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shape. The feeding element interconnects the first and second
monopole radiating elements.

10 Claims, 7 Drawing Sheets
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1
ANTENNA WITH SYMMETRICAL FIRST
AND SECOND MONOPOLE RADIATING
ELEMENTS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority of Taiwanese application
no. 096144237, filed on Nov. 22, 2007.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an antenna, more particularly to an
antenna operable in a digital video broadcasting-handheld
(DVB-H) frequency range.

2. Description of the Related Art

In US. Patent Application Publication No.
US20060214857, there is disclosed an antenna that conforms
to a digital video broadcasting for handhelds (DVB-H) speci-
fication. The conventional antenna includes a radiating ele-
ment, a feeding line, a matching circuit, and a radio frequency
(RF) circuit. The radiating element is [.-shaped. The feeding
line is coupled to the radiating element and is formed on a
dielectric substrate. The matching circuit is coupled to the
feeding line and is formed on the dielectric substrate. The RF
circuit is coupled to the matching circuit and is formed on the
dielectric substrate.

The conventional antenna is disadvantageous in that the
conventional antenna has a relatively low gain. Furthermore,
adjustment of a coupling distance between the matching cir-
cuit and the RF circuit so as to permit operation of the con-
ventional antenna at a desired frequency is difficult to per-
form.

SUMMARY OF THE INVENTION

Therefore, the object of the present invention is to provide
an antenna that can overcome the aforesaid drawbacks of the
prior art.

According to the present invention, an antenna comprises
first and second monopole radiating elements and a feeding
element. The first and second monopole radiating elements
are symmetrical about an axis of symmetry. Each of the first
and second monopole radiating elements has a meandering
shape, and opposite first and second ends. The feeding ele-
ment interconnects the first ends of the first and second mono-
pole radiating elements.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will
become apparent in the following detailed description of the
preferred embodiments with reference to the accompanying
drawings, of which:

FIG. 1 is a schematic view of the first preferred embodi-
ment of an antenna according to this invention;

FIG. 2 is a perspective view illustrating a state where the
first preferred embodiment is bent about an axis of symmetry;

FIG. 3 is a perspective view of the second preferred
embodiment of an antenna according to this invention;

FIG. 4 is a circuit diagram illustrating an impedance
matching circuit of the second preferred embodiment;

FIG. 5 is a plot illustrating voltage standing wave ratios
(VSWRs) of the first and second preferred embodiments;

FIG. 6 are Smith charts illustrating responses of the first
and second preferred embodiments;
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FIG. 7 are plots illustrating gains of the first and second
preferred embodiments;

FIG. 8 shows plots of radiation patterns of the second
preferred embodiment; and

FIG. 9 is a schematic view of the third preferred embodi-
ment of an antenna according to this invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before the present invention is described in greater detail,
it should be noted that like elements are denoted by the same
reference numerals throughout the disclosure.

Referring to FIG. 1, the first preferred embodiment of an
antenna 2 according to this invention is shown to include first
and second monopole radiating elements 6, 7, and a feeding
element 5.

The antenna 2 of this invention may be installed in a hand-
held electronic device (not shown), such as a personal digital
assistant (PDA) or a mobile phone, and is operable in a digital
video broadcasting for handhelds (DVB-H) frequency range
from 470 MHz to 862 MHz.

The first and second monopole radiating elements 6, 7 are
symmetrical about an axis of symmetry (L). In this embodi-
ment, each of the first and second monopole radiating ele-
ments 6, 7 has a meandering shape, opposite first and second
ends 31,41, 32, 42, and an intermediate portion that intercon-
nects the first and second ends 31, 41, 32, 42 thereof.

In this embodiment, the second ends 32, 42 of the first and
second monopole radiating elements 6, 7 define a distance
therebetween smaller than that between the first ends 31, 41
of the first and second monopole radiating elements 6, 7.

Since the first and second monopole radiating elements 6,
7 are symmetrical about the axis of symmetry (L), and there-
fore have the same structure, only the intermediate portion of
the first monopole radiating element 6 will be described
herein.

The intermediate portion is generally S-shaped. In particu-
lar, the intermediate portion includes first and second seg-
ments 61, 62 that are parallel to the axis of symmetry (L) and
that are respectively disposed distal from and proximate to the
axis of symmetry (L), a third segment 63 that is parallel to the
axis of symmetry (L) and that is disposed between the first
and second segments 61, 62, a fourth segment 64 that is
transverse to the axis of symmetry (L) and that interconnects
the first and third segments 61, 63, and a fifth segment 65 that
is transverse to the axis of symmetry (L) and that intercon-
nects the second and third segments 62, 63. In this embodi-
ment, the second and third segments 62, 63 have the same
length. Moreover, in this embodiment, the fourth and fifth
segments 64, 65 have the same length. Further, in this
embodiment, the second segment 62 has a width that is wider
than that of the first, third, fourth, and fifth segments 61, 63,
64, 65. In addition, in this embodiment, the second segment
62 and the axis of symmetry (L) define a distance therebe-
tween that is less than 1.5 millimeters. The construction as
such increases a gain of the antenna 2 of this invention.

The feeding element 5 interconnects the first ends 31, 41 of
the first and second monopole radiating elements 6, 7, and
extends transversely to the axis of symmetry (L).

Itis noted herein that the antenna 2 of this embodiment may
be bent about the axis of symmetry (L) such that the first
monopole radiating element 6 extends in a first plane, the
second monopole radiating element 7 extends in a second
plane transverse to the first plane, and a portion of the feeding
element 5 extends in the first and second planes, as best shown
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in FIG. 2. As such, the physical size of the antenna 2 of this
invention is significantly reduced.

FIG. 5 shows a voltage standing wave ratio (VSWR) of the
antenna 2 of this embodiment, as indicated by line (a). More-
over, FIG. 6 shows a response of the antenna 2 of this embodi-
ment, as plotted on Smith chart (a). Further, FIG. 7 shows a
gain of the antenna 2 of this embodiment, as indicated by line
(a).

FIG. 3 illustrates the second preferred embodiment of an
antenna 2 according to this invention. When compared to the
previous embodiment, the antenna 2 of this embodiment fur-
ther includes an impedance matching circuit 8 formed on a
dielectric substrate 84, such as an FR4 substrate. In this
embodiment, with additional reference to FIG. 4, the imped-
ance matching circuit 8 includes a capacitor 81 and an induc-
tor 82. The capacitor 81 has a first capacitor terminal coupled
to the feeding element 5, and a second capacitor terminal
coupled to a signal line 83. The inductor 82 has a first inductor
terminal coupled to the feeding element 5, and a second
inductor terminal coupled to an electrical ground (G). Pref-
erably, the capacitor 81 has a capacitance of 4.7 pF and the
inductor 82 has an inductance of 15 nH.

FIG. 5 shows aVSWR of'the antenna 2 ofthis embodiment,
as indicated by line (b). Moreover, FIG. 6 shows a response of
the antenna 2 of this embodiment, as plotted on Smith chart
(b). Further, FIG. 7 shows a gain of the antenna 2 of this
embodiment, as indicated by line (b), which complies with
the European Information and Communication Technology
Association (EICTA) standard. In addition, FIG. 8 illustrates
radiation patterns of the antenna 2 of this embodiment on the
x-y, the y-z, and the x-z planes when operated at 650 MHz.

Itis noted herein that the antenna 2 of this embodiment may
be tuned to operate in the DVB-H frequency range by design-
ing each of the first and second monopole radiating elements
6,7 so as to have a length that is equal to a quarter wavelength
ata center frequency of 600 MHz and by adjusting the imped-
ance matching circuit 8.

FIG. 9 illustrates the third preferred embodiment of an
antenna 2 according to this invention. When compared to the
previous embodiments, in this embodiment, the first ends 31,
41 of the first and second monopole radiating elements 6, 7
define a distance therebetween smaller than that between the
second ends 32, 42 of the first and second monopole radiating
elements 6, 7. Moreover, in this embodiment, the feeding
element 5 is T-shaped and is symmetrical about the axis of
symmetry (). Further, in this embodiment, the first segment
61 of the first monopole radiating element 6 has a relatively
short physical length.

While the present invention has been described in connec-
tion with what are considered the most practical and preferred
embodiments, it is understood that this invention is not lim-
ited to the disclosed embodiments but is intended to cover
various arrangements included within the spirit and scope of
the broadest interpretation so as to encompass all such modi-
fications and equivalent arrangements.

What is claimed is:

1. An antenna, comprising:

first and second monopole radiating elements that are sym-
metrical about an axis of symmetry, each of said firstand
second monopole radiating elements having a meander-
ing shape, and having opposite first and second ends,
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wherein said second ends of said first and second mono-
pole radiating elements define a distance therebetween
smaller than a distance between said first ends of said
first and second monopole radiating elements; and

a feeding element interconnecting said first ends of said

first and second monopole radiating elements.

2. The antenna as claimed in claim 1, wherein said first
ends of said first and second monopole radiating elements are
symmetrical about the axis of symmetry.

3. The antenna as claimed in claim 1, wherein said first
monopole radiating element further has an intermediate por-
tion that interconnects said first and second ends thereof and
that is generally S-shaped.

4. The antenna as claimed in claim 3, wherein said inter-
mediate portion includes first and second segments that are
parallel to the axis of symmetry and that are respectively
disposed distal from and proximate to the axis of symmetry, a
third segment that is parallel to the axis of symmetry and that
is disposed between said first and second segments, a fourth
segment that is transverse to the axis of symmetry and that
interconnects said first and third segments, and a fifth seg-
ment that is transverse to the axis of symmetry and that
interconnects said second and third segments.

5. The antenna as claimed in claim 4, wherein said second
segment and the axis of symmetry define a distance therebe-
tween that is less than 1.5 millimeters.

6. The antenna as claimed in claim 1, further comprising an
impedance matching circuit coupled to said feeding element.

7. The antenna as claimed in claim 6, wherein said imped-
ance matching circuit includes a capacitor and an inductor.

8. The antenna as claimed in claim 1, wherein said first
monopole radiating element extends along a first plane, said
second monopole radiating element extends along a second
plane transverse to the first plane, and a portion of said feed-
ing element extends along the first and second planes.

9. An antenna, comprising:

first and second monopole radiating elements that are sym-

metrical about an axis of symmetry, each of said first and

second monopole radiating elements having a meander-

ing shape, and having opposite first and second ends,

wherein said first ends of said first and second monopole
radiating elements define a distance therebetween
smaller than a distance between said second ends of
said first and second monopole radiating elements,
and

said first monopole radiating element has an intermedi-
ate portion that interconnects said first and second
ends thereof and that is generally S-shaped; and

a feeding element interconnecting said first ends of said

first and second monopole radiating elements.

10. The antenna as claimed claim 9, wherein said interme-
diate portion includes first and second segments that are par-
allel to the axis of symmetry and that are respectively dis-
posed distal from and proximate to the axis of symmetry, a
third segment that is parallel to the axis of symmetry and that
is disposed between said first and second segments, a fourth
segment that is transverse to the axis of symmetry and that
interconnects said first and third segments, and a fifth seg-
ment that is transverse to the axis of symmetry and that
interconnects said second and third segments.

#* #* #* #* #*
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(57) ABSTRACT

An antenna includes a base element, grounding and feeding
points, and first and second radiating elements. Each of the
grounding and feeding points is provided on the base element.
The first radiating element is operable in a first frequency
band, and extends from the base element. The second radiat-
ing element is operable in a second frequency band lower than
the first frequency band, extends from the base element, and
is formed with a slot.
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ANTENNA HAVING WIDE IMPEDANCE
BANDWIDTHS BOTH AT LOW AND HIGH
FREQUENCIES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority of Taiwanese application
no. 097101651, filed on Jan. 16, 2008.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an antenna, more particularly to an
antenna applicable to global system for mobile communica-
tions (GSM) devices.

2. Description of the Related Art

FIG. 1 illustrates a conventional antenna 11 installed in a
mobile phone 10. The conventional antenna 11 is generally
C-shaped, is provided with feeding and grounding points 12,
13, and includes feeding and grounding elements 15, 14, each
of which is connected to a respective one of the feeding and
grounding points 12, 13, and each of which is connected to a
circuit board (not shown) of the mobile phone 10.

The conventional antenna 11 is disadvantageous in that,
although the conventional antenna 11 achieves a relatively
wide impedance bandwidth in a high frequency band, i.e., the
conventional antenna 11 is operable in a frequency band from
1710 MHz to 1990 MHz, the conventional antenna 11 has a
relatively narrow impedance bandwidth in a low frequency
band, i.e., the conventional antenna 11 is operable only either
in the GSM 850 frequency band from 824 MHz to 894 MHz
or the GSM 900 frequency band from 880 MHz to 960 MHz.

SUMMARY OF THE INVENTION

Therefore, the object of the present invention is to provide
an antenna that can overcome the aforesaid drawback of the
prior art.

According to the present invention, an antenna comprises a
base element, grounding and feeding points, and first and
second radiating elements. The base element has opposite
first and second end portions. Each of the grounding and
feeding points is provided on a respective one of the first and
second end portions of the base element. The first radiating
element is operable in a first frequency band, and extends
from the first end portion of the base element. The second
radiating element is operable in a second frequency band
lower than the first frequency band, extends from the first end
portion of the base element, and is formed with a slot. The slot
has a predetermined size that corresponds to the second fre-
quency band.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will
become apparent in the following detailed description of the
preferred embodiment with reference to the accompanying
drawings, of which:

FIG. 1 is a perspective view of a conventional antenna
installed in a mobile phone;

FIG. 2 is a schematic view of the preferred embodiment of
an antenna according to this invention;

FIG. 3 is a perspective view illustrating an exemplary
application in which the preferred embodiment is installed in
a mobile phone;
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FIG. 4 is a plot illustrating a voltage standing wave ratio
(VSWR) of the preferred embodiment;

FIG. 5 shows plots of radiation patterns of the preferred
embodiment respectively on the x-y, X-z, and y-z planes when
operated in the GSM 850 band;

FIG. 6 shows plots of radiation patterns of the preferred
embodiment respectively on the x-y, X-z, and y-z planes when
operated in the GSM 900 band;

FIG. 7 shows plots of radiation patterns of the preferred
embodiment respectively on the x-y, X-z, and y-z planes when
operated in the GSM 1800 band; and

FIG. 8 shows plots of radiation patterns of the preferred
embodiment respectively on the x-y, X-z, and y-z planes when
operated in the GSM 1900 band.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIGS. 2 and 3, the preferred embodiment of an
antenna 2 according to this invention is shown to include a
base element 4, feeding and grounding points 411, 421, and
first and second radiating elements 5, 6.

The antenna 2 of this invention is a dual-band antenna, is
installed in an electronic device 100, such as a personal digital
assistant (PDA) or a mobile phone, and is operable in a first
frequency band from 1710 MHz and 1990 MHz, and a second
frequency band from 824 MHz and 960 MHz.

The base element 4 is generally rectangular in shape, and
has first and second end portions 41, 42 that are opposite to
each other in a first direction, and first and second sides 43, 44
that are opposite to each other in a second direction transverse
to the first direction.

Each of the feeding and grounding points 411, 421 is
provided on a respective one of the first and second end
portions 41, 42 of the base element 4.

It is noted that the feeding and grounding points 411, 421
define a distance therebetween that affects an impedance
bandwidth of the first frequency band.

In this embodiment, each of the first and second radiating
elements 5, 6 is disposed at a respective one of the first and
second sides 43, 44 of the base element 4.

The first radiating element 5 is operable in the first fre-
quency band, i.e., from 1710 MHz to 1990 MHz, and has a
first end portion 51 that extends from the first end portion 41
of the base element 4, and a second end portion 52 that is
opposite to the first end portion 51 thereof in the second
direction. In this embodiment, the first radiating element 5 is
tapered toward the second end portion 52 thereof.

The antenna 2 further includes a protrusion 3 that protrudes
from the second end portion 52 of the first radiating element
5. In this embodiment, the protrusion 3 is an elongated pro-
trusion and extends in the first direction. That is, the protru-
sion 3 extends parallel to the base element 4 and transverse to
the first radiating element 5.

The second radiating element 6 is operable in the second
frequency band, i.e., from 824 MHz to 960 MHz, and has first
and second end portions 61, 62 that are opposite to each other
in the first direction. The first end portion 61 of the second
radiating element 6 extends from the first end portion 41 of
the base element 4, and is formed with first, second, and third
slots 611, 612, 613. The second end portion 62 of the second
radiating element 6 extends inclinedly from the first end
portion 61 of the second radiating element 6 toward the first
radiating element 5 and is formed with a fourth slot 614. In
this embodiment, each of the first, second, third, and fourth
slots 611, 612, 613, 614 has a predetermined size that corre-
sponds to the second frequency band. That is, the size of each
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of the first, second, third, and fourth slots 611, 612, 613, 614
may be adjusted so as to increase or decrease an electrical
length of the second radiating element 6 such that the second
radiating element 6 resonates at a resonance frequency in the
second frequency band. Moreover, in this embodiment, each
of'the first, second, and third slots 611, 612, 613 in the first end
portion 61 of the second radiating element 6 is an elongated
slot and extends in the first direction.

The antenna 2 further includes first and second grounding
elements 8, 7, and a feeding element 9. The first grounding
element 8 has a first end connected to the grounding point
421, and a second end connected to a circuit board 101 of the
electronic device 100. The feeding element 9 has a first end
portion 91 connected to the feeding point 411 and the circuit
board 101 of the electronic device 100, and a second end
portion 92 formed on the circuit board 101 of the electronic
device 100. The second grounding element 7 is formed on the
circuit board 101 of the electronic device 10 and is connected
to a junction 93 of the first and second end portions 91, 92 of
the feeding element 9. In this embodiment, the first and sec-
ond end portions 91, 92 of the feeding element 9 and the
second grounding element 7 are perpendicular to each other.

Experimental results, as illustrated in FIG. 4, show that the
antenna 2 of this invention, since the second grounding ele-
ment 7 controls the degree at which an impedance is concen-
trated in the second frequency band, achieves a voltage stand-
ing wave ratio (VSWR) of less than 3.0 and an input
impedance of 50 Ohms when operated in the second fre-
quency band. Moreover, as shown in Table I below, the
antenna 2 of this invention achieves total radiated powers
(TRP) larger than 25 dBm when operated on three different
channels of each of the GSM 850 band, i.e., 824 MHz to 894
MHz, the GSM 900 band, i.e., 880 MHz to 960 MHz, the
GSM 1800 band, i.e., 1710 MHz to 1880 MHz, and the GSM
1900 band, i.e., 1850 MHz to 1990 MHz. Further, as illus-
trated in FIGS. 5, 6, 7, 8, the antenna 2 of this invention has
substantially omnidirectional radiation patterns when oper-
ated in each of the GSM 850 band, the GSM 900 band, the
GSM 1800 band, and the GSM 1900 band.

TABLE I
TRP TRP TRP
Band channel  (dBm) channel (dBm) channel (dBm)
GSM 850 Ch 128 284 Ch190 29.1 Ch251 294
GSM 900 Ch 975 29.1 Ch37 289 Ch124 28.8
GSM 1800  Ch 512 26.7 Ch700 27.1 Ch8g5 26.8
GSM 1900  Ch 512 259 Cheésl 259 Chg10 25.8

It has thus been shown that the antenna 2 of this invention
includes a base element 4, feeding and grounding points 411,
421, each of which is provided on a respective one of first and
second end portions 41, 42 of the base element 4, first and
second radiating elements 5, 6, each of which extends from
the first end portion 41 of the base element 4, a first grounding
element 8 connected to the grounding point 421, a feeding
element 9 connected to the feeding point 411, and a second
grounding element 7 connected to the feeding element 9. The
construction as such permits the antenna 2 of this invention to
operate in a first frequency band from 1710 MHz to 1990
MHz, which corresponds to the GSM 1800 band and the
GSM 1900 band, and a second frequency band from 824 MHz
to 960 MHz, which corresponds to the GSM 850 band and the
GSM 900 band.
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While the present invention has been described in connec-
tion with what is considered the most practical and preferred
embodiment, it is understood that this invention is not limited
to the disclosed embodiment but is intended to cover various
arrangements included within the spirit and scope of the
broadest interpretation so as to encompass all such modifica-
tions and equivalent arrangements.

What is claimed is:

1. An antenna, comprising:

a base element having opposite first and second end por-
tions;

feeding and grounding points, each of which is provided on
a respective one of said first and second end portions of
said base element;

a first radiating element operable in a first frequency band,
and extending from said first end portion of said base
element; and

a second radiating element operable in a second frequency
band lower than the first frequency band, extending from
said first end portion of said base element, and formed
with a slot, said slot having a predetermined size that
corresponds to the second frequency band.

2. The antenna as claimed in claim 1, wherein said first and
second end portions of said base element are opposite to each
other in a first direction, said base element further having first
and second sides that are opposite to each other in a second
direction substantially transverse to the first direction, each of
said first and second radiating elements being disposed at a
respective one of said first and second sides of said base
element.

3. The antenna as claimed in claim 2, wherein said slot in
said second radiating element is an elongated slot and extends
in the first direction.

4. The antenna as claimed in claim 2, wherein said first
radiating element has a first end portion that extends from said
first end portion of said base element, and a second end
portion that is opposite to said first end portion thereof in the
second direction, and is tapered toward said second end por-
tion thereof.

5. The antenna as claimed in claim 4, further comprising a
protrusion protruding from said second end portion of said
first radiating element.

6. The antenna as claimed in claim 5, wherein said protru-
sion is an elongated protrusion and extends in the first direc-
tion.

7. The antenna as claimed in claim 1, further comprising:

a feeding element connected to said feeding point;

a first grounding element connected to said grounding
point; and

a second grounding element connected to said feeding
element.

8. The antenna as claimed in claim 1, wherein said base

element is generally rectangular in shape.

9. The antenna as claimed in claim 1, wherein the first
frequency band covers frequencies between 1710 MHz and
1990 MHz.

10. The antenna as claimed in claim 1, wherein the second
frequency band covers frequencies between 824 MHz and
960 MHz.
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1
MULTI-FREQUENCY ANTENNA

RELATED APPLICATIONS

This application claims priority to Taiwan Application
Serial Number 95145782, filed Dec. 7, 2006, which is herein
incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of Invention

The invention relates to an antenna structure and, in par-
ticular, to a multi-frequency antenna structure.

2. Related Art

The connections and communications among various
wireless networks, such as wireless personal area networks
(WPAN), wireless local area networks (WL AN), and wireless
wide area networks (WWAN), or system devices can be
implemented with the antennas therein.

Generally speaking the antennas of wireless devices can be
external or internal. For example, the external antennas of
some laptop computers are disposed at the top of the monitors
or on the PCMCIA cards. Such external antennas have higher
costs because they are exposed to the environment and more
susceptible to damages. The other design is to embed anten-
nas inside the laptop computers.

The internal antenna designs can avoid drawbacks of exter-
nal antennas. For example, the computer device can have a
better appearance. The antenna is also prevented from acci-
dental damages. However, building the antenna inside a spa-
tially limited computer device may have bad effects on its
efficiency. Therefore, the internal antennas have to be appro-
priately designed in order to fit the space inside the portable
computer device and to provide a sufficient efficiency.

SUMMARY OF THE INVENTION

An objective of the invention is to provide a multi-fre-
quency antenna for wireless devices such as the laptop com-
puter to transmit and receive wireless signals within limited
space.

In accord with the above-mentioned objective, the inven-
tion provides a multi-frequency antenna for receiving signals
of a first frequency and a second frequency. The multi-fre-
quency antenna has a grounding element, a first conductive
member, a first radiation member, and a second radiation
member. The first conductive member has a conductive com-
ponent and a ground connecting component. One edge of the
ground connecting component connects to the conductive
component perpendicularly, and its other side connects to the
grounding element. The first radiation member receives the
first-frequency signal, and connects to the conductive com-
ponent. The second radiation member receives the second-
frequency signal, and connects to the conducive component at
apredetermined distance from the first radiation member. The
first radiation member is partially disposed between the
grounding element and the second radiation member.

The multi-frequency antenna is disposed in a three-dimen-
sional space with a first surface, a second surface, a third
surface, and a fourth surface. The second surface is roughly
perpendicular to the first surface. The third surface is roughly
parallel to the second surface, and perpendicular to the first
surface. The fourth surface is roughly parallel to the first
surface, and roughly perpendicular to the second and third
surfaces. The multi-frequency antenna includes a grounding
element, a first conductive member, a first radiation member,
and a second radiation member. The grounding element is
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disposed on the first surface. The first conductive member has
a conductive component and a ground connecting compo-
nent. The ground connecting component is disposed on the
second surface, with one edge connected to the conductive
component and the other edge connected to the grounding
element. The first radiation member receives signals of the
first frequency and connects to the conductive component.
The first radiation member distributes over the second surface
and the third surface. The second radiation member receives
signals of the second frequency and connects to the conduc-
tive component at a predetermined distance from the first
radiation member. The second radiation member is disposed
onthe second, third, and fourth surfaces. The multi-frequency
antenna is further installed with a passive element and a
parasitic structure to increase the frequency response of the
first and second radiation members.

Therefore, the disclosed multi-frequency antenna can pro-
vide good wireless signal transmission and reception effi-
ciency even in a limited space of a portable computer device.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects and advantages of the
invention will become apparent by reference to the following
description and accompanying drawings which are given by
way of illustration only, and thus are not limitative of the
invention, and wherein:

FIG. 1 is an expanded planar view of the multi-frequency
antenna according to an embodiment of the invention;

FIGS. 2A to 2E are planar exploded views of various parts
of the multi-frequency antenna;

FIG. 3 is a schematic view of the lines for bending the
antenna planar structure according to the embodiment;

FIGS. 4A to 4D are three-dimensional views of the multi-
frequency antenna from different perspective angles;

FIG. 5 shows the sizes of various parts of the multi-fre-
quency antenna,

FIG. 6 shows the VSWR of the multi-frequency antenna
before the installation of the passive element and the parasitic
structure;

FIG. 7 shows the antenna efficiency of the multi-frequency
antenna before the installation of the passive element and the
parasitic structure;

FIG. 8 shows the VSWR of the multi-frequency antenna
after the installation of the passive element but not the para-
sitic structure;

FIG. 9 shows the antenna efficiency of the multi-frequency
antenna after the installation of the passive element but not the
parasitic structure;

FIG. 10 shows the VSWR of the multi-frequency antenna
after the installation of the passive element and the parasitic
structure;

FIG. 11 shows the antenna efficiency of the multi-fre-
quency antenna after the installation of the passive element
and the parasitic structure;

FIG. 12 shows the measured result of the S21 parameter in
the band of 0.8 GHZ to 2.5 GHz

FIG. 13 shows the measured result of the S21 parameter in
the band of 2 GHZ to 6 GHz;

FIG. 14 is an expanded planar view of the multi-frequency
antenna according to another embodiment of the invention;
and

FIG. 15 shows the VSWR of the multi-frequency antenna
of FIG. 14.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention will be apparent from the following
detailed description, which proceeds with reference to the
accompanying drawings, wherein the same references relate
to the same elements.

An embodiment of the invention is a multi-frequency
antenna disposed in a portable electronic device with the
wireless communication function, such as a laptop computer
or a personal digital assistant (PDA). Such a multi-frequency
antenna can receive signals in at least two frequency bands.
For the convenience of description, this specification refers
exclusively to their central frequencies unless specified. That
is, the specification uses a first frequency and a second fre-
quency to represent the two bands. Any person skilled in the
art can vary different parameters in the antenna design for
different applications according to the need.

