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(54) ANTENNA STRUCTURE AND COMMUNICATION UNIT EMPLOYING IT

(57)  An antenna structure (1) includes a substrate
(2) having a ground portion, a radiating electrode (3) dis- FIG. 1a
posed adjacent to one end of the substrate (2), and
grounding extensions (4) connecting the radiating elec-
trode (3) to the ground portion of the substrate (2). Each
of the grounding extensions (4) respectively connected
to opposite sides of a grounding end S of the radiating
electrode (3) extends from a connection point between
the grounding end (S) of the radiating electrode (3) and
the grounding extension (4) towards a open end (K) of
the radiating electrode (3). An end of each grounding
extension (4) is connected to the ground portion of the
substrate (2).
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Description
Technical Field

[0001] The present invention relates to an antenna
structure provided in a radio communication device, such
as a mobile phone, and to a communication device
equipped with such an antenna structure.

Background Art

[0002] Fig. 18ais a schematic perspective view of an
example of an antenna structure (forexample, see Patent
Document 1). In an antenna structure 30, radiating elec-
trodes 31, 32 are connected to each other via a connect-
ing portion 33, and a grounding conductor 34 is disposed
facing the radiating electrodes 31, 32 with a certain dis-
tance therebetween. The radiating electrodes 31, 32 are
both connected to the grounding conductor 34 via a short-
circuit conductor 35, which is connected to the connect-
ing portion 33. Furthermore, the connecting portion 33 is
connected to a feeding conductor 36. The feeding con-
ductor 36 connects the radiating electrodes 31, 32 to, for
example, a radio frequency circuit 37 for radio commu-
nication provided in a communication device.

Patent Document 1: Japanese Unexamined Patent Ap-
plication

Publication No. 2003-101336

Disclosure of Invention
Problems to be Solved by the Invention

[0003] The antenna structure 30 may be formed by
bending a conductive plate, whichis given a shape shown
in Fig. 18b by punching out a piece of sheet metal, at
positions A, B, and C shown in Fig. 18b.

[0004] However, when the antenna structure 30 is
viewed from its side in Fig. 18a, the antenna structure 30
has a U shape in which the radiating electrodes 31, 32
and the grounding conductor 34 are disposed facing each
other. Forming such a U-shaped antenna structure 30
by bending a single conductive plate is extremely trou-
blesome. Moreover, the U-shaped antenna structure 30
is also problematic in that the conductive plate requires
a large surface area.

[0005] Itis anobject of the presentinvention to provide
a low-cost antenna structure that can be manufactured
readily, and also to provide a communication device
equipped with such an antenna structure.

Means for Solving the Problems

[0006] An antenna structure according to the present
invention is characterized by being provided with a sub-
strate having a ground portion; and a radiating electrode
formed of a plate material and performing an antenna
operation. One end of the radiating electrode functions
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as a grounding end. A section of the radiating electrode
proximate the other end opposite to the grounding end
is disposed above the substrate with a certain distance
therebetween and extends along a substrate surface of
the substrate. At least opposite sides of the grounding
end of the radiating electrode are respectively connected
to grounding extensions extending from the grounding
end towards the other end of the radiating electrode. An
end of each grounding extension is connected to the
ground portion of the substrate. Furthermore, a commu-
nication device according to the presentinventionis char-
acterized by being provided with the antenna structure
according to the present invention. Advantages

[0007] The antenna structure according to the present
invention includes the radiating electrode and the
grounding extensions connected respectively to at least
the opposite sides of the grounding end of the radiating
electrode. Each grounding extension extends from the
connection point between the grounding extension and
the radiating electrode towards the other end of the ra-
diating electrode opposite to the grounding end. In addi-
tion to this configuration, when the radiating electrode
and the grounding extensions are viewed from above the
surface of the radiating electrode, the radiating electrode
and the grounding extensions do not overlap with each
other. Thus, the antenna structure can be manufactured
readily as in the following manner. Specifically, a portion
where the radiating electrode is to be formed and portions
where the grounding extensions are to be formed are
punched out in a conductive plate. Subsequently, the ra-
diating electrode is bent upward in an erecting direction
with the grounding end of the radiating electrode as being
the base. This bent radiating electrode is then folded hor-
izontally along an intermediate position of the radiating
electrode. Accordingly, the radiating electrode and the
grounding extensions according to the present invention
can be formed readily in a continuous manner. Therefore,
the present invention achieves a simplified manufactur-
ing process of the antenna structure, thus easily achiev-
ing mass production of the antenna structure. Accord-
ingly, the manufacturing costs required for the antenna
structure can be reduced.

[0008] On the other hand, it is possible to form a
grounding extension by giving it the same width as the
width between the opposite side surfaces of the radiating
electrode. In this case, the grounding extension faces
the surface of the radiating electrode with a certain dis-
tance therebetween and extends from the grounding end
of the radiating electrode towards the other end of the
radiating electrode opposite to the grounding end. More-
over, an end of the grounding extension is connected to
the ground portion of the substrate. In this case, in order
to integrally form the radiating electrode and the above-
referenced grounding extension that faces the radiating
electrode with a certain distance therebetween and that
has the same width as the radiating electrode, a pressing
device is preferably used, which shifts a metal compo-
nent (mold) in the vertical direction relatively with respect
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to a conductive plate (sheet metal) so as to process the
conductive plate. The conductive plate is then processed
in a continuous fashion. However, such integral manu-
facturing of the radiating electrode and the above-refer-
enced grounding extension using the above-referenced
technique is difficult in view of the positioning of the mold,
and requires high costs.

