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Description
Technical Field

[0001] The present invention relates to portable radi-
os or mobile radio sets and, more specifically to a port-
able radio provided with two types of antennae.

Background Art

[0002] One example of a portable radio provided with
two types of antennae is disclosed in Japanese Utility
Model Laying-Open No. 61-42148.

[0003] The portable radio disclosed in the aforemen-
tioned laid-open application includes a whip antenna ca-
pable of being freely pushed in or pulled out from a cas-
ing, and a small antenna contained in the casing. For
remote communication, the whip antenna is pulled out
from the casing and connected to a transmission/recep-
tion circuit for communication. For local communication,
the whip antenna is contained in the casing, and the in-
ternal small antenna is connected to the transmission/
reception circuit for communication.

[0004] However, the aforementioned document does
not contain details such as the shapes of the internal
small antenna and whip antenna. Thus, if these anten-
nae are simply combined, a problem of inefficiency may
arise due to antenna coupling.

Disclosure of the Invention

[0005] The present invention is made to solve the
aforementioned problem. An object of the present in-
vention is to alleviate the inefficiency problem due to an-
tenna coupling in a portable radio or a mobile radio set
provided with two types of antennae.

[0006] In one aspect, a portable radio or a mobile ra-
dio set of the present invention includes a casing, a first
linear antenna capable of being pulled out from the cas-
ing, a second plate-like antenna contained in the casing
and connected to a ground substrate, and a power sup-
ply or feeding means for exciting at least one of the first
and second antennae.

[0007] Having intensively studied to alleviate the inef-
ficiency problem due to antenna coupling in a portable
radio provided with two types of antennae, the present
inventor has found that the combination of the first linear
antenna and the second plate-like antenna connected
to the ground substrate provides smaller antenna cou-
pling, as shown in Fig. 7. As a result, the inefficiency
due to inter-antenna interference can be alleviated.
[0008] The portable radio preferably includes a
switching means between the first and second anten-
nae, and the power supply means.

[0009] The above mentioned switching means may
connect the first antenna and power supply means when
the first antenna is pulled out, and connect the second
antenna and power supply means when the first anten-

10

15

20

25

30

35

40

45

50

55

na is pushed in.

[0010] The switching means may connect both the
first and second antennae to the power supply means
when the first antenna is pulled out, and connect the
second antenna to the power supply means when the
first antenna is pushed in.

[0011] Further, the switching means may connect
both the first and second antennae to the power supply
means when the first antenna is pulled out, and also
connect both the first and second antennae to the power
supply means when the first antenna is pushed in.
[0012] Furthermore, the switching means may con-
nect the first antenna to the power supply means when
the first antenna is pulled out, and connect both the first
and second antennae to the power supply means when
the first antenna is pushed in.

[0013] The first antenna preferably includes a monop-
ole antenna having a length which is an integral multiple
of a half wavelength. The second antenna preferably in-
cludes a patch antenna. Further, the first antenna may
include a helical antenna arranged in series with the mo-
nopole antenna.

[0014] It is preferred that the first antenna is inclined
toward the side opposite a human body. In this way, the
antenna performance becomes less affected by the hu-
man body.

[0015] In another aspect, a portable radio of the
present invention includes a casing having a flip, a first
antenna provided in the flip, a second plate-like antenna
contained in the casing and connected to the ground
substrate, and a power supply means for exciting at
least one of the first and second antennae.

[0016] The above combination of the first and second
antennae also provides smaller antenna coupling as in
the invention according to the above mentioned one as-
pect.

[0017] The above mentioned portable radio prefera-
bly includes a switching means between the first and
second antennae and the power supply means.

[0018] The switching means may connect the first an-
tenna to the power supply means when the flip is
opened, and connect the second antenna to the power
supply means when the flip is closed.

[0019] Further, the switching means may connect
both the first and second antennae to the power supply
means when the flip is opened, and connect the second
antenna to the power supply means when the flip is
closed.

