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Description

Technical Field

[0001] The present invention relates to a foldable radio
communication apparatus which has a pair of housings
in which a circuit board is housed.

Background Art

[0002] Radio communication apparatuses of this type
have been employing a structure that enables conduction
of an electric current, which is induced in a pair of circuit
boards, to be improved and obtains an antenna gain as
disclosed in, for example, Patent Document 1 and Patent
Document 2.
[0003] Fig. 17 is a front view showing a radio commu-
nication apparatus according to a first related-art exam-
ple. Fig. 18 is a perspective view showing a radio com-
munication apparatus according to a second related-art
example.
[0004] In a radio communication apparatus 100 dis-
closed in Patent Document 1, as shown in Fig. 17, ground
units 111 and 121 of a pair of circuit boards 110 and 120
are connected via a resonant circuit 130. The resonant
circuit 130 is a circuit in which a series-connected com-
ponent and a resonance-use conductor 133 serving as
an inductor are connected in parallel. In the series-con-
nected component, a resonance-use conductor 131
serving as an inductor and a capacitor unit 132 are con-
nected in series.
[0005] This causes a high-frequency electric current
induced in the circuit board 110 by an antenna operation
of an antenna 101 to flow to the circuit board 120 through
the resonant circuit 130. An antenna gain is increased
by making the conduction state of the high-frequency
electric current be in a favorable state by using an im-
pedance of the resonant circuit 130.
[0006] On the other hand, a radio communication ap-
paratus disclosed in Patent Document 2, as shown in
Fig. 18, has a structure in which a helical antenna 201 is
provided at a front side of a conductor portion 210 of a
circuit board and a flip element 230 is provided between
the antenna 201 and the conductor portion 210. With
such a structure, an electric current which flows into the
flip element 230 from the conductor portion 210 is led
using the flip element 230 in the direction opposite to the
flow of the electric current in the conductor portion 210,
and thus an antenna gain is increased.
Patent Document 1: Japanese Unexamined Patent Ap-
plication Publication No. 2004-040524
Patent Document 2: Japanese Unexamined Patent Ap-
plication Publication No. 2006-086715

Disclosure of Invention

[0007] However, existing radio communication appa-
ratuses described above have the following problems.

[0008] First, in the radio communication apparatus
shown in Fig. 17, the resonant circuit 130 includes the
series-connected component in which the resonance-
use conductor 131 serving as an inductor and the capac-
itor unit 132 are connected in series, and thus an electric
current at the time of resonance always flows through
both the resonance-use conductor 131 serving as an in-
ductor and the capacitor unit 132. Thus, resonance is
caused with an electric current having a desired frequen-
cy only if a condition regarding both the resonance-use
conductor 131 serving as an inductor and the capacitor
unit 132 is satisfied. Therefore, the impedance of the res-
onant circuit 130 can be controlled within only a specified
and narrow range of frequency, and impedance control
over a wide range of frequencies is difficult.
[0009] Next, the radio communication apparatus
shown in Fig. 18 needs the helical antenna 201, which
extends outside, and the flip element 230, whereby there
is a problem that the physical volume of the radio com-
munication apparatus becomes large.
[0010] In order to solve the above-described problems,
it is an object of this invention to provide a radio commu-
nication apparatus that can control an impedance be-
tween circuit boards over a wide range of frequencies
and has a small physical volume.
[0011] In order to solve a problem described above,
the invention of Claim 1 provides a radio communication
apparatus. The radio communication apparatus includes
a first housing in which a first circuit board having an
antenna unit is housed, a second housing in which a sec-
ond circuit board is housed, a hinge unit for linking the
first housing and the second housing in an openable/
closeable manner, a group of circuit connecting lines for
electrically connecting a circuit of the first circuit board
and a circuit of the second circuit board and for electrically
connecting a ground of the first circuit board and a ground
of the second circuit board, and a high dielectric member
provided near the hinge unit. The antenna unit is provided
to be positioned near an end portion opposite the hinge
unit of the first circuit board. The hinge unit links an end
portion of one housing from among the first and second
housings and a portion of the other housing, the portion
being located more internally than an end portion of the
other housing, and a region extending from the portion
of the other housing to the end portion of the other hous-
ing overlaps a region near the end portion of the one
housing in a projection domain when the first and second
housings are in an unfolded state. The high dielectric
member is arranged to be positioned between the re-
gions overlapped when the first and the second housings
are in an unfolded state in order to adjust a capacitance
between the ground of the first circuit board and the
ground of the second circuit board.
[0012] With such a structure, if an operation is per-
formed in a state in which the first and second housings
are unfolded, a radio wave is transmitted and received
via the antenna unit of the first housing. Here, if electrical
lengths of the first and the second circuits are appropriate
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electrical lengths corresponding to an electrical length of
the antenna unit, an antenna gain is increased and an-
tenna characteristics are improved. The electrical
lengths of such first and second circuit boards can be
adjusted by controlling an impedance of a parallel circuit
in which the group of circuit connecting lines, which is
used to connect the first and the second circuit boards
and functions as an inductor, and a capacitor between
the grounds are connected in parallel.
[0013] According to this invention, the region extend-
ing from the portion of the other housing to the end portion
of the other housing overlaps the region near the end
portion of the one housing in a projection domain in a
state in which the first and second housings are unfolded,
and the high dielectric member is arranged to be posi-
tioned between the regions overlapped. Thus, a capac-
itance of the parallel circuit depends on the dielectric con-
stant of the high dielectric member. Therefore, if the
lengths of the first and the second circuit boards are con-
strained in terms of design and a desired electrical length
cannot be obtained, the electrical lengths of the first and
the second circuit boards can be set to desired values
by changing the impedance of the parallel circuit, more
specifically, by adjusting the dielectric constant of the
high dielectric member and changing the capacitance.
[0014] Here, the inductor constituted by the group of
circuit connecting lines between the first and the second
circuit boards and the capacitor between the grounds are
connected in parallel. Thus, a high frequency electric cur-
rent at the time of resonance can be caused to mainly
flow through the capacitor by increasing the dielectric
constant and by increasing the capacitance. Thus, even
if a condition regarding both the group of circuit connect-
ing lines and the capacitor is not satisfied as in the existing
radio communication apparatus described above, a de-
sired impedance can be obtained by just changing a con-
dition regarding the capacitor, the condition being related
to the high dielectric member. Thus, in a wide range of
frequencies, an impedance between the first and the sec-
ond circuit boards can be controlled.
[0015] In addition, the physical volume of such a radio
communication apparatus can be reduced since the first
circuit board including the antenna unit is housed in the
first housing and unnecessary elements such as a flip
element are not used.
[0016] According to the invention of Claim 2, in the ra-
dio communication apparatus set forth in Claim 1, the
high dielectric member is provided to at least one of the
region extending from the portion of the other housing to
the end portion of the other housing and the region near
the end portion of the one housing.
[0017] According to the invention of Claim 3, in the ra-
dio communication apparatus set forth in Claim 1 or 2,
the high dielectric member forms a part of or the entirety
of at least one housing from among the first and second
housings.
[0018] With such a structure, the radio communication
apparatus can be designed in a state in which the high

