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(57) Anantennaapparatus (3) incorporates a second
antenna element (32) that has an end connected to a
first point (36) of a first antenna element (31), and first
and second other ends kept open, and includes a first
antenna portion extending from a feed terminal (35) to
the first other end, and a second antenna portion extend-
ing from the feed terminal and bifurcated at a second
point (38) between the first point and the first other end.
The element lengths of the first and second antenna por-

ANTENNA APPARATUS AND ELECTRONIC DEVICE INCLUDING THE ANTENNA APPARATUS

tions are set to substantially 1/4 of a wavelength corre-
sponding to a second resonance frequency, and sub-
stantially 3/4 of a wavelength corresponding to a third
resonance frequency, respectively. The second antenna
portion includes a first portion extending from the feed
terminal to the second point, and a second portion ex-
tending from the second point to the second other end
and interposed between the first portion and a ground
portion (5).

100
1
-
3
3 / 31
\\ \J___z 38
6 37 5<\ 36 I S ~1a
{ o L34 2B
: I e g \ 3232A
L _1b
%
2 5
FIG. 1

Printed by Jouve, 75001 PARIS (FR)



1 EP 2993 732 A1 2

Description

[0001] Embodiments described hereinrelate generally
to an antenna apparatus and an electronic device includ-
ing the antenna apparatus.

[0002] An antenna apparatus provided with a plurality
of antenna elements and hence having a wide-bandwidth
compatibility is known.

[0003] Further, an antenna apparatus is known, in
which impedance characteristic associated with the res-
onance frequency band of an antenna element that cov-
ers a high-frequency band is improved to thereby reduce
the frequencies in the resonance frequency band and
enable the antenna apparatus to be made compact.
[0004] There is a demand for an antenna apparatus
that has a wider-bandwidth compatibility and can be
made compact.

[0005] A general architecture that implements the var-
ious features of the embodiments will now be described
with reference to the drawings. The drawings and the
associated descriptions are provided to illustrate the em-
bodiments and not to limit the scope of the invention.

FIG. 1 shows a structure example of an essential
part of an electronic device with an antenna appa-
ratus according to a first embodiment;

FIG. 2is a viewfor explaining an example of a current
flow occurring when bifurcated elements according
to the first embodiment are resonating;

FIG. 3 shows a Smith chart example of an 800 MHz
band obtained when a capacitor elementis detached
from the antenna apparatus of the first embodiment;
FIG. 4 shows a Smith chart example of an 800 MHz
band in the antenna apparatus of the first embodi-
ment;

FIG. 5 shows a VSWR frequency characteristic ex-
ample of the antenna apparatus of the first embod-
iment;

FIG. 6 shows a VSWR frequency characteristic ex-
ample obtained when an inverse-L-shaped portion
is removed from the bifurcated element of the anten-
na apparatus of the first embodiment;

FIG. 7 shows a modification of the electronic device
of the first embodiment;

FIG. 8 shows a structure example of an antenna ap-
paratus according to a second embodiment;

FIG. 9 shows a structure example of an antenna ap-
paratus according to a third embodiment;

FIG. 10 shows a structure example of an antenna
apparatus according to a fourth embodiment;

FIG. 11 shows a structure example of an antenna
apparatus according to a fifth embodiment;

FIG. 12 shows a structure example of an antenna
apparatus according to a sixth embodiment;

FIG. 13 shows a structure example of an antenna
apparatus according to a seventh embodiment;
FIG. 14 shows a structure example of an antenna
apparatus according to an eighth embodiment;
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FIG. 15 shows a structure example of an antenna
apparatus according to a ninth embodiment;

FIG. 16 shows a structure example of an antenna
apparatus according to a tenth embodiment;

FIG. 17 shows a structure example of an antenna
apparatus according to an eleventh embodiment;
FIG. 18 shows a structure example of an antenna
apparatus according to a twelfth embodiment;

FIG. 19 shows a structure example of an antenna
apparatus according to a thirteenth embodiment;
and

FIG. 20 shows a structure example of an antenna
apparatus according to a fourteenth embodiment.