A planar view of the multi-frequency antenna according to
an embodiment of the invention is shown in FIG. 1. In this
embodiment, the multi-frequency antenna 100 has a ground-
ing element 110, a first conductive member 120, a first radia-
tion member 130, and a second radiation member 140. The
first radiation member 130 receives signals of the first fre-
quency, and the second radiation member 140 receives sig-
nals of the second frequency. To increase the frequency
response of the first conductive member 120 and the second
radiation member 140, a passive element 136 and a parasitic
structure 150 are further disposed on the multi-frequency
antenna 100. The connecting relations and detailed structures
of'various parts of the invention are given in FIGS. 2A to 2E.
These figures are planar views of various parts of the multi-
frequency antenna. Certain parts are not described and
labeled with numerals to avoid complications.

In FIG. 2A, the first conductive member 120 has a conduc-
tive component 122 and a ground connecting component 124.
The ground connecting component 124 perpendicularly con-
nects to the conductive component 122 with one edge and to
the grounding element 110 with the other edge.

FIG. 2B describes the structure of the first radiation mem-
ber 130. The first radiation member 130 receives signals of
the first frequency, and connects to the conductive component
122. The first radiation member 130 has a first radiation body
139 and a first connecting part 132. The first radiation body
139 connects to the conductive component 122. One end of
the first connecting part 132 is connected to the conductive
component 124 via a first connecting point 138. The other end
of'the first connecting part 132 has a ladder-shaped structure
134.

Besides, the first radiation member 130 further includes a
passive element 136 to increase the frequency matching of the
first radiation member 130. The passive element 136 is dis-
posed on the first connecting part 132. However, whether the
passive element 136 should be installed on the multi-fre-
quency antenna 100 is determined by the working bands of
the antenna.

With reference to FIG. 2C, the second radiation member
140 has a second radiation body 142 connected with the
conductive component 122. The second radiation member
140 further includes an L-shaped extension 144 connected
with the second radiation body 142 and extending from the
second radiation body 142 to the first radiation body 139. The
L-shaped extension 144 further includes a first extension 146
extending toward the ladder-shaped structure 134 with a
shape corresponding to that of the ladder-shaped structure but
not touching the ladder-shaped structure 134. That is, the first
extension 146 and the ladder-shaped structure 134 are sepa-
rate.
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FIG. 2D shows the appearance of the parasitic structure
150. The parasitic structure 150 is designed to increase the
frequency response of the second radiation member 140.
Therefore, whether it should be installed on the multi-fre-
quency antenna 100 depends upon the need. The shape of the
parasitic structure 150 corresponds to that of the second
radiation member 140. The parasitic structure 150 and the
second radiation member 140 are separate. One end of the
parasitic structure 150 has a ground connecting part 152
connected with the grounding element 110. It will be further
described later. In this embodiment, the parasitic structure
150 has a shape encircling the second radiation member 140
to increase the frequency response thereof. In other embodi-
ments, it is also designed according to the shape of the second
radiation member 140.

Furthermore, the multi-frequency antenna in this embodi-
ment can be installed with a third radiation member 210 to
increase the applicable wireless standard of the multi-fre-
quency antenna. Therefore, the ground connecting part 152 of
the parasitic structure 150 further extends out a second con-
ductive member 154. The third radiation member 210 con-
nects to the second conductive member 154 via a second
connecting point 156. In other words, the third radiation
member 210 of the multi-frequency antenna connects to the
parasitic structure 150. The structure of the third radiation
member 210 is shown in FIG. 2E. In this embodiment, the
third radiation member 210 includes a first portion 212 and a
second portion 216. The first portion 212 and the second
portion 216 receive signals of a third frequency and a fourth
frequency, respectively. The first portion 212 and the second
portion 216 are connected via a third conductive member 214.
The third radiation member 210 can have different shapes in
accord with different wireless standards in other embodi-
ments.

In practice, the multi-frequency antenna in this embodi-
ment is disposed in a three-dimensional space inside a wire-
less device. Therefore, the above-mentioned structure bends
along some specific line. Please refer to FIG. 3 showing the
antenna structure bending along a line. The multi-frequency
antenna structure in this embodiment bends along three lines
A, B, and C to form a three-dimensional structure.

Please refer to FIGS. 4A to 4D, showing the multi-fre-
quency antenna of this embodiment in different perspective
angles. FIGS. 4A and 4B are three-dimensional views from
different angles. FIGS. 4C and 4D are side views of both ends
of the antenna. FIG. 4A shows the multi-frequency antenna
after it bends along the three lines.

The three-dimensional space of the multi-frequency
antenna has four surfaces, a first surface 410, a second surface
420, a third surface 430, and a fourth surface 440. The second
surface 420 is perpendicular to the first surface 410. The third
surface 430 is parallel to the second surface 420 and perpen-
dicular to the first surface 410. The fourth surface 440 is
parallel to the first surface 410 and perpendicular to the sec-
ond surface 420 and the third surface 430. As FIGS. 4A to 4D
are for different viewing angles, the specification uses the X,
Y, and Z axes to define the four surfaces. The negative Y axis
points to the first surface 410. The positive Y axis points to the
third surface 430. The negative X axis points to the first
surface 420. The positive X axis points to the fourth surface
440. Since the connecting relations of various components in
the antenna have been described before, they are not repeated
hereinafter.

FIGS. 4A and 4B show how various components are dis-
tributed in the three-dimensional structure of the antenna. The
grounding element 110 is disposed on the first surface 410.
The first conductive member 120 distributes over the second
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surface 420, the third surface 430, and the fourth surface 440.
The first connecting part 132 exists on the second surface 420.
The first radiation body 139 distributes over the second sur-
face 420 and the third surface 430.

The second radiation body 142 and the parasitic structure
150 are located on the fourth surface 440. The second con-
ductive member 154 exists on the fourth surface 440. The
parasitic structure 150 extends via the third surface 430 to the
second surface to increase the frequency response of the
second radiation member 140. FIG. 5 shows that the ground
connecting part 152 and the grounding element 110 are con-
nected in the three-dimensional space, so that the entire
antenna structure has all the fourth surfaces connected.

The first portion 212 of the third radiation member 210 is
also located on the fourth surface 440. The third conductive
member 214 is located on the third surface 430. The second
portion 216 is located on the second surface 420. The first
portion 212 and the second portion 216 are connected via the
third conductive member 214.

The L-shaped extension 144 is located on the third surface
430, extending from the second radiation body 142 toward the
first radiation body 139. The first extension 146 extended
from the [-shaped extension 144 is located on the second
surface 420.

As shown in FIGS. 4C and 4D, the components on the
second surface 420 are not disposed on the same plane. It
consists of surfaces 422, 424, 426, and 428. Please refer
simultaneously to FIG. 4A. Surface 428 is a ground connect-
ing component 124. Surface 426 has the conductive compo-
nent 122 and the first connecting part 132. Surface 422
includes the second portion 216, the first radiation body 139,
the first extension 146, the first connecting part 132, and the
parasitic structure 150. The parasitic structure 150 extends to
part of the first surface, but does not bend to reach surface 426.
It bends at a different position to produce surface 424.

To fully understand the functions of the disclosed multi-
frequency antenna, this embodiment is applied to the working
bands of a wireless wide area network (WWAN). The work-
ing bands of the WWAN are about 824~960 MHz and
1710~2170 MHz. The sizes of various components of the
antenna are shown in FIG. 5 in units of millimeters (mm). The
drawing also shows the voltage standing wave ratio (VSWR)
and efficiency of the antenna. In the VSWR plot, the horizon-
tal axis is the frequency and the vertical axis is the return loss.
Inparticular, point A has a frequency of 824 MHz, point B has
a frequency of 960 MHZ, point C has a frequency of 1710
MHz, and point D has a frequency of 2170 MHz. The antenna
efficiency plot has the frequency as its horizontal axis and the
efficiency as its vertical axis. According to the VSWR plot,
the return loss of the antenna in the WWAN working bands is
expected to be lower than 2, ensuring a good impedance
matching.

Please refer to FIGS. 6 and 7. FIG. 6 shows the VSWR
when the multi-frequency antenna does not have the passive
element and the parasitic structure. FIG. 7 shows the antenna
efficiency of the same. Most of the return loss between point
A and point B is above 2. The situation is the same between
point C and point D. In FIG. 7, the working efficiencies of the
antenna in the frequency bands 824~960 MHz and
1710~2170 MHz are not very high. This means that the dis-
closed multi-frequency antenna can still work even without
the passive element and the parasitic structure. However, it
can be improved in the working bands of the WWAN.

To increase the frequency response of the antenna at high
frequencies, the first connecting part is connected with a
passive element, such as a capacitive passive element, induc-
tive passive element, or resistive passive element. FIGS. 8 and
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9 show the VSWR and the antenna efficiency after the passive
element is installed. As shown in FIG. 8, the return loss in
most of the band between point C and point D is lower than 2.
However, the low-frequency response between point A and
point B is still inappropriate for applications in WWAN. FIG.
9 shows that the antenna efficiency in the two bands has a
significant improvement.

To further enhance the frequency response of the antenna at
low frequencies, a parasitic structure is provided in the
antenna, extending from the grounding element and encir-
cling the second radiation member. FIG. 10 gives the result of
the VSWR of the antenna. FIG. 11 shows the antenna effi-
ciency in this case. The frequency response in either high or
low frequencies is almost all below 2. Therefore, the antenna
is suitable for WWAN applications after the installation of
passive element and parasitic structure. As shown in FIG. 11,
the antenna has good efficiencies in the two bands used for the
WWAN.

In addition to the first radiation member and the second
radiation member, the multi-frequency antenna in this
embodiment is further provided with a third conducive mem-
ber connected to one end of the parasitic structure. When the
antenna is used in a WWAN, the first radiation member and
the second radiation member receive signals in high and low
frequencies. In this embodiment, the third conductive mem-
ber uses the design of the first portion and the second portion
to receive signals of the wireless area network (WAN). Nev-
ertheless, there should be sufficient separation between the
antennas for the WWAN and the WAN in order to ensure the
normal operations of the two antennas. FIGS. 12 and 13
provide the measured result of the parameter S21 of the
antenna. The vertical axis indicates the S21 parameter in units
of dB. The horizontal axis is the frequency. The drawing
shows that, with the installation of the WAN antenna in the
disclosed multi-frequency antenna, S21 in the band of 0.8~1
GMHZ is mostly below —20 dB, meaning that the separation
in this band is mostly smaller than -20 dB. S21 in the band of
1 G~6 is mostly below -10 dB, meaning that the separation in
this band is mostly smaller than —10 dB. Therefore, the two
antennas for the WWAN and the WAN have a good separa-
tion.

Of course, in addition to being used as the WAN antenna,
the third radiation member in other embodiments can be used
for other wireless communication protocol by tuning its
parameters and shape. Such wireless communication proto-
cols include Ultra-wideband (UWB), worldwide Interoper-
ability for Microwave Access (Wi-MAX), and Digital Video
Broadcasting.

Besides, the invention can have another embodiment. FIG.
14 is a planar view of the antenna structure. In this embodi-
ment, the second radiation member 910 and the parasitic
structure 920 are changed into a long-stripe structure. Other
components are the same as the previously mentioned
embodiment. A passive element is also installed to increase
the frequency response of the first radiation member. After the
antenna is bent according to the bending lines mentioned
before, its VSWR is shown in FIG. 15. The VSWR of the
antenna in certain bands can go below 2.5. Although its effi-
ciency is not as good as the embodiment of FIG. 1, it can
nevertheless be used as an antenna for other bands or be
improved for better impedance matching in specific bands by
varying its parameters.

In all embodiments of the invention, the first connecting
point is the signal feeding point of the first radiation member
and the second radiation member. The second connecting
point is the signal feeding point of the third radiation member.
Besides, the disclosed multi-frequency antenna can be made
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of a thin metal or a soft printed circuit. A plastic solid can be
disposed in the central region of the three-dimensional struc-
ture for better structural support.

The multi-frequency antenna structure of the invention can
provide wireless signal transmission and reception within
limited space inside a wireless device. The parasitic structure
and the passive element are employed to increase the fre-
quency matching of the radiation members. A subsidiary
antenna structure can be further attached to the parasitic struc-
ture, so that the multi-frequency antenna has wider applica-
tions. With the installation of parasitic structure and passive
element of appropriate sizes, experiments indicate that the
disclosed multi-frequency antenna have good performance in
the working bands of the WWAN.

While the invention has been described by way of example
and in terms of the preferred embodiment, it is to be under-
stood that the invention is not limited to the disclosed embodi-
ments. To the contrary, it is intended to cover various modi-
fications and similar arrangements as would be apparent to
those skilled in the art. Therefore, the scope of the appended
claims should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements.

What is claimed is:

1. A multi-frequency antenna for receiving signals of a first
frequency and a second frequency, the multi-frequency
antenna comprising:

a grounding element;

a first conductive member having a conductive component
and a ground connecting component, a first edge of the
ground connecting component perpendicularly connect-
ing to the conductive component and a second edge of
the ground connecting component connecting to the
grounding element;

afirst radiation member connecting to the conductive com-
ponent; and

a second radiation member connecting to the conductive
component at a predetermined distance from the first
radiation member;

wherein the first radiation member is partially disposed
between the grounding element and the second radiation
member.

2. The multi-frequency antenna of claim 1, wherein the first
radiation member includes a first radiation body and a first
connecting part, the first radiation body connecting to the
conductive component, one end of the first connecting part
connecting to the ground connecting component via a first
connecting point, and the other end of'the first connecting part
having a ladder-shaped structure.

3. The multi-frequency antenna of claim 2, wherein the first
connecting point is the signal feeding point of the first radia-
tion member and the second radiation member.

4. The multi-frequency antenna of claim 2, wherein the
second radiation member has a second radiation body con-
necting to the conductive component.

5. The multi-frequency antenna of claim 4, wherein the
second radiation member further includes an I.-shaped exten-
sion extending from the second radiation body to the first
radiation body, the L-shaped extension having a first exten-
sion extending toward the ladder-shaped structure and a
shape corresponding to that of the ladder-shaped structure,
and the first extension and the ladder-shaped structure being
separate.

6. The multi-frequency antenna of claim 1 further compris-
ing a passive element, wherein the first radiation member
includes a first radiation body and a first connecting part, the
first radiation body connecting to the conducive component,
one end of the first connecting part connecting to the ground

20

25

30

35

40

45

50

55

60

65

8

connecting component via a first connecting point, and the
passive element being disposed on the first connecting part.

7. The multi-frequency antenna of claim 1 further compris-
ing a parasitic structure having a shape corresponding to that
of the second radiation member and separated from the sec-
ond radiation member.

8. The multi-frequency antenna of claim 7, wherein the
parasitic structure has a ground connecting part connecting to
the grounding element.

9. The multi-frequency antenna of claim 8, wherein the
ground connecting part further includes a second conducive
member extending out from the ground connecting part.

10. The multi-frequency antenna of claim 9 further com-
prising a third radiation member connecting to the second
conductive member via a second connecting point.

11. The multi-frequency antenna of claim 10, wherein the
second connecting point is the signal feeding point of the third
radiation member.

12. The multi-frequency antenna of claim 11, wherein the
third radiation member further includes a first portion for
receiving signals of a third frequency.

13. The multi-frequency antenna of claim 12, wherein the
third radiation member further includes a second portion
connected with the first portion via a third conductive mem-
ber.

14. The multi-frequency antenna of claim 1 made of a
metal material.

15. The multi-frequency antenna of claim 1 made of a soft
printed circuit.

16. A multi-frequency antenna for receiving signals of a
first frequency and a second frequency, disposed in a three-
dimensional space having a first surface, a second surface, a
third surface, and a fourth surface, with the second surface
roughly perpendicular to the first surface, the third surface
roughly parallel to the second surface and perpendicular to
the first surface, the fourth surface roughly parallel to the first
surface and roughly perpendicular to the second surface and
the third surface, the multi-frequency antenna comprising:

a grounding element, which is disposed on the first surface;

a first conductive member, which has a conductive compo-
nent and a ground connecting component, the ground
connecting component being disposed on the second
surface with one edge connecting to the conductive com-
ponent and the other end connecting to the grounding
element;

a first radiation member, which receives signals of the first
frequency and connects to the conductive component,
the first radiation member being distributed over the
second surface and the third surface; and

a second radiation member, which receives signals of the
second frequency and connects to the conductive com-
ponent at a predetermined distance from the first radia-
tion member, the second radiation member being dis-
tributed over the second, third, and fourth surfaces.

17. The multi-frequency antenna of claim 16, wherein the
first radiation member includes a first radiation body and a
first connecting part, the first radiation body being distributed
over the second surface and the third surface and connecting
to the conductive component, the first connecting part being
distributed over the second surface with one end connecting
to the ground connecting component via a first connecting
point and the other end having a ladder-shaped structure.

18. The multi-frequency antenna of claim 17 further com-
prising a passive element disposed on the first connecting
part.
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19. The multi-frequency antenna of claim 17, wherein the
first connecting point is the signal feeding point of the first
radiation member and the second radiation member.

20. The multi-frequency antenna of claim 17, wherein the
second radiation member has a second radiation body on the
fourth surface and connecting to the conductive component.

21. The multi-frequency antenna of claim 20, wherein the
second radiation member further includes an I.-shaped exten-
sion on the third surface, extending from the second radiation
body toward the first radiation body, the [.-shaped extension
having a first extension on the second surface, extending
toward the ladder-shaped structure, having a shape corre-
sponding to that of the ladder-shaped structure, and being
separated from the ladder-shaped structure.

22. The multi-frequency antenna of claim 16 further com-
prising a parasitic structure on the fourth surface, extending
from the third surface to the second surface, for increasing the
frequency response of the second radiation member.

23. The multi-frequency antenna of claim 22, wherein the
parasitic structure has a ground connecting part connecting to
the grounding element.

10
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24. The multi-frequency antenna of claim 23, wherein the
ground connecting part further includes a second conductive
member extending out from the ground connecting part.

25. The multi-frequency antenna of claim 24, wherein the
first extension further includes a third radiation member con-
necting to the second conductive member via a second con-
necting point.

26. The multi-frequency antenna of claim 25, wherein the
second connecting point is the signal feeding point of the third
radiation member.

27. The multi-frequency antenna of claim 26, wherein the
third radiation member includes a first portion disposed on
the fourth surface for receiving signals of a third frequency.

28. The multi-frequency antenna of claim 27, wherein the
third radiation member includes a second portion disposed on
the second surface for receiving signals of a fourth frequency,
and the first portion and the second portion connect to the
second conductive member via a third conductive member.

29. The multi-frequency antenna of claim 16 made of a
metal material.

30. The multi-frequency antenna of claim 16 made of a soft
printed circuit.
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SLOT-STRIP ANTENNA APPARATUS FOR A
RADIO DEVICE OPERABLE OVER
MULTIPLE FREQUENCY BANDS

The present invention relates generally to a radio device,
such as a portable mobile station, that operates over multiple
communication frequency bands. More particularly, the
present invention relates to antenna apparatus and an associ-
ated method, that transduces signal energy over the multiple
communication frequency bands at which the radio device
operates.

The antenna apparatus is formed of a plurality of slot-
strips, each individually of selected dimensions and con-
nected together in a configuration of a selected dimension and
shape such that the resultant antenna includes a portion that
transduces signal energy at each of the frequency bands over
which the radio device operates. An antenna is constructed for
instance, for a mobile station that operates over eleven fre-
quency bands between 800 MHz and 5.875 GHz.

BACKGROUND OF THE INVENTION

Radio communications are a pervasive part of modern
society. For many, the availability of radio communication
systems through which to communicate is a necessary aspect
of daily life. Radio communication systems are constructed
that provide both radio broadcast services as well as interac-
tive, two-way communication services. Various radio com-
munication systems are operable over wide areas, and others
are operable over only local areas.

Cellular communication systems are amongst the radio
communication systems that are widely used by many. The
network infrastructures of cellular communication systems
have been deployed over significant portions of the populated
areas of the world. A subscriber to a cellular communication
system generally subscribes for service to communicate by
way of the network infrastructure of the associated commu-
nication system. Communications are generally effectuated
through use of a mobile station, typically a portable, radio
transceiver oftentimes of small physical dimensions permit-
ting their hand-held operation and carriage. With continued
advancements in circuit technologies, increasing functional-
ity is able to be provided in circuitry of increasingly minia-
turized dimensions. While early-generation, cellular commu-
nication systems and their associated mobile stations were
used primarily for voice services, newer-generation, cellular
communication systems, and their associated mobile sta-
tions, are permitting of increasingly data-intensive commu-
nication services. Different ones of the cellular communica-
tion systems operate at different frequency bands. For
instance, the GSM (Global System for Mobile communica-
tions) 800 system operates at a frequency band defined
between 824 and 894 MHz. The GSM 900 system operates at
a frequency band extending between 890 and 960 MHz. The
DCS (Digital Communication Service) system operates at a
frequency band extending between 1710 and 1880 MHz. The
PCS (Personal Communication Service) system operates at a
frequency band extending between 1850 and 1990 MHz. The
UMTS (Universal Mobile Telephone Service) operates at a
frequency band extending between 1900 and 2200 MHz.

Other types of radio communication systems are also
widely used. Some of such other systems share some of the
aspects of cellular communication systems, or provide for
interworking communications therewith. For instance, Blue-
tooth and WLAN (Wireless Local Area Network) communi-
cation systems provide for voice and data communication
services, typically over relatively shorter ranges than the
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ranges over which cellular communication systems operate.
Such systems are operable, e.g., in conformity with operating
specifications set forth in the IEEE802.11b/g family of stan-
dards. And such systems are operable, for instance, at a fre-
quency band located at the 2.4 GHz band. WLAN 802.11j/a
systems are operable, for instance, at the 4.9-5.0 GHz, 5.15-
5.35 GHz frequency band, or the 5.725-5.875 GHz frequency
band. And, a GPS (Global Positioning System) radio broad-
cast system provides positioning services through the broad-
cast of signals at the 1.57 GHz band.

The various communication systems are not necessarily
co-extensive. That is to say, the network infrastructures of
some of such systems are deployed in some geographical
areas and not others. And, in other geographical areas, other
networks are deployed. Dual-mode, tri-mode, and quad-
mode mobile stations are available that are permitting of their
operation with two, three, and four different types of radio
communication systems, respectively. Advancements in cir-
cuit technologies have permitted circuitry miniaturization
that, in significant part, has permitted the multi-mode, mobile
station implementations.

A challenging aspect of such multi-mode, mobile station
implementations pertains to the antenna structures that trans-
duce signal energy during the mobile-station operation. An
antenna is typically of a length that is associated with the
wavelengths of signal energy that is to be transduced. As
noted-above, the different communication systems are oper-
able at disparate frequency bands. As the mobile stations are
increasingly packaged in small-sized housings, multi-mode
devices that require antennas operable at multiple frequency
bands must also be of dimensions to permit their positioning
at the housing of such mobile stations.

Use of multiple antennas that operate at the different fre-
quency bands of the multi-mode, mobile station increasingly
become an impractical solution as the housing dimensions do
not permit positioning of many antennas therein. PIFAs (Pla-
nar Inverted F Antennas) are sometimes used. PIFAs are
compact, of low profiles, and are manufactured relatively
easily. But, a PIFA is typically operable over only a narrow
bandwidth. While the bandwidth of a PIFA can be increased
by combining the PIFA structure with another broadband
technology, such as a 3D multi-layered structure, such a com-
bination negates, in significant part, the size advantages pro-
vided by a PIFA.

A need continues, therefore, to provide an antenna of small
dimensions and capable of transducing signal energy of fre-
quencies of multiple, disparate frequency bands.

It is in light of this background information related to
antennas for radio devices that the significant improvements
of the present invention have evolved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a functional block diagram of a radio
communication system in which an embodiment of the
present invention is operable.

FIG. 2 illustrates a plan view of a hybrid slot-strip antenna
of'an embodiment of the present invention.

FIG. 3 illustrates a graphical representation showing simu-
lated and measured return losses plotted across the frequen-
cies at which the mobile station is operable.

FIG. 4 illustrates a representation of the antenna shown in
FIG. 2 that shows the current distribution of signal energy of
a first frequency transduced at the antenna.

FIG. 5 illustrates a representation, similar to that shown if
FIG. 3, but here showing the current distribution of signal
energy of second frequency.
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FIG. 6 illustrates a representation, similar to those shown if
FIGS. 3-4, but here showing the current distribution of signal
energy of a third frequency transduced by the antenna.

FIG. 7 illustrates an expected, normalized radiation pattern
exhibited by the antenna at the first frequency.

FIG. 8 illustrates a radiation pattern, similar to that shown
in FIG. 6, but at the second frequency.

FIG. 9 illustrates a radiation pattern, similar to those shown
in FIGS. 6-7, but of the third frequency.

FIG. 10 illustrates a method flow diagram representative of
the method of operation of an embodiment of the present
invention.

DETAILED DESCRIPTION

The present invention, accordingly, advantageously pro-
vides antenna apparatus, and an associated method, for a
radio device, such as a portable mobile station, that operates
over multiple frequency bands.

Through operation of an embodiment of the present inven-
tion, a manner is provided for transducing signal energy over
the multiple communication frequency bands at which the
radio device operates. A plurality of slot-strips are connected
together in a selected shape of selected dimension such that
the resultant antenna includes a portion that tranduces signal
energy at each of the frequency bands over which the radio
device operates. Antenna operation is provided, for instance,
at frequency bands extending between 800 MHz and 5.875
GHz.

In one aspect of the present invention, the slot-strips are
each individually of selected dimensions, selected in a man-
ner such that the resultant antenna, formed of the connected-
together slot-strips, includes portions that are resonant at
different frequency bands at which the radio device at which
the antenna is connected is operable. Thereby, irrespective of
which mode, and frequency, at which the radio device is
operated, the antenna is capable of transducing signal energy
of the relevant frequency band.

In another aspect of the present invention, the antenna is
configured into lobed portions, a serpentine-shaped portion
and a partial loop portion. A slot-strip of the plurality of
slot-strips forms a part of both of the lobed portions of the
antenna. The serpentine-shaped portion includes, e.g., five
slot-strips, including the shared slot-strip, in an end-to-end
arrangement to form the serpentine configuration. The ser-
pentine-shaped portion is of selected longitudinal and latitu-
dinal length dimensions. And, the individual slot-strips are
each of one of three selected width-wise dimensions, selected
in manners best to achieve resonance at selected frequency
bands of the frequency bands at which the connected radio
device is operable.

In another aspect of the present invention, the lobed portion
forms the partial loop is also of selected longitudinal and
latitudinal lengths. The longitudinal lengths of both of the
lobe portions are, e.g., of the same lengths. The individual
slot-strips of the partial-loop portion are of selected widths,
e.g., all of a single selected width. Again, selection is made
such that the resultant antenna includes resonant portions at
each of the frequency bands at which the radio device to
which the antenna is connected is operable. The partial loop
configuration includes three bounded sides and a fourth side
that is partially unbounded. The unbounded portion of the
unbounded side of the partial loop portion of the antenna is
also of a selected length. The selected length is further
selected such that the antenna includes resonant portions at
each of the frequency bands at which the connected radio
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device is operable. And, the unbounded side of the partial
loop portion of the antenna also includes a spur piece that also
is of a selected length.

The serpentine-shaped portion and the partial-loop portion
of'the antenna are further separated, but for the slot-strip that
is common to both portions, by another selected length.
Again, the length of separation is of a magnitude to facilitate
resonance of a portion of the antenna at each of the frequency
bands over which the radio device is operable.

