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In a communication antenna unit which 1s stored inside a
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member 1n a bent state. A {irst antenna conductor pattern
which configures a first communication antenna and a human
body sensor are substantially formed on a flat plane section of
the flexible circuit board adjacent to a curved section of the
flexible circuit board. A second antenna conductor pattern
which configures a second communication antenna 1s sub-
stantially formed on the curved section. The first antenna
conductor pattern and the second antenna conductor pattern
are connected to each other through an inductor coil which
confligures a resonant circuit portion.
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COMMUNICATION ANTENNA UNIT AND
MOBILE TERMINAL APPARATUS

BACKGROUND

1. Technical Field

The present invention relates to a communication antenna
unit that includes a communication antenna that utilizes a
circuit board and a human body sensor, and relates to amobile
terminal apparatus, that includes such commumnication
antenna, in which a battery pack 1s accommodated adjacent to
the circuit board 1nside a casing and a power feeding portion
ol the battery pack 1s connected to a power reception portion
inside the casing.

2. Background Art

In outdoor operations such as deliveries and payments by
door-to-door parcel delivery service, warchousing manage-
ment and insurance sales, mobile terminal apparatuses are
used 1n many cases in order to deal with various types of data.

As 1llustrated 1n FIG. 22, in a mobile terminal apparatus
500, for example, a connector portion 502 1s provided 1n a
circuit board 501 1nside a casing, and a power feeding portion
506 of a battery pack 505 1s connected to a power reception
portion 504 that 1s connected to the connector portion 502.
Among the power reception portions 304, there has been
known a power reception portion in which a plurality of
power reception terminals 507 are formed 1n a band form. In
the power reception portion 504, each of the power reception
terminals 507 1s aligned at a predetermined interval along a
mutual thickness direction (see JP-A-2008-97961).

In recent years, the mobile terminal apparatus 500 has been
required for improvement in drop durability and shock resis-
tance. However, in the related art, 1f a shock greater than an
anticipated shock 1s applied to the casing, vibration of a power
reception portion are transiferred to a connector portion.
Theretore, there 1s a possibility that damage such as a sepa-
ration from a circuit board may occur 1n the circuit board and
the connector portion.

Moreover, when the mobile terminal apparatus 500 1s used
in outdoor operations, there occurs a case where a battery 1n
a battery pack 1s 1n an empty state during the operations. In
that case, there 1s a need to replace the battery pack. In
addition, 1t 1s required that the mobile terminal apparatus 500
used 1n the outdoor operations has water resistance and dust
resistance compared to a case of being used indoors, thereby
being required for studies to improve the water resistance and
the dust resistance.

In addition, 1n the above mobile terminal apparatuses for
outdoor operations, for example, for a case of processing a
payment, 1n order to transmit payment data to a payment
process center, there are provided a data communication
module such as Second Generation (2G), Third Generation
(3G) and Long Term Evolution (LTE); a communication
antenna that 1s connected thereto and the like.

In the data communication modules, there 1s a data com-
munication module compatible with multiple telecommuni-
cation standards, for example, compatible with both 2G and
3G. In addition, as for LTE, for example, there 1s a data
communication module that adopts multiple carrier frequen-
cies under one communication standard. Theretore, the com-
munication antenna that 1s connected to a communication
module compatible with the multiple communication stan-
dards also needs to be designed in an antenna pattern com-
patible with the multiple communication standards or the
multiple carrier frequencies.

Moreover, 1n mobile phones, a negative influence on the
human body by electromagnetic waves generated from the
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communication antenna 1s of great concern. In that respect,
there 1s adopted a technology to detect an approach or contact

of the human body with respect to the communication
antenna so as to weaken electromagnetic wave energy gener-
ated by the communication antenna (for example, refer to
JP-A-2000-216610).

In JP-A-2000-216610, impedance of the communication
antenna 1s changed when the human body approaches or
comes 1nto contact with the communication antenna, and 1t 1s
detected that the electromagnetic wave energy that 1s sup-
posed to be output returns to an apparatus side. In other
words, this 1s an indirect detection method for which 1t 1s
doubtiul whether high detection sensitivity can be acquired
with the indirect detection method. Therefore, 1t 1s more
preferable to adopt a direct detection method. JP-A-9-233016
discloses a technology, for example, to directly detect the
approach or contact 1tself of the human body with respect to
the communication antenna or a radio communication appa-
ratus on which the communication antenna 1s mounted.

Regarding the mobile terminal apparatuses for outdoor
operations, even though the apparatus 1s used for only data
communication, it 1s anticipated that the apparatus 1s held 1n
the hand or 1s put 1n a holder attached to the waist or 1n a
pocket to be carried. In that case, the approach or contact of
the human body with respect to the communication antenna
of a communication terminal apparatus occurs frequently.
Therefore, 1n the mobile terminal apparatuses for outdoor
operations as well, there 1s a need for the technology that
controls communication electricity by detecting the approach
or contact of the human body.

In addition to the above technology to be compatible with
the multiple communication standards and the technology to
control the communication electricity by detecting the
approach or contact of the human body, functions to be imple-
mented 1 the mobile terminal apparatus are increasing
steadily. For example, when using the apparatus for an opera-
tion that requires a payment processing, areading function for
magnetic cards or contact/non-contact IC cards 1s necessary.
In addition, when using the apparatus for deliveries 1n a parcel
delivery service or for warechousing management, a reading
function for a bar code, a QR code (registered trademark), an
RF-ID Tag and the like 1s necessary. Therefore, a space for
circuits assigned for each function 1s steadily reduced. The
circumstance 1s not exceptional for a communication control
circuit 1including the aforementioned communication
antenna, the human body sensor and the battery pack includ-
ing the connector portion and the power reception portion
thereof.

SUMMARY

In detecting not only a direct contact of an object such as
the human body with a communication antenna of an appa-
ratus but also an approach of an object toward the communi-
cation antenna of the apparatus, using a communication
antenna of the JP-A-2000-216610 can be considered. How-
ever, 1t 1s difficult to precisely detect the approach or contact
of the human body with respect to the communication
antenna. In addition, a direct detection method of JP-A-9-
233016, compared to a method of JP-A-2000-216610, 1s
capable of precisely detecting the approach or contact of the
human body more. However, as mentioned above, 1n recent
mobile terminal apparatuses, many devices are mounted on
the mmside of a casing to attain various functions, thereby
causing flexibility 1n disposition of the human body sensor
adopted in JP-A-9-233016 to be limited. That 1s, a problem 1s

to have both a precise detection of the approach or contact of
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the human body with respect to the communication antenna
and a space-saving design for a disposition of devices 1n a
limited space of the casing to be compatible with each other.
Recently in particular, a demand level for this technology has
become higher. Hitherto, 1t has been permissibly considered
that an approach of the human body toward the communica-
tion antenna 1s equivalent to the approach or contact of the
human body with respect to the mobile terminal apparatus.
However, it has become insuificient presently, and the
approach or contact of the human body with respect to the
communication antenna and the vicinity thereof needs to be
detected precisely. That 1s, a detection range 1s specified
within the communication antenna and the vicinity thereof so
as to be more particular than before. In precisely detecting the
approach or contact of the human body with respect to the

communication antenna itself, in order to adopt the direct
detection method disclosed 1n JP-A-9-233016 under the lim-

ited design flexibility, for example, a configuration and dis-
position of the human body sensor and the communication
antenna are important.

Moreover, 1f the communication antenna and the human
body sensor are individually provided, a range needs to be
secured in which the human body sensor can sufficiently
detect the approach or contact of the human body with respect
to the communication antenna. However, 1f the aforemen-
tioned components are arranged in a limited narrow space,
there 1s a possibility that a detection range of the human body
sensor may be one-sided or a suificient detection performance
cannot be acquired due to interference of the communication
antenna and a communication circuit that 1s connected
thereto.

The above-mentioned circumstance relates to mobile ter-
minal apparatuses having both the commumnication antenna
and the human body sensor provided therein. Meanwhile, 1f
there 1s provided only the communication antenna in the
mobile terminal apparatus not provided with the human body
sensor, from a viewpoint of increasing the types of commu-
nication standards and carrier frequencies, there 1s required a
turther space-saving design.

The present invention provides a technology to dispose the
communication antenna and the human body sensor inside
the limited narrow space and to precisely detect the approach
or contact of the human body with respect to the communi-
cation antenna 1tself. Moreover, the present mvention also
provides a technology to dispose only the communication
antenna inside the limited narrow space. In addition, the
present ivention also provides a technology for a battery
pack to be secured with drop durability, shock resistance,
water resistance and dust resistance, while being replaceable.
Accordingly, both mimiaturization and functional mainte-
nance 1n the mobile terminal apparatus can be achieved.

According to an aspect of the present invention, there 1s
provided a communication antenna unit including: a commu-
nication antenna formed of a conductor pattern; a human
body sensor formed of another conductor pattern separately
from the communication antenna; and a single unit board on
which the communication antenna and the human body sen-
sor are formed.

According to the above configuration, 1t 1s possible to
dispose the human body sensor and the communication
antenna inside a limited narrow space by the single circuit
board without degrading a communication performance or a
performance to detect an approach or contact of the human
body with respect to the communication antenna, thereby
achieving both miniaturization and functional maintenance in
the apparatus.
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According to an aspect of the present ivention, for
example, the communication antenna unit further includes a
first reactance element which connects the communication
antenna to the human body sensor.

According to the above configuration, the human body
sensor utilizes a conductor pattern of the communication
antenna effectively.

According to an aspect of the present invention, for
example, the communication antenna further includes: a first
communication antenna that 1s configured by a first antenna
conductor pattern formed on the unit board and adapted to
transmit or receive a radio wave 1n a {irst frequency; and a
second communication antenna that 1s configured by the first
antenna conductor pattern and a second antenna conductor
pattern that 1s formed adjacent to the first antenna conductor
pattern on the circuit board and configured to transmit or
receive a radio wave 1 a second frequency, and the first
reactance element connects the first antenna conductor pat-
tern to the human body sensor.

According to the above configuration, 1t 1s possible to
provide a so-called dual antenna that transmits and receives
two or more types of radio waves in which the frequencies are
different from each other with a single communication
antenna unit.

According to an aspect of the present invention, for
example, the communication antenna unit further includes: a
flat plane section; and a curved section formed adjacent to the
flat plane section, wherein the communication antenna 1s
formed 1n the flat plane section and the curved section, and the
human body sensor 1s formed i1n the flat plane section.

According to the above configuration, the flat plane section
of the flexible circuit board has a larger plane part than the
curved section, and intensity of a transmission radio wave 1s
greater as well. Therelore, there 1s provided the human body
sensor adjacent to the flat plane section of the communication
antenna of which the intensity of the transmission radio wave
needs to be lowered when the human body approaches or
comes 1nto contact such that 1t 1s possible to suppress an
influence of a communication electromagnetic wave on the
human body while suppressing deterioration in communica-
tion quality to a minimum.

According to an aspect of the present invention, for
example, the communication antenna further includes: a first
communication antenna that 1s configured by a first antenna
conductor pattern formed on the unit board and adapted to
transmit or recetve a radio wave 1n a first frequency; and a
second communication antenna that 1s configured by the first
antenna conductor pattern and a second antenna conductor
pattern that 1s formed adjacent to the first antenna conductor
pattern on the circuit board and configured to transmit or
receive a radio wave 1n a second frequency, wherein the first
reactance element connects the first antenna conductor pat-
tern to the human body sensor, and one of the first and second
communication antenna conductor patterns is at least partly
formed 1n the curved section, and the other of the first and
second communication antenna conductor patterns and the
human body are formed 1n the flat plane section.

According to the above configuration, it 1s possible to
dispose the dual antenna and the human body sensor through
a space-saving design without degrading each of perfor-
mances thereol. In the dual antenna, there 1s provided the
human body sensor adjacent to the flat plane section of the
communication antenna, of which the intensity of the trans-
mission radio wave needs to be lowered when a human body
approaches thereto or comes into contact therewith such that
it 1s possible to suppress an influence of a communication
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clectromagnetic wave on a human body while suppressing
deterioration in communication quality to a minimum.

According to an aspect of the present invention, there 1s

provided amobile terminal apparatus including: a casing; and
a communication antenna umt disposed in the casing,
wherein the communication antenna umt includes: a commu-
nication antenna formed of a conductor pattern; a human
body sensor formed of another conductor pattern separately
from the communication antenna; and a single unmit board on
which the commumnication antenna and the human body sen-
sor are formed.

According to the above configuration, it 1s possible to
dispose the human body sensor and the communication
antenna inside a limited narrow space by the single circuit
board without degrading a communication performance or a
performance to detect an approach or contact of the human
body with respect to the communication antenna, thereby
achieving both miniaturization and functional maintenance 1n
the apparatus.

According to an aspect of the present invention, for
example, the mobile terminal apparatus further includes: a
display portion including a display surface on the casing,
wherein a flat plane section of the communication antenna
unit 1s arranged closer to a surface opposite to the display
surface than to the display surtace.

According to the above configuration, the first antenna
conductor pattern (the first communication antenna) and the
human body sensor are disposed on the rear surface side
which 1s the opposite side to the front surface on which the
display portion 1s disposed. Since the rear surface is fre-
quently exposed to the approach and contact of a user when 1n
use, 1t 1s possible to enhance the detection sensitivity by
disposing the human body sensor close to the rear surface.

According to an aspect of the present invention, for
example, the mobile terminal apparatus further includes: a
first reactance element which connects the communication
antenna to the human body sensor; and a capacitor which
connects the communication antenna to a transmission and
reception circuit accommodated 1n the casing.

According to the above configuration, the human body
sensor utilizes a conductor pattern of the communication
antenna effectively, and electric current of a direct-current
component necessary for the human body sensor 1s secured
by the capacitor such that the human body sensor functions
cifectively.

According to an aspect of the present invention, for
example, the communication antenna 1s disposed at a position
closer to a corner of the casing than the human body sensor 1s
disposed.

According to the above configuration, the human body
sensor can be disposed being closer to the center side being 1n
a frequent contact with a human body than the corner portion
of the casing, and thus, 1t 1s possible to improve the detection
sensitivity of the human body sensor with respect to a human
body.