[0009] In contrast, according to the present invention,
the advantages related with the simplified manufacturing
process of the antenna structure, the mass production
of the antenna structure, and the reduced manufacturing
costs of the antenna structure can be achieved since the
radiating electrode and the grounding extensions can be
formed integrally by continuously processing the conduc-
tive plate. Furthermore, the present invention also has
the following advantages. In detail, each of the grounding
extensions conducts a current between the ground por-
tion of the substrate and the grounding end of the radi-
ating electrode in response to the antenna operation of
the radiating electrode. Even if a grounding extension is
given the same width as that of the radiating electrode
and has enough width to face the radiating electrode, the
current generated in response to the antenna operation
of the radiating electrode concentrates in regions adja-
cent to the side edges of the grounding extension. In view
of this aspect, even if the grounding extensions are pro-
vided only in the regions along the side edges where the
current concentrates, the grounding extensions do not
cause a substantial adverse effect on the electrical char-
acteristics of the antenna structure. Accordingly, for ex-
ample, the grounding extensions are preferably disposed
at outer positions with respect to the respective side sur-
faces of the radiating electrode and are given a narrow
shape such that the grounding extensions are provided
only in the regions along the side edges where the current
concentrates. Thus, the electrical characteristics of the
antenna structure are prevented from being adversely
affected, and at the same time, the surface area of the
conductive plate required for forming the radiating elec-
trode and the grounding extensions can be reduced. Ac-
cordingly, this reduces the material costs for the antenna
structure, thereby contributing to cost reduction of the
antenna structure.

[0010] Furthermore, the dimension of a space sur-
rounded by the radiating electrode, the grounding exten-
sions, and the ground portion is also known as an elec-
trical volume of the radiating electrode. This electrical
volume of the radiating electrode is responsible for the
radiocommunication frequency bandwidth of the radiat-
ing electrode. The connection point between the ground-
ing end of the radiating electrode and each grounding
extension is disposed at an outer position with respect
to one end of the substrate and is located below the sub-
strate so that the end of the radiating electrode opposite
to the grounding end is located above the substrate. Con-
sequently, since the grounding end of the radiating elec-
trode is projected below the substrate, the electrical vol-
ume of the radiating electrode is greater by the amount
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of the downward projected portion in comparison to a
case where the grounding end of the radiating electrode
is not projected below the substrate. Accordingly, this
contributes to a broader frequency band.

[0011] Furthermore, in a case where the additional
grounding extension is provided in a portion of the radi-
ating electrode proximate the grounding end and be-
tween the opposite side surfaces of the radiating elec-
trode, the connection between the radiating electrode
and the ground portion of the substrate by the grounding
extensions is further ensured.

[0012] Furthermore, by dividing the radiating electrode
into a plurality of radiating electrode segments or by ar-
ranging a plurality of radiating electrodes in a side-by-
side manner, for example, both the radiating electrode
segments and the radiating electrodes may resonate with
different resonant frequencies so as to further broaden
the frequency bandwidth or to allow for radio communi-
cation in different frequency bands.

[0013] Furthermore, in a case where at least one of
the radiating electrode segments functions as a feeding-
type radiating electrode segment and the remaining ra-
diating electrode segment functions as a non-feeding-
type radiating electrode segment, the multi-resonance
by the feeding-type radiating electrode segment and the
non-feeding-type radiating electrode segment allows for
a broader frequency band used for radio communication.
[0014] Furthermore, by providing one edge of each
grounding extension with a rib for reinforcing the bending
strength, the grounding extension can be prevented from
deformation, such as bending and twisting. Moreover, by
cutting out and bending a part of the radiating electrode
to form the feeding electrode, a connecting portion be-
tween the radiating electrode and the feeding electrode
can be omitted. This prevents connection failures be-
tween the radiating electrode and the feeding electrode,
thereby enhancing the reliability of the antenna structure.
[0015] Furthermore, by providing at least a portion of
the radiating electrode with a dielectric member, the ra-
diating electrode can be reduced in size since the elec-
trical length of the radiating electrode is increased as a
result of a shortened wavelength effect by the dielectric
member.

[0016] By providing a communication device with the
antenna structure according to the present invention, the
cost of the communication device can be reduced due
to the cost reduction in the antenna structure. Moreover,
the broader frequency band of the antenna structure con-
tributes to anew developmentin communication devices,
such as increased functions for communication devices.

Brief Description of the Drawings
[0017]
Fig. 1ais aschematic diagramillustrating an antenna

structure according to a first embodiment.
Fig. 1b is a schematic view of a radiating electrode
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and grounding extensions shown in Fig. 1a, as
viewed from the bottom.

Fig. 1c is a schematic diagram illustrating one ex-
ample of a conductive plate used for forming the ra-
diating electrode and the grounding extensions
shown in Fig. 1a.

Fig. 2 is a side view of the antenna structure accord-
ing to the first embodiment.

Fig. 3illustrates an example of a manufacturing proc-
ess of the radiating electrode included in the antenna
structure according to the first embodiment.

Fig. 4a illustrates a comparative example to the an-
tenna structure according to the first embodiment.
Fig. 4b is a schematic diagram illustrating an exam-
ple of a conductive plate used for forming a radiating
electrode and a grounding extension shown in Fig.
4a.

Fig. 4cillustrates a path of a current traveling through
the grounding extension included in the antenna
structure shown in Fig. 4a.

Fig. 5aillustrates the simple manufacturing process
of the antenna structure according to the first em-
bodiment.

Fig. 5b illustrates the difficulty in manufacturing the
antenna structure shown in Fig. 4a.

Fig. 6 illustrates a modification example of the radi-
ating electrode included in the antenna structure ac-
cording to the first embodiment.

Fig. 7 is a schematic diagram illustrating an example
in which each grounding extension of the radiating
electrode is provided with a reinforcement rib.

Fig. 8a is a schematic diagram illustrating another
example of a conductive plate used for forming the
radiating electrode and the grounding extensions
shown in Fig. 8b.

Fig. 8b illustrates another example of the grounding
extensions shown together with the radiating elec-
trode.

Fig. 9 illustrates an antenna structure according to
a second embodiment.

Fig. 10a illustrates another example of a radiating
electrode included in the antenna structure accord-
ing to the second embodiment.

Fig. 10b illustrates another example of a radiating
electrode included in the antenna structure accord-
ing to the second embodiment.

Fig. 11a illustrates a radiating electrode included in
an antenna structure according to a third embodi-
ment.

Fig. 11bis aschematic view of the radiating electrode
and the grounding extensions shown in Fig. 11a, as
viewed from the bottom.

Fig. 12is aschematicdiagramillustratingan antenna
structure according to a fourth embodiment.

