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(54) MOBILE COMMUNICATION TERMINAL

(57) In order for antenna characteristics of a combi-
nation of an antenna and a passive element to avoid the
influence of the length of a circuit board in which the
antenna and the passive element are disposed, a mo-
bile communication terminal capable of being folded in-
cludes a first casing and a second casing, in which a
power feeding antenna 16 is provided in a first circuit
board included in the first casing and a passive antenna
26 is provided in a second circuit board included in the
second casing.

Further, a switch is provided between the second
circuit board and the passive antenna 26 and, the pas-
sive antenna is connected only when the terminal is in
a predetermined state.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a mobile com-
munication terminal, particularly to a mobile communi-
cation terminal in which an antenna is installed.

BACKGROUND ART

[0002] As a kind of mobile communication terminal,
there is a mobile phone unit of a folding type in which a
casing can be folded. The mobile phone unit of a folding
type has an antenna. When the mobile phone unit of
such folding type is folded, an unfavorable effect may
be given to characteristics of the antenna.
[0003] Therefore, as shown in Patent document 1,
technology of disposing a dipole antenna in one part of
a casing and disposing a conductor in the other part of
the casing is proposed. When such a mobile phone unit
is folded, one part of the casing faces the other part of
the casing and the dipole antenna faces the conductor
as well. Hence, characteristics of the antenna become
stabilized, because the conductor functions as a pas-
sive element, which is described in Published Japanese
Patent Application No. H10-84406 issued by the Japan
Patent Office.
[0004] However, in the case where a dipole antenna
and a conductor (passive element) are combined as de-
scribed above, characteristics of the antenna when a
mobile phone unit of the folding type is opened may be-
come deteriorated depending on the length of a circuit
board in which the dipole antenna and the conductor are
disposed.
[0005] Therefore, the present invention is to provide
the combination of an antenna and a passive element
in which characteristics of the antenna are not easily
subject to the influence of the length of a circuit board
where the antenna and the passive element are dis-
posed.

DISCLOSURE OF THE INVENTION

[0006] A first aspect of the present invention is a mo-
bile communication terminal including a first casing hav-
ing a feeding antenna to which power is supplied and a
second casing connected to the first casing, in which the
second casing has a passive antenna to which power is
not supplied and which resonates at approximately the
lower limit communication frequency in a communica-
tion frequency band used for communication.
[0007] A second aspect of the present invention is the
mobile communication terminal according to the first as-
pect of the present invention, in which an electrical
length of the passive antenna is a quarter of a wave-
length of a radio wave corresponding to the lower limit
communication frequency.
[0008] A third aspect of the present invention is the

