irradiation hair removal
device 1 includes housing 5, first light source 10, second
light source 12, first temperature sensor 15, second tem-
perature sensor 16, third temperature sensor 17, skin
cooling unit 20, and push switch 30. Furthermore, light
irradiation hair removal device 1 includes first cooling unit
40, second cooling unit 41, and controller 50.
[0015] One end of housing 5 is provided with an open-
ing portion serving as a light emission port of light irradi-
ation hair removal device 1. First light source 10 and sec-
ond light source 12 are provided in the opening portion
of housing 5, and light is emitted on skin S of a person.
Further, a bottom portion is formed on a side of housing

5 opposite to first light source 10 and second light source
12. Housing 5 is provided with a plurality of first opening
portions 6 and a plurality of second opening portions 7,
and external air is taken in from the plurality of first open-
ing portions 6 and discharged from the plurality of second
opening portions 7. Inside housing 5, first light source
10, second light source 12, first temperature sensor 15,
second temperature sensor 16, third temperature sensor
17, skin cooling unit 20, push switch 30, first cooling unit
40, second cooling unit 41, and controller 50 are accom-
modated.
[0016] Fig. 3 is a perspective view illustrating an ex-
ample of a schematic arrangement state of first light
source 10 and second light source 12 according to the
present exemplary embodiment. Note that, in Fig. 3, con-
figurations of third temperature sensor 17, skin cooling
unit 20, push switch 30, and second cooling unit 41 are
partially omitted. As shown in Figs. 1 to 3, first light source
10 is disposed substantially at a center of substrate 14,
and second light source 12 is disposed so as to surround
first light source 10. In the present exemplary embodi-
ment, first light source 10 includes a plurality of light emit-
ting diodes (LED). Further, second light source 12 in-
cludes a plurality of LEDs. The plurality of LEDs included
in first light source 10 are mounted on substrate 14 in a
state of being spaced at substantially equal intervals. Fur-
ther, the plurality of LEDs included in second light source
12 are mounted on substrate 14 in a state of being spaced
at substantially equal intervals. First light source 10 and
second light source 12 are disposed with a gap larger
than a gap between each LED included in first light source
10. First light source 10 and second light source 12 are
electrically connected to a power source (not illustrated),
and when power is supplied from the power source, light
is emitted from first light source 10 and second light
source 12.
[0017] First light source 10 and second light source 12
emit light having a wavelength from 400 nm to 1200 nm
inclusive. When the light as described above is emitted
on skin S, melanin of hair follicles absorbs the light and
generates heat. Then, hair matrixes included in the hair
follicles are damaged by the heat, and a hair discharge
is promoted. A wavelength of light may be more than or
equal to 500 nm, more than or equal to 600 nm, more
than or equal to 700 nm, or more than or equal to 800
nm. Further, a wavelength of light may be less than or
equal to 1000 nm, or less than or equal to 900 nm. The
light emitted from first light source 10 and second light
source 12 may be light having a peak wavelength within
a range from 400 nm to 1200 nm inclusive. Even in a
case where light has a peak wavelength within the range
as described above, the emitted light may contain a
wavelength component outside the above range. Note
that, the wavelength is a wavelength of light emitted in a
case where the temperature of first light source 10 or
second light source 12 is 25°C. Further, types of first light
source 10 and second light source 12 may be the same,
and the wavelength of light emitted from first light source
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10 and the wavelength of light emitted from second light
source 12 may be the same at a predetermined temper-
ature. Further, first light source 10 and second light
source 12 may use a combination of LEDs that emit light
of different wavelengths.
[0018] First light source 10 and second light source 12
preferably emit light under a condition that an irradiance
is from 15 W/cm2 to 50 W/cm2 inclusive. By irradiating
the hair with light at an irradiance more than or equal to
15 W/cm2, it is possible to achieve a good hair removal
effect on hair from an early growth period to a growth
period. Further, by irradiating the skin with light at an
irradiance less than or equal to 50 W/cm2, it is possible
to suppress a rise in skin temperature due to light irradi-
ation. Therefore, skin S is cooled more reliably, and skin
irritation can be reduced. An irradiance may be more than
or equal to 20 W/cm2, more than or equal to 25 W/cm2,
or more than or equal to 30 W/cm2. Further, an irradiance
may be less than or equal to 45 W/cm2, or less than or
equal to 40 W/cm2.
[0019] In the present exemplary embodiment, the light
emitted from first light source 10 and second light source
12 is pulsed light emitted in an intermittent manner. First
light source 10 and second light source 12 preferably
intermittently emit light under a condition that irradiation
time is from 500 ms to 1000 ms inclusive. By irradiating
the hair with light for more than or equal to 500 ms, it is
possible to achieve a good hair removal effect on hair
from the early growth period to the growth period. Further,
by irradiating the skin with light for less than or equal to
1000 ms, it is possible to suppress a rise in skin temper-
ature due to light irradiation. Therefore, skin S is cooled
more reliably, and skin irritation can be reduced. The ir-
radiation time may be more than or equal to 600 ms.
Further, the irradiation time may be less than or equal to
900 ms, or less than or equal to 800 ms.
[0020] Energy of each pulsed light emitted from first
light source 10 and second light source 12 is preferably
from 9 J/cm2 to 50 J/cm2 inclusive. When the energy is
more than or equal to 9 J/cm2, a good hair removal effect
can be achieved. Further, in light irradiation hair removal
device 1 including skin cooling unit 20, when the energy
is less than or equal to 50 J/cm2, a rise in skin temperature
due to light irradiation can be suppressed. Therefore, skin
S is cooled more reliably, and skin irritation can be re-
duced.
[0021] First temperature sensor 15 detects the tem-
perature of first light source 10. First temperature sensor
15 is provided on a surface of substrate 14 opposite to
first light source 10 so as to face first light source 10
across substrate 14. Then, first temperature sensor 15
indirectly measures the temperature of first light source
10 by measuring the temperature of substrate 14. In the
present exemplary embodiment, first temperature sensor
15 includes a thermistor that is a contact temperature
sensor. However, first temperature sensor 15 is not lim-
ited to a thermistor, and may include a contact temper-
ature sensor such as a thermocouple or a resistance tem-