[0006] Various embodiments will be described herein-
after with reference to the accompanying drawings.
[0007] In general, according to one embodiment, an
antenna apparatus comprises a first antenna element, a
second antenna element and a capacitor element. The
first antenna element has an end connected to a feed
terminal and another end kept open, an element length
ranging from the feed terminal to the another end being
setto substantially a quarter of a wavelength correspond-
ing to a preset first resonance frequency. The second
antenna element has an end connected to a first point of
the first antenna element, and a first other end and a
second other end kept open. The second antenna ele-
ment includes a first antenna portion and a second an-
tenna portion. The first antenna portion extends from the
feed terminal to the first other end, and the elementlength
of the first antenna portion is set to substantially a quarter
of a wavelength corresponding to a preset second reso-
nance frequency. The second antenna portion extends
from the feed terminal and bifurcated from the first an-
tenna portion at a second point between the first point
and the first other end at the path of the first antenna
portion. The element length of the second antenna por-
tionis setto substantially 3/4 ofawavelength correspond-
ing to a preset third resonance frequency. A capacitor
element is provided between the feed terminal and the
first point. The second antenna portion includes a first
portion extending from the feed terminal to the second
point, and a second portion extending from the second
point to the second other end. The second portion is in-
terposed between the first portion and a ground portion.
[0008] In this specification, different expressions are
imparted as examples to each of some elements. How-
ever, note that their names are not limited to the imparted
ones, but other expressions may be imparted.

[0009] Similarly, elements, each of which is not ex-
pressed by a plurality of expressions, may be referred to
as other names.

[0010] Further, the figures attached herewith are sche-
matic ones, in which the dimensional relationship be-
tween thicknesses and planar sizes, and the ratio in thick-
ness between layers, may differ from the actual ones.
Yet further, the relationships in dimension, the ratio in
thickness between layers, etc., may vary between the
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figures.
[0011] Hereinafter, embodiments are explained with
reference to the accompanying drawings.

(First embodiment)

[0012] FIG. 1 shows a structure example of an essen-
tial part of an electronic device 100 with an antenna ap-
paratus according to a first embodiment.

[0013] As shown in FIG. 1, the electronic device 100
is anotebook personal computer or a touch-panel mobile
information terminal, which has a wireless interface, and
comprises a printed circuit board 1. The electronic device
100 may be another type of mobile terminal, such as a
mobile phone, a smartphone, a personal digital assistant
(PDA), an electronic book terminal or a game terminal.
Further, the printed circuit board 1 may be formed as part
of a metal casing, or formed of a metal member, such as
copper foil.

[0014] The printed circuit board 1 has a first area 1a
and a second area 1b. The first area 1a is provided with
an antenna apparatus 3, and the second area 1b is pro-
vided with a ground pattern (ground portion) 5. The
ground pattern 5 has a stepped portion 5A, along which
a high-frequency cable 6 is extended.

[0015] A plurality of circuit modules necessary to form
the electronic device 100 are mounted on the reverse
surface of the printed circuit board 1. The circuit modules
include a wireless unit 2. The wireless unit (wireless
transceiver) 2 has a function of transmitting and receiving
wireless signals of frequencies corresponding to a plu-
rality of channel frequencies assigned to a wireless sys-
tem as a communication target.

[0016] The antenna apparatus 3 is constructed as be-
low.
[0017] Namely, the antenna apparatus 3 comprises an

antenna element (first antenna element) 31, a bifurcated
element 32 (second antenna element) formed of a mo-
nopole element, and an antenna element (third antenna
element) 33.

[0018] The antennaelement 31 has an end connected
to the feed point (feed terminal) 35 of the high-frequency
cable 6, and the other end open. Further, the antenna
element 31 has an element length ranging from the feed
point 35 to the open end and being substantially a quarter
of awavelength corresponding to a preset first resonance
frequency.

[0019] The first resonance frequency falls withina 1.8
GHz band (e.g., 1.7 GHz to 1.9 GHz). The frequency of
the 1.8 GHz band is used by, for example, a 3G-standard
wireless system.

[0020] The antenna element 31 includes a bifurcated
point (hereinafter referred to as the first point) 36, and a
capacitor element 34 interposed between the bifurcated
point 36 and the feed point 35. As the capacitor element
34, a 2.2pF capacitor element is used, for example. Fur-
ther, it is desirable to provide the capacitor element 34
near the feed point 35.
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[0021] The bifurcated element 32 is an antenna ele-
ment bifurcated from the first point 36 of the antenna
element 31. The bifurcated element 32 comprises a lin-
early extending portion (hereinafter, a linear portion; first
antenna portion) 32A, and a portion (hereinafter, an in-
verse-L-shaped portion; second antenna portion) 32B
extending like an inverse L-shape from a preset point
(hereinafter, a second point) 38 positioned on the linear
portion 32A between the first point 36 and the other end
of the linear portion 32A.