According to an aspect of the present invention, for
example, the mobile terminal apparatus further includes: a
first reactance element which connects the communication
antenna to the human body sensor; and a capacitor which
connects the communication antenna to a transmission and
reception circuit accommodated 1n the casing.

According to the above configuration, the first antenna
conductor pattern that 1s disposed at the corner portion of the
casing functions not only as the first communication antenna
but also as a part of the human body sensor. Therefore, for
example, even 1f the human body sensor 1s away from the

10

15

20

25

30

35

40

45

50

55

60

65

6

corner portion of the casing, the approach or contact of a
human body with respect to the corner portion can be pre-
cisely detected.

According to an aspect of the present invention, for
example, the mobile terminal apparatus further includes a
battery pack that 1s accommodated in the casing, wherein the
human body sensor and the communication antenna are dis-
posed on a corner portion at a side far from the battery pack in
the casing.

According to the above configuration, it 1s possible to
dispose the human body sensor and the communication
antenna inside a limited narrow space by the single circuit
board without degrading a communication performance or a
performance to detect an approach or contact of the human
body with respect to the communication antenna, thereby
achieving both miniaturization and functional maintenance in
the apparatus. In further consideration with the maintenance
of the functions, a user holds a lower side of the housing since
the lower side of the housing 1n which the battery pack 1s
stored 1s heavier. As a result, since the communication
antenna and the human body sensor are disposed separate
away from the human body, the possibility of lowering the
transmission power due to the absorption of the transmission
and reception radio waves by the human body or the errone-
ous operation of the human body detection 1s lowered.

Moreover, an object of the present invention 1s to provide a
mobile terminal apparatus 1n which even though a power
reception portion vibrates in a thickness direction of a power
reception terminal with respect to the casing following a
battery pack that vibrates with respect to the circuit board due
to a shock such as dropping, no damage to the circuit board
and a connector portion occurs, and which can satisty all of
replaceability, water resistance and dust resistance of the
battery pack.

Therefore, according to an aspect of the present invention,
there 1s provided a mobile terminal apparatus including: a
casing; a circuit board that 1s accommodated 1n the casing; a
battery pack that 1s accommodated 1n the casing; a power
reception portion that 1s held 1n the casing; a power feeding
portion that 1s provided 1n the battery pack and connected to
the power reception portion; a plurality of terminal plates,
cach having one end to be held on one surface which 1is
included in the power reception portion, and having two
widest surfaces which are parallel to each other, one of which
facing and being parallel to one of two widest surfaces of an
adjacent terminal plate, wherein the plurality of terminal
plates are aligned along a direction orthogonal to those two
widest surfaces; and a flexible circuit board that includes a
flexible bendable portion provided along the direction 1n
which the plurality of terminal plates are aligned and con-
nects the circuit board to the power reception portion.

The power feeding portion of the battery pack 1s connected
to the power reception portion, and the connector portion 1s
connected to the power reception portion via the flexible
circuit board. Moreover, the flexible circuit board has the
bendable portion, and the bendable portion 1s caused to be
flexible 1n an arrangement direction of the power reception
portion and the connector portion. Accordingly, when a
power reception portion vibrates 1n the thickness direction of
the power reception terminal with respect to the casing fol-
lowing the battery pack that vibrates with respect to the circuit
board due to the shock such as dropping, 1t 1s possible to cause
the bendable portion of the tlexible circuit board to be bent. It
1s possible to absorb a vibration of the power reception por-
tion by tlexing the bendable portion. Accordingly, the vibra-
tion of the power reception portion 1s not transferred to the
connector portion so as to be able to prevent damage to the
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connector portion or a fall-out from the board from occurring
such that it 1s possible to prevent the power supply from being
cut. Particularly, 1n a case where the mobile terminal appara-
tus 1n the aspects of the present invention 1s used to handle
important data such as payments and deliveries in sales activi-
ties, warchousing management operations and the like, the
cut of power supply when processing information thereof or
temporarily holding the data leads to a crucial loss or disrup-
tion of the data. According to the configuration of the present
invention, the crucial loss or disruption of the data can be
prevented.

According to an aspect of the present invention, for
example, a U-shaped portion 1s provided between the power
reception portion and the bendable portion of the flexible
board, and the U-shaped portion has a U shape when viewed
from a direction orthogonal to a wiring surface of the flexible
board and protrudes toward an opposite side of the power
reception portion with respect to the bendable portion 1n a
direction parallel to the wiring surface of the flexible circuit
board and the two widest surfaces of the plurality of terminal
plates.

Accordingly, it 1s possible to further enhance an ability to
absorb a shock transmitted through the battery pack due to
dropping or the like of the mobile terminal apparatus.

According to an aspect of the present invention, there 1s
provided a mobile terminal apparatus including: a casing; a
battery pack that 1s accommodated 1n the casing; an accom-
modation portion which the battery pack 1s attachable to and
detachable from; a power reception portion that 1s held 1n the
casing; and a power feeding portion that 1s provided 1n the
battery pack and detachably connected to the power reception
portion, wherein the battery pack includes a first waterproof
member, and the power reception portion and the power feed-
ing portion are disposed 1n an inner side of the accommoda-
tion portion than the first waterproof member of the battery
pack 1n a state where the battery pack 1s accommodated 1n the
accommodation portion.

Accordingly, the power reception portion and the power
teeding portion of the battery pack are free from being
exposed to the liquid or dust from an external portion such
that the battery pack 1s replaceable and can secure water
resistance and dust resistance.

According to an aspect of the present invention, for
example, the mobile terminal apparatus further includes: a
recess portion that 1s provided outside the accommodation
portion for the battery pack in the casing; a lid portion that
closes the recess portion; and a hole portion that 1s provided
on a bottom surface of the recess portion, and 1s covered with
a water stopper which disallows a liquid passing through from
an external portion into an internal portion of the casing, and
allows air to pass through between the external portion and
the 1internal portion of the casing.

The recess portion 1s provided with the hole portion, and
the hole portion 1s covered with the water stopper that allows
air to pass therethrough. Accordingly, when the casing is
deformed due to an external pressure applied to the casing
such that an internal space of the casing 1s reduced, surplus air
in the 1nternal space 1s discharged from the hole portion. The
casing recovers an 1nitial shape so as to cause the internal
space to be restored in its original state when the external
pressure against the casing 1s released. When the internal
space 1s restored so as to be under a negative pressure, outside
air 1s sucked from the hole portion into the mternal space,
thereby restoring an iternal pressure of the internal space in
its original state. Meanwhile, the water stopper covering the
hole portion has a function of disallowing the liquid passing,
through from the external portion into the internal portion of
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the casing. Accordingly, when a spray of water, rainwater or
the like 1s applied to the casing, it 1s possible to prevent the
applied water from infiltrating the casing using the water
stopper such that the water resistance of the casing can be
maintained. Accordingly, the liquid or dust mnfluenced by the
negative pressure applied to the casing 1s prevented from
intruding from a pack opening portion (accommodation por-
tion for battery pack) that accommodates the battery pack,
thereby being possible to secure tamper resistance to prevent
a read-out of data by unauthorized means.

According to an aspect of the present invention, for
example, the mobile terminal apparatus further includes: a
through hole that 1s provided on the bottom surface of the
recess portion and allows an access from the external portion
of the casing to the circuit board; and a frame-shaped second
waterprool member that surrounds the through hole and 1s
disposed between the bottom surface of the recess portion and
a rear surface of the lid portion to be 1n close contact there-
with, wherein the hole portion 1s provided outside the second
waterprool member 1n the bottom surface of the recess por-
tion.

Accordingly, it 1s possible to prevent the liquid and dust
from 1ntruding not only from the accommodation portion of
the battery pack but also from the through hole. Then, 1t 1s
possible to secure water resistance, dust resistance and
tamper resistance, and to attach or enable a desired module
while being free from an intluence of the negative pressure.

According to aspects of the present invention, 1n a mobile
terminal apparatus, 1t 1s possible to dispose the human body
sensor and a communication antenna inside a limited narrow
space by the single circuit board without degrading a com-
munication performance or a performance to detect an
approach or contact of the human body with respect to the
communication antenna. In addition, according to the aspect
of the present invention, a vibration of a power reception
portion 1s absorbed by flexing the bendable portion so as not
to transier the vibration of the power reception portion to a
connector portion such that 1t 1s possible to prevent damage to
the connector portion. Therefore, 1t is possible to achieve both
miniaturization and functional maintenance in the mobile
terminal apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view illustrating a mobile terminal
apparatus according to a first embodiment of the present
invention which 1s viewed from a front surface side thereof.

FIG. 2 1s aperspective view 1llustrating the mobile terminal
apparatus of FIG. 1 which 1s viewed from a rear surface side
thereof.

FIG. 3 1s an exploded perspective view illustrating a
divided state of a casing included in the mobile terminal
apparatus of FIG. 2.

FIG. 4 1s an exploded perspective view 1llustrating a state
where a cover 1s removed from the mobile terminal apparatus
of FIG. 3.

FIG. 5 1s a plan view illustrating a state where a lid portion
1s detached from the mobile terminal apparatus according to
the first embodiment.

FIG. 6 1s a cross-sectional view 1llustrating the mobile
terminal apparatus of FIG. 5 in a cutaway state.

FIG. 7 1s an enlarged view of an I-section of FIG. 3.

FIG. 8 15 a side view 1llustrating a power reception portion,
a tlexible circuit board and the like of FI1G. 7 which are viewed
in an arrow II direction.
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FI1G. 9 1s aperspective view illustrating the mobile terminal
apparatus according to the first embodiment before a desired
module 1s attached.

FIG. 10 1s a perspective view 1llustrating the mobile termi-
nal apparatus according to the first embodiment after the
desired module 1s attached.

FIG. 11 1s a perspective view 1llustrating a tlexible circuit
board according to a second embodiment of the present
invention.

FI1G. 12 1s a perspective view 1llustrating a flexible circuit
board according to a third embodiment of the present inven-
tion.

FI1G. 13 1s a perspective view of a communication antenna
unit according to a fourth embodiment of the present inven-
tion.

FI1G. 14 1s a side view of the communication antenna unit of
FIG. 13 which 1s viewed 1n an arrow A direction.

FIG. 15 1s an expanded plan view of the flexible circuit
board according to the fourth embodiment.

FIG. 16 1s a schematic view of an electric circuit of the
communication antenna unit according to the fourth embodi-
ment.

FIG. 17 A 1s a side view of the mobile terminal apparatus of
which disposition state of the communication antenna unit 1s
visualized according to the fourth embodiment.

FIG. 17B 1s a side view of the mobile terminal apparatus
according to the fourth embodiment in which the communi-
cation antenna unit 1s 1 a reversed disposition from FIG.
17A.

FI1G. 18 1s an expanded plan view of a flexible circuit board
according to a fifth embodiment.

FIG. 19 1s an expanded plan view of a flexible circuit board
according to a sixth embodiment.

FIG. 20 1s an expanded plan view of a flexible circuit board
according to a seventh embodiment.

FI1G. 21 1s an expanded plan view of a flexible circuit board
according to a modified example of the seventh embodiment.

FIG. 22 illustrates an example of a contact configuration
between a battery pack and a circuit board 1n the related art.

DETAILED DESCRIPTION

Hereinafter, mobile terminal apparatuses according to
embodiments of the present invention will be described with
reference to drawings. In each of the drawings, an X-axis
indicates a transverse direction, an E1-FE2 direction and an
A-direction of a casing 11. A Y-axis indicates a longitudinal
direction, a vertical direction and a B-direction of the casing
11. A positive direction of a Z-axis indicates a front surface
11A of the casing 11, and a negative direction of the Z-axis
indicates a rear surface 11B of the casing 11.

First Embodiment

Asillustrated 1n FIGS. 1 and 2, amobile terminal apparatus
10 includes a substantially rectangular body-shaped casing
11, adisplay portion 12 that 1s provided on a front surface 11A
of the casing 11, a circuit board 13 (refer to FIG. 3) that 1s
accommodated 1n the casing 11 and a battery pack 14 that 1s
accommodated 1n the casing 11.

Moreover, as 1llustrated 1n FIGS. 3 and 4, the mobile ter-
minal apparatus 10 includes a power reception portion 16 that
1s held 1n the casing 11, a power feeding portion 18 that 1s
provided 1n the battery pack 14, a tlexible circuit board 21 of
which one end portion 21 A 1s connected to the power feeding
portion 18, and a connector portion 23 that 1s connected to the
other end portion 21B of the flexible circuit board 21. In
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addition, the mobile terminal apparatus 10 includes a recess
portion 25 that 1s provided on a rear surface 11B of the casing
11, and a l1id portion 27 that closes the recess portion 25.

Additionally, as illustrated 1n FIGS. 5 and 6, the mobile
terminal apparatus 10 includes the recess portion 25 that 1s
provided on the rear surface 11B of the casing 11, a through
hole 26 that 1s provided on a bottom surface 25A of the recess
portion 25, the lid portion 27 (refer to FIG. 3) that closes the
recess portion 25 and a waterproof member 28 (a second
waterprool member) that surrounds the through hole 26.
Moreover, the mobile terminal apparatus 10 includes a hole
portion 31 that 1s provided on the bottom surface 25A, and a
water stopper 32 that covers the hole portion 31.

Returning to FIGS. 1 and 2, the casing 11 includes a case 35
that has an opening portion 37 (refer to FIG. 6) that accom-
modates the display portion 12, and a cover 36 that 1s over-
lapped with the case 35 to form the rear surface (rear surface
of casing 11) 11B at the opposite side of the display portion
12.

The opeming portion 37 1s formed on a front surface (that 1s,
front surface of casing 11) 11 A of the case 35. The opening
portion 37 1s provided with the display portion 12. A pack
opening portion 38 that 1s formed on the rear surface 11B that
1s the opposite side of the display portion 12 1n the casing 11,
and the recess portion 235 (refer to FIG. 6) that 1s formed
adjacent to the pack opening portion 38 are formed on the
cover 36. A front surface 14A of the battery pack 14 1is
exposed in the pack opening portion 38, and the l1id portion 27
1s attached to the recess portion 25.