dielectric is included, and thus the high dielectric does
not affect the degree of freedom in designing of the radio
communication apparatus.
[0019] According to the invention of Claim 4, in the ra-
dio communication apparatus set forth in any one of
Claims 1 through 3, the high dielectric member is a mix-
ture of a thermoplastic resin with a dielectric constant
lower than that of a versatile plastic and filler with a high
dielectric constant.
[0020] According to the invention of Claim 5, in the ra-
dio communication apparatus set forth in any one of
Claims 1 through 4, a dielectric constant of the high die-
lectric member is set to a value within a range from 5 to
1000.
[0021] With such a structure, since the high dielectric
with a high dielectric constant ranging from 5 through
1000 can be arranged without increasing a thickness of
or a volume of the high dielectric member, a demand in
terms of a design in which thinning is achieved or protru-
sions are reduced can be met.
[0022] According to the invention of Claim 6, in the ra-
dio communication apparatus set forth in any one of
Claims 1 through 5, the high dielectric member is provid-
ed to each of the region extending from the portion of the
other housing to the end portion of the other housing and
the region near the end portion of the one housing, and
metal plates are arranged inside the respective high di-
electric members that are paired and the metal plates
face each other.
[0023] With such a structure, by adjusting the size of
the metal plates, a capacitance between the first and the
second circuit boards can be controlled.
[0024] According to the invention of Claim 7, in the ra-
dio communication apparatus set forth in Claim 6, each
of the metal plates is electrically connected, via a metal
line, to the ground of the circuit board inside a housing
in which a high dielectric member having the metal plate
is provided.
[0025] With such a structure, stronger capacitive cou-
pling can be generated between the first and the second
circuit boards.
[0026] As described above, according to the radio
communication apparatus according to Claims 1 through
7, since the impedance between the first and the second
circuit boards can be controlled over a wide range of fre-
quencies, even if the physical lengths of the first and the
second circuit boards are constrained in terms of design,
a favorable antenna gain can be obtained. Moreover,
components projecting outside and unnecessary com-
ponents are omitted as a result of, for example, the first
circuit board including the antenna unit being housed in
the first housing, thereby the physical volume of such a
radio communication apparatus can be reduced.
[0027] In particular, according to the invention of
Claims 3 and 5, radio communication apparatuses that
meet a demand in terms of design can be manufactured.
[0028] Moreover, according to the invention of Claim
6, since the capacitance between the first and the second
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circuit boards can be controlled by adjusting the size of
the metal plates, control of a coupling amount between
the first and the second circuit boards can be easily per-
formed.
[0029] Furthermore, according to the invention of
Claim 7, since stronger capacitive coupling can be gen-
erated between the first and the second circuit boards,
even if an overlapped region of the metal plates that face
each other is small, control of the capacitance between
the first and the second circuit boards can assuredly be
performed.

