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(57) ABSTRACT

A breath detection device includes a breath-blowing unit in
which breath is blown; a deflection amount sensor that
detects pressure of the breath-blowing unit; a temperature
sensor that detects a physical amount (temperature) different
from the pressure of the breath-blowing unit; a storage unit
that stores a determination reference which is a reference to
determine whether or not breath is blown into the breath-
blowing unit; and a determination unit that compares a
detection result which is detected by the deflection amount
sensor and the temperature sensor with the determination
reference, and determines whether or not breath is blown
into the breath-blowing unit.
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1
BREATH DETECTION DEVICE, MOBILE
TERMINAL AND TIME DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2014-119956 filed on Jun. 10, 2014. The entire
disclosure of Japanese Patent Application No. 2014-119956
is hereby incorporated herein by reference.

BACKGROUND

1. Technical Field

The present invention relates to a breath detection device,
a mobile terminal, and a time display device.

2. Related Art

A device is known into which breath of a person is blown,
and thereby ON/OFF of a switch is operated (for example,
JP-A-8-234787).

A voice recognition device which is disclosed in JP-A-
8-234787 includes a sensor which detects pressure of breath
and a voice recognition unit. The voice recognition unit is
configured to operate if breath is blown into the voice
recognition device and the sensor detects pressure of the
breath.

However, there is a problem in which, in a case in which
the voice recognition device that is described in JP-A-8-
234787 is used, for example, outside or the like, the sensor
detects wind pressure and thereby the voice recognition unit
unintentionally operates. In this case, there is a possibility
that power consumption due to an unintentional operation of
the voice recognition unit may increase, a malfunction
caused by recognizing a peripheral voice or the like may
occur.

SUMMARY

An advantage of some aspects of the invention is to
provide a breath detection device, a mobile terminal, and a
time display device which can accurately detect whether or
not breath is blown.

The invention can be implemented as the following
application examples.

Application Example 1

This application example is directed to a breath detection
device including: a breath-blowing unit into which breath is
blown; a pressure detection unit that detects pressure which
is received by the breath-blowing unit, and outputs a signal;
a physical amount detection unit that detects a physical
amount different from the pressure and outputs a signal; a
storage unit that stores a determination reference which is a
reference to determine whether or not breath is blown into
the breath-blowing unit; and a determination unit that com-
pares the signal which is output from the pressure detection
unit and the signal which is output from the physical amount
detection unit with the determination reference, and deter-
mines whether or not breath is blown into the breath-
blowing unit.

According to this application example, since the pressure
of the breath-blowing unit and a physical amount other than
the pressure are detected, the detection result is compared
with the determination reference, and thereby determination
is performed, it is possible to accurately detect whether or
not breath is blown, compared to a case in which only a
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pressure is detected, the detected pressure is compared with
the determination reference, and thereby determination is
performed.

Application Example 2

In the breath detection device according to the application
example, it is preferable that the physical amount detection
unit includes a temperature sensor.

According to this application example, since detection
results of pressure and temperature of the breath-blowing
unit are compared with the determination reference and
thereby determination is performed, it is possible to detect
whether or not breath is blown. Thus, the breath detection
device can be configured not to recognize that breath is
blown as long as the detection results of each detection unit
do not satisfy a predetermined condition of pressure and
temperature based on the determination reference.

Application Example 3

In the breath detection device according to the application
example, it is preferable that the pressure detection unit
includes a pressure sensor, and the pressure sensor and the
temperature sensor are integrally configured.

According to this application example, the pressure sen-
sor and the temperature sensor can be configured as one
element. Thus, it is possible to simplify a configuration of
the breath detection device and to miniaturize the breath
detection device, compared to a case in which the pressure
sensor and the temperature sensor are separately provided.

Furthermore, since the pressure sensor and the tempera-
ture sensor are integrally configured, the pressure sensor and
the temperature sensor can be disposed as closely as pos-
sible. As a result, temperature of the breath-blowing unit can
be detected as accurately as possible.

Application Example 4

In the breath detection device according to the application
example, it is preferable that the physical amount detection
unit includes a humidity sensor.

According to this application example, since detection
results of pressure and humidity of the breath-blowing unit
are compared with the determination reference and thereby
determination is performed, it is possible to detect whether
or not breath is blown. Thus, the breath detection device can
be configured not to recognize that breath is blown as long
as the detection results of each detection unit do not satisfy
a predetermined condition of pressure and humidity based
on the determination reference.

Application Example 5

In the breath detection device according to the application
example, it is preferable that the physical amount detection
unit includes a microphone.

According to this application example, since detection
results of pressure and a voice of the breath-blowing unit are
compared with the determination reference and thereby
determination is performed, it is possible to detect whether
or not breath is blown. Thus, the breath detection device can
be configured not to detect that breath is blown as long as the
detection results of each detection unit do not satisfy a
predetermined condition of pressure and a voice based on
the determination reference.
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Application Example 6

In the breath detection device according to the application
example, it is preferable that the determination reference
includes reference data that is a reference, and data of an
audio that is detected by the microphone is compared with
the reference data.

According to this application example, it is possible to
more accurately determine whether or not breath is blown.

Application Example 7

In the breath detection device according to the application
example, it is preferable that the determination reference is
set based on information on breath that is blown in advance
into the breath-blowing unit.

According to this application example, it is possible to
more accurately determine whether or not breath is blown.

Application Example 8

This application example is directed to a mobile terminal
including the breath detection device according to the appli-
cation example described above.

According to this application example, it is possible to
obtain a mobile terminal having a high reliability.