[0022] Further, in the bifurcated element 32, one end
of the linear portion 32A is connected to the first point 36
of the antenna element 31, and the other end (first other
end) of the linear portion 32A and the distal end (second
other end) of the inverse-L-shaped portion 32B are kept
open. The element length of the linear portion 32A rang-
ing from the feed point 35 to its open end is set to sub-
stantially a quarter of the wavelength corresponding to a
preset second resonance frequency. The element length
of the inverse-L-shaped portion 32B from the feed point
35 to its open end is set to substantially three quarters
of the wavelength corresponding to a preset third reso-
nance frequency.

[0023] The inverse-L-shaped portion 32B has a first
portion (extending from the feed point 35 to the first point
36) shared with the linear portion 32A, and a second por-
tion extending from the second point 38 to the other end
of the portion 32B. The second portion of the inverse-L-
shaped portion 32B is positioned between the first portion
and the ground pattern 5.

[0024] In the first embodiment, the second resonance
frequency falls within an 800 MHz band (e.g., 700 MHz
to 900 MHz). The frequencies in the 800 MHz band are
used by, for example, a wireless system that employs
LTE (Long Term Evolution). Further, the third resonance
frequency falls within a 2.6 GHz band (e.g., 2.5 GHz to
2.7 GHz). The frequencies in the 2.6 GHz band are used
by, for example, a wireless system that employs next-
generation LTE.

[0025] The linear portion 32A of the bifurcated element
32 extends from the first point 36 in parallel with the
ground pattern 5. The inverse-L-shaped portion 32B ex-
tends by a predetermined distance perpendicularly to the
ground pattern 5 from the second point 38, and further
extends between the antenna element 31 and the ground
pattern 5 in parallel with them. Thus, the linear portion
32A and the portion of the inverse-L-shaped portion 32B
parallel thereto are arranged in parallel with the ground
pattern 5. In the bifurcated element 32 constructed as
the above, the wavelength corresponding to the reso-
nance frequency of the linear portion 32A is substantially
a quarter of the wavelength corresponding to the second
resonance frequency, and the wavelength correspond-
ing to the resonance frequency of the inverse-L-shaped
portion 32B is substantially three quarters of the wave-
length corresponding to the second resonance frequen-
cy. Accordingly, waves do not offset each other at the
linear portion 32A and the above-mentioned portion of
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the inverse-L-shaped portion 32B.

[0026] The antenna element 33 has one end connect-
ed to a passive terminal 37 provided at a stepped portion
5A, and the other end kept open. The element length of
the antenna element 33 from the passive terminal 37 to
the other end is set to substantially a quarter of a wave-
length corresponding to a preset fourth resonance fre-
quency.

[0027] In the first embodiment, the fourth resonance
frequency falls within a 2.0 GHz band (1.9 GHz to 2.1
GHz). The 2.0 GHz band is used by, for example, a 3G-
standard wireless system.

[0028] FIG. 2 is a view for explaining an example of a
current that flows when the bifurcated element 32 is res-
onating.

[0029] As shown in FIG. 2, two currents F1 and F2
occur in the bifurcated element 32. The current F1 flows
when a resonance of 800 MHz occurs. The current F1
flows from the feed point 35 to the distal end of the linear
portion 32A through the capacitor element 34 and the
first and second points 36 and 38. Similarly, the current
F2 flows when a resonance in the 2.6 GHz band occurs.
The current F2 flows from the feed point 35 to the distal
end of the inverse-L-shaped portion 32B through the ca-
pacitor element 34 and the first and second points 36
and 38. The wavelength of the current F2 is substantially
three quarters of the wavelength corresponding to the
second resonance frequency, and the current F2 reso-
nates with the second resonance frequency.

[0030] Referring then to FIGS. 3 and 4, a description
will be given of an antenna characteristic example of the
antenna apparatus 3 in the 800 MHz band. As described
above, the 800 MHz band is where the antenna appara-
tus resonates using the linear portion 32A of the bifur-
cated element 32.