As 1llustrated 1n FIG. 3, the Iid portion 27 1s attached by a
plurality of fastening screws 57 so as not to be detached easily
by a user. Since the lid portion 27 1s caused not to be detached
casily, the mobile terminal apparatus 10 has tamper resistance
to prevent a read-out of data by unauthorized tools.

As 1llustrated 1n FIG. 4, the circuit board 13 1s formed 1n a
substantially rectangular shape and provided in an upper halt
portion 35A of the case 35. The battery pack 14 1s formed in
a substantially rectangular shape 1n a plan view having a top
edge 14B, a bottom edge 14C and a pair of lateral edges 14D
and 14E. The battery pack 14 1s accommodated 1n a lower half
portion 35B of the case 35 via the pack opening portion 38 of
the cover 36 to be provided adjacent to the circuit board 13. A
storage portion for a cell body of the battery pack 14 1s
surrounded by the top edge 14B, the bottom edge 14C and the
pair of lateral edges 14D and 14E. The storage portion 1s
positioned to be interposed between the front surface 14A and
a rear surface 14F at the opposite side thereof.

An area of the front surface 14 A of the battery pack 14 that
1s viewed from the rear surface 11B side 1n a state where the
battery pack 14 1s attached to the pack opening portion 38 of
the casing 11 1s larger than that of the storage portion of the
cell main body of the battery pack 14. In the front surface 14 A
of the battery pack 14, a frame-shaped waterproof member 17
(a first waterproof member) 1s provided on a rear side of a
flange portion 15 that protrudes from a part surrounded by the
top edge 14B, the bottom edge 14C and the pair of lateral
edges 14D and 14E.

The frame-shaped waterproof member 17 prevents a liquid
or dust from intruding into an internal portion of the pack
opening portion 38 that 1s formed 1n the rear surface 11B of
the casing 11. The frame-shaped waterproof member 17 1s
provided so as to surround the top edge 14B, the bottom edge
14C and the pair of lateral edges 14D and 14E on the rear
surface of the flange portion 135 of the battery pack 14. The
frame-shaped waterprool member 17 1s 1n contact with a side
wall portion of the pack opening portion 38 and recerves a
compressive force 1n a state where the battery pack 14 1s
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attached to the pack opening portion 38 of the casing 11.
Particularly, in between parts fixed by two lock mechanisms
19 that are at the lowest portion of the cover 36 of the casing
11, a width of the frame-shaped waterproof member 17
becomes wider along the bottom edge 14C ofthe battery pack >
14 (refer to FIG. 6).

The wide-width part 1s exactly at the opposite side of the
power feeding portion 18 that 1s on the top edge 14B of the
battery pack 14 having the storage portion of the cell main
body of the battery pack 14 which 1s surrounded by the top
edge 14B, the bottom edge 14C and the pair of lateral edges
14D and 14E to be interposed therebetween. Since the above-
described compressive force becomes particularly large at the
wide-width part, a connection between the power feeding
portion 18 of the battery pack 14 and the power reception
portion 16 at the casing 11 side of the mobile terminal appa-
ratus 10 becomes firmer due to a repulsive force thereof.
Theretore, 1t 1s possible to prevent the power feeding portion
18 and the power reception portion 16 from being exposed to 20
the liquid or dust.

The power reception portion 16 includes a power reception
case 43 that 1s held substantially 1n a center of an internal
portion 41 of the casing 11, and a plurality of power reception
terminals 44 (terminal plates) that are provided on a surface 25
43 A facing the power feeding portion 18 of the power recep-
tion case 43. One end of each of the plurality of power recep-
tion terminals 44 1s respectively held on one surface that 1s
included 1n the power reception case 43 of the power recep-
tion portion 16. As illustrated 1n FIGS. 6 and 7, the power 30
reception portion 16 1s disposed 1n a storage portion 59 that 1s
provided on a metal frame 50 substantially 1n a center of the
internal portion of the casing 11 in a thickness direction
(Z-axis direction). Moreover, cushion members 45 (rectan-
gular parts at both ends of power reception portion 16 in FIG. 35
8) are attached to both ends of the power reception portion 16
orthogonal to an arrow A direction (arrow X direction). When
the power reception portion 16 1s disposed 1n the storage
portion 59, the cushion member 45 1s compressed.

As 1illustrated 1n FIGS. 7 and 8, the plurality of power 40
reception terminals 44 are formed in plate shapes or belt
shapes to be aligned 1n a comb shape along a mutual plate
thickness direction (arrow A direction (arrow X direction)) of
cach of the power reception terminals 44 having predeter-
mined 1ntervals S therebetween. Moreover, the plurality of 45
power reception terminals 44 are aligned 1n a surface direc-
tion of the circuit board 13, that 1s, along a direction parallel
to a component mounting surface and orthogonal to an
arrangement direction (longitudinal direction of casing 11,
refer to FIGS. 2 to 6) of the circuit board 13 and the battery 50
pack 14, that 1s, the arrow B direction (arrow Y direction). In
other words, the plurality of power reception terminals 44 are
aligned so that two widest surfaces of each power reception
terminal which are parallel to each other are parallel to one of
two widest surfaces of an adjacent power reception terminals 55
along a direction orthogonal to those two widest surfaces, that
1s, along a direction (arrow A direction, arrow X direction) 1n
which the plurality of power reception terminals 44 are
aligned.

Returming to FIG. 4, the power feeding portion 18 1s pro- 60
vided on the top edge 14B of the battery pack 14 facing the
power reception portion 16. Similar to the power reception
portion 16, the power feeding portion 18 includes a plurality
of power supply terminals 46 that are formed 1n a belt shape.
The plurality of the power supply terminals 46 are arranged 1n 65
a connectable manner corresponding to the power reception
terminals 44.
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Accordingly, the power feeding portion 18 1s connected to
the power reception portion 16 1n a state where the battery
pack 14 1s accommodated 1n the pack opening portion 38 that
1s 1n the lower halfl portion 35B of the case 35 via the pack
opening portion 38 of the cover 36. The battery pack 14 1s
fixed to the pack opening portion 38 by a connection part
between the power feeding portion 18 and the power recep-
tion portion 16, and those two lock mechanisms 19 (refer to
FIG. 3) that are at the lowest portion of the cover 36 of the
casing 11. In this accommodated state, when viewed from the
pack opening portion side, the power feeding portion 18 and
the power reception portion 16 are disposed 1n inner side of
the pack opening portion 38 than the frame-shaped water-
proof member 17 (the first waterprool member) provided on
the above-described rear side of the flange portion 135 on the
front surtface 14 A of the battery pack 14, that 1s, on an internal
portion side of the casing 11. Therefore, the power feeding
portion 18 and the power reception portion 16 are free from
being exposed to the liquid or dust from the external portion
such that the battery pack 14 is replaceable and can secure
water resistance and dust resistance.

Particularly, the above-mentioned matter 1s important 1n a
case where the mobile terminal apparatus 10 according to the
first embodiment 1s operated outside away from an office or a
location of business for a long period for payments and deliv-
eries 1n sales activities, warehousing management operations
and the like. That 1s because the mobile terminal apparatus 10
1s unlikely driven for a long period only with one battery pack
14. In other words, the battery pack 14 needs to be replaceable
when using outside. Furthermore, 1n this circumstance, since
the mobile terminal apparatus 10 1s operated outside, 1t 1s
vulnerable to rainwater or dust that rises by wind. Accord-
ingly, in a state where the battery pack 14 1s accommodated 1n
the pack opening portion 38 of the casing 11, there 1s a need
for the internal portion of the pack opening portion 38 having
the power feeding portion 18 and the power reception portion
16 to be free from a liquud such as rainwater, dust and the like
intruding thereto. In the above-described configuration
according to the first embodiment, all of replaceability, water
resistance and dust resistance of the battery pack 14 are sat-

1sfied.

As 1llustrated 1n FIGS. 7 and 8, one end portion 21 A of the
flexible circuit board 21 1s connected to the power reception
portion 16, and the other end portion 21B i1s connected to the
connector portion 23. The flexible circuit board 21 has a first
board portion 47 that 1s bent 1n a U shape from the power
reception portion 16 1 a longitudinal direction of the casing
11, and a second board portion 48 that extends from an end
portion 47A of the first board portion 47 to the connector
portion 23 in a transverse direction of the casing 11.

The second board portion 48 has a bendable portion 51
along an alignment direction (arrow A direction (arrow X
direction)) of the power reception portion 16 and the connec-
tor portion 23. The bendable portion 51 1s formed 1n a bellows
shape by having a plurality of waving portions 52 1n which a
predetermined position of the second board portion 48 waves
along a thickness direction (arrow C direction (arrow Z direc-
tion)) of the flexible circuit board 21. That 1s, the flexible
circuit board 21 has the flexible bendable portion 51 along a
direction (arrow A direction, arrow X direction) in which a
plurality of power reception terminals 44 of the power recep-
tion portion 16 are aligned.

In the first embodiment, an example 1s described regarding,
the plurality of waving portions 52 as the bendable portion 51
to be included. However, without being limited thereto, it 1s
possible to include one waving portion 52 as the bendable
portion 31.




US 9,270,795 B2

13

As the second board portion 48 has the bendable portion
51, 1t 1s possible to bend the bendable portion 51 along the
alignment direction (arrow A direction (arrow X direction))
ol the power reception portion 16 and the connector portion
23. In addition, as the bendable portion 51 1s formed to wave
along the thickness direction (arrow C direction (arrow Z
direction) illustrated in FI1G. 8) of the flexible circuit board 21,
it 1s possible to reduce an occupancy space of the bendable
portion 51 1n the internal portion 41 of the casing 11 com-
pared to a case where the bendable portion 31 1s 1n a bent
shape or 1s formed to protrude parallel to the component
mounting surface of the circuit board 13.

The connector portion 23 1s provided 1n the circuit board 13
and connected to the power reception portion 16 via the
flexible circuit board 21. The connector portion 23 1s parallel
to the component mounting surface of the circuit board 13
with respect to the power reception portion 16 and arranged
along a direction parallel to the alignment direction (arrow A
direction (arrow X direction)) of each power reception termi-
nal 44.

Here, as illustrated in FIG. 4, a case will be described 1n
which the mobile terminal apparatus 10 1s dropped or the like
in a state where the power feeding portion 18 of the battery
pack 14 1s connected to the power reception portion 16. It can
be assumed that the battery pack 14 vibrates with respect to
the circuit board 13 due to a shock such as dropping the
mobile terminal apparatus 10, the power reception portion 16
vibrates 1n a plate thickness direction (arrow A direction
(arrow X direction)) of the power reception terminals 44 with
respect to the casing 11 following a battery pack 14.

Theretfore, as 1llustrated in FIGS. 7 and 8, the bendable
portion 51 1s provided in the flexible circuit board 21 that
connects the power reception portion 16 and the connector
portion 23 to each other. The bendable portion 51 1s caused to
be flexible along an arrangement direction of the power
reception portion 16 and the connector portion 23.

Accordingly, when the power reception portion 16 vibrates
in the plate thickness direction (arrow A direction (arrow X
direction)) of the power reception terminals 44 following the
battery pack 14 due to a shock such as dropping, 1t 1s possible
to cause the bendable portion of the flexible circuit board 21
to be bent. The bendable portion 51 bends to absorb a vibra-
tion of the power reception portion 16 1n the arrow A direction
(arrow X direction) so as not to transier the vibration of the
power reception portion 16 to the connector portion 23.
Accordingly, 1t 1s possible to prevent a fall-out of the connec-
tor portion 23 from the circuit board 13 due to a shock such as
dropping of the mobile terminal apparatus 10.

In addition, the power reception portion 16 is not directly
connected to the circuit board 13 by direct mounting thereon
but 1s indirectly connected thereto via the flexible circuit
board 21 and the connector portion 23. Therefore, it 1s pos-
sible to prevent damage to the circuit board 13 1tself due to a
shock such as dropping that 1s transmitted to the power recep-
tion portion 16.

Moreover, as described above, the cushion members 45
(rectangular parts at both ends of power reception portion 16
in FIG. 8) are attached to both ends of the power reception
portion 16 orthogonal to the arrow A direction (arrow X
direction). When the power reception portion 16 1s disposed
in the storage portion 39, the cushion member 45 i1s com-
pressed. Accordingly, a vibration transmitted to the battery
pack 14 1n the plate thickness direction (arrow A direction
(arrow X direction)) of the power reception terminal 44 of the
power reception portion 16 due to a shock by dropping or the
like of the mobile terminal apparatus 10 1s relaxed. In this
manner as well, 1t 1s possible not to transfer the vibration of
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the power reception portion 16 to the connector portion 23,
thereby enabling the connector portion 23 to be prevented
from falling out from the board.

In addition, each of the plate-shaped power reception ter-
minals 44 included i the power reception portion 16 1s
formed 1n belt shapes to be aligned in a comb shape along the
mutual plate thickness direction (arrow A direction (arrow X
direction)) of each of the power reception terminals 44 having
predetermined intervals S therebetween. Moreover, each of
the plate-shaped power reception terminals 44 i1s aligned
along a direction parallel to the component mounting surface
of the circuit board 13 and orthogonal to the arrangement
direction (arrow B direction (arrow Y direction)) of the circuit
board 13 and the battery pack 14. With respect to the direction
parallel to the component mounting surface of the circuit
board 13 and orthogonal to the arrangement direction (arrow
B direction (arrowY direction)) of the circuit board 13 and the
battery pack 14, each of the plate-shaped power reception
terminals 44 has a wider area than the plate thickness direc-
tion (arrow A direction (arrow X direction)) thereof. Fach of
the plate-shaped power reception terminals 44 has a wider
area than the plate thickness direction (arrow A direction
(arrow X direction)) thereof with respect to a thickness direc-
tion of the circuit board 13, that 1s, the thickness direction of
the flexible circuit board 21 (arrow C direction (arrow Z
direction) illustrated 1n FIG. 8) as well.