perature detector, or a non-contact temperature sensor
such as a radiation thermometer. Further, as long as first
temperature sensor 15 can detect the temperature of first
light source 10, a position provided in first temperature
sensor 15 is not particularly limited.
[0022] Second temperature sensor 16 detects the tem-
perature of second light source 12. Second temperature
sensor 16 is provided on a surface of substrate 14 op-
posite to second light source 12 so as to face second
light source 12 across substrate 14. Then, second tem-
perature sensor 16 indirectly measures the temperature
of second light source 12 by measuring the temperature
of substrate 14. In the present exemplary embodiment,
second temperature sensor 16 includes a thermistor that
is a contact temperature sensor. However, second tem-
perature sensor 16 is not limited to a thermistor, and may
include a contact temperature sensor such as a thermo-
couple or a resistance temperature detector, or a non-
contact temperature sensor such as a radiation thermom-
eter. Further, as long as second temperature sensor 16
can detect the temperature of second light source 12, a
position provided in second temperature sensor 16 is not
particularly limited.
[0023] Skin cooling unit 20 is disposed at a position
facing first light source 10 and second light source 12.
Skin cooling unit 20 may be in contact with first light
source 10 and second light source 12, or may be dis-
posed with a space from first light source 10 and second
light source 12. Further, skin cooling unit 20 is provided
so as to be in contact with skin S on a side opposite to
first light source 10 and second light source 12. Skin cool-
ing unit 20 is made of a material having translucency.
When first light source 10 and second light source 12
emit light, skin cooling unit 20 transmits light emitted from
first light source 10 and second light source 12, and skin
S is irradiated with light transmitted through skin cooling
unit 20. Skin cooling unit 20 is, for example, a plate having
translucency, and in the present exemplary embodiment,
skin cooling unit 20 of a disk is used.
[0024] Skin cooling unit 20 is preferably made of a ma-
terial that is unlikely to absorb light emitted from first light
source 10 and second light source 12. Specifically, a total
light transmittance of skin cooling unit 20 is preferably
more than or equal to 80%. When the total light transmit-
tance is more than or equal to 80%, most of light emitted
from first light source 10 and second light source 12 can
be transmitted through skin cooling unit 20. Therefore, a
large amount of light can reach melanin, which can pro-
mote the hair removal effect. Further, since the amount
of light absorbed by skin cooling unit 20 and converted
into heat can be reduced, a temperature rise of skin cool-
ing unit 20 can be suppressed. From a viewpoint of mak-
ing it difficult for skin cooling unit 20 to absorb light, the
total light transmittance is more preferably more than or
equal to 90%, still more preferably more than or equal to
95%, and particularly preferably more than or equal to
99%. An upper limit value of the total light transmittance
is 100%. The total light transmittance can be measured
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according to JIS K7361-1:1997.
[0025] A refractive index of skin cooling unit 20 is pref-
erably more than or equal to 1.7. When the refractive
index of skin cooling unit 20 is more than or equal to 1.7,
light from first light source 10 and second light source 12
is not easily absorbed by skin cooling unit 20. Skin cooling
unit 20 becomes easier to transmit light as the refractive
index value increases. Therefore, the refractive index is
more preferably more than or equal to 1.8, still more pref-
erably more than or equal to 1.9, and particularly prefer-
ably more than or equal to 2.0. The upper limit value of
the refractive index is not particularly limited, but may be
10. The refractive index can be measured by minimum
deviation method according to JIS B7071-1:2015.
[0026] Skin cooling unit 20 cools skin S when it comes
into contact with skin S. Skin cooling unit 20 preferably
includes a material having a high thermal conductivity. A
thermal conductivity of skin cooling unit 20 is preferably
more than or equal to 1 W/mK. When the thermal con-
ductivity is more than or equal to 1 W/mK, even when
skin cooling unit 20 is heated by light from first light source
10 and second light source 12 and skin S, heat is easily
dissipated, and thus skin S can be effectively cooled. As
a value of the thermal conductivity increases, the thermal
conductivity of skin cooling unit 20 tends to increase, and
a cooling effect of skin cooling unit 20 tends to be better.
Therefore, from a viewpoint of cooling efficiency, the ther-
mal conductivity of skin cooling unit 20 is more preferably
more than or equal to 2 W/mK, still more preferably more
than or equal to 10 W/mK, particularly preferably more
than or equal to 30 W/mK, and most preferably more than
or equal to 100 W/mK. The upper limit value of the thermal
conductivity is not particularly limited, but may be
100,000 W/mK. The thermal conductivity can be meas-
ured by laser flash method according to JIS R1611:2010.
[0027] Skin cooling unit 20 may contain an inorganic
substance. Specifically, skin cooling unit 20 preferably
includes at least one selected from the group consisting
of Al2O3, ZnO, ZrO2, MgO, GaN, AlN, and diamond.
Since these materials have a high refractive index and a
high thermal conductivity, the translucency and thermal
conductivity of skin cooling unit 20 can be improved. Note
that, Al2O3 (sapphire) has a refractive index of 1.79 and
a thermal conductivity of 42 W/mK. ZnO has a refractive
index of 2.01 and a thermal conductivity of 20 W/mK.
ZrO2 has a refractive index of 2.13 and a thermal con-
ductivity of 3 W/mK. MgO has a refractive index of 1.74
and a thermal conductivity of 47 W/mK. GaN has a re-
fractive index of 2.346 and a thermal conductivity of 200
W/mK. AlN has a refractive index of 2.175 and a thermal
conductivity of 150 W/mK. Diamond has a refractive in-
dex of 2.417 and a thermal conductivity of 1000 W/mK.
[0028] Skin cooling unit 20 may contain a resin such
as a silicone resin from a viewpoint of heat resistance
and translucency. Further, skin cooling unit 20 may in-
clude a resin such as a silicone resin and a highly ther-
mally conductive filler dispersed in the resin. Since skin
cooling unit 20 includes the highly thermally conductive