mobile communication terminal according to the first as-
pect of the present invention, in which the first casing
and the second casing can be folded to be opposed to
each other.
[0009] A fourth aspect of the present invention is the
mobile communication terminal according to the third
aspect of the present invention, in which the power feed-
ing antenna and the passive antenna are electromag-
netically coupled when folded.
[0010] A fifth aspect of the present invention is the mo-
bile communication terminal according to the first aspect
of the present invention, in which the first casing has a
first circuit board connected to the power feeding anten-
na, the second casing has a second circuit board in
which the passive antenna is provided, and power is
supplied between the power feeding antenna and a
ground potential of the first circuit board.
[0011] A sixth aspect of the present invention is the
mobile communication terminal according to the fifth as-
pect of the present invention, in which the passive an-
tenna has a circuit pattern provided on the second circuit
board.
[0012] A seventh aspect of the present invention is the
mobile communication terminal according to the sixth
aspect of the present invention, in which the circuit pat-
tern has the shape of meanders.
[0013] An eighth aspect of the present invention is the
mobile communication terminal according to the sixth
aspect of the present invention, in which the circuit pat-
tern has an approximately straight shape.
[0014] A ninth aspect of the present invention is the
mobile communication terminal according to the fifth as-
pect of the present invention, in which the passive an-
tenna has a wire provided on the second circuit board.
[0015] A tenth aspect of the present invention is the
mobile communication terminal according to the fifth as-
pect of the present invention, in which the passive an-
tenna has a metal plate provided on the second circuit
board.
[0016] An eleventh aspect of the present invention is
the mobile communication terminal according to the fifth
aspect of the present invention, in which the second cas-
ing has a circuit member which is connected to the pas-
sive antenna and the ground potential of the second cir-
cuit board and which makes the passive antenna reso-
nate at the lower limit communication frequency.
[0017] A twelfth aspect of the present invention is a
mobile communication terminal including a first casing
having a feeding antenna to which power is supplied and
a second casing connected to the first casing, in which
the second casing has a passive antenna selectively
connected.
[0018] A thirteenth aspect of the present invention is
the mobile communication terminal according to the
twelfth aspect of the present invention, in which the first
casing and the second casing can be folded to be op-
posed to each other, and the connection state of the pas-
sive antenna when the first casing and the second cas-
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ing are not folded is changed from the connection state
thereof when both the casings are folded.
[0019] A fourteenth aspect of the present invention is
the mobile communication terminal according to the thir-
teenth aspect of the present invention, in which the pow-
er feeding antenna and the passive antenna are elec-
tromagnetically coupled when folded.
[0020] A fifteenth aspect of the present invention is
the mobile communication terminal according to the
twelfth aspect of the present invention, in which the first
casing has the first circuit board connected to the power
feeding antenna, the second casing has the second cir-
cuit board in which the passive antenna is provided, and
power is supplied between the power feeding antenna
and the ground potential of the first circuit board.
[0021] Accordingly, since the passive antenna is pro-
vided as described above, the deterioration of the an-
tenna characteristics can be controlled to prevent the
deterioration of the telephone speech quality of the mo-
bile communication terminal.

BRIEF DESCRIPTION OF DRAWINGS

[0022]

FIGS. 1A and 1B are views showing an example of
a mobile phone unit (mobile communication termi-
nal) according to a first embodiment of the present
invention, in which FIG. 1A is a plan view and FIG.
1B is a side section view;
FIG. 2 is a plan view showing an example of a state
of a first circuit board, a second circuit board and a
hinge used for the circuit boards, when a mobile
phone unit according to the first embodiment of the
present invention is fully opened;
FIGS. 3A to 3D are perspective views showing ex-
amples of a structure of a passive antenna;
FIG. 4 is a perspective view showing a modified ex-
ample in which a circuit chip is connected between
a passive antenna and a GND portion of a mobile
phone unit according to the first embodiment of the
present invention;
FIGS. 5A and 5B are views showing an example of
a state of the first circuit, the second circuit and the
hinge used for the circuit boards, when the mobile
phone unit according to the first embodiment of the
present invention is folded, in which FIG. 5A is a
side view and FIG. 5B is a plan view;
FIGS. 6A and 6B show a comparative example, in
which FIG. 6A is a plan view, and FIG. 6B is a char-
acteristic curve of the antenna radiation efficiency;
FIGS. 7A and 7B are characteristic curves, in which
FIG. 7A shows an example of the antenna radiation
efficiency in a comparative example (H=165mm),
and FIG. 7B shows an example of the antenna ra-
diation efficiency according to the first embodiment
of the present invention (H=165mm);
FIG. 8 is a characteristic curve showing examples