Accordingly, even though the battery pack 14 vibrates 1n
the arrow B direction (arrow Y direction) or the thickness
direction (arrow C direction (arrow Z direction) in FIG. 8) of
the circuit board 13 due to a shock such as dropping or the like
of the mobile terminal apparatus 10, 1t 1s no longer a disad-
vantage. A contact area between the power reception portion
16 that has the plurality of plate-shaped power reception
terminals 44 and the power feeding portion 18 of the battery
pack 1n the atorementioned directions 1s wider than the plate
thickness direction (arrow A direction (arrow X direction)) of
cach power reception terminal 44. Even though relative posi-
tions of the power reception portion 16 and the power feeding
portion 18 of the battery pack 14 are changed within a certain
movable range due to a shock such as dropping or the like of
the mobile terminal apparatus 10, a contact state 1s main-
tained between each of the plate-shaped power reception
terminals 44 included 1n the power reception portion 16 and
the power feeding portion 18 of the battery pack 14.

Moreover, the flexible circuit board 21 has the first board
portion 47 that 1s bent in a U shape from the power reception
portion 16 along the longitudinal direction of the casing 11.
When the battery pack 14 vibrates to the above-described
arrow B direction (arrow Y direction) or the thickness direc-
tion (arrow C direction (arrow Z direction) 1in FIG. 8) of the
circuit board 13, there 1s a possibility that the relative posi-
tions of the power reception portion 16 and the connector
portion 23 may be changed. Regarding the vibration of the
battery pack 14 to the plate thickness direction (arrow A
direction (arrow X direction)) of each of the power reception
terminals 44, 1t 1s possible to be absorbed by the bendable
portion 51 provided 1n the above-described second board
portion 48. However, regarding other vibrations 1n the arrow
B direction (arrow Y direction) or the thickness direction
(arrow C direction (arrow Z direction) in FIG. 8) of the circuit
board 13, particularly regarding the vibration of the battery
pack 14 to the arrow B direction (arrow Y direction), there
may be a difficult case to absorb the vibration with only the
bendable portion 51.

With respect to the vibration of the battery pack 14 to the
arrow B direction (arrow Y direction) or the thickness direc-
tion (arrow C direction (arrow Z direction) 1in FIG. 8) of the
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circuit board 13, a U-shaped portion or a bent portion of the
flexible circuit board 21 toward the longitudinal direction of
the casing 11 which 1s provided on a side close to the power
reception portion 16 particularly, that 1s, provided on the first
board portion 47 1s effective. Here, the longitudinal direction
of the casing 11 denotes an arrangement direction (arrow B
direction (arrow Y direction)) of the circuit board 13 and the
battery pack 14 while being parallel to the component mount-
ing surface of the circuit board 13. In addition, the direction
can be also considered as a direction that 1s orthogonal to the
plate thickness direction (arrow A direction (arrow X direc-
tion)) of each of the plate-shaped power reception terminals
44 included 1n the power reception portion 16 and parallel to
the component mounting surface of the circuit board 13.
Moreover, the above-described direction can be also consid-
ered as an extending direction of each of the plate-shaped
power reception terminals 44 included 1n the power reception
portion 16 and a direction parallel to the component mounting,
direction of the circuit board 13. The U-shaped portion has a
U shape when viewed from a direction (arrow Z direction)
orthogonal to a wiring surface of the tlexible circuit board 21.
The U-shaped portion protrudes toward opposite side of the
power reception portion 16 with respect to the connector
portion 23 and the bendable portion 51 1n a direction (arrow B
direction, arrow Y direction) parallel to the wiring surface of
the tlexible circuit board 21 and those two widest surfaces of
cach power reception terminal 44 (terminal plate). Accord-
ingly, 1t 1s possible to further enhance the ability to absorb a
shock transterred via the battery pack 14 caused by the drop-
ping of the mobile terminal apparatus 10.

Regarding the remaining plate thickness direction (arrow A
direction (arrow X direction)) of each power reception termi-
nal 44, as described above, a configuration of indirect contact
to the circuit board 13 via the flexible circuit board 21 and the
connector portion 23 1s formed, thereby reducing the influ-
ence ol a shock such as dropping or the like. According to the
above configuration, 1t 1s possible to prevent the power supply
from being cut. Particularly, 1n a case where the mobile ter-
minal apparatus 10 according to the first embodiment 1s used
to handle important data such as payments and deliveries in
sales activities, warchousing management operations and the
like, the cut of the power supply when processing information
thereot or temporarily holding the data leads to a crucial loss
or disruption of the data. According to the configuration of the
first embodiment, the crucial loss or disruption of the data can
be prevented.

Moreover, as described above, 1n the flange portion 15 on
the front surface 14 A of the battery pack 14, the frame-shaped
waterprool member 17 1s provided to secure all of the replace-
ability, the water resistance and the dust resistance of the
battery pack 14. The frame-shaped waterprool member 17
has a function that relaxes a shock applied to the battery pack
14 due to dropping or the like of the mobile terminal appara-
tus 10. That 1s, a shock applied to the power feeding portion
18 of the battery pack 14 and a shock applied to the power
reception portion 16 on the body side of the mobile terminal
apparatus 10 connected to the power feeding portion 18 are
relaxed. Accordingly, 1n the mobile terminal apparatus 10 of
the first embodiment, 1t 1s possible to 1improve shock resis-
tance while satisiying all of the replaceability, the water resis-
tance and the dust resistance of the battery pack 14.

Next, with reference to FIGS. 5, 6, 9 and 10, a water
resistant function included in the mobile terminal apparatus
10 will be described. As 1llustrated in FIGS. 5 and 6, the recess
portion 25 1s provided adjacent to the pack opening portion 38
(refer to FIG. 3) 1n the rear surface (rear surface of casing 11)
11B of the cover 36. The recess portion 25 1s formed 1n a
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substantially rectangular shape, and the bottom surface 25A
1s formed on an inner side of the casing 11 further than the
cover 36 along a periphery wall 25B.

The through hole 26 1s provided on the bottom surface 25A.
The mternal portion 41 and the external portion 42 of the
casing 11 are communicating with each other via the through

hole 26 provided on the bottom surface 25A. The through
hole 26 1s a gadget attachment portion to attach a desired

module (gadget) 60 (refer to FI1G. 9). The module 60 1s elec-

trically connected to the circuit board 13 1n the iternal por-
tion of the casing 11 and other circuit boards (not 1llustrated).
That 1s, the through hole 26 enables an access from an exter-

nal portion of the casing 11 to the circuit board 13 and other
circuit boards.

In the bottom surface 25 A, a groove portion 55 1s formed 1n
a frame shape so as to surround the through hole 26. A
frame-shaped waterproof member 28 (a second waterproof
member) 1s accommodated 1n the groove portion 55, thereby
surrounding the through hole 26 with the waterproof member
28. I the recess portion 25 1s closed with the lid portion 27
(refer to FI1G. 3), the frame-shaped waterprool member 28 1s
disposed between the bottom surface 25A of the recess por-
tion 25 and the rear surface of the lid portion 27 so as to be in
close contact with both thereof. Accordingly, the recess por-
tion 25 1s closed with the lid portion 27, and the through hole
26 1s closed with the lid portion 27 and the waterproof mem-
ber 28.

In addition, the hole portion 31 1s provided outside the
waterprool member 28 on the bottom surface 25A of the
recess portion 25. The hole portion 31 1s formed 1n a circle
shape and covered with the water stopper 32. In the bottom
surface 25 A of the recess portion 25, the hole portion 31 1s on
an outer side further than the waterproof member 28 (the
second waterproof member) that 1s accommodated 1n the
groove portion 35 surrounding the through hole 26, and the
hole portion 31 1s on an inner side further than an outside
periphery of the recess portion 23 that 1s covered with the lid
portion 27 when the recess portion 25 1s closed with the Iid
portion 27 (refer to FIG. 3).

The water stopper 32 has a function that disallows the
liquid passing through from the external portion 42 into the
internal portion 41 of the casing 11 and allows air to pass
through between the internal portion 41 and the external
portion 42 of the casing 11. As the water stopper 32, for
example, Gore-Tex (product name, and registered trademark)
1s adopted. Gore-Tex 1s manufactured by compounding a
stretched polytetrafluoroethylene film and polyurethane
polymer.

In this manner, when the casing 11 1s deformed due to an
external pressure applied to the casing 11 such that a space of
the internal portion 41 of the casing 11 1s reduced, excessive
air 1n the space of the internal portion 41 1s discharged from
the hole portion 31 by covering the hole portion 31 with the
water stopper 32 that allows air to pass through. The casing 11
recovers an imtial shape so as to cause the space of the internal
portion 41 to be restored to 1ts original state by releasing the
external pressure against the casing 11. The space of the
internal portion 41 1s restored so as to be under a negative
pressure causing outside air to be sucked from the hole por-
tion 31 into the space of the internal portion 41, thereby
restoring an internal pressure of the space of the internal
portion 41 1n 1ts original state. That 1s because the hole portion
31 1s on an outer side further than the waterproof member 28
(the second waterprool member) that 1s accommodated in the
groove portion 55 surrounding the through hole 26 1n the
bottom surface 25A of the recess portion 23.
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Meanwhile, since the hole portion 31 1s on an outer side
turther than the waterprool member 28 (the second water-
proof member) that 1s accommodated 1n the groove portion 55
surrounding the through hole 26 1n the bottom surface 25A of
the recess portion 25, the liquid can intrude 1n the perlphery of
the hole portion 31. However, the water stopper 32 covering
the hole portlon 31 includes a function that disallows the
liquid passing through from the external portion into the
internal portion of the casing 11. Accordingly, when a spray
of water, rainwater or the like 1s applied to the casing 11, 1t 1s
possible to prevent the applied water from infiltrating the
internal portion 41 of the casing 11 using the water stopper 32
such that the water resistance of the casing 11 can be main-
tained. In addition, the water stopper 32 covering the hole
portion 31 serves to prevent the liquid or dust intfluenced by
the negative pressure applied to the casing 11 from intruding
from the pack opening portion 38 (accommodation portion of
battery pack 14) that accommodates the battery pack 14.

Here, for example, as 1n Gore-Tex, the hole portion 31 1s
only covered with the water stopper 32 made of a thin resin.
Since this part can be destroyed easily, there 1s a possibility
that an unauthorized access to the circuit board 13 that 1s
stored 1n the 1internal portion of the casing 11 may be allowed.
However, as described above, 1in the bottom surface 25A of
the recess portion 25, the hole portion 31 1s on an outer side
turther than the waterprool member 28 (the second water-
proof member) that 1s accommodated 1n the groove portion 55
surrounding the through hole 26, and the hole portion 31 1s on
an mner side further than an outside periphery of the recess
portion 25 that 1s covered with the lid portion 27 when the
recess portion 25 1s closed with the lid portion 27 (refer to
FIG. 3). As illustrated in FIG. 3, the Iid portion 27 1s attached
with the plurality of fastening screws 57 so as not to be
detached easily by a user. Since the lid portion 27 1s caused
not to be detached easily, the mobile terminal apparatus 10
also has the tamper resistance to prevent a read-out of data by
unauthorized tools while having the water resistance and the
dust resistance.

As 1llustrated 1n FIGS. 9 and 10, regarding the lid portion
277 (refer to FIG. 3), 1n accordance with a user’s need, the Iid
portion 27 1s detached and a desired module (gadget, addi-
tional function circuit) 60 corresponding to the through hole
26 1s attached as an option. As the desired module 60, for
example, a card reader that reads out magnetism of a magnetic
card and the like can be exemplified. Even 1n a case of attach-
ing the module 60, the module 60 1s attached using the plu-
rality of fastening screws 57 so as not to be detached easily by
a user. Therefore, the mobile terminal apparatus 10 also
includes the tamper resistance while having the water resis-
tance and the dust resistance.

In this manner, according to the mobile terminal apparatus
10, the desired module 60 1s attachable thereto, and all of the
water resistance, prevention of the negative pressure and the
tamper resistance in casing 11 can be secured. That 1s, the
liquid or dust 1s prevented from intruding not only into the
pack opening portion 38 (accommodation portion of battery
pack 14) that accommodates the battery pack 14 but also from
the through hole 26. While securing the water resistance, the
dust resistance and the tamper resistance and being free from
the intfluence by the negative pressure, the desired module can
be attached thereto or enabled.

In the first embodiment, an example 1s described regarding
the waterproof member 28 (the second waterproof member)
that 1s provided in the groove portion 55 of the bottom surface
25A. However, without being limited thereto, it 1s possible to
provide the waterproof member 28 on the rear surface of the
l1id portion 27.
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In addition, mm the first embodiment, an example 1s
described regarding the desired module 60 that 1s attached as
the option corresponding to the through hole 26 which 1s
provided on the bottom surface 25A of the recess portion 25.
However, without being limited thereto, all of the water resis-
tance, the prevention of the negative pressure and the tamper
resistance 1n casing 11 can be secured 1n a case where the
module 60 1s not attached as an option. Even 1n this case, the
liquid or dust influenced by the negative pressure applied to
the casing 11 needs to be prevented from intruding from the
pack opening portion 38 (accommodation portion of battery
pack 14) that accommodates the battery pack 14, and the
tamper resistance needs to be secured.

In this case, there 1s no need to provide a through hole 26
for attaching the module 60 on the bottom surface 25A of the
recess portion 25. Therelore, there 1s no need to provide the
frame-shaped waterproof member 28 (the second waterproof
member) that surrounds the through hole 26, 1s disposed
between the bottom surface 25 A of the recess portion 25 and
the rear surface of the lid portion 27, and 1s in close contact
therewith. The casing 11 1ncludes the recess portion 23 pro-
vided 1n the casing 11, the lid portion 27 closing the recess
portion 25, and the hole portion 31 provided on the bottom
surface 25A of the recess portion 235. The hole portion 31 1s
covered with the water stopper 32 that disallows the liquid
passing through from the external portion into the internal
portion of the casing 11 and allows air to pass through
between the internal portion and the external portion of the
casing 11. The recess portion 25 may be provided outside the
pack opening portion 38 (accommodation portion of battery
pack 14) of the battery pack 14 1n the casing 11. If the recess
portion 25 1s inside the pack opening portion 38 of the battery
pack 14, the battery pack 14 can be easily detached by a user
such that the water stopper 32 is easily destroyed. In that case,
read-out of data by unauthorized tools cannot be prevented.
Theretore, the recess portion 25 1s provided outside the pack
opening portion 38 (accommodation portion of battery pack
14) of the battery pack 14 1n the casing 11. In this manner, the
liquid or dust influenced by the negative pressure applied to
the casing 11 can be prevented from mtruding from the pack
opening portion 38 that accommodates the battery pack 14.
Furthermore, since the lid portion 27 1s attached with the
plurality of fastening screws 37 so as not to be detached easily
by a user, the mobile terminal apparatus 10 also includes the
tamper resistance to prevent the read-out of data by unautho-

rized means.