[0031] FIG. 3is a Smith chart example in the 800 MHz
band of the antenna apparatus 3, obtained when the ca-
pacitor element 34 is removed from the antenna appa-
ratus 3 shown in FIG. 1. FIG. 4 is a Smith chart example
in the 800 MHz band of the antenna apparatus 3.
[0032] Ingeneral, a Smith chartindicates that the clos-
er to the center (position: 1.00) of the circle, the higher
the degree of matching with 50Q. Therefore, as is evident
from graph curve G1 in FIG. 3 and graph curve G2 in
FIG. 4, the antenna apparatus 3 (see FIG. 4) having the
capacitor element 34 exhibits a higher matching with 50Q
than an antenna apparatus (see FIG. 3) having no ca-
pacitor element 34. Namely, since the antenna apparatus
3 has the capacitor element 34, higher matching with the
resistor can be realized in the 800 MHz band.

[0033] ReferringthentoFIGS.5and 6, VSWRfrequen-
cy characteristic examples in the 2.6 GHz band of the
antenna apparatus 3 will be described. As described
above, the 2.6 GHz band is where the antenna apparatus
resonates using the inverse-L-shaped portion 32B.
[0034] FIG. 5showsa VSWR frequency characteristic
example of the antenna apparatus 3. FIG. 6 shows a
VSWR frequency characteristic example of the antenna
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apparatus 3 obtained when the bifurcated element 32
has no inverse-L-shaped portion 32B.

[0035] In general, the VSWR frequency characteristic
means that impedance matching is higher when its value
is closer to 1.00. Accordingly, as is evident from curve
G3, curve G4, and arrows A1 indicative of the 2.6 GHz
band in FIGS. 5 and 6, a higher impedance matching is
realized in the 2.6 GHzband when the antenna apparatus
3 has the inverse-L-shaped portion 32B (see FIG. 5),
than when the apparatus 3 has no inverse-L-shaped por-
tion 32B.

[0036] The antenna apparatus 3 constructed as the
above can resonate with the 1.8 GHz band using the
antenna element 31, with the 800 MHz band and the 2.6
GHz band using the bifurcated element 32, and with the
2.0 GHz band using the antenna element 33. Thus, the
antenna apparatus 3 can be made to resonate with a
wide frequency band.

[0037] Further, since the bifurcated element 32 can
resonate with both the 800 MHz band and the 2.6 GHz
band, it is not necessary to employ another antenna el-
ement that resonates with the 2.6 GHz band. Yet further,
since the linear portion 32A and the long portion (i.e., the
horizontal portion in the figures) of the inverse-L-shaped
portion are arranged in parallel with each other, the width
of the portion perpendicular to the ground pattern 5 can
be reduced. Accordingly, the antenna apparatus 3 can
be made compact, in other words, can be prevented from
increasing in size, with its resonance range kept wide.
[0038] Also, the inverse-L-shaped portion 32B of the
bifurcated element 32 has an opendistal end. This makes
it easy to adjust the electrical length of the element so
as to resonate the element with the 2.6 GHz band. Fur-
thermore, the wavelength (substantially three quarters
of the wavelength corresponding to the second reso-
nance frequency) is made different from a wavelength
(substantially a quarter of the wavelength corresponding
to the second resonance frequency) which resonates
with another frequency band. Therefore, even if the ele-
ment length is adjusted, this does not influence the other
frequency bands, with the result that resonance adjust-
ment in the 2.6 GHz band can be made independently
of the other frequency bands.

[0039] Although in the first embodiment, the antenna
apparatus 3 comprises three antenna elements, i.e., the
antenna element 31, the bifurcated element 32 and the
antenna element 33, the structure of the antenna appa-
ratus is not limited to it. The antenna apparatus may have
such a structure as shown in FIG. 7, in which no antenna
element 33 is employed, and only the antenna element
31 and the bifurcated element 32 are employed. Even
this structure enables, by virtue of the bifurcated element
32, the antenna apparatus to be made to resonate with
aband including the 2.6 GHz band and to be made com-
pact. Further, adjustment of resonance in the 2.6 GHz
band can be performed independently of the other fre-
quency bands.
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(Second embodiment)

[0040] FIG. 8 shows a structure example ofan antenna
apparatus 3 according to a second embodiment. The an-
tenna apparatus of the third embodiment differs from that
of the first embodiment in the structure of the bifurcated
element 32. Therefore, the structure of the bifurcated el-
ement 32 will be described in detail.