filler, heat of skin cooling unit 20 is easily dissipated, and
thus skin S can be effectively cooled. The highly thermally
conductive filler may contain an inorganic substance as
described above.
[0029] A proportion of the inorganic substance in skin
cooling unit 20 is preferably more than or equal to 10
mass%. By setting the proportion of the inorganic sub-
stance in skin cooling unit 20 to more than or equal to 10
mass%, the thermal conductivity of skin cooling unit 20
can be improved. The proportion of the inorganic sub-
stance in skin cooling unit 20 is more preferably more
than or equal to 30 mass%, still more preferably more
than or equal to 50 mass%, particularly preferably more
than or equal to 70 mass%, and most preferably more
than or equal to 90 mass%.
[0030] Skin cooling unit 20 is preferably cooled to be
from -5°C to 35°C inclusive. By cooling skin cooling unit
20 to be more than or equal to -5°C, it is possible to cool
skin S so that pain in skin S caused by the cooling is
unlikely to occur. On the other hand, when skin cooling
unit 20 is cooled to be less than or equal to 35°C, inflam-
mation due to a rise in skin temperature during light irra-
diation can be suppressed. Skin cooling unit 20 is more
preferably cooled to be more than or equal to 0°C, still
more preferably more than or equal to 5°C, and particu-
larly preferably more than or equal to 10°C. Further, skin
cooling unit 20 is more preferably cooled to be less than
or equal to 30°C, still more preferably less than or equal
to 25°C, particularly preferably less than or equal to 20°C,
and most preferably less than or equal to 15°C.
[0031] Third temperature sensor 17 detects the tem-
perature of skin cooling unit 20. By detecting the temper-
ature of skin cooling unit 20, the temperature of skin cool-
ing unit 20 can be precisely controlled. Third temperature
sensor 17 is provided so as to face skin cooling unit 20.
Specifically, third temperature sensor 17 is provided on
substrate 14. In the present exemplary embodiment, third
temperature sensor 17 includes a contact temperature
sensor. Examples of the contact temperature sensor in-
clude a thermistor, a thermocouple, and a resistance
temperature detector.
[0032] Push switch 30 is a self-reset switch. Push
switch 30 is provided at connection unit 43 of second
cooling unit 41. Push switch 30 is disposed outside first
light source 10, second light source 12, and skin cooling
unit 20 in front-back direction X and width direction Y,
and is provided so as to surround first light source 10,
second light source 12, and skin cooling unit 20. Push
switch 30 includes two bases 31 and pressing unit 32.
[0033] Two bases 31 are fixed to connection unit 43
outside grip unit 44 of second cooling unit 41 such that
first light source 10, second light source 12, and skin
cooling unit 20 are disposed therebetween in width di-
rection Y. Bases 31 have a quadrangular prism shape
extending upward from connection unit 43.
[0034] Pressing unit 32 is engaged with bases 31, and
moves in up-down direction Z by being pressed by skin
S. Pressing unit 32 surrounds a periphery of first light
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source 10, second light source 12, and skin cooling unit
20. Pressing unit 32 includes two first components 321
and one second component 322.
[0035] First component 321 has a columnar shape ex-
tending upward in up-down direction Z from bases 31,
and is provided at a substantially central portion of bases
31 in front-back direction X and width direction Y, respec-
tively. Second component 322 is disposed so as to be in
contact with a surface of first component 321 opposite
to bases 31. Second component 322 has a through hole
at a center in front-back direction X and width direction
Y, and has a donut shape extending in up-down direction
Z. First light source 10, second light source 12, and skin
cooling unit 20 are disposed in the through hole of second
component 322. A part of a surface of second component
322 protrudes upward in up-down direction Z from a sur-
face of skin cooling unit 20 opposite to first light source
10 and second light source 12. Note that, in the present
exemplary embodiment, first component 321 and second
component 322 are different components separated from
each other, but pressing unit 32 may be formed by one
component that is continuously integrally formed. Fur-
ther, the number of bases 31, first component 321, and
second component 322 is not particularly limited, and
can be changed as appropriate.
[0036] In a case where pressing unit 32 is not pressed,
it protrudes toward a direction opposite to first light source
10 and second light source 12 (upward in up-down di-
rection Z) against skin cooling unit 20 from a surface of
skin cooling unit 20 in contact with skin S. A contact (not
illustrated) is provided inside bases 31 and pressing unit
32. While pressing unit 32 is not pressed, push switch
30 is configured such that a circuit to which first light
source 10 and second light source 12 are connected is
opened without contact between a contact of bases 31
and a contact of pressing unit 32. On the other hand, in
a case where pressing unit 32 is pressed, a surface
pressed by skin S moves toward the direction of first light
source 10 and second light source 12 (downward in up-
down direction Z) against skin cooling unit 20. Therefore,
a contact provided in bases 31 and a contact provided
in pressing unit 32 come into contact with each other,
whereby the circuit to which first light source 10 and sec-
ond light source 12 are connected is closed.
[0037] An elastic body (not illustrated) is provided be-
tween bases 31 and pressing unit 32. In a case where
pressing unit 32 is pressed, the elastic body is elastically
deformed, and pushes back pressing unit 32 by an elastic
force generated by an elastic deformation. Therefore,
when the force that presses pressing unit 32 is removed,
the elastic body acts on pressing unit 32 so as to return
pressing unit 32 to its original position, and thus a contact
surface of pressing unit 32 with skin S moves toward a
direction opposite to bases 31 (upward in up-down direc-
tion Z).
[0038] Push switch 30 switches between emission and
non-emission of light from first light source 10 and second
light source 12. Light is emitted from first light source 10