In another aspect of the present invention, the widths of the
slot-strips are of one of three widths, and the lengths of the
slot-strips or resultant antenna configuration are of one of
seven lengths. The widths and lengths are selected such that
portions of the antenna are resonant at the appropriate fre-
quency bands. Because of the slot-strip configuration, the
antenna is of small physical dimensions, permitting its posi-
tioning within the housing of a portable, mobile station, or
other device of small dimensions.

Inthese and other aspects, therefore, an antenna apparatus,
and an associated methodology is provided for a radio device
operated over multiple frequency bands. A substrate is pro-
vided. And, a plurality of conductive strips are disposed upon
the substrate. An end edge of each of the slot-strips of the
plurality are engaged with adjacent slot-strips of the plurality.
Individual ones of the slot-strips extend at angles relative to
an adjacent slot-strip. Each slot-strip is of a selected width
and of a selected length. Portions of the plurality exhibit
resonance at levels responsive to frequency levels of signal
energy therein. Atleast one portion of the plurality is resonant
at each of the multiple frequency bands.

Turning first, therefore, to FIG. 1, a radio communication
system, shown generally at 10, provides for communications
with a mobile station, of which the mobile station 12 is
representative. The mobile station forms a multi-mode
device, capable of communication with, or by way of, mul-
tiple communication networks by way of radio air interfaces
defined between the mobile station and such networks, when
the mobile station is positioned within the coverage area of
the associated communication network. In the exemplary
implementation, the mobile station is operable at eleven dif-
ferent frequency bands to transceive communication signals
generated during operation of any of the eleven separate
communication systems. And, in the exemplary implementa-
tion, the mobile station is operable at frequency bands extend-
ing between 800 MHz and 5.875 GHz.

Here, a plurality of different networks 16 are represented.
The networks 16 each represent a network-type with which
the mobile station 12 is operable in the exemplary implemen-
tation. Different ones of the networks 16 operate at different
frequency bands, and the signals generated during their
respective operation are sent within the frequency bands
within which the respective networks are operable.

The network 16-1 is representative of a GSM 800 network,
operable between 824 and 894 MHz. The network 16-2 is
representative of a GSM 900 network, operable at the 890-
960 MHz frequency band. The network 16-3 is representative
of'a DCS network operable at the 1710-1880 MHz frequency
band. The network 16-4 is representative of a PCS network,
operable at the 1880-1990 MHz frequency band. The network
16-5 is representative of a UMTS network operable at the
1900-2200 MHz frequency band. The network 16-6 is repre-
sentative of structure of a WiBro network, operable at the
2300-2390 MHz frequency band. The network 16-7 is repre-
sentative of both a Bluetooth and a WL AN network operable
at the 2.4 GHz frequency band. The network 16-8 is repre-
sentative of a WLAN operable at any of the 4.9-5.0, 5.15-
5.35, and 5.725-5.875 frequency bands. And, the structure
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16-9 is representative of GPS broadcasts at the 1.57 GHz
frequency band. Various of the networks 16 are connected by
gateways (not shown), or other functional entities to a core
network 18 and, in turn, to a communication endpoint (CE)
12.

The mobile station 12 includes transceiver circuitry, here
represented by a receive (RX) part 26 and a transmit (1X) 28.
The parts of the transceiver circuitry are coupled to an antenna
32 of an embodiment of the present invention. The transceiver
circuitry is capable of multi-mode operation. That is to say,
the transceiver circuitry is operable to operate upon signals
generated in any of multiple networks, here any of the eleven
separate networks. Correspondingly, the antenna 32 is also
operable to transduce signal energy generated during com-
munication operations by, and with, any of the communica-
tion networks 16. As the different networks are operable at
different frequency bands, the antenna 32 is of a construction
to permit signal energy of any of the frequencies of the fre-
quency bands of which the networks are operable to be trans-
duced. And, in the exemplary implementation, the antenna
comprises a hybrid, slot-strip structure. Thereby, signal
energy generated at the transceiver circuitry or received at the
mobile station is able to be sent by the mobile station and
operated upon by the transceiver circuitry of the mobile sta-
tion to permit communication operations pursuant to any of
the communication networks 16. In the exemplary implemen-
tation, the antenna 32 is disposed upon a generally planer
substrate, of dimensions permitting its positioning within a
housing 30 of the mobile station.

FIG. 2 illustrates the antenna 32 that forms part of the
mobile station 12 pursuant to the exemplary implementation
of an embodiment of the present invention. The antenna is
formed of a plurality of slot-strips 42 disposed, etched, or
otherwise formed upon a substrate 44. The slot-strips are
formed such that adjacent ones of the slot-strips abut against
one another and electrically engage therewith, together to
form the antenna that is of a configuration that includes at
least a part that is resonant at every frequency band at which
the transceiver circuitry (shown in FIG. 1) is operable. Adja-
cent slot strips here extend at substantially perpendicular
angles relative to one another. In the exemplary configuration,
the antenna includes a first lobed portion 48 and a second
lobed portion 52. The slot-strips of the first portion are posi-
tioned in a serpentine arrangement, resulting in, as-shown, a
reverse S configuration of slot-strips. And, the second portion
52 forms a partial loop configuration with three bounded
sides and a fourth side that is partially unbounded. A single
slot-strip 54 is common to both the first portion and the
second portion of the antenna. And, the antenna includes a
feed location 56 and a ground pin location 58. The feed
location 56 is connected to the biased side of the transceiver
circuitry (shown in FIG. 1), and the ground pin 58 is con-
nected to the ground side of the transceiver circuitry (shown
in FIG. 1) of the mobile station.

Each of the slot-strips is of a selected width-wise dimen-
sion. Namely, each of the slot-strips is one of three widths.
The widths of the individual ones of the slot-strips are indi-
cated as W, W,, and W;. In the exemplary implementation,
each of the slot-strips of the portion 52 are of the first width-
wise dimension. And, slot-strips of the first portion are of,
variously, all three of the widths. Seven lengths, identified as
L, through [, are identified in the figure. The first and third
lengths define latitudinal lengths of the portions 52 and 48 of
the antenna. The second length defines a separation distance
separating the respective portions, but for the strip 54 that is
common to both portions. The fourth length defines a longi-
tudinal length of both of the portions 48 and 52 of the antenna.
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A fifth length defines the length of the slot-strip 54. A sixth
length defines the unbounded length of the unbounded side of
the portion 52. And, the seventh length defines the length of a
spur piece 62 of the unbounded side of the portion 52.

The slot-strips are located at the top of a ground plane of a
printed circuit board that forms a substrate and the dimen-
sions of the individual ones of the slot strips are determined
by the design parameters of W, (j=1, 2, or 3) and L, (i=1, 2, .
.. 7). The antenna is fed at the feed location 56 and shorted at
the ground pin 58. The width-wise and length-wise design
parameters are optimized so that the connected slot-strips
operate at the multi-modes through different sections of the
slot-strips. Through appropriate selection of the design
parameters, at least a portion of the resultant antenna is reso-
nant at each of the frequency bands of interest.

FIG. 3 illustrates plots 64 and 66 of simulated and mea-
sured return losses, respectively, of the antenna of an embodi-
ment of the present invention.

FIGS. 4-6 illustrate signal energy in the antenna 32 at three
different frequencies. FIG. 4 illustrates a current distribution
at the 900 MHz frequency band. FIG. 5 illustrates the current
distribution at the 2 GHz frequency band. And, FIG. 6 illus-
trates the current distribution at the antenna at the 5 GHz
frequency band. Comparison of the current distribution illus-
trates different magnitudes of current in different parts of the
antenna at different frequencies.

FIG. 7-9 illustrates normalized radiation patterns at each of
the three frequency bands of which the FIGS. 4-6 are repre-
sentative. That is to say, FIG. 7 illustrates radiation patterns
72, 74, 76, and 78 representative of the antenna radiation
pattern at the 900 MHz frequency band. FIG. 8 illustrates
radiation patterns 72, 74, 76, and 78 of the antenna at the 2
GHz frequency band. And, FIG. 9 illustrates radiation pat-
terns 72, 74, 76, and 78 exhibited by the antenna at the 5 GHz
frequency band. Analysis of the radiation patterns indicate a
broad radiation pattern, stable at the different frequency
bands. Each of the FIGS. 7, 8, and 9 show measured and
simulated patterns for both the H and the E planes. In the H
plane, ®=0° and ®=0°~360°. And, in the E plane, ®=90° and
©=0°~360°. The lines 72 are representative of simulated,
H-plane patterns. The lines 74 are representative of measured,
H-plane patterns. The lines 76 are representative of simu-
lated, E-plane patterns. And, the lines 78 are representative of
measured, E-plane patterns.

FIG. 10 illustrates a method flow diagram, shown generally
at 102, representative of the method of operation of an
embodiment of the present invention. The method is for trans-
ducing signal energy at a radio device that is operable over
multiple frequency bands. First, and as indicated by the block
104, a plurality of conductive slot-strips are formed upon a
substrate. The slot-strips are formed such that an end edge of
each of the slot-strips engage with an adjacent slot-strip of the
plurality and extend at angles relative to one another. Each
slot-strip is of a selected width and is of a selected length such
that portions of the plurality exhibit resonance at levels
responsive to frequency levels of signal energy therein and in
which at least one portion of the plurality is resonant at each
of'the multiple frequency bands. Then, and as indicated by the
block 104, the signal energy at the plurality of conductive
slot-strips is transduced at any frequency within any of the
multiple frequency bands over the radio device is operable.

In a further embodiment, and as indicated, the method
further includes the introductory operation, shown at the
block 108, of selecting the widths and lengths of each of the
slot-strips.

Through appropriate selection of the configuration, and the
lengths and widths of the design parameters, an antenna is
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formed that is resonant at any frequency band over a wide
range of frequencies. The antenna is of small dimensions,
permitting its positioning within the housing, or otherwise
carried together with, a portable mobile station.

What is claimed is:

1. An antenna apparatus for a radio device operable over
multiple frequency bands comprising a first frequency band,
a second frequency band, and at least a third frequency band,
said apparatus comprising:

a substrate; and

a plurality of conductive slot strips disposed upon said

substrate and electrically and physically connected
together in a configuration of connected together slot-
strips, an end edge of each of the slot strips of said
plurality engaged with an adjacent slot strip of said
plurality, extending at angles relative to one another, and
each slot strip of a selected width and of a selected
length, portions of said plurality of conductive slot strip
exhibiting resonance at levels responsive to frequency
levels of signal energy therein, at least one portion of
said plurality of the connected-together slot strips reso-
nant at each of the first, second, and at least third fre-
quency bands, respectively, said plurality of slot strips
configured to form a first lobed portion and a second
lobed portion, a slot strip of said plurality of slot strips
forming part of each of the first and second lobed por-
tions and extending therebetween, said second lobed
portion comprising a partial loop arrangement of con-
catenated slot strips; and

a feed connection and a ground connection, said feed con-

nection and said ground connection positioned at the
second lobed portion.

2. The antenna apparatus of claim 1, wherein the first lobed
portion comprises a serpentined arrangement of concatenated
slot strips of said plurality.

3. The antenna apparatus of claim 2 wherein at least one of
the slot strips of the first lobed portion configured in the
serpentined arrangement is of a first width, at least one of the
slot strips thereof is of a second width, and at least one of the
slot strips thereof is of a third width.

4. The antenna apparatus of claim 1 wherein the slot strips
of the second lobed portion configured in the partial loop
arrangement are of substantially common widths.

5. The antenna apparatus of claim 1 wherein the selected
width of any slot strip of said plurality is one of a first width,
a second width, and a third width.

6. The antenna apparatus of claim 5 wherein at least one
slot strip of said plurality is of the first width, at least one slot
strip of said plurality is of the second width, and at least one
slot strip of said plurality is of the third width.

7. The antenna apparatus of claim 1 wherein the angles at
which the adjacent slot strips of said plurality extend com-
prise substantially perpendicular angles.

8. The antenna apparatus of claim 1 wherein the multiple
frequency bands over which the radio device is operable
comprise eleven frequency bands and wherein at least one
portion of said plurality of slot strips is resonant at each of the
eleven frequency bands.
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9. The antenna apparatus of claim 1 wherein said substrate
comprises a covering box that forms part of the radio device.

10. A method for transducing signal energy at a radio
device that is operable over multiple frequency bands com-
prising a first frequency band, a second frequency band, and
at least a third frequency band, said method comprising the
operations of:

forming a plurality of conductive slot strips upon a sub-

strate, the slot strips arranged to be electronically and
physically connected together in a configuration of con-
nected-together slot-strips such that an end edge of each
of the slot strips engage with adjacent slot strips of the
plurality and extend at angles relative to one another,
eachslot strip of a selected width and of a selected length
such that portions of the plurality of the conductive strips
exhibit resonance at levels responsive to frequency lev-
els of signal energy therein and in which at least one
portion of the plurality of the connected-together slot-
strips is resonant at each of the first, second, and third
frequency bands, respectively, the conductive slot strips
formed during said operation of forming configured into
a first lobed portion and a second lobed portion with a
slot strip positioned to form part of both the first lobed
portion and the second lobed portion, the second lobed
portion disposed into a partial loop arrangement of the
slot strips; and

transducing the signal and energy at the plurality of the

conductive slot strips at any frequency within any of the
first, second, and at least third frequency bands over
which the radio device is operable.
11. The method of claim 10 further comprising the opera-
tion of selecting the widths and lengths of each of the slot
strips.
12. The method of claim 11 wherein the widths of the slot
strips selected during said operation of selecting are selected
to be of a first width, a second width, and a third width.
13. The method of claim 10 wherein the first lobed portion
into which part of the conductive slot strips are configured
comprises a serpentined arrangement of the conductive slot
strips.
14. The method of claim 10 wherein said operation of
selecting further comprises selecting lengths of the first and
second lobed portions.
15. A method for forming an antenna for a radio device
operable over a first frequency band, a second frequency
band, and at least a third frequency band, said method com-
prising the operations of:
selecting dimensions of slot strips positionable into a bi-
lobed configuration upon a substrate in a configuration
of connected-together slot strips, with an end edge of
each slot strip engaged with an adjacent slot strip, the
dimensions selected to cause resonance of at least one
part of the bi-lobed configuration at each of the fre-
quency bands at which the radio device is operable; and

disposing slot strips, of the dimensions selected during said
operation of selecting, upon a substrate in the bi-lobed
configuration.
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57 ABSTRACT

A coupled slot probe antenna for use with antenna structures
in mobile communication devices, such as cellular telephones
and other wireless communication devices. The coupled slot
probe antenna includes at least one first conductive element,
and a second conductive element coupled between the first
conductive element and the printed circuit board (PCB)
ground plane of the mobile communication device. The first
and second conductive elements define a tunable coupled slot
area and the coupled slot probe antenna is coupled to the PCB
ground plane in such a way that the coupled slot area is near
alow-impedance point of the antenna structure, wherein cou-
pling therebetween improves the bandwidth and the effi-
ciency of the antenna structure. The coupled slot area can be
tuned by changing the size of the coupled slot area and by
changing the position of the coupled slot area relative to the
low-impedance point of the antenna structure.

19 Claims, 6 Drawing Sheets
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1
COUPLED SLOT PROBE ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to broadband antennas for use in
mobile devices, such as cellular telephones and other wireless
communication devices. More particularly, the invention
relates to broadband antennas systems having improved
bandwidth and efficiency over conventional broadband
antennas used in mobile devices.

2. Description of the Related Art

Mobile communication devices, such as cellular tele-
phones and other portable communication devices, each
require some sort of antenna to establish and maintain a
wireless radio link with another unit in the system, usually a
wireless base station. In general, antennas (in transmit mode)
generally convert radio frequency electrical currents into
electromagnetic waves and (in receive mode) convert electro-
magnetic waves into radio frequency electrical currents. As
mobile communication devices become smaller in size, the
resulting space limitations have made it more difficult to
design and implement antennas that are sufficiently efficient
for proper and improved mobile communication device
operation.

Several different types of antennas can be used in a mobile
communication device. For example, a slot antenna includes
a radiator formed by cutting a narrow slot in a large metal
surface. The slot length is a half wavelength at the desired
frequency and the width is a small fraction of a wavelength.
Another antenna often used in mobile communication
devices is a microstrip antenna or patch antenna. Patch anten-
nas use a conductive material that is formed in a stripline,
rectangular or other shape, and disposed on a dielectric sub-
strate having a certain dielectric value and thickness. The
shape of the conductor is chosen to achieve the desired reso-
nant frequency and radiation pattern. Patch antennas offer
relatively large degree of flexibility in antenna and wireless-
device design, as they are cost-effective, easily manufactured,
and can be conformed to the shape of a mobile communica-
tion device.

A derivation of the patch antenna is a planar inverted F
antenna, or PIFA. Compared to a conventional patch antenna,
the PIFA can resonate at a much smaller patch size for a fixed
operating frequency. A conventional PIFA structure includes
a conductive radiator element disposed parallel to a ground
plane and insulated from the ground plane by a dielectric
material, usually air. The radiator element is connected to two
pins, typically disposed toward one end of the element, thus
giving the appearance of an inverted letter “F” from the side
view. One pin electrically connects the radiator to the ground
plane; the other pin provides the antenna feed. Impedance
matching is obtained by selecting correct positioning of the
feed and ground contacts. Accordingly, a conventional PIFA
structure is similar to a shorted rectangular microstrip patch
antenna.

However, as mobile communication devices become
smaller in size, conventional antennas often are too large to fit
within the mobile communication device. Also, next genera-
tion mobile communication devices include operating ranges
that are beyond the most efficient operating regions of con-
ventional mobile communication device antennas. Therefore,
a need exists for antennas that are small enough to fit in
current and future mobile communication devices, yet still
provide sufficient and even better bandwidth, multi-band
operation and operating efficiency despite their reduced size.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a coupled slot probe
antenna in use with a folded J-pole antenna (FJA) structure;

FIG. 2 is a schematic diagram of another coupled slot probe
antenna in use with an inverted F antenna (IFA) structure;

FIG. 3 is a schematic diagram of another coupled slot probe
antenna in use with an aperture coupled inverted F antenna
(ACIFA) structure;

FIG. 41is a schematic diagram of another coupled slot probe
antenna in use with a coupled planar inverted F antenna
(CPIFA) structure;

FIG. 5 is a graphical diagram of a return loss plot as a
function of operating frequency of an antenna using a CPIFA
and an antenna using a CPIFA with the coupled slot probe
antenna; and

FIG. 6 is a schematic diagram of a coupled slot probe
antenna, having an alternative configuration, in use with an
inverted F antenna (IFA) structure.

DETAILED DESCRIPTION

In the following description, like reference numerals indi-
cate like components to enhance the understanding of the
coupled slot probe antenna through the description of the
drawings. Also, although specific features, configurations
and arrangements are discussed hereinbelow, it should be
understood that such specificity is for illustrative purposes
only. A person skilled in the relevant art will recognize that
other steps, configurations and arrangements are useful with-
out departing from the spirit and scope of the invention.

The coupled slot probe antenna devices described herein
improve the bandwidth and efficiency of antenna structures,
including antenna structures used in cellular telephones and
other mobile communication devices. The coupled slot probe
antenna includes at least one first conductive element, and a
second conductive element coupled between the first conduc-
tive element and the printed circuit board (PCB) ground plane
of the mobile communication device. The first and second
conductive elements are configured in such a way that a
tunable coupled slot area is created near the low-impedance
point of the main antenna structure, where the electrical cur-
rents driving the main antenna structure are near a maximum.
The coupled slot area, which is driven by induced magnetic
currents, is oriented with respect to the main antenna structure
and its low-impedance point in such a way that coupling
occurs between the magnetic currents of the coupled slot area
and the electrical currents of the main antenna structure. The
coupled slot area can be tuned, e.g., by changing the length
and/or width of the conductive elements or by moving the
conductive elements and its coupled slot area relative to the
PCB ground plane, in such a way that an additional resonance
band can be added to the response of the main antenna struc-
ture with relatively little disturbance of the natural response
of'the antenna structure. Also, by adjusting the coupling of the
coupled slot area to the main antenna structure, the resonance
of'the coupled slot area can be matched to the terminal imped-
ance of the main antenna structure. Accordingly, the coupled
slot probe antenna device allows mobile communication
device antenna structures to cover a broader set of operating
frequencies, thus improving device bandwidth and efficiency,
while offering a configuration that still is able to fit in mobile
communication devices and that does not increase overall the
manufacturing cost of the mobile communication device. In
this manner, the coupled slot probe antenna is well suited for
next generation mobile communication devices, whose oper-
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ating ranges include higher frequency ranges than conven-
tional mobile communication devices.

The coupled slot probe antennas described hereinbelow are
described in use with various antenna structures, including
antenna structures that are used with various mobile commu-
nication devices, including cellular telephones. It should be
understood that one or more of the coupled slot probe anten-
nas described hereinbelow can be used with other antenna
structures, including other antenna structures used in mobile
communication devices.

Referring now to FIG. 1, shown is a diagram 10 of a
perspective view of a coupled slot probe 12 in use with a
folded J or folded J-pole antenna (FJA) structure 14, which is
one type of antenna structure used in mobile communication
devices. It should be understood that FIG. 1 is schematic in
nature and is not drawn to scale. Also, it should be understood
that, when used with mobile communication devices and
other devices, the coupled slot probe 12 and/or the FIA
antenna structure 14 can take on relatively complex geom-
etries due to their conformance to device housing configura-
tions.

The coupled slot probe 12 includes a first conductive ele-
ment 16 and a second conductive element 18. Although the
first and second conductive probe elements are shown as
separate conductive elements coupled to one another, it
should be understood that the coupled slot probe 12 can be a
single conductive element formed in a suitable configuration,
e.g., the configuration shown by the first and second conduc-
tive probe elements.

The FJA antenna structure 14 typically is a main antenna
structure, e.g., within a mobile communication device. The
FJA antenna structure 14 includes a radiating element 22 and
a feedline 24 coupled to the radiating element 22 at a feed-
point. The radiating element 22 generally is formed on a
dielectric substrate 26, which electrically isolates the radiat-
ing element 22 from a ground plane 28, such as the ground
plane for the main printed circuit board (PCB) in a mobile
communication device, i.e., the circuit board that includes
most of the mobile communication device’s circuitry. The
feedline 24 acts as the radio frequency (RF) signal transmis-
sion line between the radiating element 22 and a signal source
of'the mobile communication device, shown generally by the
voltage potential across the feedline 24 and the PCB ground
plane 28. In general, an FJA antenna structure is a variation of
a J-pole antenna in that one or both tips of the antenna radi-
ating element are folded back toward the feedpoint.

Referring again to the coupled slot probe 12, the first con-
ductive element 16 is a conductive probe element made of any
suitable electrically-conductive material. The first conductive
element 16 generally includes a probe end or probe section 32
and an opposing ground end or ground section 34. The second
conductive element 18 is a conductive slot element made of
any suitable electrically-conductive material. As discussed
hereinabove, the first and second conductive probe elements
can be made of a single piece of electrically-conductive mate-
rial. The second conductive element 18 couples the first con-
ductive element 16 to a suitable ground potential, such as the
PCB ground plane 28. In this configuration, the impedance of
the probe end 32 is larger than the impedance of the ground
end 34.

The first conductive element 16 and the second conductive
element 18 are dimensioned, oriented and configured appro-
priately to collectively form or create a coupled slot area or
coupled slot volume, which is shown generally as a coupled
slot 36. In general, the coupled slot 36 has an open end 38 near
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the probe end 32 of the first conductive element 16 and a
closed end 42 near the ground end 34 of the first conductive
element 16.

The coupled slot probe 12 is configured is such as way that
the second conductive element 18 couples the ground end 34
of'the first conductive element 16 to the PCB ground plane 28
so that the (high impedance) probe end 32 of the first conduc-
tive element 16 is spaced apart from the feedpoint 24 of the
FJA antenna structure 14. This orients the coupled slot 36,
especially the open end 38 of the coupled slot 36, near a
low-impedance section or point of the FJA antenna structure
14. In general, a low impedance section of an antenna struc-
ture is a section or point where the electrical currents driving
the main antenna structure 14 are near amaximum. In the FJA
antenna structure 14, a low impedance section or point gen-
erally is located near the feedline 24.

Within the coupled slot 36, the electromagnetic fields
present are driven by induced magnetic currents generated by
the electric field that exist across the coupled slot 36. At the
open end 38 of the coupled slot 36, the magnetic currents are
near a maximum. Therefore, having the open end 38 of the
coupled slot 36 near a low impedance (high drive current)
section of the FJA antenna structure 14, a certain degree of
critical or optimum coupling occurs between the magnetic
currents of the coupled slot 36 to the electric currents of the
FJA antenna structure 14. Such coupling allows a properly
tuned coupled slot area 12 to resonate at a desired band, which
allows an additional resonance band to be added to the
response of the FJA antenna structure 14 with relatively little
disturbance of the natural response of the FJA antenna struc-
ture 14. The resonance of the coupled slot 36 also can be
matched to the terminal impedance of the FJA antenna struc-
ture 14 by adjusting or tuning the coupled slot 36.

The coupled slot 36 is tunable and dependent on a number
of factors. For example, the coupled slot 36 is dependent on
the ratio of the length of the coupled slot 36, as determined by
the length of the first conductive element 16, to the width of
the coupled slot 36, as determined by the length of the second
conductive element 18. Also, the coupled slot 36 is dependent
on the coupling distance of the coupled slot 36, i.e., the width
of the coupled slot as defined generally by the length of the
second conductive element 18.

The coupled slot 36 also is dependent on the physical
location of the coupled slot 36 to the low impedance point or
section of the FJA antenna structure 14. The physical location
of'the coupled slot 36 relative to the FJA antenna structure 14
and its low impedance point can be affected by a number of
factors, including the length of the first conductive element 16
and/or the coupling location of the second conductive ele-
ment 18 to the ground plane 28. That is, the size and/or overall
location of the coupled slot 36 can be affected if the length of
the first conductive element 16 is changed and/or the point
along the ground plane 28 where the second conductive ele-
ment 18 is coupled is changed.

The resonance of the coupled slot 36 can be tuned as
desired using one or more of the previously-mentioned fac-
tors. For example, the desired resonance of the coupled slot
36 can be tuned by coupling the second conductive element
18 to different locations along the side of the ground plane 28
while keeping all other factors constant. However, since the
tuning factors are interdependent, if one tuning factor is
changed undesirably, other tuning factors can be adjusted to
offset the initial factor change, therefore allowing the desired
resonance, and attendant benefits, to be maintained.

As discussed, the coupled slot 36 can be tuned to resonate
at a desired band, which allows an additional resonance band
to be added to the response of the FJA antenna structure 14
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with relatively little disturbance of the natural response of the
FJA antenna structure 14. Thus, both the bandwidth and the
efficiency of the FJA antenna structure 14 are enhanced. In
general, the bandwidth of an antenna is the effective range of
frequencies for the antenna, and the efficiency of an antenna
is the ratio of power radiated by the antenna to the power
supplied to the antenna.

Although the coupled slot probe 12 has been discussed
hereinabove for use with an FJA antenna structure, it should
be understood that the coupled slot probe 12 can be used with
any antenna structure that is configured in such a way that
allows the coupled slot probe 12 to be sufficiently coupled to
alow impedance section or point of the antenna structure. For
example, the coupled slot probe 12 can be used to improve the
bandwidth and efficiency of other antenna structures, includ-
ing inverted F antenna (IFA) structures, aperture coupled
inverted F antenna (ACIFA) structures, coupled planar
inverted F antenna (CPIFA) structures and/or other antenna
structures used in cellular telephones and other mobile com-
munication devices.