[0041] Further, in the second embodiment, elements
similar to those of the first embodiment are denoted by
corresponding reference numbers. Similarly, in third to
fourteenth embodiments described later, elements sim-
ilar to those of the first embodiment are denoted by cor-
responding reference numbers.

[0042] As shown in FIG. 8, an inverse-L-shaped por-
tion 32C is obtained by forming the open distal end of
the inverse-L-shaped portion 32B (see FIG. 1) down-
wardly perpendicular to the ground pattern 5. By thus
forming the distal end of the inverse-L-shaped portion
32C to have an angled portion, the impedance can be
varied based on the length of the angled portion, i.e.,
based on the distance between the distal end of the an-
gled portion and the ground pattern 5.

[0043] By thus adjusting the length of the angled por-
tion of the inverse-L-shaped portion 32C, the element
length of the element can be easily adjusted, and the
impedance for resonance in the 2.6 GHz band can be
varied. As aresult, in the resonance in the 2.6 GHz band,
high impedance matching can be easily achieved.

(Third embodiment)

[0044] FIG.9shows a structure example of an antenna
apparatus according to a third embodiment. The antenna
apparatus of the third embodiment differs from that of the
first embodiment in the structure of the bifurcated ele-
ment 32. Therefore, the structure of the bifurcated ele-
ment 32 will be described.

[0045] As shown in FIG. 9, the bifurcated element 32
has an end portion 32D obtained by angling the linear
portion 32A of the first embodiment in few positions,
thereby forming a U-shaped portion having sharp cor-
ners. More specifically, the end portion 32D comprises
aportion 1 extending from the second point 38 away from
the ground pattern 5, a portion 2 extending from the por-
tion 1 in parallel with the ground pattern 5, and a portion
3 extending from the portion 2 toward the ground pattern
5. The portion 3 is an open end.

[0046] In the above structure, the element length can
be adjusted and the impedance used for resonance in
the 800 MHz band can be varied by adjusting the length
of each portion included in the U-shaped end portion 32D
with sharp corners. As a result, during resonance in the
800 MHz band, high impedance matching can be easily
realized.
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(Fourth embodiment)

[0047] FIG. 10 shows a structure example of an anten-
na apparatus 3 according to a fourth embodiment. The
antenna apparatus of the fourth embodiment differs from
that of the first embodiment in the structure of the bifur-
cated element 32. Therefore, the structure of the bifur-
cated element 32 will be described.

[0048] As showninFIG. 10, the bifurcated element 32
has a short-circuited element 32E between the linear por-
tion 32A and the inverse-L-shaped portion 32B. More
specifically, the short-circuited element 32E extends per-
pendicularly to the ground pattern 5 from a position that
is interposed between the first point 36 and the second
point 38 of the linear portion 32A and is much nearer to
the second point than to the first point. Further, the short-
circuited element 32E connects with the longer portion
(i.e., the horizontal portion in the figure) of the inverse-
L-shaped portion 32B.

[0049] In the above structure, the element length for
resonance in the 2.6 GHz band can be adjusted and the
impedance for the resonance in the 2.6 GHz band can
be varied, by adjusting the position of the short-circuited
element 32E. As a result, during resonance in the 800
MHz band, high impedance matching can be easily re-
alized.

(Fifth embodiment)

[0050] FIG. 11 shows a structure example of an anten-
na apparatus 3 according to a fifth embodiment. The an-
tenna apparatus of the fifth embodiment differs from that
of the first embodiment in the structure of the bifurcated
element 32. Therefore, the structure of the bifurcated el-
ement 32 will be described.