Fig. 13a illustrates a modification example of the an-
tenna structure according to the fourth embodiment.
Fig. 13b is a schematic view of radiating electrodes
and grounding extensions shown in Fig. 13a, as
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viewed from the bottom.

Fig. 14 illustrates another example of feeding means
for the radiating electrode.

Fig. 15a illustrates another structural example of the
radiating electrode.

Fig. 15b illustrates another structural example of the
radiating electrode.

Fig. 16 is a side view illustrating an example in which
the radiating electrode is provided with a dielectric
member.

Fig. 17 illustrates another example of the radiating
electrode.

Fig. 18aillustrates an example of an antenna struc-
ture disclosed in Patent Document 1.

Fig. 18b is a schematic view illustrating an example
of a conductive plate used for forming the antenna
structure shown in Fig. 18a.

Reference Numerals

[0018]

1 antenna structure

2 substrate

3 radiating electrode

4,4 grounding extensions

5 conductive plate

8 feeding electrode

14 rib

15,16, 17  radiating electrode segments
18 radiating-electrode-dividing slit
22 cutout

Best Mode for Carrying Out the Invention

[0019] Embodiments of the present invention will now
be described with reference to the drawings.

[0020] Fig. 1a is a schematic perspective view of an
antenna structure according to a first embodiment. Fig.
2 is a schematic side view of the antenna structure ac-
cording to the first embodiment. An antenna structure 1
according to the first embodiment includes a substrate 2
provided with a ground portion (not shown); a radiating
electrode 3 disposed at one end of the substrate 2; and
grounding extensions 4 that connect the radiating elec-
trode 3 with the ground portion of the substrate 2. The
substrate 2 is a circuit substrate contained in a radio com-
munication device, such as a mobile phone.

[0021] The radiating electrode 3 includes a main-sur-
face portion 3A and an erected portion 3B. The erected
portion 3B has an end S that defines a grounding end.
On the other hand, the main-surface portion 3A has an
end K that defines an open end (i.e. the end opposite to
the grounding end). The grounding extensions 4 are re-
spectively connected to opposite sides of the grounding
end of the radiating electrode 3, and extend outward of
the radiating electrode 3 from the grounding end of the
radiating electrode 3 toward the open end of the radiating
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electrode 3.

[0022] As shown in Fig. 1c, the radiating electrode 3
and the grounding extensions 4 are formed by pressing
and bending a rectangular conductive plate 5. In detail,
by bending the conductive plate 5 along a dotted line o
shown in Fig. 1c, the conductive plate 5 is sectioned into
the main-surface portion 3A and the erected portion 3B.
The main-surface portion 3Ais setin an opposed manner
to the substrate surface of the substrate 2 at one end
thereof while being separated from the substrate surface
by a certain distance. On the other hand, the erected
portion 3B stands vertically at an outer position with re-
spect to the end of the substrate 2 provided with the ra-
diating electrode 3.

[0023] Opposite side edges K1, K2 of the conductive
plate 5 are respectively provided with slits 6 (6a, 6b),
which are formed by pressing (punching). The slits 6 ex-
tend into the conductive plate 5 from the respective sides
thereof and then toward the grounding end of the radiat-
ing electrode 3. In the first embodiment, the grounding
extensions 4 are formed as a result of the formation of
the slits 6 (6a, 6b), meaning that the grounding exten-
sions 4 are respectively formed by cutting side portions
of the conductive plate 5 along the opposite side edges
K1, K2 so that these side portions are split from the ra-
diating electrode 3. Each grounding extension 4 is bent
so as to extend toward the substrate 2 from the base
point thereof, that is, a connection point 7 between the
grounding extension 4 and the radiating electrode 3.
[0024] In the first embodiment, the grounding end of
the radiating electrode 3 is located below the substrate
2. In other words, the connection point between the ra-
diating electrode 3 and each grounding extension 4 is
located below the substrate 2. Each grounding extension
4 has a first segment that extends toward the substrate
2 from the connection point between the radiating elec-
trode 3 and the grounding extension 4 in a direction per-
pendicular to the erected portion 3B of the radiating elec-
trode 3; a second segment that is erected along the sur-
face of the end of the substrate 2 provided with the radi-
ating electrode 3; and a third segment which is formed
by bending an end portion of the second erected segment
along the top surface of the substrate 2 and which is
connected to the ground portion of the substrate 2.
[0025] The grounding extensions 4 and the substrate
2 may be joined together using a jointing material, such
as solder, or may be joined together using caulking mem-
bers. On the other hand, Fig. 2 illustrates an example in
which the antenna structure 1 is entirely housed within
an end portion of a housing (cover) 10 of a communica-
tion device, as shown with a chain line. According to the
example shown in this drawing, the main-surface portion
3A of the radiating electrode 3 receives a downward
pressing force from the cover 10. Due to this downward
pressing force from the cover 10, the entire radiating elec-
trode 3 is pressed downward such that the grounding
extensions 4 are connected to the top surface of the sub-
strate 2 by being in pressure-contact with the top surface.
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Accordingly, the grounding extensions 4 may be con-
nected with the substrate 2 in such a pressure-contact
fashion. As described above, there are various tech-
nigues for connecting the grounding extensions 4 and
the substrate 2, and therefore, the connection technique
is not limited to those mentioned above.

[0026] Fig. 1bis aschematic view of the radiating elec-
trode 3 and the grounding extensions 4 shown in Fig. 1a,
as viewed from the bottom. Referring to Figs. 1a and 1b,
according to the first embodiment, a part of the main-
surface portion 3A of the radiating electrode 3 is bent
towards the substrate 2, such that this bent part defines
a feeding electrode 8. A section of the substrate surface
proximate the end of the substrate 2 provided with the
radiating electrode 3 has a feeding pad (not shown) dis-
posed thereon, which is connected to a radio frequency
circuit 11 (see Fig. 2) of a communication device. The
radio frequency circuit 11 is used for radio communica-
tion. The feeding electrode 8 is connected to the feeding
pad. The radiating electrode 3 is connected to the radio
frequency circuit 11 via the feeding electrode 8 and the
feeding pad. The feeding electrode 8 and the feeding pad
may be connected to each other by soldering or by being
in pressure-contact with each other using the pressing
force applied to the radiating electrode 3 from the cover
10. Consequently, the connection technique between the
two components is not limited.