Application Example 9

This application example is directed to a time display
device including the breath detection device according to the
application example described above.

According to this application example, it is possible to
obtain a time display device having a high reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements.

FIG. 1 is a perspective diagram of a mobile terminal that
includes a first embodiment of a breath detection device
according to the invention.

FIG. 2 is a sectional diagram illustrating a physical
amount sensor that is illustrated in FIG. 1.

FIG. 3 is a plan diagram illustrating a deflection amount
sensor and a temperature sensor that are included in the
physical amount sensor which is illustrated in FIG. 1.

FIG. 4 is a diagram illustrating a circuit that includes the
deflection amount sensor which is illustrated in FIG. 2.

FIG. 5 is a block diagram illustrating a configuration of
the breath detection device that is illustrated in FIG. 1.

FIG. 6 is a flowchart illustrating a control of a control unit
that is included in the breath detection device which is
illustrated in FIG. 1.

FIG. 7 is a block diagram illustrating a configuration
according to a second embodiment of the breath detection
device according to the invention.

FIG. 8 is a block diagram illustrating a configuration
according to a third embodiment of the breath detection
device according to the invention.

FIG. 9 is a perspective diagram illustrating another form
of a mobile terminal that includes a breath detection device
according to the invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, a breath detection device, a mobile terminal,
and a time display device according to the invention will be
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4

described in detail based on a preferred embodiment which
is illustrated in the accompanying drawings.

To begin with, a mobile terminal which includes a breath
detection device of the embodiment of the invention will be
described.

First Embodiment

FIG. 1 is a perspective diagram of a mobile terminal
which includes a first embodiment of a breath detection
device according to the invention. FIG. 2 is a sectional
diagram illustrating a physical amount sensor that is illus-
trated in FIG. 1. FIG. 3 is a plan diagram illustrating a
deflection amount sensor and a temperature sensor that are
included in the physical amount sensor which is illustrated
in FIG. 1. FIG. 4 is a diagram illustrating a circuit that
includes the deflection amount sensor which is illustrated in
FIG. 2. FIG. 5 is a block diagram illustrating a configuration
of the breath detection device that is illustrated in FIG. 1.
FIG. 6 is a flowchart illustrating a control of a control unit
that is included in the breath detection device which is
illustrated in FIG. 1.

As illustrated in FIG. 1, a mobile terminal 100 is a time
display device of a wristwatch type. The mobile terminal
100 has a function in which various information sources are
displayed, such as date, a height from the current position
above sea level, weather, and a heart rate of a user, in
addition to a current time, a stopwatch function, or the like.

The mobile terminal 100 includes a body section 101, and
a pair of bands 102 which fixes the body section 101 to a
wrist. In addition, each fixing band 102 is fixed by using a
buckle which is provided on one side, and holes which are
formed on the other side.

The body section 101 includes a case 103 which includes
a display unit 101a which is configured by a liquid crystal
display panel, and a breath detection device 1 of the embodi-
ment of the invention which is embedded in the case 103. In
addition, the breath detection device 1 includes a physical
amount sensor 10, a control unit 8, and a storage unit 11.
Hereinafter, the respective sections will be described.

As illustrated in FIG. 1, the case 103 is configured by a
chassis, and contains the physical amount sensor 10, the
control unit 8, the storage unit 11, a battery (not illustrated),
and the like. In addition, in a side section of the case 103, a
plurality of operation buttons 105 is provided. By operating
the operation buttons 105, information which is displayed on
the display unit 101e can be switched, or ON/OFF of a
stopwatch or a backlight can be selected.

A breath-blowing hole (breath detection section) 104 is
formed in the periphery of the display unit 101a of the case
103. The breath-blowing hole 104 is configured by a hole
which is opened in the periphery of the display unit 101a,
and the physical amount sensor 10 is installed in the inside
thereof. In the mobile terminal 100, the physical amount
sensor 10 is configured to detect pressure of breath which is
blown in the breath-blowing hole 104, or a physical amount
other than the pressure if breath is blown in the breath-
blowing hole 104. This will be described later.

To begin with, the physical amount sensor 10 will be
described.

As illustrated in FIG. 2, the physical amount sensor 10
includes a substrate 2, a deflection amount sensor (pressure
detection unit) 3 which is used as a pressure sensor, a
temperature sensor (physical amount detection unit) 6, an
element surrounding structural body 4, a cavity section 7,
and a semiconductor circuit 9.
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Substrate

The substrate 2 has a plate shape, and is configured by
sequentially laminating a first insulating film 22 which is
configured by a silicon oxide film (SiO, film), and a second
insulating film 23 which is configured by a silicon nitride
film (SiN film) on a semiconductor substrate 21 which is
configured by an SOT substrate (substrate in which a first Si
layer 211, an SiO, layer 212, a second Si layer 213 are
sequentially laminated). However, a member which is used
as the semiconductor substrate 21 is not limited to the SOI
substrate, and for example, a silicon substrate can be used.
In addition, as a material of the first insulating film 22 and
the second insulating film 23, a material which can protect
the semiconductor substrate 21 at the time of fabricating,
and can insulate between semiconductor substrate 21, the
deflection amount sensor 3, and the temperature sensor 6 can
be used without a particular limit. In addition, a planar view
shape of the substrate 2 is not particularly limited, and can
be, for example, a rectangular shape such as a substantially
square shape or a substantially oblong shape, or a circular
shape, but is a substantially square shape, in the present
embodiment.