[0051] As showninFIG. 11, the bifurcated element 32
has an angled portion (see FIG. 8) 32C, a U-shaped end
portion (see FIG. 9) 32D having sharp corners, and a
short-circuited element (see FIG. 10) 32E. In this struc-
ture, the element length for resonance in the 800 MHz
band can be adjusted by adjusting the length of each
portion of the U-shaped end portion 32D having sharp
corners, and the element length for resonance in the 2.6
GHz band can be adjusted by adjusting the length of the
angled portion 32C and the position of the short-circuited
element 32E. Further, a high impedance matching can
be easily realized in each of those frequency bands.
[0052] As described above, the antenna apparatus 3
comprises a plurality of structures for adjusting reso-
nance, i.e., the angled portion (see FIG. 8) 32C, the U-
shaped end portion (see FIG. 9) 32D having sharp cor-
ners, and the short-circuited element (see FIG. 10) 32E.
Therefore, even if the antenna apparatus 3 is mounted
in various types of electronic devices 100, it can be easily
adapted for both the 800 MHz band and the 2.6 GHz
band. Namely, the antenna apparatus 3 can be mounted
in various electronic devices 100.
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(Sixth embodiment)

[0053] FIG. 12 shows a structure example of an anten-
na apparatus 3 according to a sixth embodiment. The
antenna apparatus 3 of the sixth embodiment differs from
that of the first embodiment in the structure of the bifur-
cated element 32. Therefore, the structure of the bifur-
cated element 32 will be described.

[0054] In the sixth embodiment to a fourteenth embod-
iment, the ground pattern 5 does not have the stepped
portion 5A, and the bifurcated element 32 is provided via
a feed terminal 35A.

[0055] Asshownin FIG. 12, the bifurcated element 32
has a folded structure. The folded structure means a
structure in which, for example, an end of the linear por-
tion 32A is folded to constitute a portion of the inverse-
L-shaped portion 32B, and another portion of the inverse-
L-shaped portion 32B forms a short-circuited element.
[0056] Anend portion 321 of the bifurcated element 32
having the folded structure is angled. More specifically,
the end portion 321 is angled away from the ground pat-
tern 5 (i.e., angled upward in the figure).

[0057] Even by forming the end portion 321 of the bi-
furcated element 32 like the above, the electrical length
for resonance in the 800 MHz band and the electrical
length for resonance in the 2.6 GHz band can be adjust-
ed. As a result, high impedance matching can be easily
realized during resonance in the 800 MHz band and the
2.6 GHz band.

(Seventh embodiment)

[0058] FIG. 13 shows a structure example of an anten-
na apparatus 3 according to a seventh embodiment. The
antenna apparatus 3 of the seventh embodiment differs
from that of the first embodiment in the structure of the
bifurcated element 32. Therefore, the structure of the bi-
furcated element 32 will be described.

[0059] Asshownin FIG. 13, the bifurcated element 32
has two short-circuited elements as indicated by refer-
ence number 322. More specifically, the linear portion
32Ais connected to the portion of the inverse-L-shaped
portion 32B parallel to the linear portion, by means of the
two short-circuited elements, and the other portion of the
inverse-L-shaped portion 32.

[0060] By adjusting the positions of the two short-
circuited elements of the bifurcated element 32, the elec-
trical length for resonance in the 2.6 GHz band can be
adjusted.

[0061] Although the seventh embodiment employs two
short-circuited elements, it may three or more short-
circuited elements.

(Eighth embodiment)
[0062] FIG. 14 shows a structure example of an anten-

na apparatus 3 according to an eighth embodiment. The
antenna apparatus 3 of the eighth embodiment differs
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from that of the first embodiment in the structure of the
antenna element 33. Therefore, the structure of the an-
tenna element 33 will be described.

[0063] As shown in FIG. 14, the antenna element 33
has an open distal end portion 33A formed thick. By ad-
justing the thickness of the end portion 33A of the antenna
element 33, high impedance matching can be easily re-
alized during resonance in the 2.0 GHz band.

(Ninth embodiment)

[0064] FIG. 15 shows a structure example of an anten-
na apparatus 3 according to a ninth embodiment. The
antenna apparatus 3 of the ninth embodiment differs from
that of the firstembodiment in the structure of the antenna
element 31. Therefore, the structure of the antenna ele-
ment 31 will be described.

[0065] As shown in FIG. 15, the antenna element 31
has a thick portion 31A. More specifically, the portion 13A
is located near the feed terminal 35A. By adjusting the
thickness of the portion 13A near the feed terminal 35A,
high impedance matching can be easily realized during
resonance in the 1.8 GHz band.