[0027] For example, when a sending signal is supplied
to the radiating electrode 3 from the radio frequency cir-
cuit 11 via the feeding electrode 8, for example, a current
| is conducted in a loop-like manner through the radiating
electrode 3 in response to this signal supply by traveling
through the grounding extensions 4 and the erected por-
tion 3B of the radiating electrode 3 towards the main-
surface portion 3A, as shown in Fig. 1a. The radiating
electrode 3 is thus excited, whereby the sending signal
is radio-transmitted. On the other hand, when a signal is
received by the radiating electrode 3 from an external
source, the radiating electrode 3 is excited in response
to the signal reception. The received signal is then trans-
mitted to the radio frequency circuit 11 from the radiating
electrode 3 via the feeding electrode 8.

[0028] The antenna structure 1 according to the first
embodiment has the configuration described above. An
example of amanufacturing process of the radiating elec-
trode 3 and the grounding extensions 4 included in the
antenna structure 1 according to the first embodiment
will now be described with reference to Fig. 3. As shown
in section M1 of sheet metal 12, an outer periphery of a
region where the radiating electrode 3 and the grounding
extensions 4 are to be formed is punched out by pressing.
Subsequently, as shown in section M2, the slits 6 are
respectively formed along the opposite side edges K1,
K2 of the punched-out region by pressing, thereby split-
ting the portions that are to become the grounding ex-
tensions 4 from the portion that is to become the radiating
electrode 3.

[0029] Then, as shown in section M3, an outer periph-
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ery of the feeding electrode 8 is punched out by pressing.
As shown in section M4, the feeding electrode 8 is bent
downward. As shown in section M5, the grounding ex-
tensions 4 are bent into shape using a mold. Subsequent-
ly, the radiating electrode 3 is bent upward in the erecting
direction with the grounding end of the radiating electrode
3 as being the base. Then, as shown in section M6, this
bent radiating electrode 3 is folded horizontally along an
intermediate position of the radiating electrode 3. Thus,
the main-surface portion 3A and the erected portion 3B
of the radiating electrode 3 are formed. Accordingly, the
radiating electrode 3, the grounding extensions 4, and
the feeding electrode 8 are formed.

[0030] According to the first embodiment, when the ra-
diating electrode 3 and the grounding extensions 4 are
viewed from above the drawing of Fig. 1a, for example,
the radiating electrode 3, the grounding extensions 4,
and the feeding electrode 8 do not overlap with each
other. For this reason, the radiating electrode 3 can be
formed by pressing and bending the sheet metal 12 in a
continuous fashion. Consequently, the manufacturing
process of the antenna structure 1 is simplified, thus eas-
ily achieving mass production of the antenna structure
1. Moreover, since the mold used for the bending has a
simple shape, the time required for designing the mold
can be shortened.

[0031] Furthermore, because the radiating electrode
3, the grounding extensions 4, and the feeding electrode
8 are formed by processing a single conductive plate in
the first embodiment, the manufacturing process does
not require a connection step for connecting the radiating
electrode 3 to the grounding extensions 4 and a connec-
tion step for connecting the radiating electrode 3 to the
feeding electrode 8. Moreover, since the antenna struc-
ture 1 according to the first embodiment is formed simply
by connecting the ends of the grounding extensions 4 to
the substrate 2 and connecting the end of the feeding
electrode 8 to the substrate 2, the assembly process of
the antenna structure 1 is simplified.

[0032] Furthermore, because the radiating electrode
3 and the grounding extensions 4 as well as the radiating
electrode 3 and the feeding electrode 8 are not joined
using a jointing material, such as solder, the problems
related with connection failures between the radiating
electrode 3 and the grounding extensions 4 and between
the radiating electrode 3 and the feeding electrode 8 are
solved. Moreover, the antenna characteristics are pre-
vented from, for example, varying, which may be caused
by variations in the connection state between the radiat-
ing electrode 3 and the grounding extensions 4 or the
connection state between the radiating electrode 3 and
the feeding electrode 8. Accordingly, this enhances the
reliability of the antenna structure 1 and the communica-
tion device equipped with the antenna structure 1.
[0033] On the other hand, it is possible to form a radi-
ating electrode 20 and a grounding extension 21 shown
in Fig. 4a in a perspective view by bending a conductive
plate along dotted lines shown in Fig. 4b. Although the
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radiating electrode 20 is similar to the radiating electrode
3 according to the first embodiment in that the radiating
electrode 20 includes a main-surface portion 20A and an
erected portion 20B, the grounding extension 21 is dif-
ferent from the grounding extensions 4 according to the
first embodiment. Specifically, the grounding extensions
4 according to the first embodiment are formed by split-
ting the side portions of the conductive plate 5 from the
radiating electrode 3 with the slits 6. In contrast, accord-
ing to the configuration shown in Fig. 4b, the grounding
extension 21 is simply an extended section of the radi-
ating electrode 20 and extends from one end of the con-
ductive plate in a direction in which the main-surface por-
tion 20A and the erected portion 20B are arranged. For
this reason, according to the configuration shown in Figs.
4a and 4b, since the conductive plate requires this ex-
tended section (that is, a section of the conductive plate
where the grounding extension 21 is formed), the con-
ductive plate requires a larger surface area for forming
the radiating electrode and the grounding extension in
comparison to the antenna structure 1 according to the
first embodiment.