[0020] Furthermore, the switching means may con-
nect both the first and second antennae to the power
supply means when the flip is opened, and connect the
first and second antennae to the power supply means
when the flip is closed.

[0021] Moreover, the switching means may connect
the first antenna to the power supply means when the
flip is opened, and connect both the first and second an-
tennae to the power supply means when the flip is
closed.
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Brief Description of the Drawings

[0022]

Fig. 1A is a diagram schematically showing a port-
able radio according to a first embodiment of the
present invention.

Fig. 1B is a side view of the portable radio in Fig. 1A.
Fig. 1C is an equivalent circuit diagram of the port-
able radio in Fig. 1A.

Fig. 1D is an equivalent circuit diagram of the port-
able radio in Fig. 1A.

Fig. 1E is a side view of an internal antenna of the
portable radio in Fig. 1A.

Fig. 2A is a diagram schematically showing a port-
able radio according to a second embodiment of the
present invention.

Fig. 2B is a side view of the portable radio in Fig. 2A.
Figs. 3A and 3B are equivalent circuit diagrams of
a portable radio according to a third embodiment of
the present invention.

Figs. 4A and 4B are diagrams schematically show-
ing a portable radio according to a fourth embodi-
ment of the present invention.

Figs. 5A and 5B are diagrams schematically show-
ing a portable radio according to a fifth embodiment
of the present invention.

Figs. 6A and 6B are diagrams schematically show-
ing a portable radio according to a sixth embodi-
ment of the present invention.

Fig. 7 is a graph showing a measurement result of
antenna coupling in the portable radio of the present
invention.

Best Modes for Carrying Out the Invention

[0023] Now, the embodiments of the present inven-
tion will be described with reference to Figs. 1A to 7.

First embodiment

[0024] Figs. 1A to 1D show a portable radio or a mo-
bile radio set 1 such as a portable radio telephone of the
first embodiment of the present invention as well as
modifications thereof. Fig. 1E is a side view of the inter-
nal antenna shown in Fig. 1A.

[0025] As shown in Fig. 1A, portable radio 1 includes
a casing 2, a first antenna 3, a second antenna 4, a
switch 5, and a power supply means 6.

[0026] As shown in Fig. 1E, casing 2 contains a
ground substrate 13 on which second antenna 4 is
mounted. First antenna is preferably a monopole anten-
na, which can be freely pulled out from and pushed in
casing 2. A length L1 of first antenna 3 is an integral (at
least 1) multiple of a half wavelength (A). Thus, the cur-
rent to casing 2 can be controlled when pulling out.
[0027] Second antenna 4 is contained in casing 2 and
is preferably a short patch antenna. Second antenna 4
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is rectangular when viewed from above in Fig. 1A, hav-
ing at one end 4a a short-circuit board 12, and is con-
nected to substrate 13 through short-circuit board 12. In
addition, second antenna 4 has a length L2 in the width
direction of casing 2 of for example A/4.

[0028] The present inventor has found that the com-
bination of first linear antenna 3 and second plate-like
antenna 4 connected to ground substrate 13 provides
smaller antenna coupling (about -20dB to -30dB) in the
applied band as shown in Fig. 7 although the antennae
are maintained fairly dose to each other despite a large
wavelength. Thus, the inefficiency problem due to an in-
terference between antennas can be alleviated.
[0029] Further, the above mentioned second plate-
like antenna 4 provides a radiation field by the combi-
nation of currents flowing through a portion parallel to
ground substrate 13 and short-circuit board 12. As are-
sult, omnidirectionality is obtained in the plane including
the direction normal to the substrate and the direction
from short-circuit board 12 toward the power supply
point side, when viewing the substrate from above as a
rectangular shape.

[0030] Further, since second antenna 4 is laterally ar-
ranged as shown in Fig. 1A, second antenna 4 does not
have directionality in the plane orthogonal to the longi-
tudinal direction of the casing and polarized waves be-
come orthogonal to the longitudinal direction of the cas-
ing. Thus, when mounted obliquely to the human body,
the polarized waves become generally vertical to the
ground, whereby polarized wave alignment with respect
to the base station of the vertically polarized waves is
improved.