Next, a second embodiment and a third embodiment will
be described with reference to FIGS. 11 and 12. In the second
embodiment and the third embodiment, members same as or
similar to those in the flexible circuit board 21 of the first
embodiment will be numbered with the same reference
numeral and a description thereof will not be repeated.

Second Embodiment

As 1llustrated in FI1G. 11, a flexible circuit board 70 accord-
ing to the second embodiment has a bendable portion 71 that
1s a replacement of the bendable portion 51 of the first
embodiment, and other configurations are the same as 1n the
flexible circuit board 21 of the first embodiment.

The bendable portion 71 has a portion 72 of which a pre-
determined position of the flexible circuit board 70 1s bent
along a thickness direction (arrow C direction (arrow Z. direc-
tion)). Since the flexible circuit board 70 has the bendable
portion 71, the bendable portion 71 can be bent along the
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arrangement direction (arrow A direction (arrow X direc-
tion)) of the power reception portion 16 and the connector

portion 23.

Third Embodiment 5

As 1llustrated in FI1G. 12, a flexible circuit board 80 accord-
ing to the third embodiment has a bendable portion 81 that 1s
a replacement of the bendable portion 31 of the first embodi-
ment, and other configurations are the same as the flexible 10
circuit board 21 of the first embodiment.

The bendable portion 81 has a plurality of portions 82 of
which a predetermined position of the flexible circuit board
80 waves in parallel to the component mounting surface of the
circuit board 13, thereby forming a bellows shape. 15

Since the flexible circuit board 80 has the bendable portion
81, the bendable portion 81 can be bent along the arrangement
direction (arrow A direction (arrow X direction)) of the power
reception portion 16 and the connector portion 23. In addi-
tion, as the bendable portion 81 1s formed to wave along a 20
surface direction of the circuit board 13, 1t 1s possible to

reduce an occupancy space of the internal portion 41 of the
casing 11 (refer to FIG. 1).

Fourth Embodiment 25

FIG. 13 1llustrates a perspective view of a communication
antenna unit 100 according to a fourth embodiment, and FIG.
14 illustrates a cross-sectional view of a side surface of the
communication antenna unit 100 viewed from the arrow A 30
direction of FIG. 13. As illustrated 1n FIGS. 3 and 4, the
communication antenna unit 100 1s an internal portion of the
casing 11 and is particularly stored in a corner portion of the
casing 11. The corner portion is a side of the arrow E1 1llus-
trated in FIGS. 3 and 4. 35

The communication antenna umt 100 illustrated 1n F1IG. 13
includes a support member 110 made of a resin and a tlexible
circuit board 130. The support member 110 1s attachable to
the casing 11 (refer to FIGS. 3 and 4) by 1nserting a screw (not
illustrated) through an attachment hole 111 thereof and an 40
engagement claw 112. The support member 110 1s capable of
supporting the flexible circuit board 130 1n a state of being
held 1n a bent state. The support member 110 can be molded
by 1njection molding of a resin. However, a material or shape
thereod 1s not particularly limited. 45

The flexible circuit board 130 includes an ordinary flexible
circuit board having tlexibility. As long as a conductor pattern
can be formed thereon, it 1s not particularly limited 1n type.
The flexible circuit board 130 1llustrated 1n FIG. 15 includes
amain section 131 and a protrusion section 132 mn aplanview. 50
The main section 131 1s disposed on a flat portion 113 (refer
to FIGS. 13 and 14) of the support member 110. The protru-
s1on portion 132 1s mserted through a support slot 114 (refer
to FIGS. 13 and 14) of the support member 110 and held in a
bent state. The protrusion section 132 configures a curved 55
section 133 (also refer to FIGS. 13 and 14) held 1n a bent state.
The curved section 133 exhibits a cross sectional U shape as
illustrated 1n FIG. 14. Meanwhile, the main section 131 1llus-
trated 1n FIG. 15 1s disposed 1n the flat portion 113 (refer to
FIGS. 13 and 14) of the support member 110 and configures 60
a flat plane section 134 (also refer to FIGS. 13 and 14) adja-
cent to the curved section 133. For having the flexibility, the
flexible circuit board 130 can be easily bent by hand or the
like.

Moreover, 1n the flexible circuit board 130, areinforcement 65
plate 120 made of the resin 1s attached. Although the rein-
torcement plate 120 covers a portion of the flat plane section
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134 of the flexible circuit board 130 and serves to protect the
flexible circuit board 130, presence or absence of a ground
connection, a material, a shape, disposition place and the like
are arbitrary matters in design. However, 11 the flexible circuit
board 130 1s attached to the support member 110, the curved
section 133 of the flexible circuit board 130 1s 1n a bent state
such that stress 1s applied also to the flat portion 113 to cause
the tlat portion 113 to be 1n a bent state. The reinforcement
plate 120 exhibits an eflect to maintain flatness of the flat
portion 113 against the stress that causes the tlat portion 113
to be 1n a bent state.

FIG. 15 1s an expanded plan view of the flexible circuit
board 130. In a single flexible circuit board 130, the commu-
nication antenna and the human body sensor are formed by
the conductor pattern thereof, and space-saving for the
devices are established. In the flexible circuit board 130 of the
fourth embodiment, there are provided the human body sen-
sor 140, a first communication antenna 150 that transmits and
receives the radio wave 1n a first frequency (for example, 1.9
GHz), and a second communication antenna 160 that trans-
mits and recerves the radio wave 1n a second frequency (for
example, 700 MHz) lower than the first frequency. That 1s, 1n
the fourth embodiment, the communication antenna includes
the first communication antenna 150 and the second commu-
nication antenna 160 to configure a so-called dual antenna.

The human body sensor 140 1s formed by two conductor
patterns such as a first sensor pattern 141 and a second sensor
pattern 142 that are formed on the flexible circuit board 130.
The first sensor pattern 141 and the second sensor pattern 142
configuring the human body sensor 140 are substantially
formed, that 1s, a majority thereof 1s formed on the flat plane
section 134 of the flexible circuit board 130. In a plan view of
the flexible circuit board 130, the second sensor pattern 142 1s
formed to surround a periphery of the first sensor pattern 141.
In addition, a first human body sensor electrode 143 1s formed
on one end of the first sensor pattern 141, and a second human
body sensor electrode 144 1s formed on one end of the second
sensor pattern 142.

A specific configuration for the human body sensor 140 1s
not particularly limited such that a projection-type electro-
static capacitance sensor may be adopted, or other types of
contact (approach) sensors may be adopted as well. However,
the human body sensor 140 of this embodiment 1s a so-called
surface-type electrostatic capacitance sensor. That 1s, the
human body sensor 140 of this embodiment detects a change
in an electric field that 1s generated when a user approaches or
comes into contact with the communication antenna unit 100
(refer to FIG. 13) of the casing 11, thereby detecting the
approach or contact of the human body. For further details, a
detection circuit and a reference pattern (not 1llustrated) that
are not mounted on the flexible circuit board 130 are pro-
vided, for example, on the circuit board 13 (refer to FIGS. 3
and 4) accommodated 1n the casing 11 or on a sub-circuit
board (not 1llustrated). In addition, the first human body sen-
sor electrode 143 and the second human body sensor elec-
trode 144 are respectively connected to the afore-mentioned
detection circuit (not illustrated). An electric field between
the first sensor pattern 141 and the reference pattern 1s com-
pared to an electric field between the second sensor pattern
142 and the reference pattern, thereby detecting the approach
or contact of the human body by a difference in electric field
intensity therebetween or a difference 1n velocity of which the
clectric fields change.

Detection 1s carried out using the three patterns as follows.
The second sensor pattern 142 that 1s provided to surround a
majority of a periphery of the first sensor pattern 141 1s
tformed 1n a hollow ring shape, one end of which 1s connected
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to the second human body sensor electrode 144, and the other
end of which 1s disconnected. In contrast, the first sensor
pattern 141 1s formed 1n a closed plane. Areas of those two
sensor patterns are designed to be the same as each other.
However, due to the difference between shapes thereof, a
detection velocity of change 1n the electrostatic capacitance
by the second sensor pattern 142 1s higher than that of the first
sensor pattern 141, and 1t 1s known that the detection intensity
1s also strong. The difference between the detection velocity
and the detection 1intensity depends on types of materials of a
substance that approaches the sensor patterns. That 1s because
relative permittivity in the substance differs depending on the
types of materials. In general, 1t 1s known that 11 the relative
permittivity 1s high such as 1n the human body or a metal, the
difference between the detection velocity and detection inten-
sity 1s large, and if the relative permittivity 1s low such as 1n
paper or plastic, the difference therebetween 1s small.

The first communication antenna 150 that transmits and
receives the radio wave in the first frequency (high frequency)
1s configured by a first antenna conductor pattern 151 which
1s formed on the flexible circuit board 130. Similar to the
human body sensor 140, the first antenna conductor pattern
151 1s substantially formed, that 1s, a majority thereof 1s
tformed on the flat plane section 134 of the flexible circuit
board 130 and connected to the human body sensor 140 via a
first inductor coi1l 170. Particularly, the first antenna conduc-
tor pattern 151 1s connected to the second sensor pattern 142
of the human body sensor 140 via the first inductor coil 170.
The first inductor coil 170 may be stored 1n a recess portion
(not illustrated) that 1s provided on the flat portion 113 (also
refer to FIGS. 13 and 14) of the support member 110.

The human body sensor 140 1s basically configured by the
first sensor pattern 141 and the second sensor pattern 142. The
human body sensor 140 functions with these two conductor
patterns. However, in the fourth embodiment, the first
antenna conductor pattern 151 1s connected to the second
sensor pattern 142 via the first inductor coil 170, thereby
denoting that the first antenna conductor pattern 151 func-
tions not only as the first communication antenna 150 which
1s described above but also as a part of the human body sensor
140. Therefore, the human body sensor 140 1s configured by
a large conductor pattern including not only the first sensor
pattern 141 and the second sensor pattern 142 but also the first
antenna conductor pattern 151, thereby being improved 1n
detection performance thereof.

A self-inductance L1 of the first inductor coil 170 1s deter-
mined 1n accordance with a self-resonant frequency of the
first inductor coi1l 170. Generally, it 1s desirable that the seli-
resonant frequency be selected from suificiently higher fre-
quency than the frequency used 1n the first communication
antenna 150. However, in the actual design, since there are
limits 1n chip size and the like, there 1s a case where an
inductor coil that has a substantially same self-resonant fre-
quency as the frequency used in the first communication
antenna. According to the configuration, as described above,
the first antenna conductor pattern 151 functions as a part of
the human body sensor 140. However, the second sensor
pattern 142 does not function as a communication antenna.
That 1s, the second sensor pattern 142 only functions as the
human body sensor. Accordingly, reduction of a communica-
tion signal that 1s transmitted and received using the first
antenna conductor pattern 151 being mixed into the human
body sensor 140 to exert a negative intluence thereon occurs.
Inplace of the first inductor coil 170, it 1s possible to assemble
a substance that can be called a reactance element (first reac-
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tance element) or a resonant circuit portion. The reactance
clement can be 1 a conductor pattern such as a meandered
shape.

The second communication antenna 160 that transmits and
receives the radio wave i the second frequency (low 1re-
quency) lower than the first frequency 1s configured by the
first antenna conductor pattern 151 and a second antenna
conductor pattern 161 which are formed on the flexible circuit
board 130. That 1s, in the fourth embodiment, the second
communication antenna 160 1s configured by the second
antenna conductor pattern 161 that serves to extend an elec-
tric circuit length of the first communication antenna 150 in
addition to the first communication antenna 150 1n 1ts entirety.
As aresult, the second communication antenna 160 can trans-
mit and receive the radio wave of the second frequency (low
frequency) lower than the first frequency, in other words, the
radio wave 1n the second frequency for which a wavelength 1s
longer than the radio wave of the first frequency.

The second antenna conductor pattern 161 1s substantially
formed on the protrusion section 132 of the flexible circuit
board 130, that 1s, a majority thereod 1s formed on the protru-
s10on section 132 of the flexible circuit board 130. The protru-
s1on section 132 1s inserted through a support slot 114 (refer
to FIGS. 13 and 14) of the support member 110 and held 1n a
bent state to configure the curved section 133 (also refer to
FIGS. 13 and 14) such that the second antenna conductor
pattern 161 is substantially formed, that 1s, a majority thereof
1s formed on the curved section 133 of the flexible circuit
board 130. In FIG. 14, a wadth D1 of the flat plane section 134
of the flexible circuit board 130 is longer than a width D2 of
a part that 1s bent at a position facing the flat plane section 134
among the curved section 133. That 1s because the flat plane
section 134 of the flexible circuit board 130 of the communi-
cation antenna unit 100 is disposed on the rear surface 11B
side (refer to FIGS. 1, 13 and 14) of the casing 11 of the
mobile terminal apparatus 10, and the bent part of the curved
section 133 1s disposed on the front surface 11A side (also
refer to FIG. 1). On the front surface 11A side, the display
portion 12 (refer to FIG. 1, for example, LCD, organic EL or
the like) with a touch panel 1s disposed. According to a con-
figuration of the communication antenna unit 100 described
above, 1t 1s reduced that a noise generated by the display
portion 12 with a touch panel 1s mixed from the communica-
tion antenna unit 100 to exert a negative influence on a com-
munication. The display portion 12 with a touch panel 1s
attached to the opposite side of the circuit board 13 interpos-
ing a metal frame 60 1n FIGS. 13 and 14. The metal frame 60
1s elfective 1 intercepting a noise from the display portion 12.
Theretfore, an intluence of a noise from the display portion 12
on the flat portion 113 of the flexible circuit board 130 of the
communication antenna unit 100 that 1s disposed on the rear
surface 11B side of the casing 11 1s reduced.