[0034] Onthe other hand, when the radiating electrode
20 is viewed from a side, the side view thereof is the
same as the side view of the radiating electrode 3 (see
Fig. 2). For this reason, if the radiating electrodes 3 and
20 have the same size, the two electrodes have substan-
tially the same electrical volume. In other words, if the
main-surface portions 3A and 20A have the same size
and the erected portions 3B and 20B have the same size,
and if the distance between the erected portion 3B and
the substrate 2 is the same as the distance between the
erected portion 20B and the substrate 2, and moreover,
if the erected portions 3B and 20B are projected down-
ward by the same length, the radiating electrodes 3 and
20 have substantially the same electrical volume.
[0035] Furthermore, each of the grounding extensions
4 according to the first embodiment is smaller in width in
comparison to the grounding extension 21. This might
appear that the current traveling from the ground portion
of the substrate 2 towards the radiating electrode 3
through the grounding extensions 4 could possibly be
adversely affected. However, even if the grounding ex-
tension 21 is larger in width, the current traveling from
the substrate 2 towards the radiating electrode 20 con-
centrates in regions adjacent to the side edges of the
grounding extension 21, as shown in Fig. 4c. Conse-
quently, even if the narrow frame-like grounding exten-
sions 4 are disposed respectively on the opposite sides
of the radiating electrode 3 as in the first embodiment,
the current traveling from the substrate 2 to the radiating
electrode 3 through the grounding extensions 4 is pre-
vented from being adversely affected. In other words,
there is no need to concern that the antenna character-
istics might be deteriorated due to the narrower ground-
ing extensions 4.

[0036] Accordingly, in comparison to the configuration
shown in Fig. 4a, the antenna structure 1 according to
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the first embodiment can be manufactured simply while
preventing deterioration of the electrical characteristics
of the radiating electrode (antenna) caused by, for ex-
ample, a reduced electrical volume of the radiating elec-
trode. Moreover, the first embodiment is also advanta-
geous in that the surface area of the conductive plate
required for forming the radiating electrode can be re-
duced significantly.

[0037] Furthermore, the radiating electrode 20 and the
grounding extension 21 shown in Fig. 4a are supposedly
formed by using, for example, a pressing device that
shifts a metal component in the vertical direction relative-
ly with respect to the conductive plate for bending the
conductive plate. In this case, for example, after the ra-
diating electrode 20 is bent in the erecting direction with
respect to the grounding extension 21 as shown with a
solid line in Fig. 5b, a metal component 26 shown in Fig.
5b with a dotted line is desirably shifted vertically in the
drawing to the position indicated by the dotted line in Fig.
5b in order to bend the main-surface portion 20A of the
radiating electrode 20 in the horizontal direction (a direc-
tion parallel to the grounding extension 21) using the met-
al component 26. However, in the configuration shown
in Fig. 4a, the metal component 26 cannot be set in that
position indicated by the dotted line in the drawing due
to the presence of the grounding extension 21. For this
reason, it is difficult to form the structure shown in Fig.
4a by using the pressing device that shifts the metal com-
ponent in the vertical direction relatively with respect to
the conductive plate for bending the conductive plate.
[0038] Incontrast, with the antenna structure 1 accord-
ing to the first embodiment, after the radiating electrode
3 is bent upward as shown with a solid line in Fig. 5a, the
metal component 26 can be positioned along this bent
radiating electrode 3 without being interfered by the
grounding extensions 4. Thus, the main-surface portion
3A of the radiating electrode 3 can be bent horizontally
using the metal component 26. In other words, according
to the configuration of the first embodiment, the antenna
structure 1 can be manufactured easily using a pressing
device that shifts the metal component in the vertical di-
rection relatively with respect to the conductive plate for
bending the conductive plate.

[0039] Asdescribed above with reference to Fig. 1, the
opposite side portions of the radiating electrode 3 (the
conductive plate 5) respectively form the grounding ex-
tensions 4. On the other hand, Fig. 6 illustrates a modi-
fication example in which an additional grounding exten-
sion 4’ is provided in addition to the grounding extensions
4 disposed on the opposite sides of the conductive plate
5. Specifically, the additional grounding extension 4’ is
disposed at the grounding end and between the opposite
sides of the conductive plate 5, and is split from the ra-
diating electrode 3 by a grounding-extension-formation
slit. Such an additional grounding extension 4’ contrib-
utes to better reliability of the connection between the
grounding extensions 4 and the substrate 2. In Fig. 6,
the radiating electrode 3 and the grounding extensions
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4, 4 are illustrated as viewed from the side proximate
the substrate 2 (from the bottom). Moreover, there is a
case where a component of a communication device,
such as a speaker, is disposed in a space Z (see Fig. 1a)
adjacent to the exterior of the end of the substrate 2 pro-
vided with the radiating electrode 3, that is, a space Z
surrounded by the radiating electrode 3 and the ground-
ing extensions 4. In a case where the additional ground-
ing extension 4’ is provided, the position and the width
of the additional grounding extension 4’ are set in view
of, for example, the positioning of the component dis-
posed in the space Z.

[0040] In the first embodiment, the grounding exten-
sions 4 are much narrower than the radiating electrode
3. For this reason, the grounding extensions 4 may pos-
sibly be subject to deformation, such as bending.or twist-
ing. In order to prevent this, a bending-strength reinforce-
ment rib 14 may be provided along an edge of each
grounding extension 4, as shown in Fig. 7. Each bending-
strength reinforcement rib 14 may be formed by folding
a protruding portion provided on the edge of the corre-
sponding grounding extension 4.

[0041] Furthermore, in Fig. 1, the grounding-exten-
sion-formation slits 6 provided in the conductive plate 5
extend into the conductive plate 5 from the respective
sides thereof and then toward the grounding end of the
radiating electrode 3. Alternatively, for example, as
shown in Fig. 8a, each of the slits 6 may extend linearly
along the corresponding side surface of the conductive
plate 5 from the open end of the radiating electrode 3
towards the grounding end. Due to these slits 6, the
grounding extensions 4 are split from the radiating elec-
trode 3, thereby forming the antenna structure 1 shown
in Fig. 8b in a perspective view.

[0042] The orientation of the antenna structure 1 is not
limited to the orientation shown in Fig. 1. For example,
the substrate 2 may be disposed in an erected fashion
or the main-surface portion 3A may be disposed facing
the bottom surface of the substrate 2.