and second light source 12 during at least a part of time
while pressing unit 32 is pressed. While pressing unit 32
is not pressed, light is not emitted from first light source
10 and second light source 12. Therefore, it is configured
such that skin S is irradiated with light during at least a
part of time while light irradiation hair removal device 1
is pressed against skin S, and the irradiation of light is
stopped when light irradiation hair removal device 1 is
separated from skin S.
[0039] Light may be emitted immediately after push
switch 30 is pressed, or may be emitted after a predeter-
mined time has elapsed since push switch 30 was
pressed. A timing at which light is emitted from first light
source 10 and second light source 12 may be controlled
by controller 50. Light irradiation hair removal device 1
may emit light from first light source 10 and second light
source 12 after skin S comes into contact with a surface
of skin cooling unit 20. As a result, the skin surface is
irradiated with light in a cooled state. Therefore, since
heat generation of skin S is suppressed, irritation to the
skin S can be suppressed. Further, since skin S is irra-
diated with light in contact with skin cooling unit 20, an
uneven irradiation can be suppressed, and a stable hair
removal effect can be obtained.
[0040] First cooling unit 40 cools first light source 10.
First cooling unit 40 is provided on a surface of substrate
14 opposite to first light source 10 so as to face first light
source 10 across substrate 14. Then, first cooling unit 40
cools first light source 10 via substrate 14. First cooling
unit 40 may cool first light source 10 so that the temper-
ature of first light source 10 becomes lower than the tem-
perature of second light source 12. Note that, in the
present exemplary embodiment, first cooling unit 40 in-
cludes a Peltier element. Then, one surface of first cool-
ing unit 40 is connected to substrate 14, and heat dissi-
pation fin 45 of second cooling unit 41 is connected to
the other surface. However, first cooling unit 40 is not
particularly limited as long as it can cool first light source
10.
[0041] Second cooling unit 41 cools second light
source 12. Second cooling unit 41 is provided on a sur-
face of substrate 14 opposite to second light source 12
so as to face second light source 12 across substrate 14.
Specifically, second cooling unit 41 is connected to an
edge of substrate 14. Then, second cooling unit 41 cools
second light source 12 via substrate 14. In the present
exemplary embodiment, second cooling unit 41 includes
an air-cooled cooler.
[0042] Further, second cooling unit 41 cools skin cool-
ing unit 20. Since light irradiation hair removal device 1
includes second cooling unit 41, the temperature of skin
cooling unit 20 can be further lowered. Therefore, a skin
cooling effect by skin cooling unit 20 can be further im-
proved. Second cooling unit 41 includes heat dissipation
unit 42 and air blower 46.
[0043] Heat dissipation unit 42 is connected to skin
cooling unit 20, and dissipates heat taken from skin cool-
ing unit 20. Heat dissipation unit 42 includes connection
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unit 43, grip unit 44, and heat dissipation fin 45.
[0044] Connection unit 43 is a plate-shaped member
having an opening at the central portion. Substrate 14 is
provided on a first surface, which is one surface of con-
nection unit 43. Substrate 14 is smaller than connection
unit 43, and is provided so as to be accommodated inside
connection unit 43. Grip unit 44 and push switch 30 are
connected to outside of substrate 14 on the first surface
of connection unit 43. Heat dissipation fin 45 is provided
on a second surface, which is a surface opposite to the
first surface of connection unit 43. First cooling unit 40,
first temperature sensor 15, and second temperature
sensor 16 are disposed in the opening of connection unit
43.
[0045] Grip unit 44 protrudes upward in up-down di-
rection Z from the first surface of connection unit 43, and
grips the entire peripheral edge of skin cooling unit 20.
Therefore, first light source 10 and second light source
12 are surrounded by skin cooling unit 20, grip unit 44,
and connection unit 43. The heat generated by first light
source 10 and second light source 12 is dissipated via
skin cooling unit 20 and heat dissipation unit 42 of second
cooling unit 41. Note that, while grip unit 44 grips the
entire peripheral edge of skin cooling unit 20, grip unit 44
may be connected to at least a part of skin cooling unit 20.
[0046] Heat dissipation fin 45 is provided on the second
surface of connection unit 43, which is a surface opposite
to first light source 10 and second light source 12. There-
fore, the heat of skin cooling unit 20 and first cooling unit
40 moves to heat dissipation fin 45 through grip unit 44
and connection unit 43. Heat dissipation fin 45 includes
a plurality of fins, and has a large contact area with air,
so that heat is easily dissipated.
[0047] Heat dissipation unit 42 preferably contains a
material excellent in thermal conductivity. The value of
the thermal conductivity of heat dissipation unit 42 may
be larger than the value of the thermal conductivity of
skin cooling unit 20. Specifically, heat dissipation unit 42
may contain a metal such as aluminum, iron, or copper.
Grip unit 44, connection unit 43, and heat dissipation fin
45 may be made of the same material, or may be made
of different materials.
[0048] Air blower 46 cools heat dissipation unit 42 by
sending air to heat dissipation unit 42. Air blower 46 in-
cludes, for example, a fan, and when the fan rotates, an
air flow is generated. Housing 5 is provided with a plurality
of first opening portions 6 at positions facing air blower
46. Further, housing 5 is provided with a plurality of sec-
ond opening portions 7 at positions facing heat dissipa-
tion fin 45. Therefore, when air blower 46 is driven, air
taken in from outside of housing 5 through the plurality
of first opening portions 6 is sent to heat dissipation fin
45. The heat of the air in contact with heat dissipation fin
45 is exchanged with the heat of heat dissipation fin 45,
and heat dissipation fin 45 is cooled. The air heated in
contact with heat dissipation fin 45 is discharged to out-
side of housing 5 through the plurality of second opening
portions 7.