of the antenna radiation efficiency, when the reso-
nance frequency of the passive antenna according
to the first embodiment of the present invention is
a lower limit fL (lower limit communication frequen-
cy), the resonance frequency thereof is an upper
limit fH and the resonance frequency thereof is an
average fc of the lower limit and upper limit in the
communication frequency band, respectively;
FIG. 9 is an explanatory view in which the directions
of the antenna radiation pattern are defined;
FIGS. 10A and 10B are characteristic curves show-
ing examples of the antenna radiation pattern in a
comparative example;
FIGS. 11A and 11B are characteristic curves, in
which FIG. 11A shows an example of the antenna
radiation pattern in a comparative example
(H=165mm) and FIG. 11B shows an example of an-
tenna radiation pattern according to an embodiment
of the present invention (H=165mm);
FIG. 12 is a characteristic curve which shows an
example of the antenna radiation efficiency, when
a mobile phone unit 1 is folded;
FIG. 13 is a plan view showing an example of a state
of the first circuit board 12 and the second circuit
board 22, when a mobile phone unit (mobile com-
munication terminal) according to a second embod-
iment of the present invention is fully opened;
FIGS. 14A and 14B are connection diagrams show-
ing an example of the connection of a passive an-
tenna of a mobile phone unit according to the sec-
ond embodiment of the present invention;
FIGS. 15A and 15B are views showing the mobile
phone unit according to the second embodiment of
the present invention, in which FIG. 15A is a plan
view showing a state of the casing thereof, and FIG.
15B is a connection diagram showing an example
of the connection of a passive antenna in the state;
FIGS. 16A and 16B are views showing a mobile
phone unit according to the second embodiment of
the present invention, in which FIG. 16A is a plan
view showing a state of the casing thereof, and FIG.
16B is a connection diagram showing an example
of the connection of a passive antenna in the state;
FIGS. 17A and 17B are views showing a mobile
phone unit according to the second embodiment of
the present invention, in which FIG. 17A is a plan
view showing a state of the casing thereof, and FIG.
17B is a connection diagram showing an example
of the connection of a passive antenna in the state;
FIGS. 18A and 18B are views showing a mobile
phone unit according to the second embodiment of
the present invention, in which FIG. 18A is a plan
view showing a state of the casing thereof, and FIG.
18B is a connection diagram showing an example
of the connection of a passive antenna in the state;
FIGS. 19A and 19B are characteristic curves show-
ing the antenna radiation efficiency according to the
second embodiment of the present invention, in
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which FIG. 19A shows an example of the charac-
teristic when a terminal is opened, and FIG. 19B
shows an example thereof when the terminal is
closed; and
FIG. 20 is a plan view showing a modified example
of a mobile phone unit (mobile communication ter-
minal) according to the second embodiment of the
present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0023] Hereinafter, the first embodiment of the
present invention will be explained with reference to
FIGS. 1 to 12.
[0024] FIGS. 1A and 1B are views showing a mobile
phone unit 1 (mobile communication terminal) accord-
ing to this embodiment; FIG. 1A is a plan view and FIG.
1B is side section view. A communication frequency
band that the mobile phone 1 uses for communication
is predetermined in every system. The communication
frequency band is from about 0.83GHz to about
0.93GHz, for example. Hereupon, the lower limit of the
communication frequency band is called fL (the lower
limit frequency), the upper limit thereof is called fH, and
the average between the lower limit and upper limit is
called fc.
[0025] The mobile phone unit 1 includes a first casing
10 and a second casing 20. As shown in FIG. 1A, but-
tons such as a ten-key are provided in the first casing
10. A display is provided in the second casing 20. The
first casing 10 and the second casing 20 are connected
by a hinge not shown in the figure. The mobile phone
unit 1 can be folded by means of this hinge such that
the buttons of the first casing 10 and the display of the
second casing 20 are opposed to each other. In FIGS.
1A and 1B, the first casing 10 and the second casing 20
are at an angle of almost 45 degrees, and the mobile
phone unit 1 is recognized as being open in such state.
The angle made by the first casing 10 and the second
casing 20 may not almost exist in some cases. Also,
there is so-called a turning type in which the second cas-
ing 20 is rotated clockwise or counterclockwise with re-
spect to the first casing 10 and can be folded. In the
following embodiments, in the case where a mobile
phone unit capable of being folded is mentioned, all the
types described above are included.
[0026] As shown in FIG. 1B, the first casing 10 has a
first circuit board 12 and the second casing 20 has a
second circuit board 22. The first circuit board 12 and
the second circuit board 22 are connected by a circuit
board hinge 30. With this, the first circuit board 12 and
the second circuit board 22 can change the posture flex-
ibly depending on the folded state of the mobile phone
unit 1.
[0027] FIG. 2 is a plan view showing a state of the first
circuit board 12, second circuit board 22 and circuit
board hinge 30, when the mobile phone unit 1 is fully
opened and the first casing 10 and the second casing