[0043] A second embodiment will now be described.
In the description of the second embodiment below, the
components that are the same as those in the first em-
bodiment are given the same reference numerals, and
the description of those components will be omitted.
[0044] Inthe second embodiment shown in Fig. 9ina
perspective view, the radiating electrode 3 (conductive
plate 5) has two radiating-electrode-dividing slits 18 (18a,
18b) with a certain distance therebetween. The radiating-
electrode-dividing slit 18a extend along one of the sides
of the radiating electrode 3 from the open end of the ra-
diating electrode 3 (conductive plate 5) to the grounding
end of the radiating electrode 3. On the other hand, the
radiating-electrode-dividing slit 18b extends into the ra-
diating electrode 3 from the other side thereof and then
toward the grounding end of the radiating electrode 3
along the side of the radiating electrode 3.

[0045] The radiating-electrode-dividing slits 18a, 18b
divide the radiating electrode 3 into a plurality of radiating
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electrode segments 15, 16, 17. The radiating electrode
segments 15, 16, 17 respectively have main-surface sub-
segments (15A, 16A, 17A) and erected subsegments
(15B, 16B, 17B). The radiating electrode segments 15,
16, 17 are mutually connected to the two grounding ex-
tensions 4 of the radiating electrode 3 at the base end
(the grounding end) of the erected portion 3B (15B, 16B,
17B) so as to be grounded to the ground portion of the
substrate 2.

[0046] In the second embodiment, one radiating elec-
trode segment 15 is provided with the feeding electrode
8 formed by cutting out and bending a part of the main-
surface subsegment 15A. The radiating electrode seg-
ment 15 thus functions as a feeding-type radiating elec-
trode segment. On the other hand, the remaining radiat-
ing electrode segments 16, 17 function as non-feeding-
type radiating electrode segments. Each of the non-feed-
ing-type radiating electrode segments 16, 17 is electro-
magnetically coupled to the feeding-type radiating elec-
trode segment 15 and thus performs an antenna opera-
tion together with the radiating electrode segment 15 to
produce a multi-resonant state.

[0047] Accordingtothe second embodiment, the multi-
resonance by the plurality of radiating electrode seg-
ments 15, 16, 17 allows for a broader frequency band
used for radio communication by the antenna structure
1, or allows for radio communication in different frequen-
cy bands.

[0048] In the second embodiment, the radiating elec-
trode 3 is provided with the two radiating-electrode-divid-
ing slits 18. Alternatively, in view of, for example, the re-
quired frequency bandwidth based on, for example, the
dimension or the specification of the radiating electrode
3, the radiating electrode 3 may be provided with only
one radiating-electrode-dividing slit 18 or three or more
radiating-electrode-dividing slits 18. In the former case,
the radiating electrode 3 is divided into two radiating elec-
trode segments, whereas in the latter case, the radiating
electrode 3 is divided into four or more radiating electrode
segments.

[0049] Furthermore, in the second embodiment, the
grounding extensions 4 are disposed on the opposite
sides of the radiating electrode 3 (conductive plate 5).
Alternatively, as described in the first embodiment, an
additional grounding extension 4’ as shown in Fig. 6 may
be provided in addition to the grounding extensions 4
disposed on the opposite sides of the radiating electrode
3.

[0050] Furthermore, inthe second embodiment shown
in Fig. 9, only one of the plurality of radiating electrode
segments 15, 16, 17 functions as a feeding-type radiating
electrode segment. Alternatively, in view of, for example,
the specification, at least two of the plurality of radiating
electrode segments may each be provided with the feed-
ing electrode 8 as shown in Fig. 10a, such that a plurality
of feeding-type radiating electrode segments are provid-
ed. As a further alternative, without providing any non-
feeding-type radiating electrode segments, all of the ra-
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diating electrode segments may be a feeding type.
[0051] Furthermore, as shown in Fig. 10b, the end of
each radiating-electrode-dividing slit 18 proximate the
grounding end may be disposed at a position higher than
the position shown in Fig. 9. In detail, for example, a
dimension H from the base point of the erected portion
3B to the end of each radiating-electrode-dividing slit 18,
as shown in Fig. 10b, is set at 0.5 mm or more. Accord-
ingly, this increases the strength of the radiating elec-
trode 3.

[0052] A third embodiment will now be described. In
the description of the third embodiment below, the com-
ponents that are the same as those in the firstand second
embodiments are given the same reference numerals,
and the description of those components will be omitted.
[0053] Figs. 11a and 11b are schematic perspective
views of the radiating electrode included in the antenna
structure according to the third embodiment. Fig. 11ail-
lustrates the radiating electrode 3 as viewed from above
the substrate 2. Fig. 11billustrates the radiating electrode
3 as viewed from below the substrate 2.

[0054] In the third embodiment, the grounding exten-
sions 4 are respectively provided at the opposite sides
of the grounding end of the radiating electrode 3, and
moreover, the additional grounding extension 4’ is pro-
vided at the grounding end and between the opposite
sides of the radiating electrode 3. Furthermore, the radi-
ating electrode 3 is provided with a cutout 22 extending
from a cutout gap Q corresponding to the additional
grounding extension 4’ to the open end of the main-sur-
face portion 3A. The cutout gap Q and the cutout 22 to-
gether define aradiating-electrode-dividing slit, such that
the radiating electrode 3 is divided into the plurality of
radiating electrode segments 15, 16.

[0055] Inthe third embodiment shown in Figs. 11a and
11b, one of the radiating electrode segments 15, 16 is
provided with the feeding electrode 8 so as to function
asthe feeding type, whereas the other radiating electrode
segment functions as the non-feeding type. The feeding-
type and the non-feeding-type radiating electrode seg-
ments 15, 16 produce a multi-resonant state. This multi-
resonance allows for a broader frequency band, or allows
for radio communication in different frequency bands.
[0056] Although one of the radiating electrode seg-
ments 15, 16 functions as the feeding type while the other
radiating electrode segment functions as the non-feeding
type in the third embodiment shown in Figs. 11aand 11b,
both radiating electrode segments 15, 16 may alterna-
tively function as the feeding type.