(Tenth embodiment)

[0066] FIG. 16 shows a structure example of an anten-
na apparatus 3 according to a tenth embodiment. The
antenna apparatus 3 of the seventh embodiment differs
from that of the first embodiment in the structure of the
bifurcated element 32. Therefore, the structure of the bi-
furcated element 32 will be described.

[0067] As shown in FIG. 16, a concentrated constant
element 39 is provided across the bifurcated element 32.
More specifically, the concentrated constant element 39
is provided across the bifurcated element 32 near the
first point 36.

[0068] By providing the concentrated constantelement
39 near the first point 36, high impedance matching can
be easily realized during resonance in the 800 MHz band
and the 2.6 GHz band.

(Eleventh embodiment)

[0069] FIG. 17 shows a structure example of an anten-
na apparatus 3 according to an eleventh embodiment.
The antenna apparatus 3 of the ninth embodiment differs
from that of the first embodiment in the structure of the
antenna element 31. Therefore, the structure of the an-
tenna element 31 will be described.

[0070] As shown in FIG. 17, the antenna element 31
has a distal open end 31B formed thick. By adjusting the
thickness of the distal end 31B of the antenna element
31, high impedance matching can be easily realized dur-
ing resonance in the 1.8 GHz band.
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(Twelfth embodiment)

[0071] FIG. 18 shows a structure example of an anten-
na apparatus 3 according to a twelfth embodiment. The
antenna apparatus 3 of the twelfth embodiment differs
from that of the first embodiment in the structure of the
antenna element 33. Therefore, the structure of the an-
tenna element 33 will be described.

[0072] As shown in FIG. 18, a concentrated constant
element 33B is provided across the antenna element 33.
In the twelfth embodiment, the concentrated constant el-
ement 33B is provided near the passive terminal 37.
[0073] By thus providing the concentrated constant el-
ement 33 across the antenna element 33, high imped-
ance matching can be easily realized during resonance
in the 2.0 GHz band.

(Thirteenth embodiment)

[0074] FIG. 19 shows a structure example of an anten-
na apparatus 3 according to a thirteenth embodiment.
The antenna apparatus 3 of the thirteenth embodiment
differs from that of the first embodiment in the structure
of the bifurcated element 32. Therefore, the structure of
the bifurcated element 32 will be described.

[0075] AsshowninFIG. 19, the distal end of the linear
portion 32A of the bifurcated element 32 is angled in sev-
eral positions. More specifically, the distal end is made
to meander.

[0076] By making the distal end of the linear portion
32A to meander, the electrical length for resonance in
the 800 MHz band can be adjusted, and high impedance
matching can be easily realized.

(Fourteenth embodiment)

[0077] FIG. 20 shows a structure example of an anten-
na apparatus 3 according to a fourteenth embodiment.
The antenna apparatus 3 of the fourteenth embodiment
differs from that of the first embodiment in the structure
of the antenna element 33. Therefore, the structure of
the antenna element 33 will be described.

[0078] Asshownin FIG. 20, the portion of the antenna
element 33 near the passive terminal 37 is formed thick.
In the fourteenth embodiment, the portion of the antenna
element 33 from the passive terminal 37 to the angled
portion thereof is formed thick.

[0079] By thus forming the element 33 thick near the
passive terminal 37, high impedance matching can be
easily realized during resonance in the 2.0 GHz band.
[0080] In the first to fifth embodiments, the case is de-
scribed where the bifurcated element 32 is connected to
the feed point 35 of the high-frequency cable 6 extending
along the stepped portion 5A of the ground pattern 5.
Further, in the sixth to fourteenth embodiments, the case
where the bifurcated element 32 is connected to the feed
point 35A of the ground pattern 5 is described. However,
the bifurcated element 32 described in the first to four-
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teenth embodiments is applicable to any structure de-
scribed above and associated with the ground pattern.
[0081] In addition, although the first to fourteenth em-
bodiments are directed to the case where the antenna
element 31 resonates in a band of a higher frequency
(1.8 GHz) than in a band (2.0 GHz band) in which the
antenna 33 resonates, the antenna element 31 may res-
onate in a lower frequency band than that where the an-
tenna element 33 resonates. In this case, the antenna
apparatus 3 can smoothly shift a resonance mode to a
2.6 GHz band resonance mode. Thus, the antenna ap-
paratus 3 can obtain a wider-bandwidth compatibility.