Returning to FIG. 15, 1n the fourth embodiment, the first
antenna conductor pattern 151 and the second antenna con-
ductor pattern 161 are connected to each other by the second
inductor coil 180, thereby configuring the second communi-
cation antenna 160. According to the configuration, only the
first antenna conductor pattern 1s adopted when transmitting
and receiving the radio wave of the first frequency (high
frequency). Both the first antenna conductor pattern 151 and
the second antenna conductor pattern 161 are adopted when
transmitting and receiving the radio wave of the second fre-
quency (low frequency). The second inductor co1l 180 may be
stored in the recess portion (not i1llustrated) that 1s provided on
the flat portion 113 (refer to FIGS. 13 and 14) of the support
member 110.




US 9,270,795 B2

23

As described above, the width D1 of the flat plane section
134 of the flexible circuit board 130 1s longer than the width
D2 of the part that 1s bent at the position facing the flat plane
section 134 among the curved section 133 (refer to FIG. 14).
Since only the first antenna conductor pattern 1351 1s adopted
when transmitting and recerving the radio wave of the first
frequency (lugh frequency), a transmission radio wave 1n the
first frequency (high frequency) 1s radiated only from the flat
plane section 134 (also reter to FIGS. 13 to 135) of the flexible
circuit board 130. In contrast, since both the first antenna
conductor pattern 151 and the second antenna conductor pat-
tern 161 are adopted when transmitting and receiwving the
radio wave of the second frequency (low frequency), a trans-
mission radio wave in the second frequency (low frequency)
1s radiated from both the flat plane section 134 of the flexible
circuit board 130 and the curved section 133 (also refer to
FIGS. 13 to 15).

Accordingly, a transmission radio wave of the first fre-
quency (high frequency) is not radiated, but 1s radiated only
when transmitting the radio wave of the second frequency
(low frequency) from the curved section 133 (refer to FIGS.
13 and 14) of the flexible circuit board 130. Then, when
transmitting the radio wave of the second frequency (low
frequency), the radio wave 1s radiated not only from the
curved section 133 (refer to FIGS. 13 and 14) of the flexible
circuit board 130 but also from the flat plane section 134
(refer to FIGS. 13 to 15), that 1s, the tlat portion 113. There-
fore, radiant energy density per unit area of the transmission
radio wave 1s suppressed at a low level. In addition, since
there 1s little plane part in the curved section 133 (refer to
FIGS. 13 and 14) of the flexible circuit board 130, intensity of
the transmission radio wave from this partis low. That 1s, even
though a human body approaches to or comes 1nto contact
with the curved section 133 (refer to FIGS. 13 and 14) of the
flexible circuit board 130, there 1s no need to lower the inten-
sity of the transmission radio wave. Therefore, the human
body sensor 140 to detect a approach of contact of a human
body with respect to the second antenna conductor pattern
161 1s not provided on the curved section 133 (refer to FIGS.
13 and 14), that 1s, the protruding section 132 of the flexible
circuit board 130.

In contrast, when transmitting the radio wave of the first
frequency (high frequency), the radio wave 1s radiated only
from the flat plane section 134 of the flexible circuit board
130, that 1s, the flat portion 113 (refer to FIGS. 13 to 15).
Theretfore, the radiant energy density per unit area of the
transmission radio wave cannot be suppressed at a low level.
In addition, since there 1s more of a plane part 1n the flat plane
section 134 (refer to FIGS. 13 to 15) of the flexible circuit
board 130 than the curved section 133, the intensity of the
transmission radio wave therefrom 1s high. That is, 1f a human
body approaches or comes 1nto contact with the flat plane
section 134 of the flexible circuit board 130, there 1s aneed to
lower the intensity of the transmission radio wave. Therelore,
the human body sensor 140 to detect an approach or contact of
a human body with respect to the first antenna conductor
pattern 151 1s provided on the flat plane section 134 (refer to
FIGS. 13 to 15) of the flexible circuit board 130. However, the
above-described relationship between a shape of the antenna
and intensity of the transmission radio wave 1s the same 1n a
case where one communication antenna pattern 1s formed
over the flat plane section 134 and the curved section 133.
Even 1n that case, the human body sensor 140 can be provided
only 1n the flat plane section 134.

As described above, according to the configuration of the
tourth embodiment, there 1s provided the human body sensor
adjacent to the flat plane section of the communication
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antenna, of which the intensity of the transmission radio wave
needs to be lowered when a human body approaches thereto
or comes 1nto contact therewith such that 1t 1s possible to
suppress an intluence of a communication electromagnetic
wave on a human body while suppressing deterioration in
communication quality to a minimum.

A self-inductance L2 of the second inductor coil 180 1s not
particularly limited. In addition, 1n order to improve antenna
characteristics of the first communication antenna 150 that 1s
adopted when transmitting and receiving a radio wave of the
first frequency (high frequency), there 1s a need to devise a
way so as to cause an antenna electric current (electric current
contributed for radiation of radio wave) of the first commu-
nication antenna 150 not to flow to the second antenna con-
ductor pattern 161 side. In this case, 1 place of the second
inductor coi1l 180, an L.C parallel resonant circuit consisting of
a parallel circuit having a coil and a capacitor 1s adopted, such
that 1t 1s possible to prevent the electric current of the fre-
quency corresponding to the self-resonant frequency of both
of the coil and capacitor from flowing to the second antenna
conductor pattern 161 side. That 1s, a connection between the
first antenna conductor pattern 151 and the second antenna
conductor pattern 161 may be either the single inductor coil or
the LC parallel resonant circuit. That 1s, 1 this location, in
place of the second inductor coil 180, 1t 1s possible to
assemble a component that can be called the reactance ele-
ment or the resonant circuit portion.

Thereactance element can be 1n a conductor pattern such as
the meandered shape. In this case, at least either of the first
antenna conductor pattern 151 and the second antenna con-
ductor pattern 161 1s configured 1n the meander-shaped con-
ductor pattern, thereby being directly connected to the other.
In addition, as 1n the fourth embodiment, the first antenna
conductor pattern 151 and the second antenna conductor pat-
tern 161 may be connected not only 1n series but also in
parallel when viewed from the antenna electrode 152. In this
mannetr, 1t 1s not necessary to dispose the first communication
antenna 150 adopted when transmitting and receiving the
radio wave of the first frequency (high frequency), that 1s, the
first antenna conductor pattern 151 on the flat plane section
134 as 1n the fourth embodiment, and thus, 1t 1s possible to be
disposed on the protrusion section 132. In other words, the
first antenna conductor pattern 151 can be disposed on the
curved section 133 of the fourth embodiment. In this case, the
second antenna conductor pattern 161 1s disposed on the flat
plane section 134 of the fourth embodiment.

Moreover, as described above, the first antenna conductor
pattern 151 that functions as the first communication antenna
150 1s connected to the second sensor pattern 142 via the first
inductor coil 170. As described above, the first antenna con-
ductor pattern 151 that 1s connected to the sensor pattern 142
1s connected to the second antenna conductor pattern 161 via
the second inductor coil 180 (the second reactance element).
This indicates that not only the first antenna conductor pattern
151 but also the second antenna conductor pattern 161 cer-
tainly functions as the above-described second communica-
tion antenna 160 and also functions as a part of the human
body sensor 140. Therefore, the human body sensor 140 1s
configured to have a large conductor pattern including not
only the first sensor pattern 141 and the second sensor pattern
142 but also the first antenna conductor pattern 151 and the
second antenna conductor pattern 161, thereby further
improving the detection performance thereof.

For more detail, as similar to the human body sensor 140,
the first antenna conductor pattern 131 is substantially
formed, that 1s, a majority part thereot 1s formed on the flat
plane section 134 of the flexible circuit board 130 and 1s




US 9,270,795 B2

25

connected to second sensor pattern 142 of the human body
sensor 140 via the first inductor co1l 170. As described above,
it 1s known that the detection velocity of change 1n the elec-
trostatic capacitance by the second sensor pattern 142 1s
higher than that of the first sensor pattern 141 and the detec-
tion mtensity 1s also large. The conductor pattern of the com-
munication antenna 1s connected to the second sensor pattern
142 and 1s not connected to the first sensor pattern 141 via the
first inductor coil 170 (the first reactance element), and thus,
it 1s possible to detect the approach or contact of a human
body with respect to the communication antenna fast. In a
case where the second antenna conductor pattern and the
second sensor pattern are adjacent to each other by changing
the patterns of the above-described communication antennas,
the patterns may be connected to each other via the first
inductor coil (the first reactance element).

According to the fourth embodiment, the second antenna
conductor pattern 161 1s substantially formed on the curved
section 133 of the flexible circuit board 130. The first antenna
conductor pattern 151 and the human body sensor 140 are
substantially formed on the flat plane section 134 of the
flexible circuit board 130 which 1s adjacent to the curved
section 133. The curved section 133 1s extended from a sur-
face where the tlat plane section 134 exists at different heights
(height 1in a vertical direction of FIG. 14) exhibiting a cross-
sectional U shape. In this configuration, without degrading
cach performance of the dual antenna and the human body
sensor, 1t 1s possible that the communication antenna unit 100
1s designed particularly 1n a small space 1n a plane direction,
thereby being disposed 1nside the casing 11.

The communication antenna umt 100 according to the
fourth embodiment 1s disposed 1nside the casing 11 so as to
cause the first communication antenna 150 and the second
communication antenna 160 to be disposed at a position
closer to the corner portion of the casing 11 than the human
body sensor 140 1s disposed. That 1s, an E1 side in FIGS. 3 and
4 to 13 becomes a side adjacent to the corner portion of the
casing 11, and an E2 side becomes a side close to the center of
one edge of the casing 11 away from the corner portion of the
casing 11. According to the disposition, the human body
sensor 140 can be disposed being closer to the center side
being 1n a frequent contact with a human body than the corner
portion of the casing 11, and thus, 1t 1s possible to improve the
detection sensitivity of the human body sensor 140 with
respect to a human body.

In addition, as described above, according to the fourth
embodiment, the first antenna conductor pattern 151 that 1s
disposed at the corner portion of the casing 11 functions not
only as the first communication antenna 150 but also as a part
of the human body sensor 140. Therefore, for example, even
if the human body sensor 140 1s away from the corner portion
of the casing 11, the approach or contact of a human body
with respect to the corner portion can be precisely detected.

FI1G. 16 illustrates a schematic view of an electric circuit of
the communication antenna unit 100 according to the fourth
embodiment. According to the fourth embodiment, the com-
munication antenna, particularly the first communication
antenna 150, 1s connected to a capacitor 190 via the antenna
clectrode 152 and further connected to a transmission and
reception module 192 that 1s stored inside the casing 11.
Although 1t 1s not 1llustrated in FIGS. 3 and 4, the transmis-
s1on and reception module 192 1s, for example, an LTE mod-
ule and can be disposed on the circuit board 13 of FIGS. 3 and
4. In addition, the capacitor 190 can be disposed anywhere
between the tlexible circuit board 21 and the transmission and
reception module 192, for example. The transmission and
reception module 192 according to the fourth embodiment
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may be replaced with a transmission and reception circuit, for
example, which 1s disposed on the circuit board 13 or on
different circuit board (not 1llustrated). Moreover, among the
transmission and reception circuits, a part of a matching
circuit that 1s the closest to the capacitor 190 may be disposed
at a different place with respect to different transmission and
reception circuit. That 1s, the capacitor 190 and the matching
circuit may be disposed on a sub-circuit board (not 1llus-
trated) and a different transmission and reception circuit may
be disposed on the circuit board 13.

An electrostatic capacity C of the capacitor 190 1llustrated
in FIG. 16 1s not particularly limited from a viewpoint of an
antenna matching circuit. The electrostatic capacity C 1s
determined from a viewpoint of securing the performance of
the human body sensor 140. A capacitor 190 exclusively
allowing the electric current of the frequency that 1s used 1n
the first communication antenna 150 and the second commu-
nication antenna 160 to pass through and exclusively block-
ing the electric current of the frequency that 1s used in the
human body sensor 140 1s selected. A voltage applied to the
human body sensor tluctuates in accordance with the change
of the electrostatic capacity. The frequency of the electric
current generated at the fluctuation of the voltage 1s extremely
low compared to the frequency used 1n the first communica-
tion antenna 150 and the second communication antenna 160.
Having such a configuration, since the electric current of the
direct-current component 1s necessary for the human body
sensor 140 1s secured, the human body sensor 140 functions
clfectively.

In addition, according to the fourth embodiment, as 1llus-
trated 1n FIG. 17A, the first antenna conductor pattern 151
(the first communication antenna 150) and the human body
sensor 140 are disposed at a position closer to the opposite
surface of a surtace where the display portion 12 of the casing
11 1s disposed than the second antenna conductor pattern 161
1s disposed. That 1s, the surface where the display portion 12
1s disposed 1s the front surface 11A, and the first antenna
conductor pattern 151 (first communication antenna 150) and
the human body sensor 140 are disposed on the rear surface
11B side which 1s the opposite side thereof.

That 1s, since the rear surface 11B 1s frequently exposed to
the approach and contact of a user when 1n use, 1t 1s possible

to enhance the detection sensitivity by disposing the human
body sensor 140 close to the rear surface. Even 1n a disposi-
tion as 1n FIG. 17B that i1s a reversed disposition of F1IG. 17A,
the communication antenna unit 100 of the fourth embodi-
ment performs 1ts function. However, the disposition of FIG.
17 A 1s more preferable than the disposition of FIG. 17B from
a viewpoint of improvement of detecting the approach and
contact of a human body.

According to the fourth embodiment described above, the
dual antenna including two communication antennas 1s pro-
vided on the communication antenna unit 100. However, even
if there 1s provided with a single communication antenna, a
configuration may be adopted 1n which the communication
antenna and the human body sensor 140 are formed by the
conductor pattern of the single circuit board and the both are
connected to each other by the inductor coil. Moreover, the
communication antenna may be disposed at a position closer
to the corner portion of the casing 11 than the human body
sensor 140. Even 1n this configuration, it 1s possible to dispose
the human body sensor 140 and the communication antenna
inside the limited narrow space by the single circuit board
without degrading the communication performance or the
performance to detect the approach or contact of a human
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body with respect to the communication antenna, thereby
achieving both miniaturization and functional maintenance in
the apparatus.