20 face almost in the same direction (when opened).
[0028] A GND (ground potential) portion 14, a power
feeding antenna 16, a power supply portion 17 and a
feed point 18 are provided in the first circuit board 12.
[0029] The GND (ground potential) portion 14 is a por-
tion keeping the ground potential. For example, the por-
tion has almost a rectangular-shaped solid circuit pat-
tern. The power feeding antenna 16 is an antenna to
which high frequency electric power is supplied. The
power supply portion 17 is connected to the GND portion
14 and the power feeding antenna 16 and supplies the
high frequency electric power between the ground por-
tion 14 and the power feeding antenna 16. The feed
point 18 is a portion at which the power feeding antenna
16 is connected to the first circuit board 12, and the pow-
er feeding antenna 16 receives power through the feed
point 18.
[0030] A GND (ground potential) portion 24 and a pas-
sive antenna 26 are attached to the second circuit board
22.
[0031] The GND (ground potential) portion 24 is a por-
tion keeping the ground potential. For example, the por-
tion has almost a rectangular-shaped solid circuit pat-
tern. The passive antenna 26 is an antenna to which
power is not supplied. The passive antenna 26 is con-
nected to the ground portion 24.
[0032] Here, the whole length L = La + Lb (La: a por-
tion parallel to the short side of the second circuit board
22, Lb: a portion parallel to the long side of the second
circuit board 22) of the passive antenna 26 is approxi-
mately a quarter of a wavelength λ of a radio wave cor-
responding to the fL (lower limit frequency). In other
words, L=λ/4. With such construction, the passive an-
tenna 26 is made to resonate at the lower limit commu-
nication frequency fL. Note that the whole length L of
the passive antenna 26 may not be λ/4 on condition that
the antenna resonates at the lower limit communication
frequency.
[0033] Further, the passive antenna 26 can be provid-
ed on the second circuit board 22 instead of being at-
tached to the outside of the second circuit board 22. The
modified examples are shown in FIGS. 3A to 3D.
[0034] As shown in FIG. 3A, the passive antenna 26
may have the circuit pattern of the shape of meanders.
As shown in FIG. 3B, the passive antenna 26 may have
the circuit pattern of an approximately straight shape in
which the long side portion is considerably longer than
the short side portion. Further, the passive antenna 26
may not be the circuit pattern and may be a wire as
shown in FIG. 3C and may be a metal plate as shown
in FIG. 3D.
[0035] In the above described examples, the passive
antenna 26 is made to resonate at the lower limit com-
munication frequency fL by adjusting the whole length
L of the passive antenna 26. However, instead of adjust-
ing the whole length L of the passive antenna 26, as
shown in FIG. 4, a circuit chip 25 may be connected to
the passive antenna 26 and the GND portion 24 to make
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the passive antenna 26 resonate at the lower limit com-
munication frequency fL.
[0036] FIGS. 5A and 5B show a state of the first circuit
12, second circuit 22 and circuit board hinge 30, when
the mobile phone unit 1 is folded and the first casing 10
and the second casing 20 oppose to each other; FIG.
5A is a side view and FIG. 5B is a plan view.
[0037] As shown in FIG. 5A, the power feeding anten-
na 16 opposes to the passive antenna 26. Further, the
power feeding antenna 16 is positioned at the back of
the passive antenna 26 shown in FIG. 5B, and the power
feeding antenna 16 opposes to the passive antenna 26.
Accordingly, the power feeding antenna 16 and the pas-
sive antenna 26 are electromagnetically coupled.

[Practice Example 1]