[0049] Fig. 4 is a control block diagram according to
controller 50. Controller 50 is provided on substrate 51
(see Fig. 2). Controller 50 controls emission and non-
emission of light from first light source 10 and second
light source 12. Further, controller 50 controls a drive and
stop of first cooling unit 40 and second cooling unit 41.
As shown in Fig. 4, first temperature sensor 15, second
temperature sensor 16, third temperature sensor 17,
push switch 30, and mode selection unit 52 are connect-
ed to an input side of controller 50. On the other hand,
first light source 10, second light source 12, first cooling
unit 40, and second cooling unit 41 are connected to an
output side of controller 50. Controller 50 has a computer
system including a central processing unit (CPU), a read
only memory (ROM), and a random access memory
(RAM). Then, when the CPU executes programs stored
in the ROM, the computer system functions as controller
50. Here, the programs executed by the CPU are record-
ed in advance in the ROM of the computer system, but
may be provided by being recorded in a non-transitory
recording medium such as a memory card, or may be
provided through a telecommunication line such as the
Internet.
[0050] Controller 50 turns on or blinks first light source
10 and second light source 12 in a case where push
switch 30 is pressed. Controller 50 may cause first light
source 10 and second light source 12 to emit light simul-
taneously when push switch 30 is pressed, or may cause
first light source 10 and second light source 12 to emit
light after a predetermined time has elapsed since push
switch 30 was pressed.
[0051] Controller 50 may cause second cooling unit 41
to cool skin cooling unit 20 so that the temperature of
skin cooling unit 20 is from -5°C to 35°C inclusive. Con-
troller 50 may receive signals related to the temperature
of skin cooling unit 20 from third temperature sensor 17,
and drive second cooling unit 41 so as to cool skin cooling
unit 20 based on the signals. Controller 50 may cool skin
cooling unit 20 by controlling an output of air blower 46
or the like.
[0052] Controller 50 may control the cooling by first
cooling unit 40 so as to cool first light source 10 to a
temperature different from that of second light source 12
based on the temperature of first light source 10 detected
by first temperature sensor 15 and the temperature of
second light source 12 detected by second temperature
sensor 16. Then, controller 50 may shift the wavelength
of light emitted from first light source 10 to a wavelength
different from the wavelength of light emitted from second
light source 12 by controlling the cooling by first cooling
unit 40.
[0053] Specifically, controller 50 acquires signals re-
lated to the temperature of first light source 10 detected
by first temperature sensor 15. Further, controller 50 ac-
quires signals related to the temperature of second light
source 12 detected by second temperature sensor 16.
In a case where the temperature of first light source 10
is different from the temperature of second light source
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12, controller 50 does not cause first cooling unit 40 to
cool first light source 10, but acquires again the signals
related to the temperatures of first light source 10 and
second light source 12 from first temperature sensor 15
and second temperature sensor 16 and compares them.
On the other hand, in a case where the temperature of
first light source 10 and the temperature of second light
source 12 are the same, controller 50 causes first cooling
unit 40 to cool first light source 10.
[0054] Controller 50 may cause first cooling unit 40 to
cool first light source 10 so that the temperature of first
light source 10 becomes lower than the temperature of
second light source 12. For example, controller 50 com-
pares the temperature of first light source 10 with the
temperature of second light source 12, and causes first
cooling unit 40 to cool first light source 10 in a case where
the temperature of first light source 10 is more than or
equal to the temperature of second light source 12. Fur-
ther, in a case where the temperature of first light source
10 is less than or equal to a threshold value, controller
50 stops cooling first light source 10.
[0055] Controller 50 may cause first cooling unit 40 to
control the temperature of first light source 10 so as to
be in a predetermined temperature range according to
parts of skin S irradiated with light from first light source
10 and light from second light source 12. Hair follicles
vary in size depending on each part. For example, hair
follicles of beards are large and hair follicles of downy
hair are small. Therefore, by controlling the temperature
of first light source 10 according to each part, each part
can be irradiated with light having an optimum wave-
length. Controller 50 may read upper limit and lower limit
threshold temperature values stored in a storage (not
illustrated), and cause first cooling unit 40 to cool first
light source 10. Then, controller 50 may cause first cool-
ing unit 40 to cool first light source 10 so as to be within
a range from the upper limit threshold temperature value
to the lower limit threshold temperature value corre-
sponding to each predetermined part. The part to be ir-
radiated with light may be set by a user via mode selection
unit 52, or may be determined by controller 50 according
to an outer appearance of hair.
[0056] Mode selection unit 52 is connected to substrate
51, and at least a part thereof is exposed on the outer
surface. Mode selection unit 52 is provided with a switch
(not illustrated) capable of selecting a part of skin S on
the exposed outer surface. Mode selection unit 52 may
include, for example, one switch capable of switching
each part every time it is pressed. Further, mode selec-
tion unit 52 may include a plurality of switches corre-
sponding to the respective parts, and the respective parts
selected by pressing the respective switches may be se-
lected. The switch may be a push button switch or a touch
panel switch.