In addition, a diaphragm 24 which is thinner than a
peripheral portion and is deflected by a received pressure is
provided on the substrate 2. The diaphragm 24 is formed by
providing a concave section 25 having a bottom on a lower
surface (second Si layer 213) of the substrate 2, and a lower
surface thereof (bottom surface of the concave section 25) is
a pressure receiving surface 24a. A planar view shape of the
diaphragm 24 is not particularly limited, and can be, for
example, a rectangular shape such as a substantially square
shape or a substantially oblong shape, or a circular shape,
but is a substantially square shape, in the present embodi-
ment. In addition, a width of the diaphragm 24 is not
particularly limited, but can be set to be equal to or wider
than approximately 400 pm and to be equal to or less than
600 pum. In addition, a thickness of the diaphragm 24 is not
particularly limited, but it is preferable that the thickness is
equal to or thicker than approximately 10 um and is equal to
or less than 50 um, for example, and it is more preferable
that the thickness is equal to or thicker than 15 um and is
equal to or less than 25 pm. By doing this, the diaphragm 24
can be sufficiently softened, and can be sufficiently
deflected.

In addition, the semiconductor circuit (circuit) 9 is formed
on the semiconductor substrate 21 and an upper side thereof.
In the semiconductor circuit 9, circuit elements, such as an
active element such as a MOS transistor, a capacitor, an
inductor, a resistor, a diode, and a wire are included. In this
way, by forming the semiconductor circuit 9 on the substrate
2, the physical amount sensor 10 can be miniaturized,
compared to a case in which the semiconductor circuit 9 is
separately provided.

Deflection Amount Sensor

As illustrated in FIG. 2 and FIG. 3, the deflection amount
sensor 3 includes four piezoresistor elements (deflection
amount detection elements) 31, 32, 33, and 34 which are
disposed on the diaphragm 24. Among these, the piezore-
sistor elements 31 and 32 are disposed so as to correspond
to a pair of sides 241 and 242, which face each other, of the
diaphragm 24 which is a rectangular shape in a planar view,
and the piezoresistor elements 33 and 34 are disposed so as
to correspond to a pair of sides 243 and 244, which face each
other, of the diaphragm 24 which is a rectangular shape in
a planar view.

The piezoresistor element 31 includes a piezoresistor unit
311 which is disposed in an outer edge (periphery of the side
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6

241) of the diaphragm 24. The piezoresistor unit 311 has a
longitudinal shape which extends along a direction that is in
parallel with the side 241. In addition, wires 313 are respec-
tively coupled to both end portions of the piezoresistor unit
311.

In the same manner, the piezoresistor element 32 includes
a piezoresistor unit 321 which is disposed in an outer edge
(periphery of the side 242) of the diaphragm 24. The
piezoresistor unit 321 has a longitudinal shape which
extends along a direction that is in parallel with the side 242.
In addition, wires 323 are respectively coupled to both end
portions of the piezoresistor unit 321.

Meanwhile, the piezoresistor element 33 includes a pair
of piezoresistor units 331 which are disposed in an outer
edge (periphery of the side 243) of the diaphragm 24, and a
coupling section 332 which is coupled to a pair of piezore-
sistor units 331. A pair of piezoresistor units 331 are in
parallel with each other, and have a longitudinal shape which
extends along a direction (the same direction as that of the
piezoresistor units 311 and 321) that is perpendicular to the
side 243. One end portions of a pair of the piezoresistor units
331 are coupled to each other through a coupling section
332, and wires 333 are respectively coupled to the other end
portions of a pair of the piezoresistor units 331.

In the same manner, the piezoresistor element 34 includes
a pair of piezoresistor units 341 which are disposed in an
outer edge (periphery of the side 244) of the diaphragm 24,
and a coupling section 342 which is coupled to a pair of
piezoresistor units 341. A pair of piezoresistor units 341 are
in parallel with each other, and have a longitudinal shape
which extends along a direction (the same direction as that
of the piezoresistor units 311 and 321) that is perpendicular
to the side 244. One end portions of a pair of the piezore-
sistor units 341 are coupled to each other through a coupling
section 342, and wires 343 are respectively coupled to the
other end portions of a pair of the piezoresistor units 341.

As described above, the piezoresistor units 311, 321, 331,
and 341 are respectively configured by doping (diffusing or
injecting) impurities, such as phosphorus or boron into the
first Si layer 211 of the semiconductor substrate 21, for
example. In addition, the wires 313, 323, 333, and 343, and
the coupling sections 332 and 342 are respectively config-
ured by doping (diffusing or injecting) impurities, such as
phosphorus or boron into the first Si layer 211 so as to have
higher concentrations than the piezoresistor units 311, 321,
331, and 341 for example.

However, for example, in addition to this, the piezoresis-
tor units 311, 321, 331, and 341 may be configured by
forming a polycrystalline silicon film on the diaphragm 24
using a sputtering method, a CVD method, or the like, by
patterning the polycrystalline silicon film using etching, and
by doping (diffusing or injecting) impurities such as phos-
phorous or boron into the patterned polycrystalline silicon
film. The wires 313, 323, 333, and 343, and the coupling
sections 332 and 342 may be configured in the same manner
as described above.