[0038] FIGS. 6A and 6B show a comparative example
to be compared with a practice example of the present
invention; FIG. 6A is a plan view and FIG. 6B shows the
antenna radiation efficiency.
[0039] As shown in FIG. 6A, the comparative example
has no passive antenna 26. In this case, the antenna
radiation efficiency changes depending on the whole
length H of the circuit board that is the sum of the length
of the first circuit board 12 and the length of the second
circuit board 22 (refer to FIG. 6B). It is recognized that
H=125mm is the case with which the radiation efficiency
becomes highest in the desired communication fre-
quency band (the desired band).
[0040] In FIGS. 7A and 7B, FIG. 7A shows the anten-
na radiation efficiency in a comparative example
(H=165mm), and FIG. 7B shows the antenna radiation
efficiency in a practice example (H=165mm) of the
present invention.
[0041] As shown in FIG. 7A, the antenna radiation ef-
ficiency in the comparative example (H=165mm) is not
desirable, because it becomes particularly low around
the lower limit of the desired band. On the other hand,
as shown in FIG. 7B, the antenna radiation efficiency in
the practice example (H=165mm) of the present inven-
tion becomes almost constant within the desired band
and is desirable, while the whole length H of the circuit
board is the same as that of the comparative example.
Hence, the antenna radiation efficiency becomes desir-
able in the desired band regardless of the whole length
H of the circuit board according to the practice example
of the present invention.
[0042] FIG. 8 shows the antenna radiation efficiency
of a passive antenna 26 in the communication frequency
band, in each of the cases where the resonance fre-
quency thereof is a lower limit fL (lower limit communi-
cation frequency), is an upper limit fH and is an average
fc of the lower limit and upper limit. As shown in FIG. 8,
the antenna radiation efficiency becomes particularly
low around the lower limit fL in the communication fre-
quency band, when the resonance frequency of the pas-
sive antenna 26 is fH and fc, which is not favorable. On

the other hand, the antenna radiation efficiency be-
comes excellent over the whole of the desired band,
when the resonance frequency of the passive antenna
26 is fL, which is favorable.
[0043] Therefore, since the passive antenna 26 is pro-
vided in the second circuit board 22 and the resonance
frequency of the passive antenna 26 is fL, the antenna
radiation efficiency becomes excellent over the whole
of the desired band and the desirable effectiveness can
be obtained.
[0044] Here, directions are defined as shown in FIG.
9 and the antenna radiation pattern in the comparative
example is shown in FIGS. 10A and 10B. It is known
that the radiation pattern from the minute current ele-
ment is a sine curve, and originally, the direction of max-
imum radiation is the side directions (90°, 270°) and
should become symmetrical with the top and bottom
(the directions of 0° and 180°). The case shown in FIG.
10A (H=125mm) is the original radiation pattern, and the
antenna radiation efficiency is excellent (refer to FIG.
6B).
[0045] However, depending on the whole length H of
the circuit board, the phase of the high-frequency cur-
rent which flows on the circuit board is reversed on the
path of the current, and so the offset of the radiation oc-
curs to make the antenna radiation pattern distorted. As
a result, the direction of maximum radiation will shift up-
ward (in the directions of 0° and 360°) from the side di-
rections (90°, 270°). It is a case (H=165 mm) shown in
FIG. 10B. In this case, the radiation characteristics (ef-
ficiency and band) becomes deteriorated by the offset
of the radiation (refer to FIG. 6B). While the phase re-
versal generally occurs by the half-wavelength in the
high frequency current, the phase reversal occurs by the
length shorter than the half-wavelength when the cur-
rent flows in the circuit board or the like having the width
and thickness.
[0046] In FIGS. 11A and 11B, FIG. 11A shows the an-