Referring now to FIG. 2, shown is a diagram 40 of a
perspective view of the coupled slot probe 12 in use with an
inverted F antenna (IFA) structure 44, e.g., for use in a mobile
communication device (not shown). It should be understood
that, like FIG. 1, FIG. 2 is schematic in nature and is not drawn
to scale. Also, when used with mobile communication
devices and other devices, the coupled slot probe 12 and/or
the IFA antenna structure 44 can take on relatively complex
geometries due to their conformance to device housing con-
figurations.

The IFA antenna structure 44 includes a radiating element
52, a low impedance element 53 coupled to the radiating
element 52, and a feedline 54 coupled to the radiating element
52 at a feedpoint (shown generally as 55). The radiating
element 52 generally is formed on a dielectric substrate 56,
which electrically isolates the radiating element 52 from a
ground plane 58, such as a PCB ground plane in a mobile
communication device. The low impedance element 53
couples or connects the radiating element 52 to the PCB
ground plane 58.

Like the coupled slot probe 12 in use with the FJA antenna
structure 14 in FIG. 1, the coupled slot probe 12 in use with
the IFA antenna structure 44 in FIG. 2 couples the ground end
34 of the first conductive element 16 to the PCB ground plane
58 so that the (high impedance) probe end 32 of the first
conductive element 16 is spaced near the low impedance
element 53 and spaced apart from the feedpoint 54 of the IFA
antenna structure 44. Such orientation also positions the open
end 38 of'the coupled slot 36 near the low impedance element
53 of the IFA antenna structure 44.

Like the coupled slot probe 12 in use with the FJA antenna
structure 14 in FIG. 1, the coupled slot probe 12 in use with
the IFA antenna structure 44 in FIG. 2 provides a suitable
degree of critical or optimum coupling of the magnetic cur-
rents of the coupled slot 36 to the electric currents of the IFA
antenna structure 44. The coupling provided by this arrange-
ment allows the coupled slot area 12, when properly tuned, to
resonate at a desired band, thus allowing an additional reso-
nance band to be added to the response of the IFA antenna
structure 44 with relatively little disturbance to the natural
response of the IFA antenna structure 44. Accordingly, the
bandwidth and the efficiency of the IFA antenna structure 44
are enhanced.

Referring now to FIG. 3, shown is a diagram 60 of a
perspective view of the coupled slot probe 12 in use with an
aperture coupled inverted F antenna (ACIFA) structure 64,
e.g., for use in a mobile communication device (not shown).
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It should be understood that FIG. 3 is schematic in nature and
is not drawn to scale. Also, when used with mobile commu-
nication devices and other devices, the coupled slot probe 12
and/or the ACIFA antenna structure 64 can take on relatively
complex geometries due to their conformance to device hous-
ing configurations.

The ACIFA antenna structure 64 includes a radiating ele-
ment 72, alow impedance element 73 coupled to the radiating
element 72, and a feedline 74 coupled to the radiating element
72 at a feedpoint (shown generally as 75). The radiating
element 72 generally is formed on a dielectric substrate 76,
which electrically isolates the radiating element 72 from a
ground plane 78, such as a PCB ground plane in a mobile
communication device. The low impedance element 73
couples or connects the radiating element 72 to the PCB
ground plane 78.

Like the coupled slot probe 12 in use with other antenna
structures previously described hereinabove, the coupled slot
probe 12 in use with the ACIFA antenna structure 64 in FI1G.
2 couples the ground end 34 of'the first conductive element 16
to the PCB ground plane 78 so that the (high impedance)
probe end 32 of the first conductive element 16 is spaced near
the low impedance element 73 and spaced apart from the
feedpoint 74 of the ACIFA antenna structure 64. Such orien-
tation also positions the open end 38 of the coupled slot 36
near the low impedance element 73 of the ACIFA antenna
structure 64.

Like the coupled slot probe 12 in use with other antenna
structures, as described hereinabove, the coupled slot probe
12 in use with the ACIFA antenna structure 64 in FIG. 3
provides a suitable degree of critical or optimum coupling of
the magnetic currents of the coupled slot 36 to the electric
currents of the ACIFA antenna structure 64. The coupling
provided by this arrangement allows the coupled slot area 12,
when properly tuned, to resonate at a desired band, thus
allowing an additional resonance band to be added to the
response of the ACIFA antenna structure 64 with relatively
little disturbance to the natural response of the ACIFA
antenna structure 64. Accordingly, the bandwidth and the
efficiency of the ACIFA antenna structure 64 are enhanced.

Referring now to FIG. 4, shown is a diagram 80 of a
perspective view of the coupled slot probe 12 in use with a
coupled planar inverted F antenna (CPIFA) structure 84, e.g.,
for use in a mobile communication device (not shown). It
should be understood that FIG. 4 is schematic in nature and is
not drawn to scale. Also, when used with mobile communi-
cation devices and other devices, the coupled slot probe 12
and/or the CPIFA antenna structure 84 can take on relatively
complex geometries due to their conformance to device hous-
ing configurations.

The CPIFA antenna structure 84 includes a radiating ele-
ment 92, alow impedance element 93 coupled to the radiating
element 92, and a feedline 94 coupled to the radiating element
92 at a feedpoint (shown generally as 95). The radiating
element 92 generally is formed on a dielectric substrate 96,
which electrically isolates the radiating element 92 from a
ground plane 98, such as a PCB ground plane in a mobile
communication device. In addition to one end being coupled
to the radiating element 92, the low impedance element 93
couples or connects the radiating element 92 to the PCB
ground plane 98.

Like the coupled slot probe 12 in use with other antenna
structures previously described hereinabove, the coupled slot
probe 12 in use with the CPIFA antenna structure 84 in FI1G.
4 couples the ground end 34 of'the first conductive element 16
to the PCB ground plane 98 so that the (high impedance)
probe end 32 of the first conductive element 16 is spaced near
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the low impedance element 93 and spaced apart from the
feedpoint 94 of the CPIFA antenna structure 84. Such orien-
tation also positions the open end 38 of the coupled slot 36
near the low-impedance element 93 of the CPIFA antenna
structure 84.

Like the coupled slot probe 12 in use with other antenna
structures, as described hereinabove, the coupled slot probe
12 in use with the CPIFA antenna structure 84 in FIG. 3
provides a suitable degree of critical or optimum coupling of
the magnetic currents of the coupled slot 36 to the electric
currents of the CPIFA antenna structure 84. The coupling
provided by this arrangement allows the coupled slot area 12,
when properly tuned, to resonate at a desired band, thus
allowing an additional resonance band to be added to the
response of the CPIFA antenna structure 84 with relatively
little disturbance to the natural response of the CPIFA antenna
structure 84. Accordingly, the bandwidth and the efficiency of
the CPIFA antenna structure 64 are enhanced.

Referring now to FIG. 5, shown is a graphical diagram 100
of'a return loss plot as a function of operating frequency of an
antenna using a CPIFA and an antenna using a CPIFA with the
coupled slot probe antenna 12. The diagram 100 includes a
first plot 110 of the return loss plot as a function of operating
frequency of an antenna using a conventional CPIFA, and a
second plot 120 of the return loss plot as a function of oper-
ating frequency of an antenna using a conventional CPIFA
with the coupled slot probe antenna 12. As can be seen, the
use of the coupled slot probe antenna 12 with the CPIFA
antenna structure improves the return loss at existing fre-
quency ranges, as well as adds an additional frequency
response band at a higher frequency range.

Although the coupled slot probe 12 has been shown and
described herein with one first conductive element 16, it
should be understood that the coupled slot probe 12 can
include one or more additional (multiple) conductive ele-
ments, which create multiple coupled slots. For example,
referring now to FIG. 6, shown is a schematic diagram 130 of
acoupled slot probe antenna 12 with multiple first conductive
elements 16, 17. The coupled slot probe antenna 12 is shown
in use with an inverted F antenna (IFA) structure, such as the
IFA structure 44 shown in FIG. 2, although the coupled slot
probe 12 can be used with any other suitable antenna struc-
ture. The multiple first conductive elements 16, 17 create
multiple coupled slot areas or slots, shown as coupled slots
36, 37. The additional coupled slot or slots can add additional
resonance bands to the response of the associated antenna
structure.

The protocols used to operate all or a portion of the mobile
communication devices described herein may include one or
more of the following: cordless telephony protocols, such as
but not limited to Digital Enhanced Cordless Telephony
(DECT), mobile telephony call signaling, e.g., the integrated
dispatch enhanced network (iDEN) Network, time division
multiple access (TDMA), code division multiple access
(CDMA), CDMA-2000, CDMA diversity, and global system
for mobile communications (GSM); IP-based Telephony Sig-
naling, e.g., Packet Cable Network-based Call Signaling
(NCS), Packet Cable Duos, session initiation protocol (SIP),
mobile data service protocols, such as but not limited to
general packet radio service (GPRS), simple gateway control
protocol (SGCP), media gateway control protocol (MGCP)
and any protocol in accordance with the H.323 standard; the
Public Switched Telephone Network (PSTN); and local net-
work interfaces that support voice and data traffic, such as but
not limited to Bluetooth, and any protocols in accordance
with the following standards: IEEE 802.11x, including IEEE
802.11b, IEEE 802.11a, IEEE 802.11g, IEEE 802.11h and
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8
IEEE 802.11e, IEEE 802.16 and HomeRF™. Also, the
mobile communication devices can include mobile devices
that can connect to a wired local network in accordance with
the Home Phoneline Networking Alliance (HPNA), the
Home Plug Powerline Alliance, 10/100BaseT Ethernet, uni-
versal serial bus (USB) and IEEE 1394, broadband network-
ing including hybrid-fiber coax network, which includes Data
Over Cable Service Interface Specification (DOCSIS) com-
pliant protocols and IP Telephony protocols, Digital Sub-
scriber Line (DSL) Modems and Networks, Fixed Wireless
Networks (e.g., multichannel multipoint distribution service
(MMDS) and local multipoint distribution service (LMDS)),
Bluetooth Protocol Specification, and PacketCable™ and
Network-Based Call Signaling Protocol Specification (NCS).

It will be apparent to those skilled in the art that many
changes and substitutions can be made to the coupled slot
probe antenna devices herein described without departing
from the spirit and scope of the invention as defined by the
appended claims and their full scope of equivalents.

The invention claimed is:

1. A coupled slot probe antenna for coupling to an antenna
structure, wherein the antenna structure has a radiating ele-
ment coupled to a ground plane by a low-impedance element,
afeedline coupled to the radiating element at a feedpoint, and
a low-impedance area within which the low-impedance ele-
ment resides, the coupled slot probe antenna comprising:

at least one first planar conductive element having a probe

end and an opposing ground end; and

a second planar conductive element having a first end

coupled to the ground end of the first conductive element
and a second end coupled to the ground plane of the
radiating element, wherein the first end of the second
planar conductive element is coupled to the ground end
of the first planar conductive element in such a way that
the plane of the second planar conductive element is
orthogonal to the plane of the first planar conductive
element,

wherein the first and second conductive elements are con-

figured in such a way that the coupled slot probe antenna
defines a coupled slot area,

wherein the second end of the second conductive element

is coupled to the ground plane in such a way that both the
first and second conductive elements are orthogonal to
the plane of the radiating element and orthogonal to the
ground plane, wherein the first planar conductive ele-
ment is spaced apart from the feedpoint and directly
facing the low-impedance element, and wherein the first
planar conductive element is coupled to the ground
plane only through the second planar conductive ele-
ment, and

wherein, when the coupled slot area is near the low-imped-

ance area of the antenna structure, coupling occurs
between the coupled slot area and the low-impedance
area of the antenna structure in such a way that increases
at least one of the bandwidth and the efficiency of the
antenna structure.

2. The antenna as recited in claim 1, wherein the coupled
slot area has a length and a width defined by the first and
second conductive elements, and wherein the coupling
between the coupled slot area and the low-impedance area of
the antenna structure is based on the ratio of the length of the
coupled slot area to the width of the coupled slot area.

3. The antenna as recited in claim 1, wherein the coupled
slot probe antenna is coupled to the ground plane in such a
way that the length of the second conductive element defines
a coupling distance of the coupled slot area, and wherein the
coupling between the coupled slot area and the low-imped-
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ance area of the antenna structure is based on the coupling
distance of the coupled slot area.

4. The antenna as recited in claim 1, wherein the coupled
slot probe antenna is coupled to the ground plane in such a
way that the coupling between the coupled slot area and the
low-impedance area of the antenna structure is based on the
location of the coupling of the second end of the second
conductive element to the ground plane.

5. The antenna as recited in claim 1, wherein the coupled
slot area includes an open end at the probe end of the first
conductive element and a closed end at the ground end of the
first conductive element, and wherein the coupling between
the coupled slot area and the low-impedance area of the
antenna structure is based on the location of the open end of
the coupled slot area to the low-impedance area of the antenna
structure.

6. The antenna as recited in claim 1, wherein the coupled
slot probe antenna is tunable based on at least one of the size
of the coupled slot area and the location of the coupled slot
area to the low-impedance area of the antenna structure.

7. The antenna as recited in claim 1, wherein the probe end
of'the first conductive element has a first impedance, wherein
the ground end of the first conductive element has a second
impedance that is less than the first impedance, and wherein
the coupled slot probe antenna is coupled to the ground plane
in such a way that the probe end of the first conductive
element is closer to the low-impedance area of the antenna
structure than the ground end of the first conductive element.

8. The antenna as recited in claim 1, wherein the antenna
structure is configured in such a way that when the coupled
slot area is near the feedpoint of the antenna structure, cou-
pling occurs between the coupled slot area and the low-
impedance area of the antenna structure that increases at least
one of the bandwidth and the efficiency of the antenna struc-
ture.

9. The antenna as recited in claim 1, wherein the antenna
structure is selected from the group consisting of a folded
J-pole antenna (FJA) structure, an inverted F antenna (IFA)
structure, and an aperture coupled inverted F antenna
(ACIFA) structure.

10. A mobile communication device, comprising:

a ground plane for a printed circuit board including radio
frequency (RF) circuitry for operation of the mobile
communication device;

an antenna structure having a radiating element coupled to
the ground plane by a low-impedance element, a feed-
line coupled to the radiating element at a feedpoint, and
a low-impedance area within which the low-impedance
element resides; and

a coupled slot probe antenna coupled to the ground plane,
wherein the coupled slot probe antenna includes a first
planar conductive element and a second planar conduc-
tive element coupled to the first conductive element in
such a way that the plane of the second planar conductive
element is orthogonal to the plane of the first planar
conductive element and coupled to the ground plane in
such a way that both the first and second conductive
elements are orthogonal to the plane of the radiating
element and orthogonal to the ground plane, wherein the
coupled slot probe antenna is configured in such a way
that defines a coupled slot area, wherein the first planar
conductive element is spaced apart from the feedpoint
and directly facing the low-impedance element, wherein
the first planar conductive element is coupled to the
ground plane only through the second planar conductive
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element, and wherein when the coupled slot area is near
the low-impedance area of the antenna structure, cou-
pling occurs between the coupled slot area and the low-
impedance area of the antenna structure in such a way
thatadds atleast one resonance band to the bandwidth of
the antenna structure.

11. The device as recited in claim 10, wherein the coupled
slot probe antenna includes

atleast one first conductive element having a probe end and

an opposing ground end, and

a second conductive element having a first end coupled to

the ground end of the first conductive element and a
second end coupled to the ground plane of the radiating
element.

12. The device as recited in claim 11, wherein the probe end
of'the first conductive element has a first impedance, wherein
the ground end of the first conductive element has a second
impedance that is less than the first impedance, and wherein
the coupled slot probe antenna is coupled to the ground plane
in such a way that the probe end of the first conductive
element is closer to the low-impedance area of the antenna
structure than the ground end of the first conductive element.

13. The device as recited in claim 10, wherein the coupled
slot area has a length and a width, and wherein the coupling
between the coupled slot area and the low-impedance area of
the antenna structure is based on the ratio of the length of the
coupled slot area to the width of the coupled slot area.

14. The device as recited in claim 10, wherein the coupled
slot area has a length and a width, wherein the width of the
coupled slot area defines a coupling distance, and wherein the
coupling between the coupled slot area and the low-imped-
ance area of the antenna structure is based on the coupling
distance of the coupled slot area.

15. The device as recited in claim 10, wherein the coupled
slot probe antenna is coupled to the ground plane in such a
way that the coupling between the coupled slot area and the
low-impedance area of the antenna structure is based on the
location of the coupling of the coupled slot probe antenna to
the ground plane.

16. The device as recited in claim 10, wherein the coupled
slot probe antenna is configured in such a way that the
coupled slot area includes an open end and a closed end, and
wherein the coupling between the coupled slot area and the
low-impedance area of the antenna structure is based on the
location of the open end of the coupled slot area to the low-
impedance area of the antenna structure.

17. The device as recited in claim 10, wherein the radiating
element is a planar radiating element oriented in a first plane,
wherein the coupled slot probe antenna includes a first planar
conductive element and a second planar conductive element,
and wherein the coupled slot probe antenna is coupled to the
ground plane in such a way that the first planar conductive
element and the second planar conductive element are
orthogonal to the first plane.

18. The device as recited in claim 10, wherein the coupled
slot probe antenna is tunable based on at least one of the size
of the coupled slot area and the location of the coupled slot
area to the low-impedance area of the antenna structure.

19. The device as recited in claim 10, wherein the antenna
structure is selected from the group consisting of a folded
J-pole antenna (FJA) structure, an inverted F antenna (IFA)
structure, and an aperture coupled inverted F antenna
(ACIFA) structure.
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ANTENNA FOR MOBILE TELEPHONE
HANDSETS, PDAS, AND THE LIKE

PRIOR APPLICATION DATA

The present application is a national phase application of
International Application PCT/GB2004/005158, entitled
“ANTENNA FOR MOBILE TELEPHONE HANDSETS,
PDAs AND THE LIKE” filed on Dec. 10, 2004, which in turn
claims priority from British application GB0328811.5, filed
on Dec. 12, 2003, all of which are incorporated by reference
in their entirety.

FIELD OF THE INVENTION

The present invention relates to antenna structures, includ-
ing multi-band antenna structures, and techniques for the
construction thereof, where an antenna is required to be
mounted on a printed wiring board (PWB) or printed circuit
board (PCB) that has a full ground plane (i.e. metallised layer)
on a side opposed to that on which the antenna is mounted.
Embodiments of the present invention also provide advan-
tages in applications without a significant ground plane.

BACKGROUND OF THE INVENTION

The present invention relates to antenna structures, includ-
ing multi-band antenna structures, and techniques for the
construction thereof, where an antenna is required to be
mounted on a printed wiring board (PWB) or printed circuit
board (PCB) that has a full ground plane (i.e. metallised layer)
on a side opposed to that on which the antenna is mounted.
Embodiments of the present invention also provide advan-
tages in applications without a significant ground plane.

It is often advantageous in the design of an electrically
small antenna to remove part of the ground plane on both
sides of a PCB or through all the layers of a PWB as this can
help to improve the bandwidth of the antenna. Unfortunately,
many modern mobile telephone handsets have so many com-
ponents to be fitted on the reverse side from the antenna
(speakers, headphone sockets, USB connectors, display tech-
nology, etc.) that it is preferable not to remove the ground
plane, either fully or partially. It is therefore desirable to find
a way of designing an antenna for mounting on a PCB/PWB,
the antenna having the wide bandwidth required for modern
mobile telephone handsets while still retaining a full ground
plane beneath the antenna.

Dielectric antennas are antenna devices that radiate or
receiveradio waves at a chosen frequency of transmission and
reception, as used in for example in mobile telecommunica-
tions.

The present applicant has conducted wide-ranging
research in the field of dielectric antennas, and the following
nomenclature will be used in the application:

High Dielectric Antenna (HDA): Any antenna making use
of dielectric components either as resonators or in order to
modify the response of a conductive radiator.

The class of HDAs is then subdivided into the following:

a) Dielectrically Loaded Antenna (DLA): An antenna in
which a traditional, electrically conductive radiating element
is encased in or located adjacent to a dielectric material (gen-
erally a solid dielectric material) that modifies the resonance
characteristics of the conductive radiating element. Generally
speaking, encasing a conductive radiating element in a solid
dielectric material allows the use of a shorter or smaller
radiating element for any given set of operating characteris-
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tics. In a DLA, there is only a trivial displacement current
generated in the dielectric material, and it is the conductive
element that acts as the radiator, not the dielectric material.
DLAs generally have a well-defined and narrowband fre-
quency response.

b) Dielectric Resonator Antenna (DRA): An antenna in which
a dielectric material (generally a solid, but could be aliquid or
in some cases a gas) is provided on top of a conductive
groundplane, and to which energy is fed by way of a probe
feed, an aperture feed or a direct feed (e.g. a microstrip
feedline). Since the first systematic study of DRAs in 1983
[LONG, S.A.,,McALLISTER, M. W.,and SHEN, L. C.: “The
Resonant Cylindrical Dielectric Cavity Antenna”, IEEE
Transactions on Antennas and Propagation, AP-31, 1983, pp
406-412], interest has grown in their radiation patterns
because of their high radiation efficiency, good match to most
commonly used transmission lines and small physical size
[MONGIA, R. K. and BHARTIA, P.: “Dielectric Resonator
Antennas—A Review and General Design Relations for
Resonant Frequency and Bandwidth”, International Journal
of Microwave and Millimeter-Wave Computer-Aided Engi-
neering, 1994, 4, (3), pp 230-247]. A summary of some more
recent developments can be found in PETOSA, A., ITTIPI-
BOON, A., ANTAR, Y. M. M., ROSCOE, D., and CUHACI,
M.: “Recent advances in Dielectric-Resonator Antenna Tech-
nology”, IEEE Antennas and Propagation Magazine, 1998,
40, (3), pp 35-48. DRAs are characterised by a deep, well-
defined resonant frequency, although they tend to have
broader bandwidth than DLAs. It is possible to broaden the
frequency response somewhat by providing an air gap
between the dielectric resonator material and the conductive
groundplane. Ina DRA, it is the dielectric material that acts as
the primary radiator, this being due to non-trivial displace-
ment currents generated in the dielectric by the feed.

¢) Broadband Dielectric Antenna (BDA): Similar to a DRA,
but with little or no conductive groundplane. BDAs have a
less well-defined frequency response than DRAs, and are
therefore excellent for broadband applications since they
operate over a wider range of frequencies. Again, in a BDA, it
is the dielectric material that acts as the primary radiator, not
the feed. Generally speaking, the dielectric material in a BDA
can take a wide range of shapes, these not being as restricted
as for a DRA. Indeed, any arbitrary dielectric shape can be
made to radiate in a BDA, and this can be useful when trying
to design the antenna to be conformal to its casing.

d) Dielectrically Excited Antenna (DEA): A new type of
antenna developed by the present applicant in which a DRA,
BDA or DLA is used to excite an electrically conductive
radiator. DEAs are well suited to multi-band operation, since
the DRA, BDA or DLA can act as an antenna in one band and
the conductive radiator can operate in a different band. DEAs
are similar to DL As in that the primary radiator is a conduc-
tive component (such as a copper dipole or patch), but unlike
DLAs they have no directly connected feed mechanism.
DEAs are parasitic conducting antennas that are excited by a
nearby DRA, BDA or DLA having its own feed mechanism.
There are advantages to this arrangement, as outlined in UK
patent application no 0313890.6 of 16th Jun. 2003.

The dielectric material of a dielectric antenna can be made
from several candidate materials including ceramic dielec-
trics, in particular low-loss ceramic dielectric materials.

For the avoidance of doubt, the expression “electrically-
conductive antenna component” defines a traditional antenna
component such as a patch antenna, slot antenna, monopole
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antenna, dipole antenna, planar inverted-L antenna (PILA),
planar inverted-F antenna (PIFA) or any other antenna com-
ponent that is not an HDA.

It is known from U.S. Pat. No. 5,952,972 to provide a
rectangular dielectric resonator antenna having a notch at a
centre of its underside. The authors clearly believe the slot is
the cause of the enhanced bandwidth together with a slab of
high dielectric material inserted into the slot. However, this
device might be viewed in a different way as a rectangular
dielectric pellet elevated by ‘legs’ at each end. It is important
to appreciate that the pellet rests on a groundplane which is on
the top surface of a PCB, and that the pellet is fed by a slot in
the groundplane surface. There is no feed taken up to the
pellet and the pellet is not described as being metallised on
any of its surfaces. The antenna of U.S. Pat. No. 5,952,972 is
therefore:

1. A DRA and not a BDA.

2. Not an elevated pellet clear of the groundplane.

3. Without an elevated feed.

4. Without a parasitic DEA component.

5. Not designed for inclusion in modern radiotelephone

handsets.

It is also known from IEEE Transactions on Antennas and
Propagation, Vol. 43, No. 8, August 1995, pp 889-892,
“Stacked annular ring dielectric resonator antenna excited by
axi-symmetric coaxial probe”, Shum & Luk to provide a
DRA comprising an annular ring dielectric element elevated
above a groundplane and excited by a coaxial probe extend-
ing through a hole in the groundplane and into the central hole
of'the dielectric element. This arrangement is said to improve
bandwidth. A further improvement to bandwidth is obtained
by providing a second, parasitic annular ring dielectric ele-
ment above the main one.

SUMMARY

According to an aspect of the present invention, there is
provided an antenna structure comprising a dielectric pellet
and a dielectric substrate with upper and lower surfaces and at
least one groundplane, wherein the dielectric pellet is
elevated above the upper surface of the dielectric substrate
such that the dielectric pellet does not directly contact the
dielectric substrate or the groundplane, the dielectric pellet
being provided with an electrically-conductive direct feed
structure, and wherein the antenna structure additionally
comprises a radiating antenna component which is elevated
above the upper surface of the dielectric substrate and has a
surface that faces a surface of the dielectric pellet.

The expression dielectric pellet is intended to denote an
element of dielectric material, preferably a dielectric ceramic
material or other low-loss dielectric material, of appropriate
shape.

The conductive direct feed structure advantageously
extends from the upper surface of the dielectric substrate and
directly contacts the dielectric pellet. In preferred embodi-
ments, the feed structure serves physically to support or
elevate the dielectric pellet above the upper surface of the
dielectric substrate. However, in some embodiments the feed
structure serves only to transfer energy to or from the dielec-
tric pellet, the pellet being physically supported or elevated by
some other means, for example by being suspended from or
attached to an additional substrate disposed above the upper
surface of the dielectric substrate.

The conductive direct feed structure may be a conducting
leg, a spring-loaded pin (a “Pogopin”), a metal strip or ribbon
(preferably with sufficient rigidity to support the dielectric
pellet) or any other appropriate structure, and generally
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extends substantially perpendicularly from the upper surface
of the dielectric substrate, although it may also be inclined
relative thereto. It will be appreciated that it is difficult to use
a conventional printed microstrip feed, coplanar feed or other
type of printed transmission line to feed the dielectric pellet
when elevated above the upper surface of the dielectric sub-
strate.

The conductive feed structure may contact an underside of
the dielectric pellet (i.e. the side or surface that generally
faces the upper surface of the dielectric substrate), or may
contact any of the other sides or surfaces of the dielectric
pellet. Advantageously, the side or surface of the dielectric
pellet that is contacted by the conductive feed structure may
be metallised. One or more other sides or surfaces of the
dielectric pellet may also be metallised.