Brief Description of Drawings

[0030]

[Fig. 1] Fig. 1 is a perspective view showing a radio
communication apparatus according to a first em-
bodiment of the present invention.
[Fig. 2] Fig. 2 is a perspective view of the radio com-
munication apparatus shown in Fig. 1 in a case in
which a circuit board is seen through from the back
side.
[Fig. 3] Fig. 3 is a sectional view of the radio com-
munication apparatus which is in a folded state.
[Fig. 4] Fig. 4 is a sectional view of the radio com-
munication apparatus which is in an unfolded state.
[Fig. 5] Fig. 5 is a partially enlarged sectional view
used to describe a formation position of the hinge
unit.
[Fig. 6] Fig. 6 is a partially enlarged sectional view
used to describe an overlapped region of housings.
[Fig. 7] Fig. 7 is a plan view for indicating a position
at which a high dielectric member is arranged.
[Fig. 8] Fig. 8 is a schematic diagram showing a par-
allel circuit formed between circuit boards.
[Fig. 9] Fig. 9 includes schematic diagrams used to
describe a function of the parallel circuit.
[Fig. 10] Fig. 10 includes schematic diagrams used
to describe a disadvantage of an existing parallel
circuit.
[Fig. 11] Fig. 11 is a partially enlarged sectional view
showing a main part of a radio communication ap-
paratus according to a second embodiment of the
present invention.
[Fig. 12] Fig. 12 is a partially enlarged sectional view
showing a state in which housings are unfolded.
[Fig. 13] Fig. 13 is a partially enlarged sectional view
showing a main part of a radio communication ap-
paratus according to a third embodiment of the
present invention.
[Fig. 14] Fig. 14 is a partially enlarged sectional view
showing a state in which housings are unfolded.
[Fig. 15] Fig. 15 is a partially enlarged sectional view
showing a main part of a radio communication ap-
paratus according to a fourth embodiment of the
present invention.
[Fig. 16] Fig. 16 is a partially enlarged sectional view

showing a state in which housings are unfolded.
[Fig. 17] Fig. 17 is a front view showing a radio com-
munication apparatus according to a first related-art
example.
[Fig. 18] Fig. 18 is a perspective view showing a radio
communication apparatus according to a second re-
lated-art example.

Reference Numerals

[0031]

1, 2 housing
1a, 2a end portion
1b, 2b portion
3 hinge unit
4, 5 circuit board
6 group of circuit connecting lines
7, 7’ high dielectric member
40 antenna unit
41, 51 ground area
42 non-ground area
43, 52 circuit
72 metal plate
73, 74 metal line
C capacitor
D1, D2 region
L1, L2 inductor

Best Modes for Carrying Out the Invention

[0032] Preferred embodiments according to the
present invention will be described with reference to the
drawings.

EMBODIMENT 1

[0033] Fig. 1 is a perspective view showing a radio
communication apparatus according to a first embodi-
ment of the present invention. Fig. 2 is a perspective view
of the radio communication apparatus shown in Fig. 1 in
a case in which a circuit board is seen through from the
back side. Fig. 3 is a sectional view of the radio commu-
nication apparatus which is in a folded state. Fig. 4 is a
sectional view of the radio communication apparatus
which is in an unfolded state.
[0034] As shown in Fig. 1, the radio communication
apparatus according to the first embodiment is a foldable
cellular telephone. A housing 1 serving as a first housing
and a housing 2 serving as a second housing are linked
via a hinge unit 3 in an openable/closeable manner.
[0035] The housing 1 is a casing used as an operation
unit of the radio communication apparatus, and is formed
of a synthetic resin such as a plastic.
[0036] A keyboard 11, a microphone 12, and the like
are mounted on the housing 1, and a circuit board 4 serv-
ing as a first circuit board is housed inside the housing 1
as shown by broken lines.
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[0037] As shown in Fig. 2, the circuit board 4 has a
ground area 41 on both surfaces thereof. A non-ground
area 42 is provided at the back side of the circuit board
4, and an antenna unit 40 is surface-mounted on the non-
ground area 42. Moreover, various circuits such as a
transmitting-and-receiving unit and a control unit are pro-
vided on the ground area 41 of the circuit board 4; how-
ever, in order to facilitate understanding, these circuits
are shown as a single circuit 43 on the drawings.
[0038] The antenna unit 40 is a monopole antenna
whose electrical length is (λ / 4) 3 (m + 1) and is electri-
cally connected to the circuit 43. Here, λ is a wavelength
for a resonance frequency of the antenna unit 40 and m
is an integer which is 0 or more.
[0039] On the other hand, the housing 2 is a casing
used as a display unit of the radio communication appa-
ratus, and is formed of a synthetic resin such as a plastic,
similarly to the housing 1. However, the housing 2 is de-
signed to be longer than the housing 1. Here, in the first
embodiment, the housings 1 and 2 are formed of a syn-
thetic resin such as a plastic; however, these may be
formed of a metal such as a magnesium alloy.
[0040] As shown in Fig. 1, a liquid crystal panel 21, a
speaker 22, and the like are mounted on the housing 2,
and a circuit board 5 serving as a second circuit board
is housed inside the housing 2 as shown by broken lines.
[0041] As shown in Fig. 2, the circuit board 5 has
ground areas 51 and 51 on both surfaces thereof. Various
circuits used to operate the liquid crystal panel 21, the
speaker 22, and the like are provided on the ground area
51 at a front side of the circuit board 5; however, in order
to facilitate understanding, these circuits are shown as a
single circuit 52 as shown in Fig. 3.
[0042] As shown in Fig. 2, the circuit board 4 housed
in the housing 1 and the circuit board 5 housed in the
housing 2 are electrically connected via a group of circuit
connecting lines 6.
[0043] A signal line and a control line that connect the
circuit 43 to the circuit 52, a connecting line between the
ground area 41 and the ground area 51, and the like exist
in parallel between the circuit board 4 and the circuit
board 5; however, in the first embodiment, the signal line
and the like are collectively shown as the group of circuit
connecting lines 6.
[0044] As shown in Fig. 3, the group of circuit connect-
ing lines 6 electrically connects the circuit board 4 to the
circuit board 5 through the hinge unit 3. Thus, an inductor
L1 constituted by the group of circuit connecting lines 6
is disposed between the circuit boards 4 and 5.
[0045] The hinge unit 3 is a portion that links the hous-
ing 1 and the housing 2 in an openable/closeable manner,
and, as a characteristic, links an end portion of the hous-
ing 2 serving as one housing to a portion located inside
the housing 1 serving as the other housing.
[0046] Fig. 5 is a partially enlarged sectional view used
to describe a formation position of the hinge unit 3. Fig.
6 is a partially enlarged sectional view used to describe
an overlapped region of the housings 1 and 2.