tenna radiation pattern in the comparative example
(H=165mm) and FIG. 11B shows the antenna radiation
pattern in the practice example (H=165mm) of the
present invention.
[0047] As shown in FIG. 11A, the antenna radiation
pattern in the comparative example (H=165mm) is not
desirable, because the direction of maximum radiation
shifts upward (in the directions of 0° and 360°). On the
other hand, as shown in FIG. 11B, the practice example
of the present invention (H=165mm) is desirable, be-
cause the direction of maximum radiation comes closer
to the side directions (90°, 270°), while the whole length
H of the circuit board is the same as that of the compar-
ative example. Hence, according to the practice exam-
ple of the present invention, the antenna radiation pat-
tern becomes desirable regardless of the whole length
H of the circuit board.
[0048] The characteristics of the antenna when the
mobile phone unit 1 is opened have heretofore been ex-
plained, hereupon, the antenna radiation efficiency
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when the mobile phone unit 1 is folded is shown in FIG.
12. As is obvious from FIG. 12, the antenna radiation
efficiency of the practice example 1 according to the
present invention is higher than that of the comparative
example in the desired band.
[0049] Next, the second embodiment of the present
invention will be explained with reference to FIGS. 13 to
20. Since the second embodiment is also applied to the
folding type mobile phone unit 1 (the mobile communi-
cation terminal) similarly to the first embodiment, the
same reference numerals are given to the same mem-
bers as those in the mobile phone unit 1 explained in
the first embodiment and the detailed explanation is
omitted.
[0050] FIG. 13 is a drawing of a mobile phone unit
(mobile communication terminal) 1 according to this em-
bodiment of the present invention and is a plan view
showing a state of a first circuit board 12, second circuit
board 22 and circuit board hinge 30, when the mobile
phone unit 1 is fully opened and a first casing 10 and a
second casing 20 face almost in the same direction
(when opened).
[0051] A GND (ground potential) portion 14, a power
feeding antenna 16, a power supply portion 17 and a
feed point 18 are provided in the first circuit board 12.
[0052] The GND (ground potential) portion 14 is a por-
tion keeping the ground potential. For example, the por-
tion has almost a rectangular-shaped solid circuit pat-
tern. The power feeding antenna 16 is an antenna to
which the high frequency electric power is supplied. The
power supply portion 17 is connected to the ground por-
tion 14 and the power feeding antenna 16 and supplies
the high frequency electric power between the power
feeding antenna 16 and the GND portion 14. The feed
point 18 is a portion at which the power feeding antenna
16 is connected to the first circuit board 12, and the pow-
er feeding antenna 16 receives power through the feed
point 18.
[0053] The second circuit board 22 has a GND
(ground potential) portion 24, and a passive antenna 26
is attached to the GND portion 24 through a switch 27.
[0054] The GND (ground potential) portion 24 is a por-
tion keeping the ground potential. For example, the por-
tion has almost a rectangular-shaped solid circuit pat-
tern. The passive antenna 26 is an antenna to which
power is not supplied. The passive antenna 26 is con-
nected to the GND portion 24 through the switch 27.
[0055] The switch 27 is switched between when the
mobile phone unit 1 is fully opened and the first casing
10 and the second casing 20 are opened and when the
first casing 10 and the second casing 20 are closed, for
example. The switching of this switch is performed by
the control of a control portion (not shown in the figure)
which detects the states of the opening and closing of
the mobile phone unit 1, for example. Alternatively, a
switch changed mechanically in accordance with the
opening and closing operations of the mobile phone unit
1 may be used.