Where the underside of the dielectric pellet is contacted by
the conductive feed structure, it is particularly preferred that
the conductive feed structure is in the form of a spring-loaded
pin extending from the upper surface of the dielectric sub-
strate.

The dielectric pellet may be contacted by the conductive
feed structure on more than one side, for example on several
sides together. In one embodiment, the dielectric pellet may
be contained within an electrically conductive cup or cage
(e.g. cup or cage 17 in FIG. 18), and the cup or cage may be
then fed by the conductive feed structure.

An electrical connection between the conductive feed
structure and the dielectric pellet may be made by soldering or
by mechanical pressure.

The dielectric pellet may have any suitable shape. In some
embodiments, the pellet is generally oblong or parallelepi-
ped, optionally with one or more chamfered edges.

In embodiments where the antenna structure is intended to
be enclosed within a mobile telephone or PDA (personal
digital assistant) or laptop computer casing or the like, it may
be advantageous for the dielectric pellet, in particular but not
exclusively upper and/or side surfaces thereof, to be shaped
so as to be generally conformal with the casing, thereby
making best use of the small amount of space available within
the casing. In these embodiments, the dielectric pellet may be
physically supported from above by the casing or by any other
low permittivity antenna support structure. By “low permit-
tivity” is meant a permittivity or dielectric constant signifi-
cantly less than that of the dielectric material from which the
dielectric pellet is made, for example a permittivity not more
than 10% of the permittivity of the dielectric pellet material
itself.

Itis to be appreciated that the antenna structure of embodi-
ments of the present invention is not restricted to use with
mobile telephone handsets and PDAs, but may find more
general application. One particular area where these antenna
structures may find utility is for use as wide bandwidth
WLAN antennas where a full groundplane is needed, for
example for use in laptop computers or access points.

The groundplane may be located on the upper or the lower
surface or both surfaces of the dielectric substrate, or one or
more groundplanes may be respectively sandwiched or
embedded between two or more layers making up the dielec-
tric substrate. In certain embodiments, the groundplane
extends across at least that part of the dielectric substrate that
is located below the dielectric pellet, and in some embodi-
ments, extends across substantially the entire area of the
dielectric substrate. In other embodiments, the groundplane
may be absent from an area of the dielectric substrate that is
located below the dielectric pellet. Removal of the ground-
plane in this way can provide even further expansion of the
bandwidth of the antenna as a whole.
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Because the dielectric pellet is elevated above the upper
surface of the dielectric substrate and does not directly con-
tactthis surface, it will be understood that a gap is thus defined
between the dielectric pellet and the upper surface of the
dielectric substrate. In simple embodiments, this gap is an air
gap. However, the gap may alternatively be filled with dielec-
tric material or materials other than air, for example a spacer
or the like made out of a dielectric material with a lower,
preferably significantly lower dielectric constant than that of
the material of the dielectric pellet. In some embodiments, the
spacer or the like is made of a dielectric material with a
dielectric constant of no more than 10% of that of the dielec-
tric pellet itself. The presence of this air gap or dielectric
spacer may help to improve the bandwidth of the antenna
structure as a whole when the dielectric pellet is energised by
the conductive feed or by incoming radio/microwave signals.

In some embodiments, the antenna structure may include
more than one elevated dielectric pellet.

In other embodiments, a single elevated dielectric pellet
may be used to feed or excite two or more radiating antenna
components, for example two or more PILAs or DLAs or
other antennas. One of the radiating antenna components (for
example, a PIFA) may itself be driven by an independent feed,
with the dielectric pellet serving to load the radiating antenna
component in a desired manner. By feeding two or more
radiating antenna components by a single elevated dielectric
pellet, an extra resonance may be created, which may, for
example, be used for GPS reception.

It is currently thought by the present applicant that the
elevated dielectric pellet is not in itself a significant radiating
component (such as a dielectric antenna), but instead serves
primarily as a matching component for the radiating antenna
component that is contacted thereby. In this way, careful
selection and positioning of the dielectric pellet can ensure a
good impedance match for any desired radiating antenna
component.

The dielectric pellet and the conductive feed together allow
the radiating antenna component to be fed without significant
inductance, which is a serious problem with capacitive feed-
ing. In some respects, the dielectric pellet can be considered
to be acting as a “dielectric capacitor”.

The radiating antenna component may be a patch antenna,
slot antenna, monopole antenna, dipole antenna, planar
inverted-L. antenna, planar inverted-F antenna or any other
type of electrically-conductive antenna component.

Alternatively, the radiating antenna component may be
configured as a DLA, for example in the form of a PILA
formed on or extending over a block or pellet of dielectric
material.

The dielectric pellet may physically contact the radiating
antenna component, or there may be a small air gap or other
dielectric spacer material (e.g., material 18 in FIG. 20)
between the dielectric pellet and the radiating antenna com-
ponent.

The radiating antenna component may pass over or close to
or contact the dielectric pellet just once, or may be configured
s0 as to double back on itself so as to provide two (or more)
locations where it is excited by the dielectric pellet. This
configuration reduces the space required to contain a radiat-
ing antenna component of any given length.

In a further embodiment, a radiating antenna component
may be provided as discussed above, but configured such that
the radiating antenna component is provided with its own
feed and is driven separately from the dielectric pellet.

One or other or both or the dielectric pellet and the radiat-
ing antenna component may have series and parallel tuning
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components. Where a PILA or PIFA is included, the PILLA or
PIFA may have tuned, switched or active short circuits.

With particular reference to the use of a PIL A as the radi-
ating antenna component, the leg of the PILA may be elec-
trically connected to the ground plane and serve as a shorting
pin. The present applicant has found that feeding the PILA
with the dielectric pellet in different locations relative to the
shorting pin or leg can provide feeding at different capaci-
tances. Generally speaking, the greater the distance between
the shorting pin or leg and the dielectric pellet, the lower the
capacitance.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention and to
show how it may be carried into effect, reference shall now be
made by way of example to the accompanying drawings, in
which:

FIG. 1 shows a first embodiment of the present invention;

FIG. 2 shows a second embodiment of the present inven-
tion;

FIG. 3 shows a third embodiment of the present invention;

FIG. 4 shows a fourth embodiment of the present inven-
tion;

FIG. 5 shows a plot of return loss of a first antenna embody-
ing the present invention;

FIG. 6 shows a plot of return loss of a second antenna
embodying the present invention;

FIG. 7 shows a fifth embodiment of the present invention;

FIG. 8 shows a plot of return loss of the embodiment of
FIG. 7,

FIGS. 9 to 12 show alternative positions for a dielectric
pellet in an embodiment of the present invention;

FIG. 13 shows an alternative configuration for a radiating
antenna component in an embodiment of the present inven-
tion;

FIGS. 14 and 15 show a single dielectric pellet being used
to feed or excite a pair of PILAs;

FIG. 16 shows a single dielectric pellet being used to feed
a pair of radiating antenna components, one of which is a
PILA and the other a PIFA;

FIG. 17 shows the electrically conductive direct feed struc-
ture directly attached to more than one side or surface of the
dielectric pellet;

FIG. 18 shows the dielectric pellet contained in an electri-
cally conductive cup or cage;

FIG. 19 shows a plurality of dielectric pellets;

FIG. 20 shows a gap defined between the dielectric pellet
and the upper surface of the dielectric substrate; and

FIG. 21 shows a dielectric spacer material between the
surface of the dielectric pellet and the radiating antenna com-
ponent.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 and 19 show a dielectric substrate in the form of a
printed circuit board (PCB) 1 having upper 3 and lower 4
surfaces and a conductive groundplane 2, 2' on each of the
upper 3 and lower 4 surfaces. The PCB 1 shown in the Figure
is suitable for incorporation into a mobile telephone handset
(not shown), and the lower surface 4 will generally serve as a
support for the various electronic components (not shown) of
the mobile telephone. A ceramic dielectric pellet 5 (and 5') is
mounted on a conductive direct feed structure 6 (and 6') in the
form of a metal ribbon extending upwardly from the upper
surface 3 of the PCB 1 in a corner thereof. In this way, the
pellet 5 is raised or elevated over the PCB 1 and the ground-





US 7,705,786 B2

7

plane 2 and does not directly contact either of these. The
provision of an air gap between the pellet 5 and the ground-
plane 2 serves to improve bandwidth. The feed 6 is attached
by way of soldering to a metallised inner side wall 7 (and 7")
of the pellet 5. The other end of the feed 6 is connected to a
signal source (not shown).

In addition to the dielectric pellet 5 and the feed 6, there is
provided a planar inverted-L antenna (PILA) 8 including a leg
9 and an ‘S’-shaped radiating section 10. The leg 9 is mounted
on the upper surface 3 of the PCB 1 and provides a short
circuit to the groundplane 2. The radiating section 10 extends
over a top surface of the pellet 5. During operation, the pellet
5 is excited by way of the feed 6. The PIL A 8 is in turn driven
by the pellet 5 and radiates over a broad frequency range, thus
providing broadband operation. By adjusting the relative dis-
positions of the pellet 5 and the PILA 8, it is possible to adjust
the radiating frequencies.

FIG. 2 shows an alternative embodiment in which the pellet
5 is mounted on a feed 6 in the form of a metallic ribbon, but
this time attached to a metallised outer side wall 11 of the
pellet 5. A PILA 8 with a short circuit leg 9 and radiating
section 10 is also provided as in FIG. 1, but here the PILA 8
includes a vertical capacitive flap 12 which faces the inner
side wall 7 of the pellet 5. Adjusting the size and/or disposi-
tion of the capacitive flap 12 allows the frequencies of opera-
tion to be adjusted. In comparison to the embodiment of F1G.
1, the capacitive flap 12 of the embodiment of FIG. 2 may
allow a lower band frequency to be lowered to a somewhat
greater degree.

FIG. 3 shows an alternative embodiment in which the pellet
5 is mounted on a feed in the form of a spring-loaded pin
(‘Pogopin’) 13 which extends from the upper surface 3 of the
PCB 1 and contacts a metallised underside of the pellet 5. This
arrangement can have advantages in that the pellet 5 can be
easily mounted on the pin 13 by way of mechanical pressure.
A PILA 8 with aleg 9 and a radiating section 10 is provided
as before, the radiating section 10 having a spiral configura-
tion and passing over the upper surface of the pellet 5.

FIG. 4 shows an alternative embodiment in which the pellet
5 is mounted not in the corner of the PCB 1, but about halfway
along an edge of the PCB 1. The pellet 5 is elevated over the
groundplane 2 as before, but this time with a spring-loaded
metal strip 14 which acts as the feed 6. The spring-loaded
metal strip 14 contacts an upper, metallised surface 14 of the
pellet 5. In this embodiment, the PIL A 8 has a double spiral
configuration, one arm 15 of the radiating section 10 passing
over the top of the pellet.

FIG. 5 shows a typical return loss of an elevated-pellet
handset antenna of the embodiment of the present invention
shown in FIG. 1. It can be seen that the return loss pattern
allows quadruple band operation at 824 MHz, 960 MHz, 1710
MHz and 1990 MHz. The extra bandwidth in the upper band
is aresult of the pellet 5 being elevated above the groundplane
2.

FIG. 6 shows a typical return loss of an elevated-pellet
handset antenna of the embodiment of the present invention
shown in FIG. 3. It can be seen that the return loss pattern
allows quadruple band operation at 824 MHz, 960 MHz, 1710
MHz and 1990 MHz. Again, the extra bandwidth in the upper
band is a result of the pellet 5 being elevated above the
groundplane 2.

FIG. 7 shows another alternative embodiment of the inven-
tion with like parts being labelled as for FIG. 3. In this
embodiment, an area 30 of the groundplane 2 directly under-
neath the pellet 5 is excised, such that there is no groundplane
2 directly underneath the pellet 5. The area 30 of groundplane
2 removed in this particular example is about 9 mm by 9 mm.
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By removing the groundplane 2, the bandwidth of the antenna
1 can be broadened even further so as to provide pentaband
performance. The fact that this embodiment functions well
even without a groundplane 2 under the pellet 5 indicates that
the pellet 5 is not acting as a DRA in its own right, since a
DRA requires a groundplane.

FIG. 8 shows a return loss plot of the antenna of FIG. 7,
showing pentaband operation at 824 MHz, 960 MHz, 1710
MHz, 1990 MHz and 2170 MHz.

FIGS. 9 to 12 show in schematic form various different
arrangements of the feed 6 and the elevated dielectric pellet 5
in relation to a PIL A 8 having a leg 9 and a radiating section
10, the components being mounted on a PCB substrate 1 with
a groundplane 2. In FIGS. 14 and 16 small air gap is provided
between facing surfaces of the dielectric pellet and the radi-
ating section.

In FIG. 9, the pellet 5 is located far from the leg 9 (i.e. the
shorting pin) of the PILA 8, and this provides a low capaci-
tance end feed arrangement.

In FIG. 10, the pellet 5 is located between the leg 9 and the
opposite end of the PILA 8, and this provides a medium
capacitance centre feed arrangement.

In FIG. 11, the pellet 5 is located close to the leg 9 of the
PILA 8, and this provides a high capacitance feed arrange-
ment.

An alternative high capacitance feed arrangement is shown
in FIG. 12, where the leg 9 of the PILA 8 is located a short
distance in from an edge of the PCB 1 and the pellet 5 is
located at the edge of the PCB 1.

FIG. 13 shows, in schematic form and plan view, an
arrangement in which the radiating section 10 of the PILA 8
doubles back on itself so as to pass twice over the elevated
dielectric pellet 5. This arrangement allows the length of the
radiating section 10 of the PIL A 8 to be shortened, and thus
for the antenna as a whole to be contained within a smaller
space.

FIG. 14 shows, in schematic form and using the same
reference numerals as FIGS. 9 to 12, an antenna in which a
single elevated dielectric pellet 5 with a direct feed 6 serves to
excite a pair of PILAs 8, 8'. In this embodiment, the PIL.As 8,
8' are arranged so that the dielectric pellet 5 acts as a low
capacitance end feed.

FIG. 15 shows an alternative arrangement to FIG. 14, with
the PIL.As 8, 8' here being arranged so that the dielectric pellet
5 acts as a high capacitance feed.

Feeding two or more PILAs 8, 8' in this way can create an
extra resonance for GPS reception.

FIG. 16 shows an arrangement in which a single elevated
dielectric pellet 5 excites a PILLA 8 and also a PIFA 20 which
has a leg or shorting pin 21 and its own independent feed 22.

FIG. 17 shows alternative embodiment in which two pel-
lets 5 and 5' with electrically-conductive direct feeds 6 and 6'
are provided.

FIG. 18 shows a configuration of a PCB dielectric substrate
1 for an antenna structure in an embodiment of the invention.
A groundplane 2' is sandwiched between upper surface 3 and
lower surface 4 of PCB dielectric substrate 1.

The preferred features of the invention are applicable to all
aspects of the invention and may be used in any possible
combination.

Throughout the description and claims of this specifica-
tion, the words “comprise” and “contain” and variations of
the words, for example “comprising” and “comprises”, mean
“including but not limited to”, and are not intended to (and do
not) exclude other components, integers, moieties, additives
or steps.
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The invention claimed is:

1. An antenna structure comprising at least one feeding
component formed as a dielectric ceramic pellet provided
with an electrically conductive direct feed structure in direct
electrical contact with the pellet, and further comprising at
least one radiating component having a conductive element as
a radiator, the at least one radiating component including a
ground connection,

wherein said pellet and said radiating component are

adapted such that when the antenna structure is mounted
on the upper surface of a dielectric substrate having an
upper surface, a lower surface, and a groundplane,

the pellet is elevated above the upper surface of the dielec-

tric substrate so that the pellet does not directly contact
the dielectric substrate or the groundplane,

the radiating component is elevated above the upper sur-

face of the dielectric substrate and has a surface that
faces a surface of the pellet, and

an air gap or other dielectric spacer material is provided

between the pellet and the radiating component.

2. The antenna structure as claimed in claim 1, wherein the
electrically-conductive direct feed structure extends from the
upper surface of the dielectric substrate and directly contacts
the dielectric pellet.

3. The antenna structure as claimed in claim 2, wherein the
electrically-conductive direct feed structure physically sup-
ports the dielectric pellet.

4. The antenna structure as claimed in claim 2, wherein the
dielectric pellet is elevated above the groundplane or the
dielectric substrate by a low permittivity antenna support
structure.

5. The antenna structure as claimed in claim 1, wherein the
electrically-conductive direct feed structure is selected from a
group consisting of: a conducting leg, a spring-loaded pin, a
metal strip or a metal ribbon.

6. The antenna structure as claimed in claim 1, wherein the
electrically-conductive direct feed structure is directly
attached to at least one side or surface of the dielectric pellet.

7. The antenna structure as claimed in claim 6, wherein the
electrically-conductive direct feed structure is directly
attached to more than one side or surface of the dielectric
pellet.

8. The antenna structure as claimed in claim 7, wherein the
dielectric pellet is contained in an electrically-conductive cup
or cage, and wherein the electrically-conductive direct feed
structure is electrically connected to the cup or cage.

9. The antenna structure as claimed in claim 1, wherein at
least one side or surface of the dielectric pellet is metallised,
and wherein the electrically-conductive direct feed structure
is soldered or otherwise electrically connected to the metal-
lised side or said surface.

10. The antenna structure as claimed in claim 1, wherein
the electrically-conductive direct feed structure is a spring-
loaded pin extending upwardly from the upper surface of the
dielectric substrate, wherein the dielectric pellet has a metal-
lised underside that faces the upper surface of the dielectric
substrate, and wherein a tip of the spring loaded pin electri-
cally contacts the metallised underside.
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11. The antenna structure as claimed in claim 1, wherein
the radiating antenna component is an electrically-conductive
antenna component.

12. The antenna structure as claimed in claim 11, wherein
the radiating antenna component is selected from a group
consisting of: patch antenna, slot antenna, monopole antenna,
dipole antenna, planar inverted-I. antenna and planar
inverted-F antenna.

13. The antenna structure as claimed in claim 1, wherein
the radiating antenna component is a dielectrically loaded
antenna component.

14. The antenna structure as claimed in claim 13, wherein
the radiating antenna component is configured as a planar
inverted-L antenna with a radiating structure extending over a
block of dielectric material such as a dielectric ceramic mate-
rial.

15. The antenna structure as claimed in claim 1, wherein
the radiating antenna component is provided with an inde-
pendent feed.

16. The antenna structure as claimed in claim 15, wherein
the radiating antenna component is a planar inverted-F
antenna.

17. The antenna structure as claimed in claim 1, further
comprising at least one additional radiating antenna compo-
nent having a second surface that faces a surface ofthe dielec-
tric pellet.

18. The antenna structure as claimed in claim 1, comprising
a plurality of dielectric pellets.

19. The antenna structure as claimed in claim 1, wherein
the groundplane is located on the lower surface of the dielec-
tric substrate.

20. The antenna structure as claimed in claim 1, wherein
the groundplane is located on the upper surface of the dielec-
tric substrate.

21. The antenna structure as claimed in claim 1, wherein a
first groundplane is located on the upper surface of the dielec-
tric substrate and a second groundplane is located on the
lower surface of the dielectric substrate.

22. The antenna structure as claimed in claim 1, wherein
the groundplane is sandwiched between the upper and lower
surfaces of the dielectric substrate.

23. The antenna structure as claimed in claim 1, wherein
the groundplane extends across at least that part of the dielec-
tric substrate that is located directly below the elevated dielec-
tric pellet.

24. The antenna structure as claimed in claim 1, wherein
the groundplane extends across substantially an entire area of
the dielectric substrate.

25. The antenna structure as claimed in claim 1, wherein
the groundplane is absent from an area of the dielectric sub-
strate that is located below the dielectric pellet.

26. The antenna structure as claimed in claim 1, wherein a
gap defined between the dielectric pellet and the upper sur-
face of the dielectric substrate is filled with a solid dielectric
filler with a dielectric constant less than the dielectric con-
stant of the dielectric pellet.

27. The antenna structure as claimed in claim 26, wherein
the solid dielectric filler has a dielectric constant not more
than 10% of the dielectric constant of the dielectric pellet.
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of the ground plane.

19 Claims, 5 Drawing Sheets
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ANTENNA HAVING A PLURALITY OF
RESONANT FREQUENCIES

CROSS-REFERENCE

This patent application is a divisional application of U.S.
application Ser. No. 11/107,159, filed Apr. 15, 2005 now U.S.
Pat. No. 7,629,931, the disclosure of which is incorporated by
reference in its entirety.

FIELD OF THE INVENTION

Embodiments of the present invention relate to an antenna
having a plurality of resonant radio frequencies. Some
embodiments relate to an internal multi-band antenna for use
in a hand-held telecommunication device, such as a mobile
cellular telephone.

BACKGROUND TO THE INVENTION

Current wireless communication systems utilize several
different radio communication standards and operate at many
different frequency bands. In this fractured service environ-
ment, terminals operating in multiple systems and frequency
bands offer a better service coverage. A multi-band antenna is
akey component of a multi-band mobile terminal. It may also
be used in a base station.

One example of a multi-band communication terminal is a
mobile cellular telephone operable in any one of the four
GSM system bands i.e. GSM850 (824-894 MHz), GSM900
(880-960 MHz), GSM1800 (1710-18380 MHz), GSM1900
(1850-1990 MHz). Itis very challenging to design a compact
internal antenna that operates at some or all of these fre-
quency bands and has a good total efficiency.

In current mobile cellular telephones, various components
such as a camera, a speaker or both have often been located at
least partly between the internal antenna element and its
ground plane. These additional components can degrade the
antenna performance.

The user’s hand, if brought close to the antenna, typically
degrades the performance of the antenna at these frequency
ranges. The effect is very strong when the hand is at least
partly on top of the antenna. A user often holds a mobile
cellular telephone so that a forefinger is on top of the antenna
element near the top of the cellular telephone.

It would be desirable to provide an improved antenna.

BRIEF DESCRIPTION OF THE INVENTION

According to one embodiment of the invention there is
provided an antenna having a plurality of resonant frequen-
cies and comprising: a ground plane having a first edge and a
further edge; a feed point; a ground point; and an antenna
track extending between the feed point and the ground point
and comprising, in series connection, a first loop and a second
loop, wherein a portion of the first loop is adjacent the first
edge of the ground plane and a portion of the second loop is
adjacent the first or the further edge of the ground plane.

“Adjacent” means neighboring. An edge of the portion of
the first loop may neighbor the first edge by overlying the first
edge within a tolerance of a few millimeters and an edge of the
portion of the second loop may neighbor the further edge by
overlying the further edge within a tolerance of a few milli-
meters.

Typically the ground plane has a length and a width and
comprises first and second edges extending across the width
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and separated by the length and third and fourth further edges
extending along the length and separated by the width.

The antenna track may be unitary, alternatively it may be
composed of one or more distinct antenna tracks with or
without additional circuitry.

The antenna may thus be located around the edges of the
ground plate and the housing of the device in which it is
located. This leaves a center area of the antenna and device
free to implement other cellular telephone functions such as a
camera or a speaker. It also prevents the antenna underlying
the area where a user is likely to place a finger.

The positioning of the antenna track allows the antenna to
couple strongly to the resonant modes of the ground plane.
This enables the antenna to have very large operation band-
widths and high total efficiencies compared to its electrical
size (electrical volume occupied by the antenna) at all opera-
tion bands. The antenna shape and suitable reactive loading
may be used to make the second band dual-resonant and thus
inherently more wideband.

According to one embodiment of the invention there is
provided an antenna having a plurality of resonant frequen-
cies and comprising: a ground plane; a feed point; a ground
point; and an antenna track, of length L, extending between
the feed point and the ground point and comprising, in series
connection, a first loop and a second loop, wherein the first
loop has a return bend between L/5 and 21./5 from the ground
point and the second loop has a return bend between 31./5 and
4L/5 from the ground point.

According to one embodiment of the invention there is
provided an antenna having a plurality of resonant frequen-
cies and comprising: a ground plane; a feed point; a ground
point; an antenna track, of length L, extending between the
feed point and the ground point and comprising, in series
connection, a first loop and a second loop, wherein the first
loop has a return bend between L/5 and 21./5 from the ground
point and the second loop has a return bend between 31./5 and
41/5 from the ground point; and capacitive loading between
21./5 and 3L/5 from the ground point.

There may also be capacitive loading elsewhere. In one
embodiment, the majority of capacitive loading is between
2L/5 and 3L/5.

The reactive loading, whether inductive loading such as
bends or capacitive loading, may be used to make a second
band of the antenna dual-resonant and thus inherently more
wideband.

According to another embodiment there is provided an
antenna having a plurality of resonant frequencies and com-
prising: a ground plane; a feed point; a ground point; and an
antenna track extending between the feed point and the
ground point and comprising, in series connection, a first loop
and a second loop and having a first continuous band of
operation and a second continuous band of operation,
wherein the first continuous band of operation corresponds to
a fundamental resonant frequency (first harmonic resonance)
of the antenna and the second continuous band of operation
corresponds to the second and third harmonic resonances of
the fundamental resonance of the antenna, wherein the third
harmonic is tuned, using reactive loading, towards the second
harmonic.

The antenna may be shaped and arranged so that the fun-
damental resonance and the second and third harmonic reso-
nances couple strongly to one or more resonances of the
ground plane.

In one embodiment, the ground plane has a first edge and a
further edge and the coupling of the fundamental resonance
and the second and third harmonic resonances to one or more
resonances of the ground plane is achieved by arranging the





US 7,705,791 B2

3

antenna so that a portion of the first loop is adjacent the first
edge of the ground plane and a portion of the second loop is
adjacent the first or the further edge of the ground plane.

However, in other embodiments the antenna can extend
mostly or even totally outside the ground plane.

According to another embodiment there is provided an
antenna having a plurality of resonant frequencies and com-
prising: a ground plane having an edge; an antenna track
comprising an edge wherein at least a portion of the antenna
edge is adjacent the ground plane edge; and reactive loading
of the antenna track.

The positioning of the antenna track allows the antenna to
couple strongly to the resonant modes of the ground plane.
This enables the antenna to have very large operation band-
widths and high total efficiencies compared to its electrical
size (electrical volume occupied by the antenna) at all opera-
tion bands. The reactive loading may be used to make the
second band dual-resonant and thus inherently more wide-
band.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention refer-
ence will now be made by way of example only to the accom-
panying drawings in which:

FIGS. 1, 2 and 3 illustrate multi-band antennas according
to different embodiments of the invention;

FIG. 4 illustrates a radio transceiver device comprising a
multi-band antenna.

FIG. 5A plots the model currents I, I,, and I for the
resonant modes of the antenna and FIG. 5B plots the model
Electric field strengths E |, E,, and E; for the resonant modes
of the antenna;

FIG. 6A illustrates a plot of the reflection coefficient vs
frequency for the antenna 1 in free space and FIGS. 6B and 6C
illustrate the related Smith Charts; and

FIG. 7 illustrates one implementation of the U-shaped,
co-planar antenna 1 illustrated in FIGS. 2A and 2B.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

The FIGS. 1, 2 and 3 illustrate a microstrip antenna 1 that
is short circuited at one end and fed at the other end. The
antenna 1 comprises: a ground plane 10 having an edge 12; a
feed point 2; a ground point 3; and

an antenna track 11, of length [, extending between the feed
point 2 and the ground point 3 and comprising, in series
connection, a first loop 20 and a second loop 30 wherein at
least a portion of the first loop 20 and a portion of the second
loop 30 are adjacent at least the edge 12 of the ground plane.
A dielectric substrate can be positioned between the antenna
track 11 and the ground plane 10 and typically provides
support for the antenna track 11. The dielectric substrate can,
at least partly, be air.