[0047] As shown in Fig. 5, one side of the hinge unit 3
is linked to an end portion 2a of the housing 2. The other
side of the hinge unit 3 is linked to a portion 1b located
more internally (the right side of Fig. 5) than an end por-
tion 1a of the housing 1.
[0048] This allows the housing 2 to rotate about the
hinge unit 3 with respect to the housing 1, and as shown
in Fig. 4, the housings 1 and 2 can be in an unfolded state.
[0049] Since the hinge unit 3 is linked to the portion 1b
of the housing 1, when the housings 1 and 2 are in an
unfolded state, as shown in Fig. 5, a region D1 extending
from the portion 1b to the end portion 1a of the housing
1 and a region D2 near the end portion 2a of the housing
2 overlap with each other as seen in a projection domain.
[0050] A high dielectric member 7, which is character-
istic according to the first embodiment, is arranged at this
overlapped region.
[0051] Fig. 7 is a plan view for indicating a position at
which the high dielectric member 7 is arranged.
[0052] As shown in Fig. 1, the high dielectric member
7 is a member for adjusting a capacitance between the
ground areas 41 and 51 of the circuit board 4 and circuit
board 5. In the first embodiment, a thermoplastic resin,
the dielectric constant of which is lower than that of ver-
satile plastic such as PC (Polycarbonate) or a mixture of
PC and ABS (Acrylnitrile Butadiene Styrene), and filler
with a high dielectric constant are mixed, and the dielec-
tric constant of the mixture is set to be 5 through 1000.
[0053] The high dielectric member 7 is arranged so as
to be positioned between the overlapped regions when
the housings 1 and 2 are in an unfolded state as shown
in Fig. 6. As shown in Fig. 5, the high dielectric member
7 is adhered onto the region D1 extending from the por-
tion 1b of the housing 1 to the end portion 1a. As a matter
of course, the high dielectric member 7 may be adhered
onto the region D2 near the end portion 2a of the housing
2.
[0054] Moreover, the high dielectric member 7 is
formed so as to form a strip-like shape, a cross section
of which has a trapezoid shape. As shown in Fig. 7, the
high dielectric member 7 is adhered to the housing 1
across the entire width.
[0055] According to this, as shown in Fig. 6, when the
housing 1 and 2 are unfolded, the high dielectric member
7 is disposed between the end portions of the housings
1 and 2, that is, between the end portions of the ground
areas 41 and 51 of the circuit boards 4 and 5. A capacitor
C is constituted by the ground areas 41 and 51 and the
high dielectric member 7, and the capacitor C causes the
circuit boards 4 and 5 to be in a state in which the circuit
boards 4 and 5 are electrically connected.
[0056] Next, an operation of and advantages indicated
by the radio communication apparatus according to the
first embodiment will be described.
[0057] Fig. 8 is a schematic diagram showing a parallel
circuit formed between the circuit boards. Fig. 9 includes
schematic diagrams used to describe a function of the
parallel circuit.
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[0058] As shown in Fig. 1, if the circuit 43 is operated
in a state in which the housings 1 and 2 of the radio
communication apparatus are unfolded, a radio wave is
transmitted and received via the antenna unit 40 of the
housing 1.
[0059] Here, the antenna unit 40, the electric length of
which is one fourth of the wavelength for a resonance
frequency, is a monopole antenna. Thus, if board lengths
of the circuit boards 4 and 5 are appropriate lengths cor-
responding to the electric length of the antenna unit 40,
an antenna gain is increased.
[0060] More particularly, when the electric lengths of
the circuit boards 4 and 5 are equal to the electric length
(λ / 4) x (m + 1) of the antenna unit 40 or longer than the
electric length of the antenna unit 40 by about 0.1λ, an
antenna gain is increased and antenna characteristics
are improved.
[0061] Here, as described above, the circuit boards 4
and 5 are connected via the group of circuit connecting
lines 6 serving as the inductor L1. Moreover, as shown
in Fig. 6, since the circuit boards 4 and 5 are connected
via the capacitor C constituted by the ground areas 41
and 51 and the high dielectric member 7 when the hous-
ings 1 and 2 are in an unfolded state, as shown in Fig.
8, the circuit boards 4 and 5 are in a state in which the
circuit boards 4 and 5 are connected via the parallel cir-
cuit, which is constituted by the capacitor C and the in-
ductor L1.
[0062] Thus, the board lengths of the circuit boards 4
and 5 can be adjusted to be appropriate values by con-
trolling the impedance of this parallel circuit. That is, an
electric length of the entirety of the circuit boards 4 and
5 can be adjusted by controlling the impedance of the
parallel circuit.
[0063] In such a parallel circuit, as indicated by arrows
shown in part (a) of Fig. 9, if the frequency of the electric
current is high, the electric current flows through the ca-
pacitor C. If the frequency of the electric current is low,
the electric current flows through the inductor L1. Thus,
even if the same frequency is used, as shown in part (b)
of Fig. 9, an influence caused by the inductor L1 can be
disregarded by setting the capacitor C to have a high
capacitance. Thus, in the first embodiment, as described
above, the impedance can be controlled in a manner such
that the dielectric constant of the high dielectric member
7 is set to a value within a range from 5 to 1000, the
capacitor C constituted by the high dielectric member 7
and the ground areas 41 and 51 of the circuit boards 4
and 5 is set to have a high capacitance, and the capacitor
C can be seen as dominant. Thus, by setting the dielectric
constant of the high dielectric member 7 to an appropriate
value and causing the impedance of the parallel circuit
to be small, the electrical length of the entirety of the
circuit boards 4 and 5 can be adjusted to be an appro-
priate electrical length. Moreover, the impedance of the
parallel circuit can be controlled by simply adjusting the
capacitance of the capacitor C, which is adjusted by ad-
justing the dielectric constant of the high dielectric mem-