[Operation]

[0057] The following describes operations and actions

of light irradiation hair removal device 1 configured as
described above.
[0058] With reference to Figs. 5 to 8, a state in which
light is emitted by light irradiation hair removal device 1
will be described. Fig. 5 is a cross-sectional view illus-
trating one example of a state before use of light irradi-
ation hair removal device 1. Fig. 6 is a cross-sectional
view illustrating one example of a state of light irradiation
hair removal device 1 before push switch 30 is pressed.
Fig. 7 is a cross-sectional view illustrating one example
of a state of light irradiation hair removal device 1 after
push switch 30 is pressed. Fig. 8 is a cross-sectional view
illustrating an example of a state of light irradiation hair
removal device 1 while skin S is irradiated with light.
[0059] As shown in Fig. 5, push switch 30 is not
pressed before use of light irradiation hair removal device
1. Therefore, pressing unit 32 of push switch 30 protrudes
toward a direction opposite to first light source 10 and
second light source 12 against skin cooling unit 20 from
a surface of skin cooling unit 20 in contact with skin S.
In this state, light is not emitted from first light source 10
and second light source 12.
[0060] As shown in Fig. 6, when light irradiation hair
removal device 1 is used, skin S of a user is pressed
against light irradiation hair removal device 1. Pressing
unit 32 of push switch 30 protrudes from a skin contact
surface of skin cooling unit 20. Therefore, skin S of the
user first comes into contact with push switch 30, and
first light source 10 and second light source 12 are sur-
rounded by skin S and push switch 30.
[0061] As shown in Fig. 7, push switch 30 is pressed
in contact with skin S. Specifically, in a case where press-
ing unit 32 of push switch 30 is pressed, the surface
pressed by skin S moves toward the direction of first light
source 10 and second light source 12 against skin cooling
unit 20. As a result, skin S comes into contact with skin
cooling unit 20 in a state where first light source 10 and
second light source 12 are surrounded by skin S and
push switch 30, and skin cooling unit 20 is shielded by
skin S. Then, skin S is cooled by coming into contact with
skin cooling unit 20.
[0062] As shown in Fig. 8, a circuit to which first light
source 10 and second light source 12 are connected is
closed by push switch 30, and light is emitted from first
light source 10 and second light source 12. Since skin
cooling unit 20 is shielded by skin S, and first light source
10 and second light source 12 are also surrounded by
push switch 30, skin S is irradiated with light emitted from
first light source 10 and second light source 12 without
leakage. In order to bring skin cooling unit 20 and skin S
into contact with each other more reliably, light may be
emitted from first light source 10 and second light source
12 after a predetermined time has elapsed since pressing
unit 32 of push switch 30 was pressed.
[0063] Further, in the present exemplary embodiment,
light irradiation hair removal device 1 includes first cool-
ing unit 40 and second cooling unit 41. In the present
exemplary embodiment, first light source 10 and second
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light source 12 include a plurality of LEDs, and the peak
wavelength of the LEDs shifts depending on the temper-
ature. For example, when the temperature of the LEDs
decreases by about several tens of degrees Celsius, the
wavelength of the emitted light decreases by about sev-
eral tens of nanometers. Therefore, by cooling first light
source 10, first cooling unit 40 shifts the wavelength of
light emitted from first light source 10 to a wavelength
different from the wavelength of light emitted from second
light source 12.
[0064] By shifting the wavelength of light, a light depth
entering skin S changes due to wavelength dependency
of light scattering. For example, when the temperature
of first light source 10 is lowered and the wavelength of
light is shortened, the light depth becomes shallow. On
the other hand, since the wavelength of the light of sec-
ond light source 12 is longer than that of first light source
10, light is less scattered in skin S, and the light depth
reaching skin S is deep. Then, the entire melanocytes
including melanin of hair follicles are heated when skin
S is irradiated with light having different depths. In this
way, the wavelengths of light emitted from first light
source 10 and second light source 12 can be easily ad-
justed respectively by independently controlling the tem-
peratures of first light source 10 and second light source
12. Therefore, for light irradiation hair removal device 1
according to the present exemplary embodiment, it is al-
so possible to effectively remove a hair follicle size part
where a sufficient hair removal effect cannot be obtained
by a device in which only LEDs of different emission
wavelengths are arranged.