The first and second loops 20, 30 may be but are not
necessarily the same length [./2. The first loop 20 comprises
a first antenna track portion 22 extending from the feed point
2 to a first extremity 24, a return bend 26 at the first extremity
24 and a second antenna track portion 28 returning from the
first extremity 24 towards the feed point 2. The second loop 30
comprises a third antenna track portion 32 extending from the
ground point 3 to a second extremity 34, a return bend 36 at
the second extremity 34 and a fourth antenna track portion 38
returning from the second extremity 34 towards the ground
point 3. The second antenna track portion 28 and fourth
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antenna track portion 38 are interconnected at point 41. There
is, in the illustrated examples, a constant separation between
the first and second antenna track portions 22, 28 and between
the third and fourth antenna track portions 32, 38. However,
the separation between the first antenna track portion 22 and
the second antenna track portion 28 and the separation
between the third antenna track portion 32 and the fourth
antenna track portion 38 may be independently varied. This
allows the coupling between the antenna track portions to be
controlled and thus the ratios of the fundamental and har-
monic resonant frequencies to be controlled.

Although the antenna has been described as interconnected
loops 20, 30 it should be understood that the antenna track 11
may be made from a single, unitary element.

The first 22, second 28, third 32 and fourth 38 antenna track
portions may be co-planar as illustrated in FIGS. 1 and 2.
Alternatively the first 22 and third 32 antenna track portions
may lie in a first lower plane 40 while the second and fourth
antenna track portions lie in a second upper plane 42 as
illustrated in FIG. 3.

InFIGS. 2 and 3, the first and second antenna track portions
22, 28 extend laterally to a first bend 50 to form a lateral
portion 52 of the first loop 20 and then extend longitudinally
to the first extremity to form a longitudinal portion 54 of the
firstloop 20. The third 32 and fourth 38 antenna track portions
extend laterally to a second bend 60 to form a lateral portion
62 of the second loop 30 and then extend longitudinally to the
second extremity 34 to form a longitudinal portion 64 of the
second loop 30. In the illustrated example, the bends 50 and
60 are substantially right-angled, however, other angled
bends may be used. The illustrated antenna 1 consequently
has a U shape.

The length of the longitudinal portions 54, 64 are greater
than the length of the lateral portion 52, 62 but less than twice
the length of the lateral portions 52,62. In one example, the
lateral portions 52, 62 are approximately 20 mm long and the
longitudinal portions 54, 64 are approximately 30 mm long.
In this example the ground plane is 110 mm long and 40 mm
wide. The longitudinal portions 54, 64 of the first and second
loops are physically separated and define a volume 70
between them and over the ground plane 10 that is unused by
the antenna 1.

Thelateral portions 52, 62 and the longitudinal portions 54,
64 can but need not completely overlie the ground plane 10.

The antenna 1 has several resonances. By adjusting the
antenna geometry and the relative reactive loading of differ-
ent antenna track portions, it can be arranged that the antenna
has three resonances within the frequency range of interest—
the fundamental resonance and its second and third harmonic
resonances. The second and third harmonic resonances can be
tuned close to each other so that they form a dual resonance
and thus a continuous, wider operation band than either one of
the resonances alone.

The antenna has a fundamental resonant frequency f; cor-
responding to a wavelength A, where L=A,/2, a second har-
monic frequency f, corresponding to a wavelength A, where
L=\, and a third harmonic frequency f; corresponding to a
wavelength A5, where L=3A,/2. The frequency {| is at or about
900 MHz and the frequency f, is at or about 1800 MHz.

The third harmonic is tuned, using reactive loading, to
bring it towards the second harmonic e.g. so that A, comes
close to equaling L. The first resonance thereby covers the
GSM 850 band and/or GSM900 band and the second and
third resonance cover the GSM 1800 band and/or GSM1900
band.

The reactive loading comprises a first inductive load
located at a position where the electric current associated with
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the third harmonic is greater than the electric current associ-
ated with the second harmonic. Inductive loading can be
achieved, for example, by bending the antenna track or by a
local decrease in antenna track width or even by adding an
inductor.

If the electric current I, for the first resonant mode at a
distance x from the ground point is modeled as A.cos(mx/L),
the electric current I, for the second resonant mode at a
distance x from the ground point is modeled as A.cos(2mx/L),
and the electric current I, for the third resonant mode at a
distance x from the ground point is modeled as A.cos(3mx/L)
then, it can be calculated that the magnitude of I, is greater
than the magnitude of 15 forx<I./5, 2L/5<x<3L/5 and x>4L/5.
The most significant difference occurs in the region
21./5<x<3L/5, ator around [./2 where 15 is close to zero. [t can
also be calculated that the magnitude of 15 is greater than or
equal the magnitude of I, for L/5=x=21/5 & 3L/5=x=4L/5,
the most significant difference occurring at or around [./4 and
3L/4 where 1, is close to zero. FIG. 5A plots the model
currents [, I,, and I

It is desirable to avoid or reduce unnecessary inductive
loading where the magnitude of 1, is greater than the magni-
tude of 15, as this will increase the separation between the
second resonant frequency f, and the third resonant frequency
f;. One form of inductive loading is provided by bends in the
antenna track. The illustrated antenna 1 consequently does
not have any bends in the region close to x=L./2 and may not
have any bends in the region 21./5<x<3L/5 although bends in
this region may be necessary for the antenna 1 to have a shape
that fits within a mobile telephone.

It is desirable to introduce inductive loading, in the regions
L/5=x=2L/5 & 3L/5=x=4L/5 where the magnitude of I, is
significantly greater than the magnitude of 1,, as this reduces
the third resonant frequency f; and brings it towards the sec-
ond resonant frequency f, forming an upper band of the
antenna. Inductive loading may be provided by having mul-
tiple bends in the antenna track within the regions
L/5=x=2L/5 & 3L/5=x=4L/5. The preferred position for
such inductive loading is where the electric current I, is close
to zero, that is close to x=L/4 and 3L/4.

In the examples illustrated in FIGS. 1, 2 and 3, the first
inductive load is the return bend 36 located at [./4 (between
L/5 and 21./5) from the ground point 3 and the second induc-
tive load is the return bend 26 located at 3/4L. (between 3L/5
and 4L/5) from the ground point 3. The antenna track is
without bends where the electrical current associated with the
second harmonic is significantly greater then the electric cur-
rent associated with the third harmonic i.e. in the region
between 21./5 and 31/5 from the ground point and, in particu-
lar, around /2 from the ground point 3.

The reactive loading may also comprise one or more
capacitive loads typically positioned where the electrical field
associated with the third harmonic is greater than the electric
field associated with the second harmonic. Capacitive loading
can be achieved by attaching a vertical plate to the edge of an
antenna track or by dielectric loading e.g. using a substrate
with (effectively) higher dielectric constant between the
ground plane and the antenna track. Alternatively, capacitive
loading can be achieved by attaching a plate to the ground
plane or to another grounded component (like an RF shield in
a mobile telephone) so that the plate forms a capacitor with a
desired section of the antenna track. In compact implemen-
tations, it is desirable to use a plate that is essentially perpen-
dicular to the ground plane. However, other similar arrange-
ments are also possible. The capacitance is adjusted by
varying the separation between the plate and the antenna track
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as well as the size of the plate. It is also possible to add a
capacitor, for example a discrete chip capacitor, between the
antenna and its ground plane.

If the electric field E, for the first resonant mode at a
distance x from the ground point is modeled as B.sin(mx/L),
the electric field E, for the second resonant mode at a distance
x from the ground point is modeled as B.sin(2nx/L.), and the
electric field E; for the third resonant mode at a distance x
from the ground point is modeled as B.sin(37x/L.) then, it can
be calculated that the magnitude of E; is greater than the
magnitude of E, for x<L./5, 2L/5<x<3L/5, x>4L/5, the most
significant difference occurring in the region 21./5<x<3L/5, at
or around [./2 where E, is close to zero. It can also be calcu-
lated that the magnitude of E, is greater than or equal the
magnitude of E, for [/5=x=2[/5 & 3L/5=x=4L/5, the most
significant difference occurring at or around [./3 and 21./3
where E; is minimum. FIG. 5B plots the model electric fields
E,,E,, and E;

It is desirable to introduce capacitive loading against the
ground plane where the magnitude of E; is greater than the
magnitude of E,, as this will decrease the separation between
the second resonant frequency f, and the third resonant fre-
quency f;. One form of capacitive loading is provided by
vertical plates attached to the edge of the antenna track. The
antenna may consequently have capacitive loading in the
region 21./5<x<3L/5. The preferred position for the capaci-
tive loading is where the electric field E; is maximum that is
close to x=L/2.

Capacitive loads 82, 84 are added where the magnitude of
E, and E; are only slightly different from each other, but
greater than the magnitude of E, in order to tune the resonant
frequencies of the second and third harmonic relative to the
fundamental resonance. Suitable regions for capacitive loads
are L/5=x=L/4 & 3L/4=x=4L/5.

In the examples illustrated in FIGS. 2 and 3, a capacitive
load 80 is located at a position between 21./5 and 3L/5 from
the ground point, preferably at /2 from the ground point. The
second and third harmonic resonances (and hence also the
centre frequency of the second band of operation) are tuned
relative to the fundamental frequency by adding a capacitive
load 82 between L/5 and L/4 from the ground point, prefer-
ably at [./4, and another capacitive load 84 between 31./4 and
41/5 from the ground point, preferably at 3L./4.

FIG. 6A illustrates a plot of the reflection coefficient vs
frequency for the antenna 1 in free space. The plot includes a
plot of simulated reflection coefficients and a plot of mea-
sured reflection coefficients. The Smith Chart for the anten-
na’s first band of operation is illustrated in FIG. 6B and the
Smith Chart for the antenna’s second band of operation is
illustrated in FIG. 6C.

The coupling between the second and third harmonics can
be optimized so that a continuous wide second band of opera-
tion is produced. The bandwidth depends upon the size of the
small dual resonance loop in the antenna’s Smith chart (FIG.
6C). This can be controlled, for example, by adjusting the
width of the lateral portions 52, 62 of the first and second
loops that are closest to the feed and ground points 2,3. The
optimal size is when the loop in the Smith Chart encloses the
center of the Smith chart and only barely fits inside a circle
representing the matching requirement (e.g. reflection coef-
ficient, S, ,<=-6 dB).

The small dual resonance loop of the antenna’s impedance
locus on the Smith Chart may be centered by increasing/
decreasing the relative length of the first loop 20 to the second
loop 30. Increasing the relative length moves the small dual
resonance loop clockwise along the impedance locus in the
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Smith chart and decreasing the relative length moves the
small dual resonance loop anti-clockwise along the imped-
ance locus in the Smith chart.

The size of the whole impedance locus and thus also the
location of the dual resonance loop can be controlled by
adjusting the width of the longitudinal portions 54, 64 of the
first and second loops 50, 60 that are closest to the feed and
ground points 2, 3. Increasing the width will increase the size
of the locus, whereas decreasing the width will decrease it.

Furthermore, the bandwidth of the first (fundamental)
resonance can be optimized by having part of the antenna
track 11 overlying the ground plane 10 so that the resonant
modes of the antenna couple more strongly to the resonant
modes of the ground plane 10. This is not always necessary
and, in other embodiments, the antenna track 11 may com-
pletely overlie the ground plane 10. In other embodiments the
antenna track 11 extends mostly or even totally outside the
ground plane 10.

The ground plane 10 is, in the illustrated examples, rect-
angular. It has alength K and a width W. It has a first top edge
12, a second bottom edge 14, a third left side edge 16 and a
fourth right side edge 18. The antenna track 11, in FIGS. 2 and
3, isadjacent the first top edge 12 and adjacent a portion of the
third left side edge 16, where it meets the first top edge 12, and
adjacent a portion of the fourth right-side edge 18, where it
meets the first top edge 12.

The ground plane 10 has a well-radiating, low-Q reso-
nances when its effective length is a multiple of A/2. For
example, a 110 mm long ground plane has resonances at
around 1.15 GHz and 2.3 GHz that approximately correspond
to wavelengths of 2K and K. Increasing the coupling of the
high Q small bandwidth resonant modes of the antenna 1 and
low-Q large bandwidth resonant modes of ground plane 10
increases the bandwidth of the resonant modes of the antenna
1. The coupling can be increased by extending the antenna
track 11 beyond the ground plane 10 so that it overhangs the
ground plane 10 or by cutting away a portion of the ground
plane 10 below the antenna track 11.

When the upper and/or left and/or right edge of the antenna
is adjacent the respective edges of the ground plane (i.e.
within a few millimeters) the coupling between the resonant
modes of the antenna and the resonant modes of the ground
plane is increased. The bandwidth can be further increased by
extending the antenna edge(s) outside the edge(s) of the
ground plane. The ground plane has a resonant mode when its
effective length is a multiple of A/2. The ground plane has
multiple (two) resonant frequencies at the approximate fre-
quency range of interest. Whenever the resonant frequency of
the antenna approaches or matches one of the resonant fre-
quencies of the ground plane, considerable radiating currents
are excited on the ground plane, and the bandwidth of the
structure increases.

In FIG. 1, the antenna 1 has return bends 26, 36 at approxi-
mately L/4 (within the range L/5=x=2L/5) and 3L/4 (within
the range 3L/5=x=4L/5). There are no bends at x=L/2 nor
within the range 2[./5<x<3L/5. A capacitive load may be
added at x=[./2 (within the range 2[./5<x<3L/5). Capacitive
loads may be added where the magnitudes of E, and E; are
only slightly different, but greater than the magnitude of E| in
order to tune the resonant frequencies of the second and third
harmonic relative to the fundamental resonance. Suitable
regions for capacitive loads are L/6=x=1/4 & 3L/4=x=5L/
6, such as at and just below [/4 and at and just above 3L./4.

The bandwidths of the resonant modes of the antenna are
increased by locating the antenna 1 at the first top edge 12 of
the ground plane 10. They are further increased by extending
the antenna track 11 partly outside the ground plane 10 along
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the top edge 12. This improves coupling of the high Q small
bandwidth resonant modes of the antenna and low-Q large
bandwidth resonant modes of the ground plane.

In FIG. 2, the U-shaped, co-planar antenna 1 has return
bends 26, 36 at approximately [/4 (within the range
L/5=x=2L/5) and 3L/4 (within the range 3L/5=x=4L/5).
There are no bends at x=[./2 nor within the range 2I./5<x<3L/
5. A capacitive load 80 is added at x=[/2 (within the range
21/5<x<3L/5). Capacitive loads 82, 84 are added where the
magnitudes of E, and E; are only slightly different, but
greater than the magnitude of E, in order to tune the resonant
frequencies of the second and third harmonic relative to the
fundamental resonance. Suitable regions for capacitive loads
are L/5=x=1/4 & 3L/4=x=4L/5. The antenna track 11 has
a further bend 50 at approximately x=[./10, x=21./5 and 60 at
x=9L/10 and x=4L/5.

The bandwidths of the resonant modes of the antenna 1 are
increased by locating the antenna at the edges 12,16, 18 of the
ground plane 10. They are further increased by extending the
antenna track 11 outside the ground plane 10 along one or
more edges so that it overhangs the ground plane 10. This
improves coupling of the high Q small bandwidth resonant
modes of the antenna and low-Q large bandwidth resonant
modes of the ground plane.

The longitudinal portions of the first and second loops have
a length 30 mm and the lateral portions of'the first and second
loops have approximate lengths 19 mm and 21 mm respec-
tively. The antenna 1 is separated from the ground plane by 7
mm and has a volume of only 4 cm>. The ground plane is 110
mm long and 40 mm wide.

In one embodiment, the upper edge of the antenna track 11
is extended 1 mm over the edge of the ground plane. In
another embodiment, the left edge of the antenna track is also
extended 1 mm over the left edge of the ground plane and/or
the right edge of the antenna track is also extended 1 mm over
the edge of the ground plane.

FIG. 7 illustrates one implementation of the U-shaped,
co-planar antenna 1 illustrated in FIGS. 2A and 2B.

In FIG. 3, the U-shaped, antenna 1 has return bends 26, 36
at approximately L/4 (within the range L/5=x=2L/5) and
3L/4 (within the range 3L./5=x=41/5). There are no bends at
x=L/2 nor within the range 2[./5<x<3L/5. A capacitive load
80 is added atx=[./2 (within the range 21./5<x<3L/5) There is
no capacitive load at x=1./4 or x=3L/4. Capacitive loads 82,
84 are added where the magnitude of E, differs only slightly
from the magnitude of E; i.e. in the regions L/6=x=L/4 &
3L/4A=x=5L/6.

The antenna track has a further bend 50 at approximately
x=1/10, x=21/5 and another bend 60 at approximately x=9L/
10 and x=4L1/5.

The antenna 1 is formed in two layers stacked one over the
other. The first antenna track portion 22 and fourth antenna
track portion 32 are located in the lower plane 40 and the
second antenna track portion 28 and the third antenna track
portion 38 are located in the upper plane 42. The return bends
26 and 36 extend between the planes 40, 42.

If desired the first antenna track portion 22 and third
antenna track portion 32 may be arranged perpendicular to
the lower plane 40 instead of co-planar with it. In fact, any one
or more of the first, second, third or fourth track portions may
be arranged perpendicular to the ground plane but separated
from it. The longitudinal portions of the first and second loops
have a length 28 mm and the lateral portions of the first and
second loops have approximate lengths 23 mm and 17 mm
respectively. It is separated from the ground plane by 7 mm
and has a volume of only 3 cm>. The ground plane is 110 mm
long and 40 mm wide.
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The bandwidth and total efficiency of the antenna is
increased by locating the antenna at the edges of the ground
plane. It is further increased by extending the antenna track
outside the ground plane along one or more edges so that it
overhangs the ground plane. This improves coupling of the
high Q small bandwidth resonant modes of the antenna and
low-Q large bandwidth resonant modes of the ground plane.
Theupper edge of the antenna track is extended 1 mm over the
edge of the ground plane. The left edge of the antenna track
may also extend 1 mm over the left edge of the ground plane.
The right edge of the antenna track may also extend 1 mm
over the edge of the ground plane.

Other modifications may be made to the antennas 1 illus-
trated. For example, the position of the ground point 2 and
feed point 3 can be moved to/from the centre and the ratios of
the lengths of the longitudinal portions 54, 56 can be changed
to compensate.

It is possible, to trade bandwidth for antenna height as
decreasing the separation between the antenna track and the
ground plane decreases the bandwidth.

Additional open-ended or short-circuited metal strips or
suitable length may be connected or parasitically coupled at
appropriate locations of the antenna to provide additional
resonances and thus a wider bandwidth (or better impedance
match and efficiency).

The orientation of the antenna on the ground plane can be
changed, i.e. the antenna can be rotated e.g. 90, 180, or 270
degrees.

FIG. 4 illustrates a radio transceiver device 100 such as a
mobile cellular telephone, cellular base station, or other wire-
less communication device. The radio transceiver device 100
comprises a multi-band internal antenna 1, as described
above, radio transceiver circuitry 102 connected to the feed
point of the antenna and functional circuitry 104 connected to
the radio transceiver circuitry. In the example of a mobile
cellular telephone, the functional circuitry 104 includes a
processor, a memory and input/out put devices such as a
microphone, a loudspeaker and a display. Typically the elec-
tronic components that provide the radio transceiver circuitry
102 and functional circuitry 104 are interconnected via a
printed wiring board (PWB). The PWB may be used as the
ground plane 10 of the antenna 1 and/or may be connected to
another conductive object that acts as the ground plane 10.

The above-described capacitive loads may be electrically
controlled. A switch and an additional capacitor if necessary
can be added in series with the capacitive loads. When the
switch is off the capacitive loading is less than when the
switch is on. Thus when the switch is off the resonant fre-
quencies will be higher than when the switch is on. This
allows electrical control of the resonant frequencies of the
modes, which allows impedance match optimization for dif-
ferent bands or compensation for external detuning effects
such as detuning caused by the proximity of a user’s body.
This adjustable capacitive load can be added anywhere along
the antenna track.

Metal strips can be connected between portions of the
antenna. For example, the grounded and fed lateral portions
can be connected to each other with a metal strip. This enables
adjusting the input impedance level of the antenna. The input
impedance level affects the level of impedance match at reso-
nance.

In the preceding examples, the relative positions of the
resonant frequencies of the antenna 1 have been engineered
by selective reactive loading. In the examples, inductive load-
ing in series with the antenna track and capacitive loading in
parallel with the antenna track were used. However, it would
also be possible to use as an alternative or as an addition
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capacitive loading in series with the antenna track and induc-
tive loading in parallel with the antenna track. For example an
inductive load could be connected between the antenna track
and the ground plane. Such an inductive load may be a con-
ductive, possibly meandering, strip. For example a capacitive
load could be placed in series with the antenna track by
leaving a gap in the track or as a capacitor in series with the
track. In addition reactive loads may be placed in series and/or
parallel with the feed point 2 and/or ground point 3.

Any of the mentioned reactive loads can be made electri-
cally controlled. Such control can be achieved by adding a
switch or other control device in series with the load. Turning
the switch on and off will vary the loading causing a change
in at least one of the resonant frequencies, which in turn will
increase the effective bandwidth of the antenna. One example
of such switched loading can be implemented by connecting
the antenna track and the ground with a slightly inductive
ground pin that is in series with a switch. The load can be
placed anywhere along the antenna track, which extends
between the feed and the original ground point. When the
switch is on, the length of the antenna track is smaller and the
resonant frequencies are higher than when the switch is off.
This can extend the effective bandwidth of the antenna to
cover e.g. the UMTS frequency range (1920-2170 MHz).

Although embodiments of the present invention have been
described in the preceding paragraphs with reference to vari-
ous examples, it should be appreciated that modifications to
the examples given can be made without departing from the
scope of the invention as claimed.

Whilst endeavoring in the foregoing specification to draw
attention to those features of the invention believed to be of
particular importance it should be understood that the Appli-
cant claims protection in respect of any patentable feature or
combination of features hereinbefore referred to and/or
shown in the drawings whether or not particular emphasis has
been placed thereon.

I claim:

1. An antenna comprising:

a ground plane;

a feed point;

a ground point; and

an antenna track extending between the feed point and the

ground point and comprising, in series connection, a first
loop and a second loop and having a first continuous
band of operation and a second continuous band of
operation,

wherein the first continuous band of operation corresponds

to a fundamental resonant frequency of the antenna, and
the second continuous band of operation corresponds to
the second and third harmonic resonances of the funda-
mental resonant frequency of the antenna, wherein the
third harmonic is tuned, using reactive loading, towards
the second harmonic; and

wherein the antenna track has a length [, and the reactive

loading comprises a first inductive load located at a
position between /5 and 21./5 from the ground point
and a second inductive load located at a position
between 31/5 and 4L./5 from the ground point.

2. The antenna as claimed in claim 1, wherein the antenna
is shaped and arranged so that the fundamental resonant fre-
quency and the second and third harmonic resonances couple
to one or more resonances of the ground plane.

3. The antenna as claimed in claim 1, wherein the first
continuous band of operation covers the GSM 850 band and/
or GSM900 band and the second continuous band of opera-
tion covers the GSM 1800 band and/or GSM1900 band.
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4. The antenna as claimed in claim 1, wherein the antenna
track has alength [, and the reactive loading comprises a first
inductive load located at a position where the electrical cur-
rent associated with the third harmonic is greater than the
electric current associated with the second harmonic.

5. The antenna as claimed in claim 1, wherein the reactive
loading comprises a plurality of bends in the antenna track.

6. The antenna as claimed in claim 1, wherein the reactive
loading comprises one or more capacitive loads positioned
where the electrical field associated with the third harmonic is
greater than the electric field associated with the second har-
monic.

7. The antenna as claimed in claim 1, wherein the reactive
loading comprises at least one capacitive load located sub-
stantially at a position between 2L/5 and 3L/5 from the
ground point.

8. The antenna as claimed in claim 7, wherein a capacitive
load is located at a position /2 from the ground point.

9. The antenna as claimed in claim 1, wherein the antenna
track is without bends where the electrical current associated
with the second harmonic is significantly greater than the
electric current associated with the third harmonic.

10. The antenna as claimed in claim 1, wherein the antenna
track is without bends within the region between 2L/5 and
3L/5 from the ground point.

11. The antenna as claimed in claim 1, wherein the antenna
track is without bends around /2 from the ground point.

12. An apparatus comprising the antenna as claimed in
claim 1.

13. An antenna comprising:

a ground plane;

a feed point;

a ground point; and

an antenna track extending between the feed point and the

ground point and comprising, in series connection, a first
loop and a second loop and having a first continuous
band of operation and a second continuous band of
operation,

wherein the first continuous band of operation corresponds

to a fundamental resonant frequency of the antenna, and
the second continuous band of operation corresponds to
the second and third harmonic resonances of the funda-
mental resonant frequency of the antenna, wherein the
third harmonic is tuned, using reactive loading, towards
the second harmonic; and—wherein the antenna track
has a length L, and the reactive loading comprises a first
capacitive load positioned between [./5 and [./4 from the
ground point and a second capacitive load positioned
between 31./4 and 4L./5 from the ground point.

14. The antenna as claimed in claim 13, wherein the first
capacitive load is located at a first return bend of the first loop
and the second capacitive load is located at a second return
bend of the second loop.
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15. An apparatus comprising the antenna as claimed in
claim 13.

16. A method comprising:

providing an antenna having a plurality of resonant fre-

quencies and including: a ground plane; a feed point; a
ground point; and an antenna track extending between
the feed point and the ground point and comprising, in
series connection, a first loop and a second loop and
having a first continuous band of operation and a second
continuous band of operation, wherein the first continu-
ous band of operation corresponds to a fundamental
resonant frequency of the antenna, and the second con-
tinuous band of operation corresponds to the second and
third harmonic resonances of the fundamental resonant
frequency of the antenna,

tuning the third harmonic, using reactive loading, towards

the second harmonic wherein the antenna track has a
length L, and the reactive loading comprises a first
inductive load located at a position between L/5 and
2L/5 from the ground point and a second inductive load
located at a position between 3L/5 and 41/5 from the
ground point.

17. The method as claimed in claim 16, further comprising
arranging the antenna so that the fundamental resonant fre-
quency and the second and third harmonic resonances couple
to one or more resonances of the ground plane.

18. A method comprising:

providing an antenna having a plurality of resonant fre-

quencies and including: a ground plane; a feed point; a
ground point; and an antenna track extending between
the feed point and the ground point and comprising, in
series connection, a first loop and a second loop and
having a first continuous band of operation and a second
continuous band of operation, wherein the first continu-
ous band of operation corresponds to a fundamental
resonant frequency of the antenna, and the second con-
tinuous band of operation corresponds to the second and
third harmonic resonances of the fundamental resonant
frequency of the antenna,

tuning the third harmonic, using reactive loading, towards

the second harmonic;

wherein the antenna track has a length [, and the reactive

loading comprises a first capacitive load positioned
between [./5 and [./4 from the ground point and a second
capacitive load positioned between 31./4 and 41./5 from
the ground point.