[0031] On the other hand, second antenna 4 may be
longitudinally arranged as shown in Fig. 1D. Thus, sec-
ond antenna 4 has omnidirectionality in the plane includ-
ing the longitudinal direction of the casing and the direc-
tion normal to the substrate, and the polarization plane
becomes parallel to the longitudinal direction of the cas-
ing. As a result, when operating a terminal device while
looking at a data display portion on the casing or the
like, favorable polarized wave alignment is ensured with
respect to the base station of the vertically polarized
waves regardless of the tilt angle.

[0032] Note that the short-circuit point of second an-
tenna 4 as shown in Fig. 1D may be at any of the upper
and lower portions. Further, the shape of second anten-
na 4 can be arbitrarily selected if it causes a desired
electric field in the space between second antenna 4
and substrate 13. Moreover, a plate-like antenna such
as a patch antenna can be employed as an internal an-
tenna of the present invention.

[0033] Switch 5 can selectively connects first antenna
3 and second antenna 4 to power supply means 6
through contacts 11a and 11b. Thus, first antenna 3 and
second antenna 4 are selectively excited.

[0034] More specifically, referring to Fig. 1C, first an-
tenna 3 and power supply means 6 are connected when
pulling out first antenna 3, and second antenna 4 and
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power supply means 6 are connected when pushing in
first antenna 3. Thus, first antenna 3 is used for commu-
nication when it is pulled out, and second antenna is
used for communication when first antenna 3 is pushed
in.

[0035] As shown in Fig. 1B, first antenna 3 preferably
extends in the direction away from human body 7. In this
way, the performance degradation of the antenna due
to the human body may be alleviated.

Second Embodiment

[0036] Now, referring to Figs. 2A and 2B, the second
embodiment of the present invention will be described.
[0037] As shown in Fig. 2A, in the second embodi-
ment, a flip 8 is provided in casing 2 capable of being
freely opened and closed, and first antenna 3 is provided
in flip 8. The other parts of the structure are the same
as in the example shown in Fig. 1A.

[0038] Asinthe firstembodiment, the present embod-
iment would provide smaller coupling of first and second
antennae 3 and 4, whereby the inefficiency problem due
to inter-antenna interference can be alleviated.

[0039] First antenna 3 is typically contained in flip 8.
For providing first antenna 3 in flip 8, a method disclosed
in Japanese Patent Laying-Open No. 8-186518 may be
employed.

[0040] Switch 5 connects power supply means 6 to
firstantenna 3 when flip 8 is opened, and connects pow-
er supply means 6 to second antenna 4 when flip 8 is
dosed. Thus, first antenna 3 is used for communication
when flip 8 is opened, and second antenna 4 is used for
communication when flip 8 is closed.

[0041] As shown in Fig. 2B, flip 8 preferably extends
in the direction away from human body side 7 when flip
8 is opened. Thus, first antenna 3 is held away from the
human body.

Third Embodiment

[0042] Now, referring to Figs. 3A and 3B, the third em-
bodiment of the present invention will be described. Fig.
3A shows that first antenna 3 is excited, and Fig. 3B
shows that second antenna 4 is excited.

[0043] As shown in Figs. 3A and 3B, in the third em-
bodiment, switches 9 and 10 are provided. When first
antenna 3 is pulled out, for example as shown in Fig.
3A, first antenna 3 is excited and second antenna 4 is
connected to a load impedance Z2. Thus, the phase of
waves reflected by second antenna 4 can be controlled,
whereby beam deformation or efficiency decrease of
first antenna 3 is suppressed.

[0044] When first antenna 3 is pushed in, for example
as shown in Fig. 3B, second antenna 4 is excited and
first antenna 3 is connected to load impedance Z1. In
this case also, beam deformation or efficiency decrease
of second antenna 3 is suppressed.