ber 7. Thus, with respect to a wide range of frequencies,
an appropriate electrical length, which is well-balanced,
can be provided to the entirety of the circuit boards 4 and
5.
[0064] In contrast, similar to the radio communication
apparatus shown in Fig. 17, if a parallel circuit which in-
cludes a series-connected component in which an induc-
tor and a capacitor are connected in series is used, an
appropriate electrical length cannot be provided to the
entirety of the circuit boards 4 and 5 with respect to a
wide range of frequencies.
[0065] Fig. 10 includes schematic diagrams used to
describe a disadvantage of an existing parallel circuit.
[0066] As shown in part (a) of Fig. 10, the existing radio
communication apparatus shown in Fig. 17 has a struc-
ture in which a parallel circuit is provided between the
circuit boards 4 and 5. In the parallel circuit, a series-
connected component, in which an inductor L2 and the
capacitor C are connected in series, and the inductor L1
are connected in parallel.
[0067] Thus, as shown in part (b) of Fig. 10, even if the
capacitance of the capacitor C is adjusted in order to be
able to disregard the inductor L1, since the inductor L2
and the capacitor C are connected in series, a desired
impedance can be obtained only in a case in which a
condition regarding the inductor L2 and capacitor C is
satisfied. Therefore, outside a specified narrow range of
frequencies, the electrical length of the entirety of the
circuit boards 4 and 5 cannot be set to an appropriate
value.
[0068] In contrast, the radio communication apparatus
according to the first embodiment differs from the existing
radio communication apparatus. For a wide range of fre-
quencies, in the radio communication apparatus accord-
ing to the first embodiment, the entirety of the circuit
boards 4 and 5 can be set to have an appropriate elec-
trical length. In addition, the physical volume of such a
radio communication apparatus can be reduced since
the circuit board 4 including the antenna unit 40 is housed
in the housing 1 and unnecessary elements such as a
flip element are not used.

EMBODIMENT 2

[0069] Next, a second embodiment of the present in-
vention will be described.
[0070] Fig. 11 is a partially enlarged sectional view
showing a main part of a radio communication apparatus
according to the second embodiment of the present in-
vention. Fig. 12 is a partially enlarged sectional view
showing a state in which the housings 1 and 2 are un-
folded.
[0071] The second embodiment differs from the first
embodiment described above in terms of a mounting
structure for the high dielectric member 7.
[0072] That is, as shown in Fig. 11, the high dielectric
member 7 is formed as a part of the housing 1, and the
high dielectric member 7 is made to be in a state in which
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the high dielectric member 7 is embedded in the housing
1. By unfolding the housings 1 and 2, as shown in Fig.
12, the high dielectric member 7 is made to be in a state
in which the high dielectric member 7 is disposed be-
tween the ground areas 41 and 51 of the circuit boards
4 and 5.
[0073] With such a structure, a radio communication
apparatus can be designed in a state in which the high
dielectric member 7 is included, thus the high dielectric
member 7 does not affect design of the radio communi-
cation apparatus. Here, if a protrusion caused by the high
dielectric member 7 is a problem, the high dielectric mem-
ber 7 may be designed so that the high dielectric member
7 is flush with surfaces of the housings 1 and 2.
[0074] Here, the high dielectric member 7 needs to be
a part of or the entirety of at least one of the housings 1
and 2. Thus, instead of being adhered to the housing 2
as shown in the first embodiment, the high dielectric
member 7 may be integrally formed with the housing 2
(the housing 1) when manufacturing the housing 2 (the
housing 1). Moreover, the entirety of the housing 2 (the
housing 1) may be formed as the high dielectric member
7.
[0075] Other structures, operations, and advantages
are similar to those of the first embodiment. Thus, a de-
scription thereof is omitted.