In addition, the piezoresistor elements 31, 32, 33, and 34
are configured in such a manner that resistance values in a
natural state are equal to each other. Then, the piezoresistor
elements 31, 32, 33, and 34 are electrically coupled to each
other through the wires 313, 323, 333, and 343. and as
illustrated in FIG. 4, configure a bridge circuit 30 (wheat-
stone bridge circuit). A drive circuit (not illustrated) which
supplies a drive voltage AVDC is coupled to the bridge
circuit 30. Then, the bridge circuit 30 outputs signals (volt-
ages) according to resistance values of the piezoresistor
elements 31, 32, 33, and 34.
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Even if an extremely thin diaphragm 24 is used, the
deflection amount sensor 3 does not have a problem that Q
value is decreased by vibration leakage which flows into the
diaphragm 24, in the same manner as in a case in which a
vibration element such as a resonator is used as a sensor
element. In addition, for example, the piezoresistor elements
31, 32, 33, and 34 are configured by doping impurities such
as phosphorous or boron into the first Si layer 211, and
thereby the physical amount sensor 10 can have a low profile
(thin), compared to a case in which the piezoresistor ele-
ments 31, 32, 33, and 34 are provided on an upper surface
of the diaphragm 24 so as to overlap each other.
Temperature Sensor

As illustrated in FIG. 3, the temperature sensor 6 includes
a piezoresistor element (temperature sensing element) 61
which is provided on the diaphragm 24. The piezoresistor
element 61 includes a piezoresistor unit 611 which is dis-
posed in a center section S1 of the diaphragm 24. That is, the
piezoresistor unit 611 is positioned on a center side (center
O side) of the diaphragm 24 more than the deflection amount
sensor 3 (piezoresistor units 311, 321, 331, and 341). In
addition, the piezoresistor unit 611 is disposed in parallel
with the piezoresistor unit 311, and has a longitudinal shape
which extends along a side 241 so as to be in parallel with
the piezoresistor unit 311. In addition, wires 613 are respec-
tively coupled to both end portions of the piezoresistor unit
611.

Since the piezoresistor element 61 has a property in which
a resistance value is changed by temperature, it is possible
to sense temperature of a periphery portion (inside of the
deflection amount sensor 3 or the breath-blowing hole 104
which are positioned in the vicinity), based on a resistance
value change of the piezoresistor element 61. Particularly,
the piezoresistor element 61 is provided in the diaphragm
24, and thereby it is possible to dispose the temperature
sensor 6 in a position closer to the deflection amount sensor
3, and to dispose inside the cavity section 7 in the same
manner as the deflection amount sensor 3. That is, it is
possible to position the temperature sensor 6 in closer
circumstances to the deflection amount sensor 3, and to
sense more accurately temperature of the deflection amount
sensor 3.

For example, the piezoresistor unit 611 is configured by
doping (diffusing or injecting) impurities, such as phospho-
rous or boron, into the first Si layer 211. In addition, for
example, the wire 613 is configured by doping (diffusing or
injecting) impurities, such as phosphorous, or boron into the
first Si layer 211 so as to have higher concentrations than
those of the piezoresistor unit 611. The piezoresistor element
61 is configured by doping impurities such as phosphorous
or boron into the first Si layer 211, and thereby the tem-
perature sensor 6 can be simply provided, and the physical
amount sensor 10 can have a low profile (thin), compared to
a case in which other members such as a thermocouple are
provided on an upper surface of the diaphragm 24 so as to
overlap each other, for example.

However, for example, in addition to this, the piezoresis-
tor units 611, 621, 631, and 641 may be configured by
forming a polycrystalline silicon film on the diaphragm 24
using a sputtering method, a CVD method, or the like, by
patterning the polycrystalline silicon film using etching, and
by doping (diffusing or injecting) impurities such as phos-
phorous or boron into the patterned polycrystalline silicon
film. The wires 313, 323, 333, and 343, and the coupling
sections 332 and 342 may be configured in the same manner
as described above.
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Element Surrounding Structural Body 4

As illustrated in FIG. 2, the element surrounding struc-
tural body 4 is formed so as to define the cavity section 7.
The element surrounding structural body 4 includes a wall
section 51 of a ring shape which is formed so as to surround
the deflection amount sensor 3 and the temperature sensor 6,
and a cover section 52 which blocks an opening of the cavity
section 7 that is surrounded by an inner wall of the wall
section 51, on the substrate 2.

The element surrounding structural body 4 includes an
interlayer insulating film 41, a wiring layer 42 which is
formed on the interlayer insulating film 41, an interlayer
insulating film 43 which is formed on the wiring layer 42
and the interlayer insulating film 41, a wiring layer 44 which
is formed on the interlayer insulating film 43, a surface
protection film 45 which is formed on the wiring layer 44
and the interlayer insulating film 43, and a sealing layer 46.
The wiring layer 44 includes a cover layer 441 which
includes a plurality of pores 442 which links the inside and
the outside of the cavity section 7, and the sealing layer 46
which is disposed on the cover layer 441 seals the pore 442.
In the element surrounding structural body 4, the above-
described wall section 51 is configured by the interlayer
insulating film 41, the wiring layer 42, the interlayer insu-
lating film 43, the wiring layer 44 (however, a portion except
the cover layer 441), and the surface protection film 45, and
the above-described cover section 52 is configured by the
cover layer 441 and the sealing layer 46.

The wiring layers 42 and 44 includes wiring layers 42a
and 44a which are formed so as to surround the cavity
section 7, and wiring layers 426 and 444 which configure
wires of the semiconductor circuit 9. Thus, the semiconduc-
tor circuit 9 is drawn on an upper surface of the physical
amount sensor 10 by the wiring layers 425 and 44b. In
addition, a film. 49 which is formed of, for example, a
polycrystalline silicon film is provided between the wiring
layer 42a and the second insulating film 23.