[0045] Note that the concept of the third embodiment
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is applicable to the portable radio shown in Figs. 2A and
2B. In this case, when flip 8 is opened, first antenna 3
is excited and second antenna 4 is connected to load
impedance Z2. When flip 8 is closed, second antenna
4 is excited and first antenna 3 is connected to load im-
pedance Z1.

Fourth Embodiment

[0046] Now, referring to Figs. 4A and 4B, the fourth
embodiment of the present invention will be described.
[0047] As shown in Figs. 4A and 4B, in the fourth em-
bodiment, first antenna 3 has a monopole antenna 3a
and a helical antenna 3b. Monopole antenna 3a and hel-
ical antenna 3b are arranged in series.

[0048] Thus, monopole antenna 3a is used when mo-
nopole antenna 3a is pulled out, and helical antenna 3b
is used when monopole antenna 3a is pushed in.
[0049] The fourth embodiment produces the same ef-
fect as the first embodiment. Further, in the fourth em-
bodiment, second antenna 4 is excited both when mo-
nopole antenna 3a is pulled out and pushed in. Accord-
ingly, monopole antenna 3a and second antenna 4 are
both excited when monopole antenna 3a is pulled out,
and helical antenna 3b and second antenna 4 are both
excited when monopole antenna 3a is pushed in.
[0050] Inthe antenna of the present invention, a pow-
er supply circuit for exciting two antennae 3 and 4 can
be designed as separate from the antenna because of
the small coupling of first and second antennae 3 and
4, whereby designing is facilitated. In addition, by simul-
taneously exciting first and second antennae 3 and 4,
the polarized waves are freely changed.

[0051] Here, an excitation method when first and sec-
ond antennae 3 and 4 are simultaneously excited will
be described with reference to Fig. 4A. In Fig. 4A, a pow-
er for exciting first antenna 3 is defined as V, and that
for exciting second antenna 4 is defined as H.

[0052] When a ratio of the above mentioned power
levels V and H (V:H) is 1:0, vertically polarized waves
can be generated. When V:H is 0.5:0.5, waves polarized
by 45° can be generated. When V:H is 0:1, horizontally
polarized waves can be generated. Thus, by controlling
the ratio of power levels V and H, the polarized waves
can be freely changed.

[0053] Note thatthe concept of the fourth embodiment
is applicable to the portable radio shown in Figs. 2A and
2B. In this case, first ant second antennae 3 and 4 are
simultaneously excited both when opening and closing
flip 8.

Fifth Embodiment

[0054] Now, referring to Figs. 5A and 5B, the fifth em-
bodiment of the present invention will be described.

[0055] As shown in Figs. 5A and 5B, in the fifth em-
bodiment, only first antenna 3 is excited when first an-
tenna 3 is pulled out, and helical antenna 3b and second
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antenna 4 are both excited when first antenna 3 is
pushed in.

[0056] According to the fifth embodiment, the same
effect as in the first embodiment is produced and, when
first and second antennae 3 and 4 are excited, the same
effect as in the fourth embodiment is produced.

[0057] Note that the concept of the fifth embodiment
is applicable to the portable radio shown in Figs. 2A and
2B. In this case, only first antenna 3 is excited when flip
8 is opened, and first and second antennae 3 and 4 are
excited when flip 8 is closed.

Sixth Embodiment

[0058] Now, referringto Figs. 6A and 6B, the sixth em-
bodiment of the present invention will be described.
[0059] As shown in Figs. 6A and 6B, in the sixth em-
bodiment, first antenna 3 and second antenna 4 are both
excited when first antenna 3 is pulled out, and only sec-
ond antenna 4 is excited when first antenna 3 is pushed
in.

[0060] According to the sixth embodiment, the same
effect as in the first embodiment is produced and, when
first and second antennae 3 and 4 are simultaneously
excited, the same effect as in the fourth embodiment is
produced.

[0061] Note that the concept of the sixth embodiment
is applicable to the portable radio shown in Figs. 2A and
2B. In this case, first and second antennae 3 and 4 are
excited when flip 8 is opened, and only second antenna
4 is excited when flip 8 is closed.