EMBODIMENT 3

[0076] Next, a third embodiment of the present inven-
tion will be described.
[0077] Fig. 13 is a partially enlarged sectional view
showing a main part of a radio communication apparatus
according to the third embodiment of the present inven-
tion. Fig. 14 is a partially enlarged sectional view showing
a state in which the housings 1 and 2 are unfolded.
[0078] The third embodiment differs from the first and
second embodiments described above in terms of a point
that a high dielectric member is provided to both of the
housings 1 and 2.
[0079] That is, as shown in Fig. 13, a high dielectric
member 7’ having a rectangular cross-section shape is
also arranged to a portion 2b near the end portion 2a of
the housing 2 (within the region D2 shown in Fig. 6). By
unfolding the housings 1 and 2, as shown in Fig. 14, the
high dielectric member 7’ overlaps the high dielectric
member 7, and the overlapped high dielectric members
7 and 7’ are caused to be in a state in which the over-
lapped high dielectric members 7 and 7’ are disposed
between the ground areas 41 and 51 of the circuit boards
4 and 5.
[0080] With such a structure, the capacitance of a ca-
pacitor C (see Fig. 8) between the circuit boards 4 and
5 can be increased, and capacitive coupling between the
circuit boards 4 and 5 can be strengthened.
[0081] Other structures, operations, and advantages
are similar to those of the first and second embodiments.
Thus, a description thereof is omitted.

EMBODIMENT 4

[0082] Next, a fourth embodiment of the present inven-
tion will be described.
[0083] Fig. 15 is a partially enlarged sectional view
showing a main part of a radio communication apparatus
according to the fourth embodiment of the present inven-
tion. Fig. 16 is a partially enlarged sectional view showing
a state in which the housings 1 and 2 are unfolded.
[0084] The fourth embodiment differs from the third
embodiment described above in terms of a point that a
metal plate inside the high dielectric member is connect-
ed to the ground area of the circuit board via a metal line.
[0085] That is, as shown in Fig. 15, a metal plate 72 is
buried inside the high dielectric member 7 near the hous-
ing 1 and another metal plate 72 is buried inside the high
dielectric member 7’ near the housing 2. A metal line 73
is provided inside the high dielectric member 7, and the
metal plate 72 and the ground area 51 of the circuit board
5 are electrically connected via the metal line 73. Also,
a metal line 74 is provided inside the high dielectric mem-
ber 7’, and the metal plate 72 and the ground area 41 of
the circuit board 4 are electrically connected via the metal
line 74.
[0086] According to this, unfolding of the housings 1
and 2, as shown in Fig. 16, leads to a state in which the
metal plates 72 and 72 are facing, the metal plates 72
and 72 being electrically connected to the ground areas
41 and 51 of the circuit boards 4 and 5, and a state in
which the high dielectric members 7 and 7’ that are in
contact are disposed between the circuit boards 4 and 5.
[0087] As a result, the capacitance of a capacitor C
(see Fig. 8) between the circuit boards 4 and 5 can be
increased, and stronger capacitive coupling between the
circuit boards 4 and 5 can be generated.
[0088] Other structures, operations, and advantages
are similar to those of the third embodiment described
above. Thus, a description thereof is omitted.
[0089] Here, the technical scope of the present inven-
tion is not limited to the above-described embodiments,
and various modifications are permissible within the
scope and spirit of the present invention.
[0090] For example, in the first embodiment described
above, an example in which the high dielectric member
7 is mounted on the housing 1 by being adhered thereto
is given; however, the method of mounting the high die-
lectric member 7 is not limited to adhering. As a matter
of course, various mounting methods which are known
may be applied.
[0091] In the fourth embodiment described above, an
example in which the metal plates 72 are provided inside
the high dielectric member 7 near the housing 1 and the
high dielectric member 7’ near the housing 2, and the
metal plates 72 and 72 are electrically connected to the
ground areas 41 and 51 of the circuit boards 4 and 5 via
the metal lines 73 and 74 is given; however, if the hous-
ings 1 and 2 are formed of metal and the housings 1 and
2 are electrically connected to the ground areas 41 and

11 12 



EP 2 157 663 B9

8

5

10

15

20

25

30

35

40

45

50

55

51 of the circuit boards 4 and 5, operations and advan-
tages similar to those of the fourth embodiment can be
obtained by simply disposing the high dielectric member
7 between the housings 1 and 2, as a matter of course.
[0092] Moreover, in the embodiments described
above, a structure is given that meets a demand in terms
of a design in which the dielectric constant of the high
dielectric member 7 is set to a value within the range from
5 to 1000, a thickness of or a volume of the high dielectric
member 7 is suppressed, and thinning is achieved or
protrusions are reduced. However, as a matter of course,
a radio communication apparatus in which the dielectric
constant of the high dielectric member 7 is set outside
the range from 5 to 1000 may be included in the scope
of the present invention.

Claims

1. A radio communication apparatus comprising:

a first housing (1) in which a first circuit board
(4) having an antenna unit (40) is housed;
a second housing (2) in which a second circuit
board (5) is housed;
a hinge unit (3) for linking the first housing and
the second housing in an openable/closeable
manner; and the hinge unit links an end portion
(2a) of one housing from among the first and
second housings and a portion (1b) of the other
housing, said portion (1b) of the other housing
being located more internally than an end por-
tion (1a) of the other housing, and a region (D1)
extending from said portion (1b) of the other
housing to said end portion (1a) of the other
housing overlaps a region (D2) near said end
portion (2a) of the one housing in a projection
domain when the first and second housings are
in an unfolded state,

characterised by:

a group of circuit connecting lines (6) for electri-
cally connecting a circuit (43) of the first circuit
board and a circuit (52) of the second circuit
board and for electrically connecting a ground
(41) of the first circuit board and a ground (51)
of the second circuit board; and
a high dielectric member (7,7) provided near the
hinge unit,
wherein the antenna unit is provided near an
end portion of the first circuit board, said end
portion being opposite the hinge unit
the high dielectric member (7,7’) is arranged be-
tween the regions (D1, D2) being overlapped
when the first and second housings are in an
unfolded state in order to adjust a capacitance
between the ground (41) of the first circuit board

and the ground (51) of the second circuit board.