[Effect]

[0065] As described above, light irradiation hair remov-
al device 1 according to the present exemplary embod-
iment includes first light source 10, second light source
12, skin cooling unit 20, push switch 30, first cooling unit
40, and second cooling unit 41. First light source 10 emits
light having a wavelength from 400 nm to 1200 nm inclu-
sive. Second light source 12 emits light having a wave-
length from 400 nm to 1200 nm inclusive. Skin cooling
unit 20 faces first light source 10 and second light source
12, transmits light emitted from first light source 10 and
second light source 12, and cools skin S in a case where
it comes into contact with skin S. Push switch 30 includes
pressing unit 32 surrounding a periphery of first light
source 10, second light source 12, and skin cooling unit
20. In a case where pressing unit 32 is not pressed, it
protrudes toward a direction opposite to first light source
10 and second light source 12 against skin cooling unit
20 from a surface of skin cooling unit 20 in contact with
skin S. In a case where pressing unit 32 is pressed, the
surface pressed by skin S moves toward the direction of
first light source 10 and second light source 12 against
skin cooling unit 20. Push switch 30 switches between
emission and non-emission of light from first light source
10 and second light source 12. Light is emitted from first

light source 10 and second light source 12 during at least
a part of time while pressing unit 32 is pressed, and light
is not emitted from first light source 10 and second light
source 12 while pressing unit 32 is not pressed. First
cooling unit 40 cools first light source 10. Second cooling
unit 41 cools second light source 12. By cooling first light
source 10, first cooling unit 40 shifts the wavelength of
light emitted from first light source 10 to a wavelength
different from the wavelength of light emitted from second
light source 12.
[0066] As a result, since first cooling unit 40 cools first
light source 10 and second cooling unit 41 cools second
light source 12, light irradiation hair removal device 1 can
set the temperature of first light source 10 and the tem-
perature of second light source 12 to arbitrary different
temperatures. Therefore, since skin S is irradiated with
light of different depths due to wavelength dependency
of light scattering, light irradiation hair removal device 1
can uniformly irradiate the entire area of melanocytes
distributed in hair follicles with light.
[0067] Further, light irradiation hair removal device 1
can irradiate skin S with light in a state where first light
source 10 and second light source 12 are surrounded by
push switch 30 and skin S. Therefore, leakage of light
can be suppressed. Further, skin cooling unit 20 can
come into contact with skin S to cool skin S at the time
of light irradiation. Therefore, inflammation of skin S can
be suppressed.
[0068] Note that, light irradiation hair removal device
1 may include a near-infrared LED (first light source 10),
a push-in irradiation switch (push switch 30), and a skin
cooling unit (skin cooling unit 20). The skin cooling unit
(skin cooling unit 20) is a transparent material that is
cooled on a light beam that is an upper portion of the
near-infrared LED (first light source 10) and transmits
light of the near-infrared LED (first light source 10). Light
irradiation hair removal device 1 has a configuration in
which the near-infrared LED (first light source 10) emits
light after the skin (skin S) comes into contact with a top
surface of the skin cooling unit (skin cooling unit 20) by
being pushed into the skin (skin S). Light irradiation hair
removal device 1 is characterized in that the wavelength
of the near-infrared LED (first light source 10) is changed
by arbitrarily controlling the temperature of a part of sub-
strate 14 on which LED elements of the near-infrared
LED (first light source 10) are disposed. Even with such
light irradiation hair removal device 1, it is possible to
uniformly irradiate the entire area of melanocytes distrib-
uted in hair follicles with light.
[0069] As in the present exemplary embodiment, light
irradiation hair removal device 1 may further include first
temperature sensor 15 and second temperature sensor
16, which are examples of a temperature sensor accord-
ing to the present disclosure, and controller 50. First tem-
perature sensor 15 and second temperature sensor 16
may detect the temperature of first light source 10 and
the temperature of second light source 12. Controller 50
may control the cooling by first cooling unit 40 so as to
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cool first light source 10 to a temperature different from
the temperature of second light source 12 according to
the temperatures of first light source 10 and second light
source 12 detected by first temperature sensor 15 and
second temperature sensor 16.
[0070] As a result, light irradiation hair removal device
1 can more precisely control the temperature of first light
source 10. Therefore, light irradiation hair removal device
1 can further precisely control the light depth entering
skin S.
[0071] As in light irradiation hair removal device 1 ac-
cording to the present exemplary embodiment, first cool-
ing unit 40 may include a Peltier element, and first tem-
perature sensor 15 and second temperature sensor 16
may include a thermistor.
[0072] As a result, light irradiation hair removal device
1 can cool first light source 10 more powerfully and control
the temperature of first light source 10 with higher accu-
racy. Therefore, light irradiation hair removal device 1
can further precisely control the light depth entering skin
S.
[0073] As in light irradiation hair removal device 1 ac-
cording to the present exemplary embodiment, first cool-
ing unit 40 may cool first light source 10 so that the tem-
perature of first light source 10 becomes lower than the
temperature of second light source 12.
[0074] As a result, the wavelength of the light of first
light source 10 becomes shorter than the wavelength of
the light of second light source 12. Upper portions of hair
follicles have more melanocytes than lower portions of
hair follicles. Light irradiation hair removal device 1 irra-
diates the upper portions of hair follicles with light by first
light source 10 and irradiates the deep portions of hair
follicles with light by second light source 12, so that a
light amount according to the melanocyte distribution can
be irradiated, and thus the hair removal effect can be
further improved.
[0075] As in light irradiation hair removal device 1 ac-
cording to the present exemplary embodiment, first cool-
ing unit 40 may cool first light source 10 so as to be in a
predetermined temperature range according to parts of
skin S irradiated with light from first light source 10 and
second light source 12.
[0076] As a result, light irradiation hair removal device
1 can emit light of an optimum wavelength from first light
source 10 and second light source 12 according to the
parts. Therefore, light irradiation hair removal device 1
can obtain a higher hair removal effect.