[0062] Asinthe foregoing, although the embodiments
of the present invention have been described, the fea-
tures of the embodiments can be combined where ap-
propriate. Further, it should be understood that the em-
bodiments herein disclosed is by way of illustration only
and is not to be taken by way of limitation. The scope of
the present invention is limited only by the terms of the
appended claim and may include all variations in the
scope equivalent in meaning to the claims.

Industrial Applicability

[0063] The present invention can be effectively ap-
plied to a portable radio provided with at least two types
of antennae.

Claims
1. A portable radio, comprising:

a casing (2);

afirst linear antenna (3) capable of being pulled
out from said casing (2);

a second plate-like antenna (4) contained in
said casing (2) and connected to a ground sub-
strate (13); and
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10.

power supply means (6) for exciting at least one
of said first antenna (3) and said second anten-
na (4).

The portable radio according to claim 1, further
comprising switching means (5) between said first
antenna (3) and said second antenna (4), and said
power supply means (6).

The portable radio according to claim 2, wherein
said switching means (5) connects said first anten-
na (3) and said power supply means (6) when said
first antenna (3) is pulled out, and connects said
second antenna (4) and said power supply means
(6) when said first antenna (3) is pushed in.

The portable radio according to claim 2, wherein
said switching means (5) connects both said first
antenna (3) and said second antenna (4) to said
power supply means (6) when said first antenna (3)
is pulled out, and connects said second antenna (4)
and said power supply means (6) when said first
antenna (3) is pushed in.

The portable radio according to claim 2, wherein
said switching means (5) connects both said first
antenna (3) and said second antenna (4) to said
power supply means (6) when said first antenna (3)
is pulled out, and also connects both said first an-
tenna (3) and said second antenna (4) when said
first antenna (3) is pushed in.

The portable radio according to claim 2, wherein
said switching means (5) connects said first anten-
na (3) to said power supply means (6) when said
first antenna (3) is pulled out, and connects both
said first antenna (3) and said second antenna (4)
to said power supply means (6) when said first an-
tenna (3) is pushed in.

The portable radio according to claim 1, wherein
said first antenna (3) includes a monopole antenna
having a length of an integral multiple of a half wave,
and said second antenna (4) includes a short patch
antenna.

The portable radio according to claim 7, wherein
said first antenna (3) includes a helical antenna ar-
ranged in series with said monopole antenna.

The portable radio according to claim 1, wherein
said first antenna (3) is obliquely arranged toward
a side opposite a human body.

A portable radio, comprising:

a casing (2) having a flip (8);
a first antenna (14) provided in said flip (8);
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a second plate-like antenna (4) contained in
said casing (2) and connected to a ground sub-
strate (13); and

power supply means (6) for exciting at least one
of said first antenna (3) and said second anten-
na (4).

The portable radio according to claim 10, further
comprising switching means (5) between said first
antenna (3) and said second antenna (4), and said
power supply means (6).

The portable radio according to claim 11, wherein
said switching means (5) connects said first anten-
na (3) to said power supply means (6) when said
flip (8) is opened, and connects said second anten-
na (4) and said power supply means (6) when said
flip (8) is dosed.

The portable radio according to claim 11, wherein
said switching means (5) connects both said first
antenna (3) and said second antenna (4) to said
power supply means (6) when said flip (8) is
opened, and connects said second antenna (4) and
said power supply means (6) when said flip (8) is
closed.

The portable radio according to claim 11, wherein
said switching means (5) connects both said first
antenna (3) and said second antenna (4) to said
power supply means (6) when said flip (8) is
opened, and also connects both said first antenna
(3) and said second antenna (4) to said power sup-
ply means (6) when said flip (8) is closed.

The portable radio according to claim 11, wherein
said switching means (5) connects said first anten-
na (3) and said power supply means (6) when said
flip (8) is opened, and connects both said first an-
tenna (3) and said second antenna (4) to said power
supply means when said flip (8) is closed.
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