2. The radio communication apparatus according to
Claim 1,
wherein the high dielectric member (7,7’) is provided
to at least one of said region (D1) extending from
said portion (1b) of the other housing to said end
portion (1a) of the other housing and said region (D2)
near said end portion (2a) of the one housing.

3. The radio communication apparatus according to
Claim 1 or 2,
wherein the high dielectric member (7,7’) forms a
part of or the entirety of at least one housing from
among the first and second housings.

4. The radio communication apparatus according to
any one of Claims 1 to 3,
wherein the high dielectric member (7,7’) is a mixture
of a thermoplastic resin with a dielectric constant low-
er than that of a versatile plastic and filler with a high
dielectric constant.

5. The radio communication apparatus according to
any one of Claims 1 to 4,
wherein a dielectric constant of the high dielectric
member (7,7’) is set to a value within a range from
5 to 1000.

6. The radio communication apparatus according to
any one of Claims 1 to 5,
wherein the high dielectric member (7, 7’) is provided
to each of the region extending from the portion of
the other housing to the end portion of the other hous-
ing and the region near the end portion of the one
housing, and
metal plates (72) are arranged inside the respective
high dielectric members that are paired and the metal
plates face each other.

7. The radio communication apparatus according to
Claim 6,
wherein each of the metal plates (72) is electrically
connected, via a metal line (73, 74), to the ground
(41, 51) of the circuit board inside said first or second
housing (1,2) in which said high dielectric member
(7,7’) having the metal plate is provided.

Patentansprüche

1. Funkverbindungsgerät, welches umfasst:

ein erstes Gehäuse (1), in dem eine erste Lei-
terplatte (4) mit einer Antenneneinrichtung (40)
aufgenommen ist;
ein zweites Gehäuse (2), in dem eine zweite Lei-
terplatte (5) aufgenommen ist;
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eine Scharniereinrichtung (3) zum Verbinden
des ersten Gehäuses und des zweiten Gehäu-
ses in einer zu öffnenden/schließenden Weise;
und die Scharniereinrichtung verbindet einen
Endabschnitt (2a) eines Gehäuses von erstem
und zweitem Gehäuse und einen Abschnitt (1
b) des anderen Gehäuses, wobei der Abschnitt
(1 b) des anderen Gehäuses weiter innen als
ein Endabschnitt (1a) des anderen Gehäuses
positioniert ist, und ein Bereich (D1), der sich
von dem Abschnitt (1 b) des anderen Gehäuses
zu dem Endabschnitt (1a) des anderen Gehäu-
ses erstreckt, überlagert einen Bereich (D2) na-
he dem Endabschnitt (2a) des einen Gehäuses
in einer Projektionsdomäne, wenn sich das er-
ste und zweite Gehäuse in einem aufgeklappten
Zustand befinden,

gekennzeichnet durch:

eine Gruppe von Schaltkreisverbindungsleitun-
gen (6) zum elektrischen Verbinden eines
Schaltkreises (43) der ersten Leiterplatte und ei-
nes Schaltkreises (52) der zweiten Leiterplatte
und zum elektrischen Verbinden einer Masse
(41) der ersten Leiterplatte und einer Masse (51)
der zweiten Leiterplatte; und
ein hoch dielektrisches Element (7, 7’), das nahe
der Scharniereinrichtung vorgesehen ist,
wobei die Antenneneinrichtung nahe einem
Endabschnitt der ersten Leiterplatte vorgese-
hen ist, wobei der Endabschnitt gegenüber der
Scharniereinrichtung liegt;
das hoch dielektrische Element (7, 7’) ist zwi-
schen den Bereichen (D1, D2) angeordnet, die
überlagert sind, wenn sich das erste und zweite
Gehäuse in einem aufgeklappten Zustand be-
finden, um zwischen der Masse (41) der ersten
Leiterplatte und der Masse (51) der zweiten Lei-
terplatte eine Kapazität anzupassen.

2. Funkverbindungsgerät nach Anspruch 1, wobei das
hoch dielektrische Element (7, 7’) an mindestens ei-
nem von dem Bereich (D1), der sich von dem Ab-
schnitt (1 b) des anderen Gehäuses zu dem Endab-
schnitt (1a) des anderen Gehäuses erstreckt, und
dem Bereich (D2) nahe dem Endabschnitt (2a) des
einen Gehäuses vorgesehen ist.

3. Funkverbindungsgerät nach Anspruch 1 oder 2, wo-
bei das hoch dielektrische Element (7, 7’) einen Teil
oder die Gesamtheit mindestens einen Gehäuses
von erstem und zweitem Gehäuse bildet.

4. Funkverbindungsgerät nach einem der Ansprüche
1 bis 3, wobei das hoch dielektrische Element (7, 7’)
eine Mischung aus einem thermoplastischen Harz
mit einer Dielektrizitätskonstante, die niedriger als

die eines Universalkunststoffs ist, und einem Füll-
stoff mit einer hohen Dielektrizitätskonstante ist.

5. Funkverbindungsgerät nach einem der Ansprüche
1 bis 4, wobei eine Dielektrizitätskonstante des hoch
dielektrischen Elements (7, 7’) auf einen Wert in ei-
nem Bereich von 5 bis 1000 festgelegt ist.