The interlayer insulating films 41 and 43 are not particu-
larly limited, but can use an insulating film such as a silicon
oxide film (SiO, film). In addition, the wiring layers 42 and
44 are not particularly limited, but can use a metal film such
as an aluminum film. In addition, the sealing layer 46 is not
particularly limited, but can use a metal film, such as Al, Cu,
W, Ti, or TiN. In addition, the surface protection film 45 is
not particularly limited, but can use a material, which has a
resistance for protecting an element from moisture, garbage,
scratch, or the like, such as a silicon oxide film, a silicon
nitride film, a polyimide film, or an epoxy resin film.
Cavity Section

As illustrated in FIG. 2, the cavity section 7 which is
defined by the substrate 2 and the element surrounding
structural body 4 is a space which is sealed, and functions as
a pressure reference chamber which provides a reference
value of pressure which is detected by the physical amount
sensor 10. The cavity section 7 is disposed so as to overlap
the diaphragm 24, and configures a portion of a wall section
in which the diaphragm 24 defines the cavity section 7. A
state of the inside of the cavity section 7 is not particularly
limited, but is preferred to be a vacuum state (for example,
equal to or less than 10 Pa). By doing this, the physical
amount sensor 10 can be used as an “absolute pressure
sensor” which detects pressure using a vacuum state as a
reference. For this reason, usability of the physical amount
sensor 10 is increased. However, a state of the inside of the
cavity section 7 may not be a vacuum state, may be, for
example, an atmosphere state, may be a decreased pressure
state which is lower in pressure than atmosphere, and may
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be an increased pressure state which is higher in pressure
than atmosphere. In addition, inert gas such as nitride gas or
rare gas may fill inside the cavity section 7.

As described above, a configuration of the physical
amount sensor 10 is simply described.

In the physical amount sensor 10, the diaphragm 24 is
disposed so as to face the breath-blowing hole 104, and
when breath is blown into the breath-blowing hole 104, the
pressure receiving surface 24a of the diaphragm. 24
responds to pressure of the breath, and thereby the dia-
phragm 24 is deflected and deformed. As a result, the
piezoresistor elements 31, 32, 33, and 34 are distorted, and
according to the deflected amount, resistance values of the
piezoresistor elements 31, 32, 33, and 34 are changed. In
accordance with this, an output of the bridge circuit 30 is
changed. Then, as illustrated above, the piezoresistor ele-
ments 31, 32, 33, and 34 have a property (temperature
dependency of resistance value) in which a resistance value
is changed also by temperature (ambient temperature)
thereof in addition to deflection thereof. For this reason, a
change of the output of the bridge circuit 30 1s caused by the
deflection of the piezoresistor elements 31, 32, 33, and 34,
and the temperature of the piezoresistor elements 31, 32, 33,
and 34. From this output (signal), a magnitude of the
pressure (absolute pressure) received by the pressure receiv-
ing surface 24a cannot be accurately obtained. Thus, in the
physical amount sensor 10, temperature of the deflection
amount sensor 3 is sensed by the temperature sensor 6, and
based on the sensed temperature, a signal which is obtained
from the bridge circuit 30 is corrected (an amount of change
caused by temperature of the piezoresistor elements 31, 32,
33, and 34 is removed), and based on the corrected signal,
a magnitude of the pressure (absolute pressure) which is
received by the pressure receiving surface 24q¢ is obtained.
By doing this, pressure which is received by the pressure
receiving surface 24a can be accurately obtained.

In addition, the temperature sensor 6 performs both a
function of a sensor for correcting temperature of the deflec-
tion amount sensor 3 described above, and a function in
which temperature in the breath-blowing hole 104 that will
be describe hereinafter is detected.

In the physical amount sensor 10 described above, each of
the deflection amount sensor 3 and the temperature sensor 6
is electrically coupled to the control unit 8.

As illustrated in FIG. 5, the control unit 8 is configured to
include a central processing unit (CPU), and includes a
determination unit 82 which includes a comparison unit 81.
The control unit 8 performs a control of a display unit 1014
and the like, or various processing.

The storage unit 11 includes, for example, an electrically
erasable programmable read-only memory (EEPROM)
which is a kind of a non-volatile semiconductor memory, or
the like, and can store a determination reference with which
it is determined whether breath is blown or not, various
programs, or the like.

In the mobile terminal 100, by spraying breath into the
breath-blowing hole 104, an operation of the mobile termi-
nal 100 can be performed, instead of an operation which is
performed by the operation buttons 105. As such an opera-
tion, there are, for example, ON/OFF operations of a back-
light, START/STOP operations of a stopwatch, or the like.
According to such configurations, in a case in which both
hands have objects, or even in a case in which either of the
operation buttons 105 cannot be operated, or it is difficult to
operate the operation buttons, because of running or the like,
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it is possible to operate the mobile terminal 100 by a simple
operation such as breath being blown to the breath-blowing
hole 104.

In addition, the mobile terminal 100 has a valid configu-
ration in which the mobile terminal 100 is prevented from
being unintentionally operated by influence of wind or the
like, even in a case in which the mobile terminal 100 is used
in the outside or the like. Hereinafter, this will be described.
Hereinafter, a case in which ON/OFF of a backlight is
operated as an example will be described.

The storage unit 11 stores a determination reference
which is a reference of determining whether or not breath is
blown into the breath-blowing hole 104. The determination
reference includes information (determination reference P,)
of a maximum value P, and a minimum value P, of pressure,
and information (determination reference T,) of maximum
value T, and minimum value T, of temperature.