[0057] Furthermore, in the third embodiment shown in
Figs. 11a and 11b, although only one additional ground-
ing extension 4’ is provided, which is formed by cutting
out and bending a part of the radiating electrode 3, the
radiating electrode 3 may alternatively be provided with
a plurality of additional grounding extensions 4’. In that
case, a plurality of cutouts 22 that continue from the re-
spective cutout gaps Q corresponding to the additional
grounding extensions 4’ is provided. The cutout gaps Q
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and the cutouts 22 form radiating-electrode-dividing slits,
which divide the radiating electrode 3 into three or more
radiating electrode segments. In that case, for example,
the radiating electrode segments may resonate with dif-
ferent resonant frequencies so as to further broaden the
frequency bandwidth, or to allow for radio communication
in different frequency bands.

[0058] A fourth embodiment will now be described. In
the description of the fourth embodiment below, the com-
ponents that are the same as those in the first to third
embodiments are given the same reference numerals,
and the description of those components will be omitted.
[0059] In the antenna structure according to the fourth
embodiment shown in Fig. 12, one end of the substrate
2 is provided with a plurality of radiating electrodes 3 (3c,
3B) which are separated from each other by a certain
distance. At least one of the radiating electrodes 3 (30,
3PB) has the configuration of the radiating electrode 3 ac-
cording to any one of the first to third embodiments.
[0060] In the fourth embodiment shown in Fig. 12, the
radiating electrode 3 (3a), which corresponds to the type
according to the second embodiment having the plurality
of radiating electrode segments 15, 16, and the radiating
electrode 3 (3B), which is a modification type of the radi-
ating electrode 3 according to the first embodiment, are
arranged in a side-by-side manner. Instead of having the
grounding extensions 4 connected to the opposite sides
of the grounding end of the radiating electrode 3, the
radiating electrode 3p of the modification type only has
one grounding extension 4 (4B) connected to one side
of the grounding end of the radiating electrode 3p. In this
case, the radiating electrode 3 is a non-feeding-type
that is not provided with the feeding electrode 8, and is
electromagnetically coupled to the radiating electrode
segment 15 of the radiating electrode 3a of the feeding
type so as to produce a multi-resonant state.

[0061] As an alternative to the configuration shown in
Fig. 12, a configuration shown in Fig. 13a, for example,
may also be applied. Specifically, in the example shown
in Fig. 13a, a plurality of radiating electrodes 3 (3c, 3p)
is arranged in a side-by-side manner such that each ra-
diating electrode 3 corresponds to the type according to
the first embodiment. In this case, one of the radiating
electrodes 3o, 3f functions as the feeding type while the
other functions as the non-feeding type. Fig. 13b illus-
trates the radiating electrodes 3., 33 shown in Fig. 13a
as viewed from the side proximate the substrate 2 (from
the bottom). In the example shown in Figs. 13a and 13b,
although one of the radiating electrodes 3o, 3f functions
as the feeding type while the other functions as the non-
feeding type, alternatively, both radiating electrodes 3a.,
3B may function as the feeding type.

[0062] Inthefourthembodiment, as showninFigs. 13a
and 13b, the plurality of radiating electrodes 3 of the same
type according to any one of the first to third embodiments
may be arranged in a side-by-side manner with a certain
distance therebetween, or a combination of the radiating
electrodes of different types according to the first to third
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embodiments may be arranged in a side-by-side manner,
or at least one of the radiating electrodes according to
the first to third embodiments and a radiating electrode
having a configuration different to the configurations ac-
cording to the first to third embodiments may be arranged
in a side-by-side manner with a certain distance there-
between.

[0063] In a case where a combination of the radiating
electrodes of the same type or different types according
to the first to third embodiments is to be arranged in a
side-by-side manner, the radiating electrodes can be
formed simultaneously in their arranged state by pressing
and bending the sheet metal 12, as described previously.
[0064] A fifth embodiment will now be described. The
fifth embodiment relates to a communication device. The
communication device according to the fifth embodiment
is equipped with the antenna structure 1 according to any
one of the first to fourth embodiments. Since the antenna
structure 1 has already been described above in detail,
such a description will be omitted below. Moreover, other
than the configuration of the antenna structure 1, the
communication device may have various types of con-
figurations, and therefore, any type of configuration may
be applied to the communication device. The description
of such a configuration will therefore be omitted below.
[0065] The technical scope of the present invention is
not limited to the first to fifth embodiments, and modifi-
cations are permissible within the scope and spirit of the
present invention. For example, in each of the first to fifth
embodiments, although the feeding-type radiating elec-
trode 3 (or the radiating electrode segment 15) is provid-
ed with the feeding electrode 8 formed by cutting out and
bending a part of the main-surface portion 3A (15A), the
means for connecting the feeding-type radiating elec-
trode 3 (the radiating electrode segment 15) to the radio
frequency circuit 11 of the communication device is not
limited to the feeding electrode 8. For example, afeeding
pin 23 formed of a conductive material shown in Fig. 14
in a side view may alternatively be applied. The feeding
pin 23 has elasticity and is connected to a radio-frequen-
cy-circuit-connection feeding pad (not shown) disposed
on the substrate surface of the substrate 2.

[0066] Furthermore, although the feeding electrode 8
is formed by cutting out and bending a part of the main-
surface portion 3A of the radiating electrode 3, the posi-
tion of the feeding electrode 8 is not limited. For example,
the feeding electrode 8 may be formed alternatively by
cutting out and bending a part of the erected portion 3B.
Furthermore, the connection point between the feeding
pin 23 and the radiating electrode 3 is not limited to the
point in the example shown in Fig. 14. The feeding posi-
tion in the radiating electrode 3 is set in view of, for ex-
ample, impedance matching between the radiating elec-
trode 3 and the radio frequency circuit 11, and therefore,
the feeding position in the radiating electrode 3 is not
limited to the position shown in, for example, Fig. 14.
[0067] Furthermore, although the end of each ground-
ing extension 4 is connected to the substrate 2 in the first
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to fifth embodiments, the end of each grounding exten-
sion 4 may alternatively be connected to a housing that
can function as a ground, or to, for example, a ground
portion provided in a housing composed of an insulating
material instead of connecting the end of each grounding
extension 4 to the substrate 2. This applies to a case
where the antenna structure 1 according to each of the
first to fifth embodiments is housed inside a housing of
the communication device, such that the housing itself
is composed of a conductive material, such as a magne-
sium alloy, and can thus function as a ground, or that the
housing composed of an insulating material, such as res-
in, is provided with a conducting portion (i.e. the ground
portion) that functions as a ground.