19. A method as claimed in claim 18, wherein the first
capacitive load is located at a first return bend of the first loop
and the second capacitive load is located at a second return
bend of the second loop.
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(57) ABSTRACT

A multi-band antenna used in a portable electrical device can
operate in WWAN. The multi-band antenna includes a PCB,
afirst antenna body, and a second antenna body. The PCB has
a first surface and an opposite second surface and defines a
through hole extending from the first surface to the second
surface. The first antenna body is formed on the first surface
of the PCB comprising a first radiating element and a first
grounding element. The second antenna body is formed on
the second surface of the PCB. The second antenna body
comprises a second radiating element, a second grounding
element, and a connecting element connecting the second
radiating element and the second grounding element. The first
radiating element and the second radiating element electri-
cally connect with each other via the through hole of the PCB.
A feeding line has an inner conductor electrically connecting
to the first radiating element and an outer conductor electri-
cally connecting to the first grounding element.
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1
MULTI-BAND ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to an antenna, and
more particularly to a multi-band antenna comprising a PIFA
(Planar Inverted-F Antenna) and a monopole antenna.

2. Description of the Prior Art

With the development of wireless communication, more
and more portable electronic devices, such as notebooks,
install antenna systems for working in a Wireless Local-area
Network (WLAN). Transmitting and receiving signals plays
an important role in wireless communication process. In
recent years, a majority of WLAN bases on Bluetooth tech-
nical standard or 802.11 technical standard. Antenna in Blue-
tooth technical standard is based on 2.4 GHz frequency band,
and in 802.11 technical standard is based on 2.4 GHz and 5
GHz. So, an antenna in a notebook mostly works at the above
frequency bands at the present time.

However, more and more people dissatisfy their electronic
devices only working in an immovable network (Signal trans-
mission distance is 10 meters in Bluetooth which almost
doesn’t permit the electronic devices to move.) or a only
short-haul movable network (Signal transmission distance is
150 meters of 802.11 technical standard which limits the
movement of the electronic device except between work
rooms.) of the WLAN. Making the portable electronic
devices working in WWAN (Wireless Wide Area) or GPS
(Global Positioning System) is a purpose of the many people.
Because the portable electronic devices can work or amuse in
broaden range in WWAN or GPS. In recent years, WWAN
adopts two newly presented technical standards, GSM and
CDMA. Operating frequency bands of the GSM and CDMA
are 900/1800 MHz, and operating frequency band of the GPS
is 1.575 GHz. So, an antenna of a notebook must operate in
above frequency bands, the portable electronic device is
capable of working in WWAN or GPS. Taiwan patent No.
1220581 discloses a PIFA antenna working in 900/1800 MHz.
However, the PIFA antenna has relatively big size in height
direction. So, many notebooks or other portable electronic
devices do not have enough space to install such PIFA
antenna. Further more, said PIFA antenna has narrow band
and has disturbance between low frequency and high fre-
quency thereof.

Hence, in this art, a multi-band antenna to overcome the
above-mentioned disadvantages of the prior art will be
described in detail in the following embodiment.

BRIEF SUMMARY OF THE INVENTION

A primary object, therefore, of the present invention is to
provide a multi-band antenna with wide frequency bandwidth
and suitable to be installed in a notebook or other portable
electrical devices with compact size.

In order to implement the above object and overcome the
above-identified deficiencies in the prior art, a multi-band
antenna adapted for used in a portable electronic device,
comprising: a PCB having a through hole; a first antenna body
formed on a first surface of the PCB, the first antenna body
comprising a first radiating element operating at lower fre-
quency and a first grounding element independent from the
first radiating element; and a second antenna body formed on
a second surface of the PCB, the second antenna body com-
prising a second radiating element operating at higher fre-
quency, a second grounding element, and a connecting ele-
ment connecting the second radiating element and the second
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grounding element; a feeding line comprising an inner con-
ductor electrically connecting to the first radiating element
and an outer conductor electrically connecting to the first
grounding element; wherein the first radiating element and
the second radiating element electrically connect with each
other via the through hole of the PCB.

Other objects, advantages and novel features of the inven-
tion will become more apparent from the following detailed
description of a preferred embodiment when taken in con-
junction with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a multi-band antenna in
accordance with the present invention;

FIG. 2 is a perspective view similar to FIG. 1, but taken
from a different aspect;

FIG. 3 is a test chart recording of Voltage Standing Wave
Ratio (VSWR) of the multi-band antenna as a function of
frequency; and

FIG. 4 is a test chart recording of gain of the multi-band
antenna as a function of frequency.

DETAILEED DESCRIPTION OF THE
INVENTION

Reference will now be made in detail to a preferred
embodiment of the present invention.

Referring to FIG. 1 to FIG. 2, a multi-band antenna 1
according to the present invention operates at WWAN (824-
960 MHz and 1710-2170 MHz). The multi-band antenna 1
comprises a T-shape PCB (Printed Circuit Board, PCB) 2, a
first antenna body (not labeled) formed on a first surface of the
PCB 2, and a second antenna body (not labeled) formed on a
second surface of the PCB 2.

The first antenna body is a monopole antenna and com-
prises a first radiating element 3 formed on the upper section
of'the first surface of the PCB 2, and a first grounding element
34 formed on the lower section of the first surface of the PCB
2 and apart from the first radiating element 3. The first radi-
ating element 3 has an inverted U-shape working at lower
frequency (824-960 MHz) and comprises a first radiating arm
31, asecond radiating arm 32 parallel to the first radiating arm
31, and a third radiating arm 33 perpendicularly connecting
the first radiating arm 31 and the second radiating arm 32. A
feeding cap 240 perpendicularly extends from a free end of
the first radiating arm 31 toward the first grounding element
34. A through hole 5 is defined in a joint of the first radiating
arm 31 and the feeding cap 240. The through hole 5 is plated
with conductive material and thus, perpendicularly impen-
etrates the first antenna body, the PCB 2, and the second
antenna body from up-to-down direction.

The first grounding element 34 comprises a rectangular
first patch 341 and a first narrow strip 342 extending from a
side of the first patch 341 and located at a lowest edge of the
upper section of the PCB 2 to be parallel to the first radiating
arm 31 of the first radiating element 3. A smaller insulative
rectangular patch 8 is attached on the right end of the upper
section of the PCB 2 opposite to the first narrow strip 342. A
corner of the first patch 341 near the feeding cap 240 is cut for
the multi-band antenna 1 achieving good frequency perfor-
mance in the preferred embodiment. Many through holes 5
are defined in the first patch 341. Each through hole 5 is plated
with conductive material and thus, perpendicularly impen-
etrates the first antenna body, the PCB 2, and the second
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antenna body from up-to-down direction. A grounding por-
tion 343 is defined at the top edge of the patch 341 opposite to
the feeding cap 240.

A feeding line (not shown) has an inner conductor electri-
cally connecting to the feeding cap 240 and an outer conduc-
tor electrically connecting to the grounding portion 343.

The second antenna body is a PIFA antenna and comprises
a second radiating element 6 formed on an upper section of
the second surface of the PCB 2, a second grounding element
44 formed on a lower section of the second surface of the PCB
2 and apart from the second radiating element 6, and a con-
necting element 4 connecting the second radiating element 6
and the second grounding element 44. The second radiating
element 6 operates at higher frequency and comprises a first
radiating portion 61 with gradually-increasing-width and a
second radiating portion 62 extending from the first radiating
portion 61. The first radiating portion 61 can enhance the
higher frequency band.

The connecting element 4 is of Z-shape and comprises a
first branch 41 extending upwardly from the second ground-
ing element 44, a second branch 43 extending horizontally
from the upper free end of the first branch 41 and perpendicu-
lar to the first branch 41, and a third branch 42 extending
upwardly from the left free end of the second branch 43. The
through hole 5 is thus formed in the joint of the connecting
element 4 and the first radiating portion 61.

Of course, the feeding line can selectively locate on the first
or the second surfaces of the PCB 2. When the feeding line is
located on the second surface, the inner conductor of the
feeding line electrically connects to the joint of the second
branch 42 and the third branch 43 and the outer conductor
electrically connects to the second grounding element 44.

The second grounding element 44 comprises a rectangular
second patch 441 and a second narrow strip 442 extending
from a side of the second patch 441 and located at a lowest
edge of the upper section of the PCB 2. The second narrow
strip 442 is for the multi-band antenna 1 achieving good
frequency performance and is in mirror image of the first
narrow strip 342 relative to the PCB 2 in the preferred
embodiment. Many through holes 5 are defined in the second
rectangle patch 441. Each through hole 5 is plated with con-
ductive material and thus, perpendicularly impenetrates the
first antenna body, the PCB 2, and the second antenna body
from up-to-down direction.

The first and the second grounding elements 34, 44 of the
multi-band antenna 1 achieve good grounding performance in
operation. However, if only one grounding element is
employed, this also satisfies the need of the multi-band
antenna 1 and does not influence the performance of the
multi-band antenna 1.

There are a lot of through holes 5 on the PCB 2 for better
performance of electrically connecting the first grounding
element 34 and the second grounding element 44.

Referring to FIG. 3, sets forth a test chart recording of
Voltage Standing Wave Radio (VSWR) of the multi-band
antenna 1 as a function of frequency. Note that VSWR drops
below the desirable maximum value “2” in the 850-960 MHz
frequency band and 1750-2240 MHz frequency band, which
cover a majority of bandwidth of WWAN (low frequency
band includes 824-960 MHz, high frequency band includes
1710-2170 MHz) and be provided with more wider frequency
band of the operation at high frequency.

The multi-band antenna 1 with two antenna bodies of the
present invention has better radiating intension compared
with the single antenna body formed on the PCB 2. As well-
known, the gain of a monopole antenna is better than a PIFA
antenna. The multi-band antenna 1 has desirable gain because
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the first antenna body is a monopole antenna. Referring to
FIG. 4, sets forth a test chart recording of gain of the multi-
band antenna 1 as a function of frequency. The gain of the
lower frequency band (824-960 MHz) falling into -4 dbi to
-7 dbi is better than the traditional PIFA antenna. The gain
directly influences the intensity of radiation of an antenna. So,
the lower frequency of the multi-band antenna 1 has good
intensity of radiation and overcomes disadvantages of the
traditional WWAN antenna.

The first radiating element 3 and the second radiating ele-
ment 6 are respectively defined on the first surface and the
second surface of the PCB 2. So, each radiating element 3, 6
has enough space and reduces disturbance of each other.

Itis to be understood, however, that even though numerous
characteristics and advantages of the present invention have
been set forth in the foregoing description, together with
details of the structure and function of the invention, the
disclosure is illustrative only, and changes may be made in
detail, especially in matters of shape, size, and arrangement of
parts within the principles of the invention to the full extent
indicated by the broad general meaning of the terms in which
the appended claims are expressed.

What is claimed is:

1. A multi-band antenna adapted for used in a portable
electronic device, comprising:

a PCB having a first surface and an opposite second surface
and defining a through hole extending from the first
surface to the second surface;

a first antenna body formed on the first surface of the PCB,
the first antenna body comprising a fist radiating element
operating at lower frequency and a first grounding ele-
ment apart from the first radiating element; and

a second antenna body formed on the second surface of the
PCB, the second antenna body comprising a second
radiating element operating at higher frequency, a sec-
ond grounding element, and a connecting element con-
necting the second radiating element and the second
grounding element; and

a feeding line comprising an inner conductor electrically
connecting to at least one of the first radiating element
and the second radiating element and an outer conductor
electrically connecting to at least one of the first ground-
ing element and the second grounding element; wherein

the first radiating element and the second radiating element
electrically connect with each other via the through hole
of the PCB, the first radiating element, the first ground-
ing element, and the feeding line together compose a
monopole antenna.

2. The multi-band antenna as claimed in claim 1, further
comprising a plurality of through holes defined in the first
grounding element and the second grounding element, each
through hole is plated with conductive material and thus,
perpendicularly impenetrates the first grounding element, the
PCB, and the second grounding element from up-to-down
direction to electrically connect the first grounding element
and the second grounding element.

3. The multi-band antenna as claimed in claim 1, wherein a
feeding cap extends from the first radiating element, and
wherein said inner conductor of the feeding line electrically
connects to the feeding cap.

4. The multi-band antenna as claimed in claim 1, wherein
the first grounding element and the second grounding element
each has a narrow strip being arranged on an edge of the PCB
and be in mirror image of each other relative to the PCB.

5. The multi-band antenna as claimed in claim 1, wherein
the first radiating element of the first antenna body has an
inverted U-shape and comprises a first radiating arm, a second
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radiating arm parallel to the first radiating arm, and a third
radiating arm perpendicularly connecting the first radiating
arm and the second radiating arm.

6. The multi-band antenna as claimed in claim 1, wherein
the monopole antenna operates at 824~960MHz.

7. The multi-band antenna as claimed in claim 1, wherein
the second radiating element has a portion with width gradu-
ally changing from wide to narrow.

8. The multi-band antenna as claimed in claim 7, wherein
the connecting element of the second antenna body has a
Z-shape and comprises a first branch perpendicular to the
second grounding element, a second branch connecting to the
second radiating element, and a third branch perpendicularly
connecting the first branch and the second branch.

9. The multi-band antenna as claimed in claim 7, wherein
the second radiating element of the second antenna body, the
connecting element, and the second grounding element
together compose a PIFA antenna.

10. The multi-band antenna as claimed in claim 9, wherein
the PIFA antenna operates at 1710~2170MHz.

11. A multi-band antenna adapted for used in a portable
electronic device, comprising:

aPCB having a first surface and an opposite second surface
and defining a through hole extending from the first
surface to the second surface;

amonopole antenna formed on the first surface of the PCB
and comprising a first radiating element; and

a PIFA antenna formed on the second surface of the PCB
and comprising a second radiating element;

a feeding line comprising an inner conductor electrically
connecting to at least one of the first radiating element
and the second radiating element; wherein

the first radiating element and the second radiating element
electrically connect with each other via the through hole
of the PCB, the first grounding element and the second
grounding element each has a narrow strip being
arranged on an edge of the PCB and be in mirror image
of each other.

12. The multi-band antenna as claimed in claim 11,
wherein the monopole antenna comprises a first grounding
element apart from the first radiating element, the PIFA
antenna comprises a second grounding element electrically
connecting with the first grounding element.

13. The multi-band antenna as claimed in 12, further com-
prising a plurality of through holes defined in the first ground-
ing element and the second grounding element, and wherein
each through hole is plated with conductive material and thus,
perpendicularly impenetrates the first grounding element, the
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PCB, and the second grounding element from up-to-down
direction to electrically connect the first grounding element
and the second grounding element.

14. The multi-band antenna as claimed in claim 11,
wherein a feeding cap extends from the first radiating ele-
ment, said inner conductor of the feeding line electrically
connects to the feeding cap.

15. The multi-band antenna as claimed in claim 11,
wherein the first radiating element has an inverted U-shape
and comprises a first radiating arm, a second radiating arm
parallel to the first radiating arm, and a third radiating arm
perpendicularly connecting the first radiating arm and the
second radiating arm.

16. A multi-band antenna adapted for used in a portable
electronic device, comprising:

a PCB having a first surface and an opposite second surface
and defining a through hole extending from the first
surface to the second surface;

a first antenna formed on the first surface of the PCB and
comprising a first radiating element; and

a second antenna formed on the second surface of the PCB
and comprising a second radiating element; and

a feeding line comprising an inner conductor electrically
connecting to near one of the first radiating element and
the second radiating element; wherein

the first radiating element and the second radiating element
are configured structurally and functionally different
from each other in an asymmetrical manner while elec-
trically connecting with each other via the through hole
of the PCB; wherein

a first grounding element and a second grounding element
are respectively formed on the first surface and the sec-
ond surface, and the first radiating element is spaced
from the first grounding element without any connection
while the second radiating element is spaced from the
second grounding element via a connection element
linked therebetween.

17. The multi-band antenna as claimed in claim 16,
wherein there are other through holes formed in said PCB to
electrically connecting said first grounding element and said
second grounding element.

18. The multi-band antenna as claimed in claim 17,
wherein said other through holes are arranged in matrix.

19. The multi-band antenna as claimed in claim 16,
wherein the inner conductor of the feeding line is connected
to near the first radiating element, and the outer conductor is
connected to the first grounding element.

#* #* #* #* #*
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open end at the second portion, and being formed in the
grounding conductor so as not to intersect with the feed line.
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1

WIDE-BAND SLOT ANTENNA APPARATUS
WITH STOP BAND

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna apparatus for
transmitting and receiving analog radio frequency signals or
digital signals in a microwave band, a millimeter-wave band,
etc. More particularly, the present invention relates to a slot
antenna apparatus operable in a wideband and having stop
bands.

2. Description of the Related Art

A wireless device operable in a much wider band than that
of prior art devices is required for the following two reasons.
As the first reason, it is intended to implement a novel short-
range wireless communication system with the authorization
of'use of a very wide frequency band, i.e., an ultra-wideband
(UWB) wireless communication system. As the second rea-
son, it is intended to utilize a variety of communication sys-
tems each using different frequencies, by means of one ter-
minal.

For example, when converting a frequency band into a
fractional bandwidth being normalized by a center frequency
fc of an operating band, a frequency band from 3.1 GHz to
10.6 GHz authorized for UWB in U.S. corresponds to a value
01'109.5%, indicating a very wide band. On the other hand, in
cases of a patch antenna and a one-half effective wavelength
slot antenna which are known as basic antennas, the operating
bands converted to fractional bandwidths are less than 5%
and less than 10%, respectively, and thus, such antennas
cannot achieve a wideband property such as that of UWB. For
example, referring to the frequency bands currently used for
wireless communications in the world, a fractional band-
width to the extent of 30% should be achieved in order to
cover bands from the 1.8 GHz band to the 2.4 GHz band with
one same antenna, and similarly, a fractional bandwidth to the
extent of 90% should be achieved in order to simultaneously
cover the 800 MHz band and the 2 GHz band with one same
antenna. Furthermore, in order to simultaneously cover bands
from the 800 MHz band to the 2.4 GHz band, a fractional
bandwidth of 100% or more is required. The more the number
of systems simultaneously handled by one same terminal
increases, thus resulting in the extension of a frequency band
to be covered, the more a wideband antenna with small size is
required to be implemented.

A one-end-open one-quarter effective wavelength slot
antenna is one of the most basic planar antennas, and a sche-
matic view of this antenna is shown in FIGS. 31A, 31B, and
31C (hereinafter, referred to as a “first prior art example™).
FIG. 31A is a schematic top view showing a structure of a
typical one-quarter effective wavelength slot antenna (show-
ing a grounding conductor 103 on a backside by phantom),
FIG. 31B is a schematic cross-sectional view along the
dashed line in FIG. 31A, and FIG. 31C is a schematic view
showing a structure of the backside of the slot antenna in FIG.
31A by phantom. As shown in FIGS. 31A, 31B, and 31C, a
feed line 113 is provided on a front-side of a dielectric sub-
strate 101, and a notch with a width Ws and a length Ls is
formed in a depth direction 109a from an outer edge 105a of
an infinite grounding conductor 103 provided on a backside
thereof. The notch operates as a slot resonator 111, one of its
ends is opened at an open end 107. The slot 111 is a circuit
element which is obtained by completely removing a conduc-
tor in thickness direction, in a partial region of the grounding
conductor 103, and which resonates near a frequency fs at
which one-quarter of the effective wavelength is equivalent to
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the slot length Ls. The feed line 113 formed in a width
direction 10954 intersects with the slot 111 at a portion thereof,
and electromagnetically excites the slot 111. A connection to
an external circuit is established through an input terminal.
Note that according to common practice, a distance Lm of the
feed line 113 from its open-ended termination point 119 to the
slot 111 is set to the extent of one-quarter effective wave-
length at the frequency fs, so as to achieve input impedance
matching. Further, note that according to common practice, a
line width W1 is designed based on a thickness H of the
substrate and a permittivity of the substrate, such that the
characteristic impedance of the feed line 113 is set to 50€2.

As shown in FIGS. 32A, 32B, and 32C, Patent Document
1 discloses a structure for operating the one-quarter effective
wavelength slot antenna shown in the first prior art example,
at a plurality of resonant frequencies (hereinafter, referred to
as a “second prior art example™). A slot 111 has a slot length
Ls, and includes a capacitor 16 so as to connect points 16a and
165 each located a distance Ls2 away from an open end.
When the antenna is excited at a plurality of resonant frequen-
cies at a feeding point 15, the antenna operates with different
slot lengths Ls and Ls2 as shown in FIGS. 32B and 32C, and
thus the bandwidth can be extended. However, according to
the frequency characteristics shown in Patent Document 1, it
is not enough to obtain a currently required ultra-wideband
characteristics.

Non-Patent Document 1 discloses a method of operating a
slot resonator in a wideband, which is short-circuited at both
ends of a slot, and is of a one-half effective wavelength slot
antenna (hereinafter, referred to as the “third prior art
example”). FIG. 33 is a schematic top view showing a struc-
ture of a slot antenna described in Non-Patent Document 1. In
FIG. 33, a grounding conductor 103 and a slot 111 on a
backside of a substrate are shown by phantom. The slot 111 is
formed in the grounding conductor 103, such that the slot 111
has a certain width W, and a length Ls equivalent to one-half
effective wavelength, and such that the slot 111 is coupled to
a feed line 113 at a position 51a which is offset by a distance
d from the center of the slot 111. According to prior art
methods for matching input impedance of a slot antenna, a
method has been used in which for exciting the slot 111, the
feed line 113 intersects with the slot 111 at a position on the
feed line 113 apart from an open-ended termination point 119
by one-quarter effective wavelength at a frequency fs. How-
ever, as shown in FIG. 33, in the third prior art example, a
region extending over a distance Lind from the open-ended
termination point 119 of the feed line 113 is replaced by an
inductive region 121 which is a transmission line with a
characteristic impedance higher than 50€, and that inductive
region 121 is coupled to the slot 111 at substantially the center
of the inductive region 121 (i.e., in FIG. 33, t1 and 12 are
substantially equal to each other). In this case, a width W2 of
the inductive region 121 is set to a certain width narrower than
the width of the feed line 113, the length Lind of the inductive
region 121 is set to one-quarter effective wavelength at a
center frequency f0 of an operating band, and the inductive
region 121 operates as a one-quarter wavelength resonator
different from the slot resonator. As a result, an equivalent
circuit structure includes two resonators, which is increased
from one resonator that is included in a typical slot antenna,
and a double-resonance operation is achieved by coupling the
resonators resonating at frequencies close to each other. In an
example shown in FIG. 2(b) of Non-Patent Document 1, a
good reflection impedance characteristic of =10 dB or less is
achieved at a fractional bandwidth of 32% (near 4.1 GHz to
near 5.7 GHz). As shown in comparison of actual measure-
ment results of reflection characteristics versus frequency in
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FIG. 4 of Non-Patent Document 1, the fractional bandwidth
of the antenna of the third prior art example is much wider
than a fractional bandwidth of 9% of a typical slot antenna
fabricated under conditions using the same substrate.

Further, in Non-Patent Document 2 shown as a fourth prior
art example, a printed monopole antenna as one type of
monopole antennas, known by its wideband operation, is
successfully operated with low reflection in the UWB band.
However, as is clearly seen from an E-plane radiation pattern
shown in FIG. 5(b) of Non-Patent Document 2, the main
beam direction greatly changes depending on frequency. In
addition, the half-width of the main beam in the E-plane also
greatly varies depending on frequency.

In Patent Document 2 shown in FIG. 34 as a fifth prior art
example, a printed monopole antenna itself is provided with a
band-stop filter function. This aims to avoid interference
between systems because, although a wide frequency band is
assigned to a UWB system, existing wireless systems are
already operating in parts of the band. Particularly, in Europe
and Japan, it is unauthorized by regulation to output UWB
signals in the 5 GHz band used for wireless LANs, and thus,
it is necessary to deal with this regulation. On the other hand,
since it is difficult to implement a ultra-wideband filter for a
GHz band with small size, a band-stop function is required to
be provided for an antenna itself. In the fifth prior art example,
a radiation conductor 2 as a printed monopole is provided
above a grounding conductor plate 1, and a ground feeding
point 1f and a signal feeding point 2f are positioned, respec-
tively, at a location where the grounding conductor plate 1 and
the radiation conductor 2 are close to each other. In this case,
one-end-open slot resonators NR and NL, each having a
width Nh and a length Nd and having one-quarter effective
wavelength in a stop band, are configured at an outer edge
portion of the radiation conductor 2 as the printed monopole,
thus achieving the band-stop function.

Prior art documents related to the present invention are as
follows:

(1) Patent Document 1: Japanese Patent Laid-Open Publi-
cation No. 2004-336328;

(2) Patent Document 2: Japanese Patent Laid-Open Publi-
cation No. 2003-273638;

(3) Non-Patent Document 1: L. Zhu, et al., “A Novel
Broadband Microstrip-Fed Wide Slot Antenna With Double
Rejection Zeros”, IEEE Antennas and Wireless Propagation
Letters, Vol. 2, pp. 194-196, 2003; and

(4) Non-Patent Document 2: H. R. Chuang, et al,, “A
Printed UWB Triangular Monopole Antenna”, Microwave
Journal, Vol. 49, No. 1, January 2006.

As discussed above, sufficient wide band operation has not
been achieved in the prior art slot antennas. Although the
printed monopole antenna, which is expected as a wideband
antenna for UWB, can operate with low reflection in an ultra-
wideband and also achieves the band-stop function in parts of
the band, it is difficult to maintain the main beam direction in
an operating band. As a result, even when such an antenna is
applied to a UWB system, it is difficult to cover a communi-
cation area.

First of all, in the case of a typical one-end-open slot
antenna with only one resonator in its configuration as in the
first prior art example, a frequency band, where a good reflec-
tion impedance characteristic can be achieved, is limited to a
fractional bandwidth to the extent of a little less than 10%.

In the second prior art example, although a wideband
operation is achieved by incorporating a capacitive reactance
element into a slot, it can be readily noticed that additional
components such as a chip capacitor are required, and the
characteristics of the antenna vary depending on variations in
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characteristics of the newly incorporated additional compo-
nents. Further, according to the examples disclosed in FIGS.
13 and 19 of Patent Document 1, it is difficult to achieve a
characteristic of input impedance matching with low reflec-
tion in an ultra-wideband.

In the third prior art example, the fractional bandwidth
characteristic is limited to the extent of 35%. Further, as
compared to the antennas of the first and second prior art
examples with one-end-open slot resonators which are of
one-quarter effective wavelength resonators, it is disadvanta-
geous in reducing size to use a slot resonator which is short-
circuited at both ends and is of a one-half effective wave-
length resonator.

In the fourth prior art example, although the low-reflection
characteristic is achieved over the entire UWB band, the
radiation characteristics considerably vary in the band. Refer-
ring to a radiation pattern diagram in FIG. 5(b) of Non-Patent
Document 2, the gain in a 225-degree direction decreases by
6 dB at 5 GHz, and by as much as 15 dB at 7 GHz, as
compared to a reference gain value at 4 GHz. This phenom-
enon results from the fact that the main beam direction varies
depending on frequency, and the higher the frequency
increases, the lower the half-width of the main beam
decreases. Thus, it is extremely difficult to stably establish
communication conditions over the entire band.

In the fifth prior art example, although the band-stop func-
tion in a partial band is achieved in a printed monopole
antenna, the stable radiation characteristics in the band cannot
be expected, since the structure of the fifth prior art example
is the same in principle as that of the fourth prior art example.

SUMMARY OF THE INVENTION

An object of the present invention is to solve the above-
described problems of prior arts, and to provide a small-sized
wideband slot antenna apparatus which is configured based
on a one-end-open slot antenna apparatus, and which can
operate in a wider band than prior art apparatuses, maintain a
main beam direction in one same direction across an operat-
ing band, and achieve a band-stop function in a partial band.