The comparison unit 81 compares a signal (hereinafter,
referred to as “pressure P”) which is detected by the deflec-
tion amount sensor 3 and is output, to a determination
reference which is stored in the storage unit 11, and also
compares a signal (hereinafter, referred to as “temperature
T”) which is detected by the temperature sensor 6 and is
output, to a determination reference which is stored in the
storage unit 11.

The determination unit 82 determines whether or not
breath is blown, based on a comparison result of the com-
parison unit 81. In a case in which the comparison result
satisfies both (P,<P<P,) and (T,<T<T)), the determination
unit 82 determines that the breath is blown. In a case in
which the determination unit 82 determines that the breath
is blown, the control unit 8 turns on a backlight of the
display unit 101a.

Meanwhile, in a case in which the comparison result does
not satisfy both (P,=<P<P,) and (T,<T<T)), that is, the
comparison result is any one of (P>P,, P<P,, T>T,, and
T<T,), the determination unit 82 determines that the breath
1s not blown. In this case, the control unit 8 does not turn on
the backlight.

In this way, the mobile terminal 100 can operate ON/OFF
of the backlight, only in a case in which the comparison
result of the comparison unit 81 satisfies both (P,<P<P, ) and
(T,<T<T),). For this reason, for example, even in a case in
which a comparison result is (P,<P=P,) due to an influence
of wind, as long as (T,<T<T)) is not satisfied, an operation
of ON/OFF of the backlight is not performed.

In this way, according to the invention, the pressure P and
the temperature T of the breath-blowing hole 104 are respec-
tively detected, and detection results of the pressure and the
temperature are compared to the determination reference.
By doing this, compared to a case in which only pressure P
is detected and is compared to the determination reference,
it is possible to prevent or suppress an unintentional opera-
tion of ON/OFF of a backlight due to an affection of wind.
Thus, it is possible to accurately detect whether or not breath
is blown. As a result, it is possible to reduce power con-
sumption caused by an unintentional operation of the mobile
terminal 100, and to prevent or suppress unnecessary con-
sumption of a battery.

A user sprays breath into the breath-blowing hole 104 in
advance, pressure P and temperature T in the breath-blowing
hole 104 at that time are measured, and based on a mea-
surement result, a maximum value P, and a minimum value
P, of pressure, and a maximum value T, and a minimum
value T, of temperature can be respectively set. By doing
this, a difference in pressure P and temperature T of breath
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for each user can be reflected to the determination reference.
Thus, it is possible to detect more accurately whether or not
breath is blown.

In addition, as described above, in the physical amount
sensor 10, since the deflection amount sensor 3 and the
temperature sensor 6 are integrally configured, the deflection
amount sensor 3 and the temperature sensor 6 can be
configured as one element. By doing this, a pressure sensor
and a temperature sensor can be configured as one element.
Thus, it is possible to simplify a configuration of the breath
detection device 1 and to miniaturize the breath detection
device, by integrally configuring the deflection amount
sensor 3 and the temperature sensor 6, compared to a case
in which the pressure sensor and the temperature sensor are
separately provided. Furthermore, the deflection amount
sensor 3 and the temperature sensor 6 can be closely
disposed, and temperature T of the breath-blowing hole 104
can be detected as accurately as possible.

In addition, as illustrated above, the temperature sensor 6
performs both a function of a sensor for correcting tempera-
ture of the deflection amount sensor 3, and a function in
which temperature in the breath-blowing hole 104 is
detected. By doing this, the deflection amount sensor 3 can
more accurately detect the pressure P, and can omit a
separate provision of a sensor for correcting temperature of
the deflection amount sensor 3, and a sensor which detects
temperature in the breath-blowing hole 104. Thus, the physi-
cal amount sensor 10 can accurately detect the pressure P
and can be remarkably miniaturized.

In addition, differently from the above description, the
maximum value P, of pressure and the minimum value P, of
pressure, and the maximum value T, of temperature and the
minimum value T, of temperature may be set 10 a predeter-
mined value in advance.

Next, an operation of the mobile terminal 100 will be
described using the flowchart of FIG. 6.

To begin with, breath is blown into the breath-blowing
hole 104. At this time, pressure P and temperature T are
detected by signals from the deflection amount sensor 3 and
the temperature sensor 6 (step S101).

Next, based on the detection result in step S101, the
comparison unit 81 compares the pressure P with the deter-
mination reference P, and compares the temperature T with
the determination reference T, (step S102).

Then, based on the comparison result which is obtained
by comparison of the comparison unit 81, the determination
unit 82 determines whether or not both (P,<P<P,) and
(T,<T<T),) are satisfied (step S103).

In step S103, in a case in which both (P,<P<P)) and
(T,<T<T),) are satisfied, a backlight of the display unit 101«
is turned on (step S104).

Then, in a case in which the backlight that is in a lighting
state 1s turned off, breath is blown into the breath-blowing
hole 104 again. At this time, the pressure P and the tem-
perature T are detected by the signals from the deflection
amount sensor 3 and the temperature sensor 6 (step S105).

Next, based on the detection result in step S105, the
comparison unit 81 compares the pressure P with the deter-
mination reference and compares the temperature T with the
determination reference (step S106).

Then, based on the comparison result which is obtained
by comparison of the comparison unit 81, the determination
unit 82 determines whether or not both (P,<P<P,) and
(T,<T<T),) are satisfied (step S107).