6. Funkverbindungsgerät nach einem der Ansprüche
1 bis 5, wobei das hoch dielektrische Element (7, 7’)
sowohl an dem Bereich, der sich von dem Abschnitt
des anderen Gehäuses zu dem Endabschnitt des
anderen Gehäuses erstreckt, als auch an dem Be-
reich nahe dem Endabschnitt des einen Gehäuses
vorgesehen ist und
Metallplatten (72) in den jeweiligen hoch dielektri-
schen Elementen angeordnet sind, die gepaart sind,
und die Metallplatten einander zugewandt sind.

7. Funkverbindungsgerät nach Anspruch 6, wobei jede
der Metallplatten (72) mittels einer Metallleitung (73,
74) mit der Masse (41, 51) der Leiterplatte in dem
ersten oder zweiten Gehäuse (1, 2), in dem das hoch
dielektrische Element (7, 7’) mit der Metallplatte vor-
gesehen ist, elektrisch verbunden ist.

Revendications

1. Appareil de communication radio, comprenant :

un premier boîtier (1) dans lequel une première
carte de circuit imprimé (4) présentant une unité
d’antenne (40) est logée ;
un second boîtier (2) dans lequel une seconde
carte de circuit imprimé (5) est logée ;
une unité de charnière (3) pour raccorder le pre-
mier boîtier et le second boîtier de manière à
pouvoir être ouvert/fermé ; et
l’unité de charnière raccordant une partie d’ex-
trémité (2a) d’un boîtier parmi le premier et le
second boîtiers et une partie (1 b) de l’autre boî-
tier, ladite partie (1 b) de l’autre boîtier étant si-
tuée plus à l’intérieur qu’une partie d’extrémité
(1 a) de l’autre boîtier, et une zone (D1) s’éten-
dant de ladite partie (1 b) de l’autre boîtier à la-
dite partie d’extrémité (1 a) de l’autre boîtier che-
vauche une zone (D2) près de ladite partie d’ex-
trémité (2a) dudit un boîtier dans une zone de
projection quand le premier et le second boîtiers
sont dans un état non plié,

caractérisé par :

un groupe de lignes de connexion de circuit (6)
pour connecter électriquement un circuit (43) de
la première carte de circuit imprimé (52) et un
circuit (52) de la seconde carte de circuit impri-
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mé et pour connecter électriquement une masse
(41) de la première carte de circuit imprimé et
une masse (51) de la seconde carte de circuit
imprimé ; et
un élément à haute constante diélectrique (7,
7’) prévu près de l’unité de charnière, dans le-
quel l’unité d’antenne est prévue près d’une par-
tie d’extrémité de la première carte de circuit im-
primé, ladite partie d’extrémité étant opposée à
l’unité de charnière ;
l’élément à haute constante diélectrique (7, 7’)
est agencé entre les zones (D1, D2) qui se che-
vauchent quand le premier et le second boîtiers
sont dans un état non plié afin d’ajuster une ca-
pacité entre la masse (41) de la première carte
de circuit imprimé et la masse (51) de la seconde
carte de circuit imprimé.

2. Appareil de communication radio selon la revendi-
cation 1, dans lequel l’élément à haute constante
diélectrique (7, 7’) est prévu sur au moins une de
ladite zone (D1) s’étendant de ladite partie (1 b) de
l’autre boîtier à ladite partie d’extrémité (1a) de
l’autre boîtier et de ladite zone (D2) près de ladite
partie d’extrémité (2a) dudit un boîtier.

3. Appareil de communication radio selon la revendi-
cation 1 ou 2, dans lequel l’élément à haute cons-
tante diélectrique (7, 7’) forme une partie ou la totalité
d’au moins un boîtier parmi le premier et le second
boîtiers.

4. Appareil de communication radio selon l’une quel-
conque des revendications 1 à 3, dans lequel l’élé-
ment à haute constante diélectrique (7, 7’) est un
mélange d’une résine thermoplastique ayant une
constante diélectrique inférieure à celle d’un plasti-
que polyvalent et d’une matière de remplissage
ayant une haute constante diélectrique.

5. Appareil de communication radio selon l’une quel-
conque des revendications 1 à 4, dans lequel une
constante diélectrique de l’élément à haute constan-
te diélectrique (7, 7’) est réglée sur une valeur dans
un intervalle de 5 à 1000.

6. Appareil de communication radio selon l’une quel-
conque des revendications 1 à 5, dans lequel l’élé-
ment à haute constante diélectrique (7, 7’) est prévu
sur chacune de la zone s’étendant de la partie de
l’autre boîtier à la partie d’extrémité de l’autre boîtier
et de la zone près de la partie d’extrémité dudit un
boîtier, et
des plaques de métal (72) sont agencées à l’intérieur
des éléments à haute constante diélectrique respec-
tifs qui sont appariés et les plaques de métal font
face l’une à l’autre.

7. Appareil de communication radio selon la revendi-
cation 6, dans lequel chacune des plaques de métal
(72) est connectée électriquement, par l’intermédiai-
re d’une ligne en métal (73, 74), à la masse (41, 51)
de la carte de circuit imprimé à l’intérieur desdits pre-
mier ou second boîtiers (1, 2) dans lequel ledit élé-
ment à haute constante diélectrique (7, 7’) présen-
tant la plaque métallique est prévu.
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