[0068] Furthermore, although the first to fifth embodi-
ments each apply a direct-feeding technique for directly
connecting the radiating electrode 3 to the radio frequen-
cy circuit 11 via the feeding electrode 8, a capacitive-
feeding technique may alternatively be applied in which
the radiating electrode 3 is connected to the radio fre-
quency circuit 11 via capacitance.

[0069] Furthermore, in a case where the antenna
structure 1 is, for example, housed in an end portion of
the cover 10 of the communication device, the radiating
electrode 3 may have a shape that extends along the
inner surface of the end portion of the cover 10, as shown
in examples of Figs. 15a and 15b, in order to increase
the electrical volume of the radiating electrode 3 to the
utmost extent. Specifically, in the example shown in Fig.
15a, the erected portion 3B is located below the substrate
2 with respect to the main-surface portion 3A, and the
main-surface portion 3A has a partly tapered surface that
corresponds to the shape of the cover 10. On the other
hand, in the example shown in Fig. 15b, the connecting
section between the main-surface portion 3A and the
erected portion 3B is not perpendicular but is given a
round shape that corresponds to the shape of the cover
10.

[0070] Furthermore, in order to reduce the size of the
radiating electrode 3, for example, a surface of the radi-
ating electrode 3 proximate the substrate 2 may partly or
entirely be provided with a dielectric member 24, as
shown in Fig. 16 in a side view. Based on a shortened
wavelength effect by the dielectric member 24, the radi-
ating electrode 3 can be reduced in size.

[0071] Furthermore, for example, the dielectric mem-
ber 24 may be disposed between the radiating electrode
segments of the radiating electrode 3 or between the
plurality of radiating electrodes arranged in a side-by-
side manner. As a further alternative, the end of the ra-
diating electrode 3 opposite to the grounding end thereof
may be bent towards the substrate 2, as shown in Fig.
17 in a side view. Industrial Applicability

[0072] Accordingly, the present invention achieves a
small-size, low-cost, high-performance antenna struc-
ture and a communication device equipped with such an
antenna structure. Therefore, the present invention can
be advantageously applied to, for example, common,
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small-size radio communication devices and to antenna
structures incorporated in such devices.

Claims

1. An antenna structure comprising a substrate having
a ground portion; and a radiating electrode formed
of a plate material and performing an antenna oper-
ation, wherein one end of the radiating electrode
functions as a grounding end, wherein a section of
the radiating electrode proximate the other end op-
posite to the grounding end is disposed above the
substrate with a certain distance therebetween and
extends along a substrate surface of the substrate,
wherein at least opposite sides of the grounding end
of the radiating electrode are respectively connected
to grounding extensions extending from the ground-
ing end towards the other end of the radiating elec-
trode, and wherein an end of each grounding exten-
sion is connected to the ground portion of the sub-
strate.

2. Theantenna structure according to Claim 1, wherein
the radiating electrode and the grounding extensions
are housed inside a housing functioning as a ground
or inside a housing having a ground portion, and
wherein the end of each grounding extension is con-
nected to the housing functioning as a ground or to
the ground portion provided in the housing instead
of being connected to the ground portion of the sub-
strate.

3. Theantenna structure according to Claim 1, wherein
a portion of the radiating electrode proximate the
grounding end and between opposite side surfaces
of the radiating electrode is cut out so as to form a
grounding-extension-formation slit in the radiating
electrode, said cutout portion defining an additional
grounding extension.

4. The antenna structure according to Claim 1, wherein
the grounding end of the radiating electrode is dis-
posed at an outer position with respect to one end
of the substrate, wherein the connection point be-
tween the grounding end of the radiating electrode
and each grounding extension is located below the
substrate, and wherein the section of the radiating
electrode proximate the other end opposite to the
grounding end is located above the substrate.

5. Theantenna structure according to Claim 1, wherein
the radiating electrode is provided with at least one
radiating-electrode-dividing slit extending towards
the grounding end, such that the radiating electrode
is divided into a plurality of radiating electrode seg-
ments.
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The antenna structure according to Claim 5, wherein
atleast one of the radiating electrode segments func-
tions as a feeding-type radiating electrode segment
and the remaining radiating electrode segment func-
tions as a non-feeding-type radiating electrode seg-
ment, the non-feeding-type radiating electrode seg-
ment being electro-magnetically coupled to the feed-
ing-type radiating electrode segment, thereby per-
forming the antenna operation producing a multi-res-
onant state together with the feeding-type radiating
electrode segment.

An antenna structure comprising a plurality of radi-
ating electrodes arranged with a certain distance
therebetween at one end of a substrate, wherein at
least one of the radiating electrodes comprises the
radiating electrode set forth in Claim 1.

An antenna structure comprising a plurality of radi-
ating electrodes arranged with a certain distance
therebetween at one end of a substrate, wherein at
least one of the radiating electrodes comprises the
radiating electrode set forth in Claim 5.

An antenna structure comprising a plurality of radi-
ating electrodes arranged with a certain distance
therebetween at one end of a substrate, wherein at
least one of the radiating electrodes comprises the
radiating electrode set forth in Claim 6.

The antenna structure according to Claim 1, wherein
a part of the radiating electrode is cut out and bent
towards the substrate, said part functioning as a
feeding electrode for connecting the radiating elec-
trode to a feeding pad provided on the substrate, the
feeding pad being connected to a radio frequency
circuit.

The antenna structure according to Claim 1, wherein
the substrate surface is provided with a feeding pad
connected to a radio frequency circuit, the feeding
pad and the radiating electrode positioned therea-
bove are connected to each other with a conductor
having elasticity.

The antenna structure according to Claim 1, wherein
atleast a portion of the radiating electrode is provided
with a dielectric member.

The antenna structure according to Claim 1, wherein
an edge of each grounding extension s provided with
a rib for reinforcing the bending strength.

A communication device comprising the antenna
structure according to Claim 1.
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