In step S103, in a case in which both (P,<P<P,) and
(T,<T<T)) are satisfied, a backlight of the display unit 1014
is turned off (step S108).
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In step S103, in a case in which the comparison result
does not satisfy both (P,<P<P,) and (T,<T=T),), that is, it is
determined that the comparison result is anyone of (P>P,,
P<P,, T>T,, and T<T,), the processing returns to step S101.
In this case, the backlight does not turn on. In the same
manner, in step S107, in a case in which it is determined that
both (P,<P<P,) and (T,<T<T)) are not satisfied, the pro-
cessing returns to step S105. In this case, the backlight does
not turn off.

Second Embodiment

Next, a second embodiment of the breath detection device
according to the invention will be described.

FIG. 7 is a block diagram illustrating a configuration
according to the second embodiment of the breath detection
device according to the invention.

Hereinafter, the second embodiment of the breath detec-
tion device according to the invention will be described with
reference to the figure, but different points from the embodi-
ment described above will be mainly described, and descrip-
tion of the same points will be omitted.

The second embodiment is substantially the same as the
first embodiment except that a humidity sensor is provided.

As illustrated in FIG. 7, a mobile terminal 100A includes
a humidity sensor (physical amount detection unit) 12 which
detects humidity. The humidity sensor 12 is disposed inside
the breath-blowing hole 104. For this reason, the humidity
sensor 12 can detect humidity in the breath-blowing hole
104.

In addition, the humidity sensor 12 is electrically coupled
to the control unit 8, and a signal (hereinafter, referred to as
“humidity H”) which is detected by the humidity sensor 12
and is output is input to the control unit 8.

In addition, a determination reference which is stored in
the storage unit 11 includes information of a maximum value
H, and a minimum value H, of the humidity H.

The comparison unit 81 compares the pressure P which is
detected by the deflection amount sensor 3 with the deter-
mination reference, compares the temperature T which is
detected by the temperature sensor 6 with the determination
reference, and furthermore, compares humidity H which is
detected by the humidity sensor 12 with the determination
reference.

Based on the comparison result which is obtained by
comparison of the comparison unit 81, the determination
unit 82 determines whether or not breath is blown. In a case
in which the comparison result satisfies all of (P,<P<P)),
(T,<T<T,), and (H,=<H<H,), the determination unit 82
determines that the breath is blown. In a case in which the
determination unit 82 determines that the breath is blown,
the control unit 8 turns on a backlight of the display unit
101a.

Meanwhile, in a case in which the comparison result does
not satisfy any one of (P,<P<P,), (T,<T<T,), and
(H,<H=<H)), the determination unit 82 determines that
breath is not blown. In this case, the control unit 8 does not
turn on the backlight.

In this way, according to the present embodiment, when
detecting whether or not breath is blown, the humidity H can
also be a reference of determination, in addition to the
pressure P and the temperature T. For this reason, the
humidity H also becomes a reference of determination, and
it is possible to more accurately detect whether or not breath
is blown.

Third Embodiment

Next, a third embodiment of the breath detection device
according to the invention will be described.
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FIG. 8 is a block diagram illustrating the third embodi-
ment of the breath detection device according to the inven-
tion.

Hereinafter, the third embodiment of the breath detection
device according to the invention will be described with
reference to the figure, but different points from the embodi-
ments described above will be mainly described, and
description of the same points will be omitted.

The third embodiment is substantially the same as the
second embodiment except that a microphone is provided
instead of the humidity sensor.

As illustrated in FIG. 8, in a mobile terminal 100B, a
microphone (physical amount detection unit) 13 which
detects an audio is provided, instead of the humidity sensor
12 in the second embodiment. The microphone 13 is elec-
trically coupled to the control unit 8, and a signal (herein-
after, referred to as “frequency F”*) which is detected by the
microphone 13 and is output is input to the control unit 8.

In addition, a determination reference which is stored in
the storage unit 11 includes reference data which becomes a
reference. The reference data is audio data which is recorded
in advance in the breath detection device 1 by a user, and
includes a maximum value F| and a minimum value F, of the
frequency.

The comparison unit 81 compares the pressure P which is
detected by the deflection amount sensor 3 with the deter-
mination reference, compares the temperature T which is
detected by the temperature sensor 6 with the determination
reference, and furthermore, compares the frequency F of an
audio which is detected by the microphone 13 with the
determination data.

In a case in which the comparison result satisfies all of
(P,<P<P)), (T,=T<T)), and (F,<F<F)), the determination
unit 82 determines that the breath is blown. In a case in
which the determination unit 82 determines that the breath
is blown, the control unit 8 turns on a backlight of the
display unit 101a.

Meanwhile, in a case in which the comparison result does
not satisfy any one of (P,<P<P)), (T,<T<T,), and
(F,=F<F)), the determination unit 82 determines that breath
is not blown. In this case, the control unit 8 does not turn on
the backlight.

In this way, according to the present embodiment, when
detecting whether or not breath is blown, the frequency F of
an audio also becomes a reference of determination, in
addition to the pressure P and the temperature T. For this
reason, the frequency F also becomes a reference of deter-
mination, and so far forth, it is possible to more accurately
detect whether or not breath is blown.

Next, another form of the mobile terminal to which the
breath detection device according to the invention is applied
will be described. FIG. 9 is a perspective diagram illustrat-
ing another form of the mobile terminal that includes the
breath detection device according to the invention.

A mobile terminal 200 which is illustrated in FIG. 9 is a
device of a smart phone type which includes a plurality of
operation buttons 201, a touch panel 202, a voice receiving
hole 203, a voice transmitting hole 204, a breath-blowing
hole 104, and a breath detection device 1.

The breath-blowing hole 104 is provided in the vicinity of
the voice receiving hole 203, and the breath detection device
1 is disposed inside the breath-blowing hole 104.