Claims

1. An antenna apparatus (3) characterized by com-
prising:

a first antenna element (31) having an end con-
nected to a feed terminal (35) and another end
kept open, an element length from the feed ter-
minal to the another end being set to substan-
tially a quarter of a wavelength corresponding
to a preset first resonance frequency; and

a second antenna element (32) having an end
connected to a first point (36) of the first antenna
element, and having a first other end and a sec-
ond other end kept open, the second antenna
element including a first antenna portion and a
second antenna portion, the first antenna por-
tion extending from the feed terminal to the first
other end, an element length of the first antenna
portion being set to substantially a quarter of a
wavelength corresponding to a preset second
resonance frequency, the second antenna por-
tion extending from the feed terminal and bifur-
cated from the first antenna portion at a second
point (38) between the first point and the first
other end at the path of the first antenna portion,
an elementlength of the second antenna portion
being set to substantially 3/4 of a wavelength
corresponding to a preset third resonance fre-
quency; and

a capacitor element (34) provided between the
feed terminal and the first point,

wherein

the second antenna portion includes a first por-
tion extending from the feed terminal to the sec-
ond point, and a second portion extending from
the second point to the second other end; and

the second portion is interposed between the
first portion and a ground portion (5).

2. The antenna apparatus of claim 1, characterized in
that
the first antenna portion extends from the first point
in parallel with the ground portion; and
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the second antenna portion extends from the second
point perpendicularly to the ground portion, and ex-
tends toward the first antenna elementin parallel with
the ground portion.

The antenna apparatus of claim 2, characterized in
that the second other end of the second antenna
portion extends toward and perpendicularly to the
ground portion.

The antenna apparatus of claim 1, characterized
by further comprising a third antenna element (33)
having an end connected to a non-feeding terminal
(37) and a distal open end, an element length from
the non-feeding terminal to the distal open end being
substantially a quarter of a wavelength correspond-
ing to a preset fourth resonance frequency.

The antenna apparatus of claim 2, characterized in
that the first other end of the first antenna portion is
angled in several positions.

The antenna apparatus of claim 2, characterized in
that the first other end of the first antenna portion
includes a portion remoter than the first portion from
the ground portion, and a portion extending from the
remoter portion and closer to the ground portion than
the first portion, a distal portion of the closer portion
being open.

The antenna apparatus of claim 2, characterized in
that the second antenna element includes a short-
circuited element (32E) between the first antenna
portion and the second antenna portion.

The antenna apparatus of claim 1, characterized in
that the capacitor element is provided near the feed
terminal.

An electronic device (100) provided with a wireless
transceiver that receives and transmits wireless sig-
nals of frequencies corresponding to a plurality of
channel frequencies allocated to a wireless system
as a communication target, and with an antenna ap-
paratus (3) connected to the wireless transceiver,
the antenna apparatus comprises:

a first antenna element (31) having an end con-
nected to a feed terminal (35) and another end
kept open, an element length from the feed ter-
minal to the another end being set to substan-
tially a quarter of a wavelength corresponding
to a preset first resonance frequency; and

a second antenna element (32) having an end
connected to afirst point (36) of the firstantenna
element, and having a first other end and a sec-
ond other end kept open, the second antenna
element including a first antenna portion and a
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second antenna portion, the first antenna por-
tion extending from the feed terminal to the first
other end, an element length of the first antenna
portion being set to substantially a quarter of a
wavelength corresponding to a preset second
resonance frequency, the second antenna por-
tion extending from the feed terminal and bifur-
cated from the first antenna portion at a second
point (38) between the first point and the first
other end at the path of the first antenna portion,
an elementlength of the second antenna portion
being set to substantially 3/4 of a wavelength
corresponding to a preset third resonance fre-
quency; and

a capacitor element (34) provided between the
feed terminal and the first point,
characterized in that

the second antenna portion includes a first por-
tion extending from the feed terminal to the sec-
ond point, and a second portion extending from
the second point to the second other end; and
the second portion is interposed between the
first portion and a ground portion (5).

10. The electronic device of claim 9, characterized in

that the antenna apparatus further comprises a third
antenna element (33) having an end connected to a
non-feeding terminal (37) and a distal open end, an
element length from the non-feeding terminal pas-
sive element to the distal open end being substan-
tially a quarter of a wavelength corresponding to a
preset fourth resonance frequency.
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