(Other exemplary embodiments)

[0077] As described above, the above exemplary em-
bodiment has been described as an example of the tech-
nology in the present disclosure. However, the technol-
ogy of the present disclosure is not limited to them, and
is also applicable to exemplary embodiments in which
changes, replacements, additions, omissions, and the
like are made. Thus, hereinafter, other exemplary em-

bodiments are illustrated as examples.
[0078] Light irradiation hair removal device 1 according
to the above exemplary embodiment has been described
as an example that first light source 10 and second light
source 12 include LEDs. However, it is sufficient that first
light source 10 and second light source 12 can emit light
having a wavelength from 400 nm to 1200 nm inclusive.
First light source 10 and second light source 12 are not
limited to LEDs, and may be, for example, laser diodes.
[0079] Further, skin cooling unit 20 may include an
antireflection film for preventing light emitted from first
light source 10 and second light source 12 from being
reflected. The antireflection film may be provided, for ex-
ample, on a surface of skin cooling unit 20 facing first
light source 10 and second light source 12. By providing
such an antireflection film in skin cooling unit 20, reflec-
tion of light is suppressed, and skin S can be irradiated
with a large amount of light.
[0080] Further, light irradiation hair removal device 1
according to the above exemplary embodiment has been
described as an example that it cools skin cooling unit
20 using second cooling unit 41. However, in a case
where the thermal conductivity of skin cooling unit 20 is
high, it is not always necessary to cool skin cooling unit
20 using second cooling unit 41, since the heat dissipa-
tion of skin cooling unit 20 is high.
[0081] Further, light irradiation hair removal device 1
according to the above exemplary embodiment has been
described as an example that second cooling unit 41 is
connected to skin cooling unit 20 to cool skin cooling unit
20. However, second cooling unit 41 does not need to
be connected to skin cooling unit 20.
[0082] Further, as an example, light irradiation hair re-
moval device 1 according to the above exemplary em-
bodiment uses first temperature sensor 15 to measure
the temperature of first light source 10. Further, as an
example, light irradiation hair removal device 1 according
to the above exemplary embodiment uses second tem-
perature sensor 16 to measure the temperature of sec-
ond light source 12. However, by calculating the thermal
conductivity of substrate 14 or the like, it is possible to
estimate the temperatures of first light source 10 and
second light source 12 with one temperature sensor.
Therefore, light irradiation hair removal device 1 does
not need to use two temperature sensors, and may in-
clude one temperature sensor that measures the tem-
peratures of first light source 10 and second light source
12.
[0083] Note that, since the above-described exempla-
ry embodiments are intended to illustrate the technique
in the present disclosure, various changes, replace-
ments, additions, omissions, and the like can be made
within the scope of claims and equivalents thereof.

INDUSTRIAL APPLICABILITY

[0084] As described above, the light irradiation hair re-
moval device according to the present disclosure can be
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applied to, for example, a light irradiation hair removal
device for business use and home use.

REFERENCE MARKS IN THE DRAWINGS

[0085]

1: light irradiation hair removal device
5: housing
6: first opening portion
7: second opening portion
10: first light source
12: second light source
14: substrate
15: first temperature sensor
16: second temperature sensor
17: third temperature sensor
20: skin cooling unit
30: push switch
31: base
32: pressing unit
40: first cooling unit
41: second cooling unit
42: heat dissipation unit
43: connection unit
44: grip unit
45: heat dissipation fin
46: air blower
50: controller
51: substrate
52: mode selection unit
321: first component
322: second component
S: skin

Claims

1. A light irradiation hair removal device comprising:

a first light source that emits first light having a
wavelength from 400 nm to 1200 nm inclusive;
a second light source that emits second light
having a wavelength from 400 nm to 1200 nm
inclusive;
a skin cooling unit that faces the first light source
and the second light source, transmits the first
light emitted from the first light source and the
second light emitted from the second light
source, and cools a skin when the skin cooling
unit comes into contact with the skin;
a push switch that includes a pressing unit, the
pressing unit surrounding a periphery of the first
light source, the second light source, and the
skin cooling unit; wherein

when the pressing unit is not being pressed,
the pressing unit protrudes toward a direc-

tion opposite to the first light source and the
second light source against the skin cooling
unit from a surface of the skin cooling unit
in contact with the skin;
when the pressing unit is pressed by the
skin, a surface of which pressed by the skin
moves toward the direction of the first light
source and the second light source against
the skin cooling unit; and
the push switch switches between emission
and non-emission of the first light from the
first light source and the second light from
the second light source such that the first
light is emitted from the first light source and
the second light is emitted from the second
light source during at least a part of time
while the pressing unit is pressed, and the
first light is not emitted from the first light
source and the second light is not emitted
from the second light source while the
pressing unit is not pressed;

a first cooling unit that cools the first light source;
and
a second cooling unit that cools the second light
source, wherein
the first cooling unit shifts the wavelength of the
first light emitted from the first light source to a
wavelength different from the wavelength of the
second light emitted from the second light
source by cooling the first light source.

2. The light irradiation hair removal device according
to Claim 1, further comprising:

a temperature sensor that detects a first tem-
perature of the first light source and a second
temperature of the second light source; and
a controller that controls a cooling by the first
cooling unit so as to cool the first light source to
a temperature different from the second temper-
ature of the second light source according to the
first temperature of the first light source and the
second temperature of the second light source
detected by the temperature sensor.

3. The light irradiation hair removal device according
to Claim 2, wherein

the first cooling unit includes a Peltier element,
and
the temperature sensor includes a thermistor.

4. The light irradiation hair removal device according
to any one of Claims 1 to 3, wherein the first cooling
unit cools the first light source, the first temperature
of the first light source becoming lower than the sec-
ond temperature of the second light source.
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5. The light irradiation hair removal device according
to any one of Claims 1 to 4, wherein the first cooling
unit cools the first light source to be in a predeter-
mined temperature range according to parts of the
skin irradiated with the first light from the first light
source and the second light from the second light
source.
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