The mobile terminal 200 is gripped by one hand, and the
operation buttons 201 and the touch panel 202 are operated
by the other hand. However, in the mobile terminal 200,
even in a situation in which the other hand is not used, breath

20

25

40

45

50

55

60

65

14

is blown into the breath-blowing hole 104, and thereby
operation thereof can be performed.

The mobile terminal of the embodiment of the invention
also includes a feature phone (so-called Galapagos mobile
phone), a PHS, or the like, in addition to the above-described
smart phone.

As described above, embodiments which illustrate the
breath detection device, the mobile terminal, and the time
display device according to the invention are described, but
the invention is not limited to these. Each unit which
configures the breath detection device, the mobile terminal,
and the time display device of the embodiment of the
invention can be replaced with an arbitrary configuration
which can perform the same functions. In addition, an
arbitrary configuration object may be added.

In addition, the breath detection device, the mobile tet-
minal, and the time display device of the embodiment of the
invention may be a combination of two or more arbitrary
configurations (characteristics), among the respective
embodiments.

A breath detection unit is described as a breath-blowing
hole, but in the invention, the breath detection unit also
includes an internal surface of a breath-blowing hole, a
pressure receiving surface of a diaphragm, or the like.

In addition, the second embodiment describes a case in
which, if the comparison result satisfies all of (P,<P<P))
(T,<T<T),), and (H,<H=<H,), the determination unit deter-
mines that the breath is blown, but the invention is not
limited to this. The invention may be configured for the
determination unit to determine that the breath is blown in
a case in which the comparison result satisfies two of
(P,<P<P,), (T,<T<T)), and (H,<H<H), ). With regard to this,
the third embodiment is also the same as the second embodi-
ment.

In addition, a way in which breath is blown is changed,
and thereby a function of an operation may differ. In
accordance with, for example, rhythm (number of times,
length, strength) in which breath is blown, or the like, the
invention can be configured so as to perform an operation of
a backlight, an operation of a stopwatch, or the like. In this
case, determination references for each function are stored in
a storage unit.

In addition, the third embodiment compares audio data
which is detected by a microphone with a frequency of a
reference data, but the invention is not limited to this. The
invention may perform a comparison using two or more of
frequency, waveform data, and sound pressure.

In addition, in the respective embodiments, a case in
which a physical amount detection unit includes a tempera-
ture sensor, a humidity sensor, and a microphone, is
described, but the invention is not limited to this. For
example, the invention may include an optical sensor, a gas
concentration sensor, an odor sensor, or the like.

What is claimed is:

1. A breath detection device comprising;

a breath-blowing inlet in which breath is blown;

a pressure detector that detects pressure which is received
by the breath-blowing inlet, and outputs a first signal;

a physical amount detector that detects a temperature and
outputs a second signal, the physical amount detector
including a temperature sensor that detects the tem-
perature, wherein the first signal output by the pressure
detector is corrected utilizing information relating to
the temperature detected by the temperature sensor;

a storage portion that stores a determination reference;
and
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a determination portion determines whether breath is

blown in the breath-blowing inlet,

wherein the determination reference includes (i) a first

determination reference including an upper limit value
and a lower limit value of the pressure and (ii) a second
determination reference including an upper limit value
and a lower limit value of the temperature,

wherein the determination portion compares the pressure

detected from the first signal with the first determina-
tion reference, compares the temperature detected from
the second signal with the second determination refer-
ence, and determines that breath is blown in the breath-
blowing inlet if both the detected pressure and the
detected temperature are values between the upper limit
value and the lower limit value of the corresponding
determination reference, and

wherein when the determination portion determines that

breath is blown in the breath-blowing inlet, operation
of a backlight or a stopwatch is performed.

2. The breath detection device according to claim 1,

wherein the pressure detector includes a pressure sensor,

and

wherein the pressure sensor and the temperature sensor

are integrally configured.

3. The breath detection device according to claim 1,
further comprising a humidity sensor.

4. The breath detection device according to claim 1,
further comprising a microphone.

5. The breath detection device according to claim 4,

wherein the determination reference includes reference

data that is a reference, and

wherein data of an audio that is detected by the micro-

phone is compared with the reference data.

6. The breath detection device according to claim 1,
wherein the determination reference is set based on infor-
mation on breath that is blown in advance into the breath-
blowing inlet.
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7. A mobile terminal comprising:

the breath detection device according to claim 1.

8. A time display device comprising;

the breath detection device according to claim 1.

9. A breath detection device comprising:

a breath-blowing inlet in which breath is blown;

a pressure detector that detects pressure which is received
by the breath-blowing inlet, and outputs a signal;

a physical amount detector that includes a temperature
sensor that detects a temperature, and that includes a
microphone that detects an audio frequency and outputs
a signal based upon the detected temperature and an
other signal based upon the detected audio frequency,
wherein the signal output by the pressure detector is
corrected utilizing information relating to the tempera-
ture detected by the temperature sensor;

a storage that stores a determination reference to deter-
mine whether or not breath is blown into the breath-
blowing inlet; and

a comparator configured to compare the signal output
from the pressure detector and the signals output from
the physical amount detector with the determination
reference, and to determine, based upon the compari-
son, whether or not breath is blown into the breath-
blowing inlet,

wherein the determination reference includes reference
data that is a reference,

wherein data of an audio that is detected by the micro-
phone is compared with the reference data, and

wherein when the determination portion determines that
breath is blown in the breath-blowing inlet, operation
of a backlight or a stopwatch is performed.

10. A mobile terminal comprising:

the breath detection device according to claim 9.
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