In addition, the flexible circuit board 130 of the communi-
cation antenna unit 100 according to the fourth embodiment
includes the cross-sectional U-shaped curved section 133,
and each of the electric current flowing 1n the first antenna
conductor pattern 151 and the second antenna conductor pat-
tern 161 1s 1n a reverse phase to be counter-balanced with each
other 1n a state of being attached to the casing 11. Therefore,
there 1s a concern that the advantage of the antenna may be
degraded. However, according to the fourth embodiment, the
curved section 1s caused to be 1n a U shape so that a certain
interval (for example, approximately 10 mm) between the
first antenna conductor pattern 151 and the second antenna
conductor pattern 161 can be maintained. Accordingly, the
concern of performance degradation in such a dual antenna
can be dispelled. Naturally, since there 1s no need for concern,
the range of interval 1s not particularly limited.

Moreover, 1n the communication antenna unit 100 accord-
ing to the fourth embodiment, the so-called matching circuit
(the capacitor 190 and the inductor coil that are provided 1n
accordance with necessity) 1s disposed 1n the internal portion
of the casing 11 to be provided on the circuit board 13 to
which the communication antenna unit 100 1s connected or on
a different circuit board (not i1llustrated). However, naturally,
such a matching circuit 1s allowed to be mounted on the
flexible circuit board 130.

In the fourth embodiment, the second antenna conductor
pattern 161 1s substantially formed 1n the curved section 133
of the flexible circuit board 130 that 1s held 1n the bent state by
the support member 110, and the first antenna conductor
pattern 151 and the human body sensor 140 are formed on the
flat plane section 134 of the flexible circuit board 130 adjacent
to the curved section 133. Meanwhile, the first antenna con-
ductor pattern of the high frequency side can be substantially
tormed on the curved section 133 of the tlexible circuit board
130, and the second antenna conductor pattern of the low
frequency side and the human body sensor 140 are formed on
the flat plane section 134 of the flexible circuit board 130.
Even 1n this configuration, 1t 1s possible to dispose the com-
ponents by the space-saving design without degrading each
performance of the so-called dual antenna and the human
body sensor.

In addition, the fourth embodiment 1s an example in which
the communication antenna unit 100 1s provided with the first
communication antenna 150, the second communication
antenna 160 and the human body sensor 140. However,
another example can be considered in which the human body
sensor 140 1s not provided, the second antenna conductor
pattern 161 1s substantially formed 1n the curved section 133
of the flexible circuit board 130, and the first antenna conduc-
tor pattern 151 1s formed 1n the flat plane section 134 of the
flexible circuit board 130. From a viewpoint of increasing
communication standards and carrier frequencies, 1t 1s pos-
sible to achieve a further space-saving design even in this
configuration.

Moreover, 1n the fourth embodiment, the description 1s
given regarding a configuration in which the communication
antenna unit 100 includes the flexible circuit board 130 hav-
ing flexibility and the support member 110 supporting the
flexible circuit board 130 in the state of being held in the bent
state. However, it 1s possible to adopt different configurations.
That 1s, according to a technology of forming a metal thin film
on a surface of the support member 110, the communication
antennas 150 and 160 and the human body sensor 140 are
directly formed in the support member 110 without passing
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through the flexible circuit board 130. In this case, the support
member 110 itself becomes the single circuit board having the

communication antennas 150 and 160 and the human body
sensor 140.

Fitth Embodiment

Here, a fifth embodiment will be described with reference
to FIGS. 13, 14, 16 and 17 as used 1n the fourth embodiment
and with reference to FIG. 18 1n place of FIG. 15 used 1n the
fourth embodiment. In a flexible circuit board 130A 1n FIG.
18 according to the fifth embodiment, contrary to the fourth
embodiment, there are provided the human body sensor 140,
a first communication antenna that transmits and receives the
radio wave 1n a first frequency (for example, 700 MHz), and
a second communication antenna that transmits and receives
the radio wave 1n a second frequency (for example, 1.9 GHz)
higher than the first frequency. A first antenna conductor
pattern 151A, a second antenna conductor pattern 161 A and
a second inductor coil 180A configure a so-called dual
antenna by which the radio waves 1n the first frequency and
the second frequency can be transmitted and recerved. The
operation of the human body sensor 140 1s the same as that of
the fourth embodiment, and its description 1s omitted in
description of this embodiment.

In the fifth embodiment, the first antenna conductor pattern
151 A and the second antenna conductor pattern 161B are
connected via the second inductor coil 180. A second com-
munication antenna that transmits and recerves the radio
waves 1n the first frequency (low frequency) or the second
frequency (lugh frequency) 1s configured by the first antenna
conductor pattern 151A, the second antenna conductor pat-
tern 161 A and the second inductor coil 180A which are
formed on the flexible circuit board 130A. The second
antenna conductor pattern 161A 1s designed to have a reso-
nant frequency being equal to the second frequency (lugh
frequency), and 1s designed to have a value which 1s obtained
by multiplying (for example, two times ) a resonant frequency
of a part 1n which the first antenna conductor pattern 151 A
and the second inductor coi1l 180A are combined, being equal
to the second frequency (high frequency). In addition, it 1s
designed that the resonant frequency of a part in which the
first antenna conductor pattern 151A and the second inductor
coill 180A are combined becomes the first frequency (low
frequency). Accordingly, a part which contributes the trans-
mission and reception of the radio waves 1n the first frequency
(low frequency) 1s the first antenna conductor pattern 151A,
the second 1inductor coi1l 180A and a part of the second con-
ductor pattern 161 A which serves as a feeding path. The part
of the second conductor pattern 161 A indicates an area of a
line connecting the antenna electrode 152 and a connection
point of the second inductor coil 180A by which the second
conductor pattern 161 A and the first conductor pattern 151 A
are connected, and a vicinity area on the second conductor
pattern 161 A on the both sides. Moreover, a part which con-
tributes the transmission and reception of the radio waves in
the second frequency (high frequency) 1s a whole of the first
antenna conductor pattern 151 A, the second antenna conduc-
tor pattern 161 A and the second inductor coil 180A.

Similar to the human body sensor 140, the second antenna
conductor pattern 161A 1s substantially formed, that 1s, a
majority thereof 1s formed on the flat plane section 134 of the
flexible circuit board 130A and connected to the human body
sensor 140 via the first inductor coil 170. Particularly, the
second antenna conductor pattern 161 A 1s connected to the
second sensor pattern 142 of the human body sensor 140 via
the first inductor coil 170. The first inductor coil 170 may be
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stored 1n a recess portion (not 1llustrated) that 1s provided on
the flat portion 113 (also refer to FIGS. 13 and 14) of the
support member 110.

The human body sensor 140 1s basically configured by the
first sensor pattern 141 and the second sensor pattern 142. The
human body sensor 140 functions with these two conductor
patterns. However, 1 the fifth embodiment, the second
antenna conductor pattern 161 A 1s connected to the second
sensor pattern 142 wvia the first inductor coil 170, thereby
denoting that the second antenna conductor pattern 161A
functions not only as the second communication antenna
which 1s described above but also as a part of the human body
sensor 140. Therefore, the human body sensor 140 1s config-
ured by a large conductor pattern including not only the first
sensor pattern 141 and the second sensor pattern 142 but also
the second antenna conductor pattern 161A, thereby being
improved 1n detection performance thereof.

A self-inductance L1 of the first inductor coil 170 1s deter-
mined 1n accordance with a self-resonant frequency of the
first inductor coi1l 170. Generally, it 1s desirable that the seli-
resonant frequency be selected from suificiently higher fre-
quency than the frequency used 1n the first communication
antenna. However, in the actual design, since there are limaits
in chip size and the like, there 1s a case where an inductor coil
that has a substantially same self-resonant frequency as the
frequency used 1n the first communication antenna. Accord-
ing to the configuration, as described above, the second
antenna conductor pattern 161 A functions as a part of the
human body sensor 140. However, the second sensor pattern
142 does not function as a communication antenna. That 1s,
the second sensor pattern 142 only functions as the human
body sensor. Accordingly, reduction of a communication sig-
nal that 1s transmitted and received using the second antenna
conductor pattern 161 A being mixed nto the human body
sensor 140 to exert a negative influence thereon occurs. In
place of the first inductor coil 170, 1t 1s possible to assemble a
substance that can be called a reactance element (first reac-
tance element) or a resonant circuit portion. The reactance
clement can be 1n a conductor pattern such as a meandered
shape.

The first antenna conductor pattern 151 A 1s substantially
formed on the protrusion section 132 of the flexible circuit
board 130A, that 1s, a majonity thereof 1s formed on the
protrusion section 132 of the flexible circuit board 130A. The
protrusion section 132 1s mserted through a support slot 114
(refer to FIGS. 13 and 14) of the support member 110 and held
in a bent state to configure the curved section 133 (also refer
to FIGS. 13 and 14) such that the first antenna conductor
pattern 151A 1s substantially formed, that 1s, a majority
thereol 1s formed on the curved section 133 of the flexible
circuit board 130A. In FIG. 14, a width D1 of the flat plane
section 134 of the tlexible circuit board 130A 1s longer than a
width D2 of a part that 1s bent at a position facing the flat plane
section 134 among the curved section 133. That1s because the
flat plane section 134 of the flexible circuit board 130A of the
communication antenna unit 100 1s disposed on the rear sur-
face 11B side (refer to FIGS. 1, 13 and 14) of the casing 11 of
the mobile terminal apparatus 10, and the bent part of the
curved section 133 1s disposed on the front surface 11A side
(also refer to FIG. 1). On the front surface 11A side, the
display portion 12 (refer to FIG. 1, for example, LCD, organic
EL or the like) with a touch panel 1s disposed. According to a
configuration of the communication antenna unit 100
described above, it 1s reduced that a noise generated by the
display portion 12 with a touch panel 1s mixed from the
communication antenna unit 100 to exert a negative intluence
on a communication. The display portion 12 with a touch
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panel 1s attached to the opposite side of the circuit board 13
interposing a metal frame 60 in FIGS. 13 and 14. The metal
frame 60 1s effective 1n intercepting a noise from the display
portion 12. Therefore, an influence of a noise from the display
portion 12 on the tlat portion 113 of the flexible circuit board
130A of the communication antenna unit 100 that 1s disposed
on the rear surface 11B side of the casing 11 1s reduced. The
second inductor coil 180A may be stored in the recess portion
(not 1llustrated) that 1s provided on the flat portion 113 (refer
to FIGS. 13 and 14) of the support member 110.

As described above, the width D1 of the flat plane section
134 of the flexible circuit board 130 1s longer than the width
D2 of the part that 1s bent at the position facing the flat plane
section 134 among the curved section 133 (refer to FIG. 14).
The first antenna conductor pattern 151 A and the second
inductor coil 180A are mainly adopted and the second
antenna conductor pattern 161 A functions as feeding line
mainly when transmitting and recerving the radio wave of the
first frequency (low frequency). Namely, most of the trans-
mission radio waves in the first frequency (low frequency) 1s
radiated from the curved section 133 (also refer to FIGS. 13,
14 and 18) of the flexible circuit board 130A. In contrast, both
the first antenna conductor pattern 151A and the second
antenna conductor pattern 161A are adopted together with the
second inductor coil 180A when transmitting and receiving,
the radio wave of the second frequency (high frequency).
Namely, transmission radio waves in the second frequency
(high frequency) 1s radiated from both the flat plane section
134 and the curved section 133 of the flexible circuit board
130A (also refer to FIGS. 13, 14 and 18).

Accordingly, a transmission radio wave of the first fre-
quency (low frequency) 1s radiated with little energy, but 1s
radiated when transmitting the radio wave of the second fre-
quency (high frequency) from the flat plane section 134 (refer
to FIGS. 13 and 14) of the flexible circuit board 130A. Then,
when transmitting the radio wave of the second frequency
(high frequency), the radio wave 1s radiated not only from the
curved section 133 (refer to FIGS. 13 and 14) of the flexible
circuit board 130A but also from the flat plane section 134
(refer to FIGS. 13, 14 and 18), that 1s, the flat portion 113.
Therefore, radiant energy density per unit area of the trans-
mission radio wave 1s suppressed at a low level. In addition,
since there 1s little plane part 1n the curved section 133 (refer
to FIGS. 13 and 14) of the flexible circuit board 130A, inten-
sity of the transmission radio wave from this part 1s low. That
1s, even though a human body approaches to or comes into
contact with the curved section 133 (refer to FIGS. 13 and 14)
ofthe flexible circuit board 130A, there 1s no need to lower the
intensity of the transmission radio wave. Therefore, the
human body sensor 140 to detect a approach of contact of a
human body with respect to the second antenna conductor
pattern 161 A 1s not provided on the curved section 133 (refer
to FIGS. 13 and 14), that 1s, the protruding section 132 of the
flexible circuit board 130A.

In contrast, since there 1s more of a plane part in the flat
plane section 134 (refer to FIGS. 13, 14 and 18) of the flexible
circuit board 130A than the curved section 133, the intensity
of the transmission radio wave therefrom 1s high. That 1s, 1f a
human body approaches or comes into contact with the flat
plane section 134 of the flexible circuit board 130A, there 1s
a need to lower the intensity of the transmission radio wave.
Theretfore, the human body sensor 140 to detect an approach
or contact of a human body with respect to the first antenna
conductor pattern 151A 1s provided on the flat plane section
134 (refer to F1GS. 13, 14 and 18) of the flexible circuit board
130A. However, the above-described relationship between a
shape of the antenna and intensity of the transmission radio
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wave 1s the same 1n a case where one communication antenna
pattern 1s formed over the flat plane section 134 and the
curved section 133. Even in that case, the human body sensor
140 can be provided only 1n the flat plane section 134.

Sixth Embodiment

Here, a sixth embodiment will be described with reference
to FIGS. 13, 14, 16 and 17 as used in the fourth and fifth
embodiments and with reference to FIG. 19 1 place of FIG.
18 used in the fifth embodiment. In a flexible circuit board
130B 1n FIG. 19 according to the sixth embodiment, as 1n the
fifth embodiment, there are provided the human body sensor
140, a first communication antenna that transmits and
receives the radio wave 1n a first frequency (for example, 700
MHz), and a second communication antenna that transmaits
and receives the radio wave 1 a second frequency (for
example, 1.9 GHz) higher than the first frequency. A first
antenna conductor pattern 151B, a second antenna conductor
pattern 161B and a second inductor coil 1808 configure a
so-called dual antenna by which the radio waves 1n the first
frequency and the second frequency can be transmitted and
received. The operation of the human body sensor 140 1s the
same as that of the fourth embodiment, and its description 1s
omitted 1n description of this embodiment.