[0056] Similarly to the first embodiment, the whole
length of the passive antenna 26 is preferable to be ap-
proximately a quarter of a wavelength λ of the radio
wave corresponding to the fL (lower limit frequency). In
other words, L=λ/4. With such construction, the passive
antenna 26 is made to resonate at the lower limit com-
munication frequency fL. Note that the whole length L
of the passive antenna 26 may not be λ/4 on condition
that the antenna resonates at the lower limit communi-
cation frequency.
[0057] Further, similarly to the first embodiment, the
passive antenna 26 may be provided on the second cir-
cuit board 22 instead of being attached to the outside of
the second circuit board 22 and may have various
shapes as shown in FIGS. 3A to 3D, for example.
[0058] When the GND portion 24 and the passive an-
tenna 26 are connected through the switch 27, circuit
components (a coil, resistance, capacitor and so on)
made of chip components and the like may be attached.
Specifically, as shown in FIG. 14A for example, a coil
41a (this coil 41a has the inductance value of 33nH or
30nH, for example) is connected between the GND por-
tion 24 and the passive antenna 26, when the switch 27
is closed. Further, the passive antenna 26 is made not
to connect to the coil 41a and the GND portion 24, when
the switch is opened.
[0059] Further, as shown in FIG. 14B for example, a
switch connected to the passive antenna 26 is provided
as a switch 27' which can be switched from one side to
the other side, and a coil 41a is connected between the
GND portion 24 and the passive antenna 26 when the
switch changes to one side, and a coil 41b is connected
between the GND portion 24 and the passive antenna
26 when the switch changes to the other side. The coil
41a has the inductance value of 33nH, for example, and
the coil 41b has the inductance value of 30nH, for ex-
ample. The inductance components formed of a chip
component are used as the coils 41a and 41b.
[0060] FIGS. 15A and 15B and FIGS. 16A and 16B
are drawings which show an example of a state of the
passive antenna 26 when the mobile phone unit 1 is
opened (FIGS. 15A and 15B), and show an example of
a state of the passive antenna 26 when the mobile
phone unit 1 is closed (FIGS. 16A and 16B), in the case
where the connection configuration shown in FIG. 14A
is employed.
[0061] When the mobile phone unit 1 is opened as
shown in FIG. 15A, the switch 27 is in an open state as
shown in FIG. 15B and the passive antenna 26 is in a
state of being separated from the coil 41a and the GND
24 (that is, a state of being separated from the circuit
board inside the second casing 20).
[0062] When the mobile phone unit 1 is closed as
shown in FIG. 16A, the switch 27 is in a closed state as
shown in FIG 16B and the passive antenna 26 is in a
state of being connected to the GND portion 24 through
the coil 41a.
[0063] FIGS. 17A and 17B and FIGS. 18A and 18B
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are drawings which show an example of a state of the
passive antenna 26 when the mobile phone unit 1 is
opened (FIGS. 17A and 17B), and show an example of
a state of the passive antenna 26 when the mobile
phone unit 1 is closed (FIGS. 18A and 18B), in the case
where the connection configuration shown in FIG. 14B
is employed.
[0064] When the mobile phone unit 1 is opened as
shown in FIG. 17A, the switch 27' is in a state of being
connected to one side as shown in FIG. 17B and the
passive antenna 26 is in a state of being connected to
the GND portion 24 through the coil 41a.
[0065] When the mobile phone unit 1 is closed as
shown in FIG. 18A, the switch 27' is in a state of being
connected to the other side as shown in FIG. 18B and
the passive antenna 26 is in a state of being connected
to the GND portion 24 through the coil 41b.
[0066] With such construction, when the mobile
phone unit 1 is closed, the characteristics as the mobile
communication terminal becomes excellent, because
the electromagnetic coupling e is generated between
the antenna 16 on the first casing 10 side and the pas-
sive antenna 26 on the second casing 20 side as shown
in FIG. 16A or 18A. Further, when the mobile phone unit
1 is opened, the characteristics in the open state can be
improved, because the passive antenna 26 is in a state
of being separated (FIGS. 15A and 15B) or is in another
connection state (FIG. 17A and 17B).