The sixth embodiment 1s different from the fifth embodi-
ment that the first antenna conductor pattern 151B 1s con-
nected to the second sensor pattern 142 via the first inductor
coil 1708, thereby denoting that the first antenna conductor
pattern 151B functions not only as the first and second com-
munication antennas which are described above but also as a
part of the human body sensor 140. Therefore, the human
body sensor 140 1s configured by a large conductor pattern
including not only the first sensor pattern 141 and the second
sensor pattern 142 but also the first antenna conductor pattern
1518, thereby being improved i detection performance
thereot. The first inductor coil 170B may be stored in the
recess portion (not illustrated) that 1s provided on the flat
portion 113 (refer to FIGS. 13 and 14) of the support member
110. The other elements are common to those 1n the fourth
and fifth embodiments, and the detailed description 1s omit-
ted.

Seventh Embodiment

Here, a seventh embodiment will be described with refer-
ence to FIGS. 13, 14, 16 and 17 as used in the fourth embodi-
ment and with reference to FIG. 20 1mn place of FIG. 15 used in
the fourth embodiment. In a flexible circuit board 130C in
FIG. 20 according to the seventh embodiment, contrary to the
tourth embodiment, there are provided the human body sen-
sor 140, a first communication antenna that transmits and
receives the radio wave 1n a first frequency (for example, 700
MHz), and a second communication antenna that transmits
and recerves the radio wave 1 a second frequency (for
example, 1.9 GHz) higher than the first frequency. A first
antenna conductor pattern 151C, a second antenna conductor
pattern 161C and a second inductor coil 180C configure a
so-called dual antenna by which the radio waves 1n the first
frequency and the second frequency can be transmitted and
received. The seventh embodiment 1s different from the
tourth and fifth embodiments 1n that the first antenna conduc-
tor pattern 151C 1s disposed only 1n the tlat plane section 134
of a flexible circuit board 130C, and the second antenna
conductor pattern 161C 1s disposed along the protrusion sec-
tion 132 and the flat plane section 134 of the flexible circuit
board 130C. In addition, the seventh embodiment 1s different
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from the fourth embodiment, but similar to the fifth embodi-
ment 1n that the first antenna conductor pattern 151C 1s con-
nected to the second sensor pattern 142 via a first inductor coil
170C, thereby denoting that the second antenna conductor
pattern 161C functions not only as the first and second com-
munication antennas which are described above but also as a
part of the human body sensor 140. Therefore, the human
body sensor 140 1s configured by a large conductor pattern
including not only the first sensor pattern 141 and the second
sensor pattern 142 but also the first antenna conductor pattern
151C, thereby being improved in detection performance
thereof.

As described above, the width D1 of the flat plane section
134 of the flexible circuit board 130C 1s longer than the width
D2 of the part that 1s bent at the position facing the flat plane
section 134 among the curved section 133 (refer to FIG. 14).
The first antenna conductor pattern 151C and the second
inductor coil 180C are mainly adopted and the second
antenna conductor pattern 161C functions as feeding line
mainly when transmitting and recerving the radio wave of the
first frequency (low frequency). Namely, most of the trans-
mission radio waves in the first frequency (low frequency) 1s
radiated from the flat plane section 134 (also refer to FIGS.
13, 14 and 20) of the flexible circuit board 130C. In contrast,
both the first antenna conductor pattern 151C and the second
antenna conductor pattern 161C are adopted together with the
second inductor coil 180C when transmitting and receiving,
the radio wave of the second frequency (high frequency).
Namely, transmission radio waves in the second frequency
(high frequency) 1s radiated from both the flat plane section
134 and the curved section 133 of the flexible circuit board
130C (also refer to FIGS. 13, 14 and 20).

Accordingly, a transmission radio wave of the first fre-
quency (low frequency) 1s radiated with little energy, but 1s
radiated when transmitting the radio wave of the second fre-
quency (high frequency) from the curved section 133 (refer to
FIGS. 13 and 14) of the flexible circuit board 130C. Then,
when transmitting the radio wave of the second frequency
(high frequency), the radio wave 1s radiated not only from the
curved section 133 (refer to FIGS. 13 and 14) of the flexible
circuit board 130C but also from the flat plane section 134
(refer to FIGS. 13, 14 and 20), that 1s, the flat portion 113.
Therefore, radiant energy density per unit area of the trans-
mission radio wave 1s suppressed at a low level. In addition,
since there 1s little plane part 1n the curved section 133 (refer
to FIGS. 13 and 14) of the flexible circuit board 130C, inten-
sity of the transmission radio wave from this part 1s low. That
1s, even though a human body approaches to or comes into
contact with the curved section 133 (refer to FIGS. 13 and 14)
of the flexible circuit board 130C, there 1s no need to lower the
intensity of the transmission radio wave. Therefore, the
human body sensor 140 to detect a approach of contact of a
human body with respect to the second antenna conductor
pattern 161C 1s not provided on the curved section 133 (refer
to FIGS. 13 and 14), that 1s, the protruding section 132 of the
flexible circuit board 130C.

In contrast, since there 1s more of a plane part in the flat
plane section 134 (refer to FIGS. 13, 14 and 20) of the flexible
circuit board 130C than the curved section 133, the intensity
of the transmission radio wave therefrom 1s high. That1s, 1f a
human body approaches or comes into contact with the flat
plane section 134 of the flexible circuit board 130C, there1s a
need to lower the intensity of the transmission radio wave.
Theretfore, the human body sensor 140 to detect an approach
or contact of a human body with respect to the first antenna
conductor pattern 151C 1s provided on the flat plane section

134 (refer to F1GS. 13, 14 and 20) of the flexible circuit board
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130C. However, the above-described relationship between a
shape of the antenna and intensity of the transmission radio
wave 1s the same 1n a case where one communication antenna
pattern 1s formed over the flat plane section 134 and the
curved section 133. Even 1n that case, the human body sensor
140 can be provided only 1n the flat plane section 134. The
other elements are common to those in the fourth to sixth
embodiments, and the detailed description 1s omaitted.

Alternatively, the shape of the first antenna patter 151C
may be a wide pattern as 1llustrated 1n FIG. 21 instead of a
narrow pattern as 1llustrated 1in FI1G. 20.

The mobile terminal apparatus according to the aspects of
the present invention i1s not limited to the above-described
embodiments such that it 1s possible for the mobile terminal
apparatus to be appropriately changed or improved. For
example, the shape or configuration of the mobile terminal
apparatus, the casing, the display portion, the circuit board,
the battery pack, the power reception portion, the power feed-
ing portion, the flexible circuit board, the connector portion,
the recess portion, the through hole, the waterproof member,
the hole portion, the water stopper, the power reception ter-
minal, the bendable portion and the like which are used 1n the
First Embodiment to the Third Embodiment 1s not limited to
the examples such that it 1s possible to be appropriately
changed. In addition, the present invention 1s not limited to
the Fourth Embodiment such that it 1s possible to be appro-
priately changed or improved. In addition, material, shape,
s1ze, value, form, numbers, arrangement location and the like
of each of configuration elements in the above-described
embodiments are arbitrary as long as the present invention
can be acquired, thereby not being limited.

According to the present invention, since there 1s provided
a technology for disposing a communication antenna and the
human body sensor 1nside a limited space without degrading,
a communication performance or a performance of detecting
an approach or contact of the human body, it 1s possible to
provide a compact and high-performance mobile terminal
apparatus. In addition, the present invention 1s suitable to be
applied to a mobile terminal apparatus 1n which a circuit
board 1s provided 1n a casing, a battery pack 1s accommodated
adjacent to the circuit board, and a power feeding portion of
the battery pack 1s connected to a power reception portion
inside the casing.

This application 1s based upon and claims the benefit of

priorities of Japanese Patent Applications Nos. 2012-276226

and 2012-276227, both filed on Dec. 18, 2012, the contents of

which are imncorporated herein by reference in 1ts entirety.

What is claimed 1s:

1. A communication antenna apparatus comprising:

a communication antenna formed of a conductor pattern,
the communication antenna including a flat plane sec-
tion and a curved section adjacent to the flat plane sec-
tion;

a human body sensor formed of another conductor pattern
separately from the communication antenna; and

a single unit board on which the communication antenna
and the human body sensor are formed,

wherein the communication antenna 1s provided 1n the flat
plane section and the curved section, and the human
body sensor 1s provided in the flat plane section.

2. The commumnication antenna apparatus according to

claim 1, further comprising:

a first reactance element which connects the communica-
tion antenna to the human body sensor.

3. The commumnication antenna apparatus according to

claim 2, wherein

5

10

15

20

25

30

35

40

45

50

55

60

65

34

the communication antenna further includes:

a first communication antenna configured by a first antenna
conductor pattern provided on the umt board and
adapted to transmit or receive a radio wave 1n a first
frequency; and

a second communication antenna configured by the first
antenna conductor pattern and a second antenna conduc-
tor pattern provided adjacent to the first antenna conduc-
tor pattern on the circuit board and configured to trans-
mit or receive a radio wave in a second Irequency,
wherein the first reactance element connects the first
antenna conductor pattern to the human body sensor.

4. The communication antenna unit apparatus according to

claim 3, wherein

one of the first and second communication antenna con-
ductor patterns 1s at least partly formed in the curved
section, and

the other of the first and second communication antenna
conductor patterns and the human body are formed 1n
the flat plane section.

5. A mobile terminal apparatus comprising:

a casing; and

a communication antenna unit disposed in the casing,
wherein

the communication antenna unit includes:

a flat plane section;

a curved section adjacent to the flat plane section;

a communication antenna formed of a conductor pattern;

a human body sensor formed of another conductor pattern
separately from the communication antenna; and

a single unit board on which the communication antenna
and the human body sensor are formed,

wherein the communication antenna 1s provided in the flat
plane section and the curved section, and the human
body sensor 1s provided in the flat plane section.

6. The mobile terminal apparatus according to claim 3,

turther comprising:

a display including a display surface on the casing, wherein

a flat plane section of the communication antenna unit 1s
arranged closer to a surface opposite to the display sur-
face than to the display surface.

7. The mobile terminal apparatus according to claim 5,

further comprising:

a first reactance element which connects the communica-
tion antenna to the human body sensor.

8. The mobile terminal apparatus according to claim 7,

turther comprising:

a capacitor which connects the communication antenna to
a transmission and reception circuit provided 1n the cas-
ng.

9. The mobile terminal apparatus according to claim 5,

wherein

the communication antenna 1s disposed at a position closer
to a corner of the casing than the human body sensor 1s
disposed.

10. The mobile terminal apparatus according to claim 9,

further comprising:

a first reactance element which connects the communica-
tion antenna to the human body sensor.

11. The mobile terminal apparatus according to claim 10,

turther comprising:

a capacitor which connects the communication antenna to
a transmission and reception circuit provided 1n the cas-
ng.

12. The mobile terminal apparatus according to claim 3,

turther comprising:
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a battery pack that 1s accommodated in the casing, wherein

the human body sensor and the communication antenna are
provided on a corner portion on a side opposite the
battery pack in the casing.

13. The mobile terminal apparatus according to claim 5,

turther comprising;:

a circuit board that 1s accommodated in the casing;

a battery pack that 1s accommodated 1n the casing;

a power receptor that 1s held 1n the casing;

a power leeder that 1s provided 1n the battery pack and
connected to the power receptor;

a plurality of terminal plates, each having one end to be
held on one surface which 1s included 1n the power
receptor, and having two widest surfaces which are par-
allel to each other, one of which facing and being parallel
to one of two widest surfaces of an adjacent terminal
plate, wherein the plurality of terminal plates are aligned
along a direction orthogonal to those two widest sur-
faces; and

a flexible circuit board that includes a flexible bendable
portion provided along the direction 1in which the plu-
rality of terminal plates are aligned and connects the
circuit board to the power receptor.

14. The mobile terminal apparatus according to claim 13,

turther comprising:

a U-shaped portion provided between the power receptor
and the bendable portion of the flexible board, wherein

the U-shaped portion has a U shape when viewed from a
direction orthogonal to a wiring surface of the flexible
board and protrudes toward an opposite side of the
power receptor with respect to the bendable portion in a
direction parallel to the wiring surface of the flexible
circuit board and the two widest surfaces of the plurality
of terminal plates.

15. The mobile terminal apparatus according to claim 5,

comprising;

a battery pack that 1s accommodated 1n the casing;

an accommodation portion which the battery pack 1s
attachable to and detachable from:;

a power receptor that 1s held 1n the casing; and
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a power feeder that 1s provided in the battery pack and
detachably connected to the power receptor, wherein the
battery pack includes a first waterproof member, and

the power receptor and the power feeder are disposed 1n an
inner side of the accommodation portion than the first
waterprool member of the battery pack in a state where
the battery pack 1s accommodated 1n the accommoda-
tion portion.

16. The mobile terminal apparatus according to claim 135,
further comprising:

a recess that 1s provided outside the accommodation por-
tion for the battery pack 1n the casing;

a lid configured to close the recess; and

a hole that 1s provided on a bottom surface of the recess,
and 1s covered with a water stopper which prevents a
liquid passing through from an exterior into an interior
of the casing, and allows air to pass through between the
exterior and the interior of the casing.

17. The mobile terminal apparatus according to claim 16,
further comprising:

a through hole that 1s provided on the bottom surface of the
recess and allows access from the exterior of the casing
to the circuit board; and

a frame-shaped second waterproof member that surrounds
the through hole and 1s disposed between the bottom
surface of the recess and a rear surface of the lid to be 1n
close contact therewith, wherein

the hole 1s provided outside the second waterproof member
in the bottom surface of the recess portion.

18. The mobile terminal apparatus according to claim 3,
turther comprising:

a second communication antenna,

wherein one of the communication antenna and the second

communication antenna 1s provided at a position closer
to a corner of the casing than the human body sensor 1s

provided.
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