[Practice Example 2]

[0067] FIGS. 19A and 19B are characteristic curves
showing an example of the antenna radiation efficiency
of a practice example (practice example 2) according to
the second embodiment of the present invention. Here,
FIG. 19A shows an example of the characteristic in the
frequency band for the wireless communication when a
mobile phone unit 1 is opened, and FIG. 19B shows an
example of the characteristic in the frequency band for
the wireless communication when a mobile phone unit
1 is closed.
[0068] In this practice example, with respect to each
state of the mobile phone unit 1, the characteristics in
three states are compared: the state in which the coil
with the inductance value a (here, 33nH) is connected
between the passive antenna 26 and the GND portion,
the state in which the coil with the inductance value b
(here, 30nH) is connected between the passive antenna
26 and the GND portion, and the state in which the pas-
sive antenna 26 is separated from the GND portion.
[0069] As shown in FIG. 19A, when the mobile phone
unit 1 is opened, the characteristics obtained in the case
of using the inductance value b and in the case of not
connecting to the passive antenna are superior to the
characteristic obtained in the case of using the induct-
ance value a, in almost all the frequency band for the
communication.
[0070] Further, as shown in FIG. 19B, when the mo-

bile phone unit 1 is closed, the characteristics obtained
in the case of using the inductance value a and in the
case of using the inductance value b are superior to the
characteristic obtained in the case of not connecting to
the passive antenna, in almost all the frequency band
for the communication.
[0071] Therefore, for example, both in the examples
of FIGS. 15A and 15B and FIGS. 16A and 16B, excellent
communication characteristics are obtained, in which
when the terminal is opened, the passive antenna is not
connected and in which when the terminal is closed, the
passive antenna is connected to the GND portion
through the coil of the inductance value a or b.
[0072] Further, for example, both in the examples of
FIGS. 17A and 17B and FIGS. 18A and 18B, excellent
communication characteristics are obtained, in which
when the terminal is opened, the passive antenna is
connected to the GND portion through the coil of the in-
ductance value b and in which when the terminal is
closed, the passive antenna is connected to the GND
portion through the coil of the inductance value a.
[0073] Note that the radiation efficiency shown in FIG.
19 changes depending on various factors regarding a
structure such as the size of a circuit board to which an
antenna is connected, and the state in which character-
istic is more favorable depends on the structure. Also,
regarding the inductance values, the values mentioned
above are examples.
[0074] Further, in the second embodiment heretofore
explained, the switch 27 or 27' to switch the connection
of the passive antenna is provided at the end portion
where the GDN portion of the antenna is connected,
however the switch may be provided in the middle of the
passive antenna and a part of the passive antenna is
separated depending on the state of the terminal.
[0075] Specifically, as shown in FIG. 20 for example,
when a switch 28 is provided in the middle of the passive
antenna 26 and the mobile phone unit is opened, about
the half of the tip side of the passive antenna 26 is sep-
arated from the GND portion by making the switch 28
into the open state, and only the remaining half is con-
nected to the GND portion. Then, when the mobile
phone unit is closed, the whole of the passive antenna
26 is made to connect to the GND portion by making the
switch 28 into the closed state. The circuit components
such as a coil and so on may be connected in series to
the switch 28.
[0076] With the above construction, the antenna char-
acteristic in each state of the mobile phone unit can be
improved.

Claims

1. A mobile communication terminal comprising:

a first casing including a power feeding antenna
to which power is supplied and
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a second casing connected to said first casing,
wherein
said second casing includes a passive antenna
to which power is not supplied and which reso-
nates at approximately the lower limit commu-
nication frequency in a communication fre-
quency band used for communication.

2. The mobile communication terminal according to
claim 1, wherein

the electrical length of said passive antenna
is a quarter of a wavelength of a radio wave corre-
sponding to said lower limit communication fre-
quency.

3. The mobile communication terminal according to
claim 1, wherein

said first casing and said second casing can
be folded to be opposed to each other.

4. The mobile communication terminal according to
claim 3, wherein

said power feeding antenna and said passive
antenna are electromagnetically coupled when
folded.

5. The mobile communication terminal according to
claim 1, wherein

said first casing has a first circuit board to
which said power feeding antenna is connected,

said second casing has a second circuit board
in which said passive antenna is provided, and

power is supplied between said power feed-
ing antenna and a ground potential of said first cir-
cuit board.

6. The mobile communication terminal according to
claim 5, wherein

said passive antenna has a circuit pattern pro-
vided on said second circuit board.

7. The mobile communication terminal according to
claim 6, wherein

said circuit pattern has the shape of mean-
ders.

8. The mobile communication terminal according to
claim 6, wherein

said circuit pattern has an approximately
straight shape.

9. The mobile communication terminal according to
claim 5, wherein

said passive antenna has a wire provided on
said second circuit board.

10. The mobile communication terminal according to
claim 5, wherein

said passive antenna has a metal plate pro-
vided on said second circuit board.

11. The mobile communication terminal according to
claim 5, wherein

said second casing has a circuit member
which is connected to said passive antenna and a
ground potential of said second circuit board and
which makes said passive antenna resonate at said
lower limit communication frequency.

12. A mobile communication terminal comprising:

a first casing including a power feeding antenna
to which power is supplied and
a second casing connected to said first casing,
wherein
said second casing has a passive antenna se-
lectively connected.

13. The mobile communication terminal according to
claim 12, wherein

said first casing and said second casing can
be folded to be opposed to each other and

a connection state of said passive antenna is
changed between the state in which said first casing
and said second casing are folded and the state in
which the both are not folded.

14. The mobile communication terminal according to
claim 13, wherein

said power feeding antenna and said passive
antenna are electromagnetically coupled when
folded.

15. The mobile communication terminal according to
claim 12, wherein

said first casing has a first circuit board con-
nected to said power feeding antenna,

said second casing has a second circuit board
in which said passive antenna is provided, and

power is supplied between said power feed-
ing antenna and a ground potential of said first cir-
cuit board.
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