According to an aspect of the present invention, a slot
antenna apparatus includes a grounding conductor having an
outer edge including a first portion facing a radiation direction
and a second portion other than the first portion, a one-end-
open feed slot formed in the grounding conductor along the
radiation direction such that an open end is provided at a
center of the first portion of the outer edge of the grounding
conductor, and a feed line including a strip conductor close to
the grounding conductor and intersecting with the feed slot at
least a part thereof to feed a radio frequency signal to the feed
slot. The feed line is branched at a first point near the feed slot
into a group of branch lines including at least two branch
lines, and at least two branch lines among the group of branch
lines are connected to each other at a second point near the
feed slot and different from the first point, and thus forming at
least one loop wiring line on the feed line. A maximum value
of respective loop lengths of the at least one loop wiring line
is setto a length less than one effective wavelength at an upper
limit frequency of an operating band. Branch lengths of all
those branch lines among the group of branch lines, each
branch line terminated at an open end and not forming a loop
wiring line, are less than one-quarter effective wavelength at
the upper limit frequency of the operating band. The slot
antenna apparatus further includes at least one one-end-open
parasitic slot having an electrical length equivalent to one-
quarter effective wavelength in a certain stop band, the para-
sitic slot having an open end at the second portion of the outer
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edge of the grounding conductor, and being formed in the
grounding conductor so as not to intersect with the feed line.

In the above-described slot antenna apparatus, each loop
wiring line intersects with boundaries between the feed slot
and the grounding conductor, and the feed slot is excited at
two or more points at which the boundaries intersect with the
loop wiring line and which have different distances from the
open end of the feed slot.

Moreover, in the above-described slot antenna apparatus,
the feed line is terminated at an open end. A region of the feed
line, extending from the open end over a length of one-quarter
effective wavelength at a center frequency of the operating
band, is configured as an inductive region with a characteris-
tic impedance higher than 50€2, and the feed line intersects
with the feed slot at substantially a center of the inductive
region.

Further, in the above-described slot antenna apparatus, at
the first portion of the outer edge of the grounding conductor,
distances from the open end ofthe feed slot to both ends of the
first portion of the outer edge are respectively set to a length
greater than or equal to one-quarter effective wavelength at a
resonant frequency of the feed slot, and thus the grounding
conductor operates at a frequency lower than the resonant
frequency of the feed slot.

Furthermore, in the above-described slot antenna appara-
tus, the grounding conductor is configured to be symmetric
about an axis parallel to the radiation direction and passing
through the feed slot, and the feed line is connected to a
feeding point provided on a symmetry axis of the grounding
conductor at the second portion of the outer edge of the
grounding conductor. By being provided on the symmetry
axis of the grounding conductor, the feeding point has an
input and output impedance higher than an impedance in an
unbalanced mode of the grounding conductor.

As described above, the unbalanced-feed wideband slot
antenna apparatus of the present invention not only can
achieve a wideband operation which is difficult for prior art
slot antenna apparatuses to achieve, but also can maintain a
main beam direction across an operating band, and imple-
ment a band-stop function to suppress radiation characteris-
tics in a partial band, thus helping to implement a power-
saving and high-speed UWB communication system that
avoids interference with other communication systems, while
efficiently covering desired communication areas.

BRIEF DESCRIPTION OF THE DRAWINGS

Various objects, features, and advantages of the present
invention will be disclosed as preferred embodiments which
are described below with reference to the accompanying
drawings.

FIG. 1 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a first preferred embodiment of the present invention;

FIG. 2 is a schematic cross-sectional view along the dashed
line in FIG. 1;

FIG. 3 is a schematic cross-sectional view showing a struc-
ture of an unbalanced-feed wideband slot antenna apparatus
according to a first modified preferred embodiment of the first
preferred embodiment of the present invention;

FIG. 4 is a schematic cross-sectional view showing a struc-
ture of an unbalanced-feed wideband slot antenna apparatus
according to a second modified preferred embodiment of the
first preferred embodiment of the present invention;

FIG. 5 is a schematic view of two circuits including
branches in which a signal wiring line is branched as a loop
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wiring line, in a typical radio frequency circuit structure with
an infinite grounding conductor structure on a backside
thereof;

FIG. 6 is a schematic view of two circuits including
branches in which a signal wiring line branches off an open-
ended stub wiring line, in a typical radio frequency circuit
structure with an infinite grounding conductor structure on a
backside thereof;

FIG. 7 is a schematic view of two circuits including
branches in which a signal wiring line is branched as a loop
wiring line, and particularly, in which a second path is con-
figured to be extremely short, in a typical radio frequency
circuit structure with an infinite grounding conductor struc-
ture on a backside thereof;

FIG. 8 is a cross-sectional view of a grounding conductor
structure in which a typical transmission line is provided, for
indicating portions where radio frequency currents concen-
trate;

FIG. 9 is a cross-sectional view of a grounding conductor
structure in which branched transmission lines are provided,
for indicating portions where radio frequency currents con-
centrate;

FIG. 10 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to athird modified preferred embodiment of the first preferred
embodiment of the present invention;

FIG. 11 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a fourth modified preferred embodiment of the first pre-
ferred embodiment of the present invention;

FIG. 12 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a fifth modified preferred embodiment of the first preferred
embodiment of the present invention;

FIG. 13 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a sixth modified preferred embodiment of the first pre-
ferred embodiment of the present invention;

FIG. 14 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a seventh modified preferred embodiment of the first pre-
ferred embodiment of the present invention;

FIG. 15 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a second preferred embodiment of the present invention;

FIG. 16 is a schematic view showing how radio frequency
currents flow in a grounding conductor 103 for the case of a
balanced mode;

FIG. 17 is a schematic view showing how radio frequency
currents flow in the grounding conductor 103 for the case of
an unbalanced mode;

FIG. 18 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a first implementation example of the present invention;

FIG. 19 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a second implementation example of the present invention;

FIG. 20 is a schematic top view showing a structure ofa slot
antenna apparatus according to a first comparative example;

FIG. 21 is a graph of reflection loss characteristics versus
frequency, for comparing between the first implementation
example and the first comparative example;

FIG. 22 is an E-plane radiation pattern diagram in the case
that the first implementation example operates at a frequency
of 3 GHz;





US 7,701,407 B2

7

FIG. 23 is an E-plane radiation pattern diagram in the case
that the first implementation example operates at a frequency
of 7 GHz;

FIG. 24 is an E-plane radiation pattern diagram in the case
that the first implementation example operates at a frequency
of 10.6 GHz;

FIG. 25 is a graph of antenna effective gain versus fre-
quency in a -X direction, for comparing between the first
implementation example and the first comparative example;

FIG. 26 is a graph of reflection loss characteristics versus
frequency, for comparing between the second implementa-
tion example and the first comparative example;

FIG. 27 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a third implementation example of the present invention;

FIG. 28 is a schematic top view showing a structure ofa slot
antenna apparatus according to a second comparative
example;

FIG. 29 is an E-plane radiation pattern diagram for the third
implementation example at an operating frequency of 3 GHz,
in cases of a coaxial cable 135 with length of 0 mm and with
length of 150 mm;

FIG. 30 is an E-plane radiation pattern diagram for the
second comparative example at an operating frequency of 3
GHz, in cases of a coaxial cable 135 with length of 0 mm and
with length of 150 mm;

FIG. 31A is a schematic top view showing a structure of a
typical one-quarter effective wavelength slot antenna (first
prior art example);

FIG. 31B is a schematic cross-sectional view along the
dashed line in FIG. 31A;

FIG. 31C is a schematic view showing a structure of a
backside of the slot antenna in FIG. 31A by phantom;

FIG. 32A is a schematic view showing a structure of a
one-quarter effective wavelength slot antenna described in
Patent Document 1 (second prior art example);

FIG. 32B is a schematic view showing the slot antenna in
FIG. 32A when operating in a lower-frequency band;

FIG. 32C is a schematic view showing the slot antenna in
FIG. 32A when operating in a higher-frequency band;

FIG. 33 is a schematic top view showing a structure ofa slot
antenna described in Non-Patent Document 1 (third prior art
example); and

FIG. 34 is a schematic view showing a structure of a wide-
band antenna apparatus described in Patent Document 2 (fifth
prior art example).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments according to the present invention
will be described below with reference to the drawings. Note
that in the drawings the same reference numerals denote like
components.

First Preferred Embodiment

FIG. 1 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a first preferred embodiment of the present invention. FIG.
2 is a schematic cross-sectional view along the dashed line in
FIG. 1. In schematic top views of FIG. 1 and others, the
structure of a backside of a substrate 101 is shown by phan-
tom (i.e., by dotted lines). For the purpose of explanation,
refer to XYZ coordinates as shown in the respective draw-
ings.
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The unbalanced-feed wideband slot antenna apparatus
according to the preferred embodiment of the present inven-
tion is characterized by including: a grounding conductor 103
with an outer edge including a first portion facing a radiation
direction (i.e., a —X direction) and a second portion other than
the first portion; a one-end-open slot 111 formed in the
grounding conductor 103 along the radiation direction such
that an open end 107 is provided at the center of the first
portion of the outer edge of the grounding conductor 103; and
anunbalanced feed line 113 configured with a strip conductor
close to the grounding conductor 103 and intersecting with
the slot 111 at least a part thereof to feed a radio frequency
signal to the slot 111, thus operating in a wider band than that
of prior art apparatuses. The unbalanced-feed wideband slot
antenna apparatus according to the preferred embodiment of
the present invention is characterized by further including
one-end-open parasitic slot resonators 108¢ and 1084, each
having an electrical length equivalent to one-quarter effective
wavelength in a certain stop band, each having an open end
110¢, 1104 at the second portion of the outer edge of the
grounding conductor 103, and each formed in the grounding
conductor 103 so as not to intersect with the unbalanced feed
line 113.

Referring to FIG. 1, the grounding conductor 103 with a
finite area and a certain shape is formed on the backside ofthe
dielectric substrate 101. The grounding conductor 103 is sub-
stantially configured in a polygonal shape, including one side
at which the one-end-open slot 111 is formed, and a plurality
of other sides. In the case of the present preferred embodi-
ment, the grounding conductor 103 is rectangular, and
includes sides 10541 and 10542 on the —-X side, aside 10556 on
the +X side, a side 105¢ on the +Y side, and a side 1054 on the
-Y side. The rectangular slot 111 with a width Ws and a
length Ls is configured by forming a notch on the grounding
conductor 103 at about the midpoint on the -X side of the
grounding conductor 103 (i.e., the point between the first
portion 10541 and the second portion 10542 on the -X side),
in a direction orthogonal to the -X side (i.e., +X direction).
Accordingly, an end on the -X side of the slot 111 is config-
ured as the open end 107, and an end on the +X side is
configured as a short-circuited end 125. The slot 111 operates
as a one-end-open feeding slot resonator with one-quarter
effective wavelength (slot antenna mode). When assuming
that the slot width Ws is negligible as compared with the slot
length Ls, a resonant frequency fs of the slot 111 is a fre-
quency at which one-quarter of the effective wavelength is
equivalent to the slot length I.s. When such assumption is not
valid, the apparatus is configured such that a slot length (Lsx
2+Ws)/2 with considering the slot width is equivalent to
one-quarter effective wavelength. In each preferred embodi-
ment of the present invention, it is desirable that the resonant
frequency fs of the slot 111 is set to the extent of a center
frequency fc of an operating frequency band (e.g., 3.1 GHzto
10.6 GHz). On a front-side of the dielectric substrate 101 is
formed the unbalanced feed line 113 extending in a direction
substantially orthogonal to the slot 111 (i.e., a Y-axis direc-
tion), and intersecting with the slot 111 at least a part thereof
in overlapping manner. A partial region of the unbalanced
feed line 113 is configured as an inductive region 121, as will
be described in detail later. The unbalanced feed line 113 is
configured as a microstrip line made of the grounding con-
ductor 103, the strip conductor on the front-side of the dielec-
tric substrate 101, and the dielectric substrate 101 therebe-
tween. For ease of explanation in this specification,
hereinafter, refer only the strip conductor on the front-side as
the unbalanced feed line 113. The main beam direction of
radiation from the slot 111 is in a direction from the short-
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circuited end 125 to the open end 107 of the slot 111 (i.e., the
-X direction), and accordingly, in this specification, the —-X
direction is considered as “forward”, the +X direction is con-
sidered as “backward”, and a Y-axis direction is called as the
“width direction” of the unbalanced-feed wideband slot
antenna apparatus. Note that this specification defines as a
slot, a structure in which a conductor layer forming the
grounding conductor 103 is completely removed in a thick-
ness direction. That is, the slot is not a structure just reduced
in thickness by scraping a surface of the grounding conductor
103 off in a partial region thereof.

Mounting of Circuit Block 133

In the unbalanced-feed wideband slot antenna apparatus
according to the preferred embodiment of the present inven-
tion, an arbitrary circuit block 133 having an unbalanced
terminal can be further mounted on the antenna substrate. In
this case, the unbalanced terminal of the circuit block 133 is
connected to an antenna feeding point 117 at one end of the
unbalanced feed line 113, and thus an ultra-wideband com-
munication system can be provided that achieves a reduced
dimension while feeding in unbalanced manner.

Available components within the arbitrary circuit block
133 having the unbalanced terminal include: filters such as
bandpass, band-stop, low-pass, and high-pass filters, a balun,
a functional switch, e.g., for changing between transmitting
and receiving, a high-power amplifier, an oscillator, a low-
noise amplifier, a variable attenuator, an up-converter, a
down-converter, etc. Particularly, it is difficult to implement a
filter requiring wideband characteristics, by means of a bal-
anced circuit, and thus, it is practical to implement a connect-
ing circuit from the filter to an antenna feed line, by means of
an unbalanced circuit. The unbalanced-feed wideband slot
antenna apparatus according to the preferred embodiment of
the present invention achieves ultra-wideband characteristics
while feeding in unbalanced manner. The band-stop charac-
teristics of the unbalanced-feed wideband slot antenna appa-
ratus according to the preferred embodiment of the present
invention can relax the requirements for filter bandwidth
characteristics to an achievable level.

Grounding Conductor 103 Operating as Dipole Antenna

Next, conditions imposed on the size in the width direction
of the grounding conductor 103 will be described. The
grounding conductor 103 is the conductor structure with the
finite area as described above, and particularly, configured to
include on the —X side, the portion 10541 extending in the +Y
direction from the open end 107 by a length Wgl, and the
portion 10542 extending in the -Y direction from the open
end 107 by alength Wg2. In this case, each of the lengths Wgl
and Wg2 of the sides 105a1 and 10542 on the —X side is larger
than or equal to a length Lsw equivalent to one-quarter effec-
tive wavelength at the resonant frequency fs of the slot 111.
This condition is desirable for stabilizing antenna radiation
characteristics in the slot antenna mode.

By limiting the circuit of the grounding conductor 103
according to the preferred embodiment of the present inven-
tion to a finite area, the grounding conductor 103 can also
operate in a grounding conductor dipole antenna mode in
which the entire grounding conductor structure is used. In
either case of the grounding conductor dipole antenna mode,
and the slot antenna mode of the slot 111, it is common that a
radio frequency current concentrates at the short-circuited
end 125 of the slot 111. Thus, the either antenna uses a
common circuit board, and at the same time, provides com-
mon radiation characteristics in polarization characteristics.
Also, each main beam direction of not only radiation in the
slot antenna mode but also radiation in the grounding con-
ductor dipole antenna mode is in the —X direction. Thus, if the
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resonant frequency fd in the grounding conductor dipole
antenna mode can be set to be different from, and slightly
lower than the resonant frequency fs of the slot 111, the
unbalanced-feed wideband slot antenna apparatus according
to the preferred embodiment of the present invention can
achieve characteristics in which the operating band is dra-
matically extended to the lower frequency side as compared
to the case of using only the slot antenna mode. Since the slot
111 is provided at substantially the center of the grounding
conductor 103, the effective length of the resonator in the
grounding conductor dipole antenna mode is extended.
Therefore, in the unbalanced-feed wideband slot antenna
apparatus according to the preferred embodiment of the
present invention, when the lengths Wg1 and Wg2 of the side
portions 10541 and 10542 are configured to be larger than or
equal to the length Lsw equivalent to one-quarter effective
wavelength, the resonant frequency fd in the grounding con-
ductor dipole antenna mode is always lower than the resonant
frequency fs of the slot 111, and thus a wideband operation is
ensured. In this case, the frequency fd is a lower limit fre-
quency fl. of the operating band of the unbalanced-feed wide-
band slot antenna apparatus (e.g., 3.1 GHz, as described
above). From the point of view of size reduction, it is not
practical to set the lengths Wgl and Wg2 of the side portions
10541 and 10542 to be extremely large so that the frequency
fd is considerably lower than the frequency fs. In other words,
by setting either of the lengths Wgl and Wg2 of the side
portions 10541 and 10542 to a minimum value required
which is greater than or equal to the length Lsw, it is possible
in an embodiment of a small antenna, to bring the resonant
frequency fd in the grounding conductor dipole antenna
mode, close to the operating band in the slot antenna mode.

Unbalanced Feed Line 113 Including Loop Wiring Line
123

Next, a loop-shaped wiring line will be described in detail
that dramatically extends the operating band in the slot
antenna mode and thus contributes to achieving a wideband
operation in the unbalanced-feed wideband slot antenna
apparatus according to the preferred embodiment of the
present invention.

The unbalanced feed line 113 is branched at a first position
near the slot 111 into a group of branch lines including at least
two branch lines, and at least two branch lines among the
group of branch lines are connected to each other at a second
position near the slot 111 and different from the first position,
thus configuring at least one loop wiring line on the unbal-
anced feed line 113.

As shown in FIG. 1, in the unbalanced-feed wideband slot
antenna apparatus according to the preferred embodiment of
the present invention, at least a partial region of the unbal-
anced feed line 113 is replaced by a loop wiring line 123, near
a location where the unbalanced feed line 113 intersects with
the slot 111. Therefore, the loop wiring line 123 intersects
with at least one of a +Y-side boundary 237 and a -Y-side
boundary 239 extending along a longitudinal direction of the
slot 111 (i.e., an X-axis direction) and being defined between
the slot 111 and the grounding conductor 103. The loop
length Llo of the loop wiring line 123 is set to less than the
effective wavelength at an upper limit frequency fH (e.g., 10.6
GHz, as described above) of the operating band of the unbal-
anced-feed wideband slot antenna apparatus. That is, a reso-
nant frequency flo of the loop wiring line 123 is set to higher
than the frequency tH. The configuration of the unbalanced
feed line 113 is not limited to one including the loop wiring
line 123, and the unbalanced feed line 113 may be configured
such that a part of the unbalanced feed line 113 is branched off
to form an open stub. In this case, the stub length of the open
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stub is set to less than a length equivalent to one-quarter
effective wavelength at the upper limit frequency fH of the
operating band. That is, a resonant frequency fst of the open
stub is set to higher than the frequency fH. A dramatic
improvement in the band characteristics of the unbalanced-
feed wideband slot antenna apparatus according to the pre-
ferred embodiment of the present invention is not a resonance
phenomenon of only the branched wiring lines itself, e.g., a
phenomenon resulting from a resonance of the open stub in
one-quarter effective wavelength. Such improvement is an
effect appearing only when the slot 111 and the loop wiring
line 123 are electromagnetically coupled to each other, thus
increasing a number of the point of excitation in the slot
resonator to include multiple points of excitation, and achiev-
ing an electrical length adjustment of an input impedance
matching circuit.

Now, with reference to FIG. 5, a phenomenon will be
described that occurs when a loop wiring line structure is used
in a typical radio frequency circuit which is assumed to have
a grounding conductor with an infinite area on a backside
thereof. FIG. 5 is a schematic circuit view in which a loop
wiring line 123, including a first path 205 with a path length
Lpl and a second path 207 with a path length Lp2, is con-
nected between an input terminal 201 and an output terminal
203. The loop wiring line is in a resonance state on condition
that the sum of the path lengths Lp1 and Lp2 is identical to the
effective wavelength of a transmission signal. In some cases
satisfying such condition, the loop wiring line 123 has been
used as a ring resonator. However, when the sum of the path
lengths Lp1 and Lp2 is shorter than the effective wavelength
of a transmission signal, a steep frequency response is not
obtained, and thus there is no particular necessity to use the
loop wiring line 123 in a typical radio frequency circuit. This
is because an influence of local variations in current distribu-
tion is averaged, as macro-scale radio frequency characteris-
tics in a radio frequency circuit having a grounding conductor
with an infinite area.

On the other hand, by incorporating the loop wiring line
123 into the unbalanced-feed wideband slot antenna appara-
tus according to the preferred embodiment of the present
invention as shown in FIG. 1, a unique effect is achieved that
cannot be obtained by the aforementioned typical radio fre-
quency circuit. The loop wiring line 123 intersects with the
boundaries 237 and 239 between the slot 111 and the ground-
ing conductor 103, and the slot 111 is excited at two or more
points at which the boundaries 237 and 239 intersect with the
loop wiring line 123 and which are apart form the open end
107 ofthe slot 111 by different distances. Specifically, a radio
frequency current on the grounding conductor 103 is forced to
flow in a direction 131¢ along the first path 205 of the loop
wiring line 123, and to flow in a direction 1314 along the
second path 207 of the loop wiring line 123. As a result,
different paths including 131¢ and 131d can be made as the
flows of the radio frequency current on the grounding con-
ductor 103, and accordingly, the slot 111 can be excited at
multiple positions. By locally changing a radio frequency
current distribution near the slot 111 in the grounding con-
ductor 103, the resonance characteristics in the slot antenna
mode are changed, thus dramatically extending the antenna
operating band in the slot antenna mode.

FIGS. 8 and 9 schematically show cross-sectional views of
transmission line structures for description. In a typical trans-
mission line such as that shown in FIG. 8, a radio frequency
current distribution is concentrated at edges 403 and 405 of a
wiring line on the side of a strip conductor (i.e., a feed line)
401, and in a region 407 opposing to the strip conductor 401,
on the side of a grounding conductor 103. Thus, it is difficult
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to cause large variations in a radio frequency current distri-
bution on the side of the grounding conductor 103, by only
increasing the width of the strip conductor of the unbalanced
feed line 113 near the slot 111. As shown in FIG. 9, by
branching a strip conductor into two paths 205 and 207, an
efficient radio frequency current distribution can be achieved
in different grounding conductor regions 413, 415 each
opposed to the path 205, 207.

The loop wiring line 123 newly introduced into the unbal-
anced-feed wideband slot antenna apparatus according to the
preferred embodiment of the present invention can not only
have the aforementioned feature, but also have a feature of
adjusting the electrical length of the unbalanced feed line 113.
Due to variations in the electrical length of the unbalanced
feed line 113, the resonance state of the unbalanced feed line
113 is changed to include multiple resonances, thus further
enhancing the effect of extending the operating band accord-
ing to the preferred embodiment of the present invention.
That is, due to the introduction of the loop wiring line 123
near the slot 111, the impedance matching condition of the
unbalanced feed line 113 coupled to the slot resonator is
optimized in multiple cases each corresponding to a different
frequency, thus achieving the extension of the operating band.

As descried above, since the first feature of providing the
resonance phenomenon of the slot 111 itself with multiple
resonances is combined to the second feature of providing the
resonance phenomenon of the feed line 113 coupled to the
slot 111 with multiple resonances, the unbalanced-feed wide-
band slot antenna apparatus according to the preferred
embodiment of the present invention can operate in a wider
band than that of prior art slot antenna apparatuses.

Constraint for Avoiding Influence of Undesired Resonance
of Loop Wiring Line 123

Note that as a constraint for the loop wiring line 123 in
order to maintain wideband impedance matching character-
istics, it becomes necessary to use the loop wiring line 123 on
a condition not causing a resonation of the loop wiring line
123 itself. For example, referring to the loop wiring line 123
shown in FIG. 5, a loop length Lp which is the sum of the path
lengths Lp1 and Lp2 is set to less than the effective wave-
length at the upper limit frequency ftH of the operating band.
When there are a plurality of loop wiring lines in the structure,
the largest loop wiring line of such loop wiring lines that do
not include any further small loop therein must satisfy the
above-described condition.

On the other hand, as a more common radio frequency
circuit than a loop wiring line, an open stub shown in FIG. 6
is provided. Some of wiring lines into which the unbalanced
feed line 113 of the unbalanced-feed wideband slot antenna
apparatus according to the preferred embodiment of the
present invention is branched may adopt the structure of an
open stub 213. However, for the object of the present inven-
tion, the use of a loop wiring line is more advantageous than
the use of an open stub in terms of wideband characteristics.
Since the open stub 213 is a one-quarter effective wavelength
resonator, a stub length Lp is, even in the longest case, set to
less than a length equivalent to one-quarter effective wave-
length at the frequency fH. FIG. 7 shows an extreme example
of the loop wiring line 123, illustrating an advantageous fea-
ture of the loop wiring line 123 over the open stub 213. When
reducing the length Lp2 of one path in the loop wiring line
123 to be extremely short, an appearance of the loop wiring
line 123 approximates to that of the open stub 213 as closely
as desired. However, the resonant frequency of the loop wir-
ing line 123 for the case with the path length Lp2 close to O is
afrequency at which the effective wavelength is equivalent to
the other path length Lp1, and on the other hand, the resonant
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frequency of the open stub 213 is a frequency at which one-
quarter of the effective wavelength is equivalent to a path
length Lp3 of the open stub 213. Comparing these two struc-
tures under an assumption that a half of the path length Lp1 of
the loop wiring line 123 is equal to the path length Lp3 of the
open stub 213, the lowest-order resonant frequency of the
loop wiring line 123 is equivalent to twice the lowest-order
resonant frequency of the open stub 213. According to the
above description, as a feed line structure for avoiding an
undesired resonance phenomenon in a wide operating band,
the loop wiring line 123 is twice as effective in terms of a
frequency band as the open stub 213. Further, since the circuit
is opened at an open termination point 119 of the open stub
213 in FIG. 6, no radio frequency current flows at that point,
and thus, even if the open termination point 119 is provided
near the slot 111, it is difficult to electromagnetically couple
it to the slot 111. On the other hand, as shown in FIG. 7, the
circuit is never opened at a point 213¢ of the loop wiring line
123, and a radio frequency current always flows at that point,
and thus, if the loop wiring line 123 is provided near the slot
111, it is easy to electromagnetically couple it to the slot 111.
Also from this point of view, it is advantageous to adopt a loop
wiring line than an open stub for the object of the present
invention.

According to the above description, it is shown that in order
to extend the bandwidth of the unbalanced-feed wideband
slot antenna apparatus according to the preferred embodi-
ment of the present invention, it is most effective to introduce
a loop wiring line, rather than adopting a line with thick line
width, or an open stub.

Note that even when the grounding conductor of the first
prior art example is limited to a finite area, it is considerably
difficult to ensure continuity with a band in the grounding
conductor dipole antenna mode, unless a feature is provided
for extending the operating band in the slot antenna mode to
the lower frequency side. Furthermore, a wideband operation
cannot be implemented either, unless a feature is provided for
extending the operating band in the slot antenna mode to the
higher frequency side, as in the preferred embodiment of the
present invention.

Inductive Region 121 Introduced into Unbalanced Feed
Line 113

As shown in FIG. 1, it is desirable that a portion of the
unbalanced feed line 113, corresponding to a region extend-
ing over a certain length Lind from an open-ended point 119
of'the unbalanced feed line 113, is configured as an inductive
region 121 formed of a wiring line with a higher characteristic
impedance than a characteristic impedance (i.e., 50 ohms) of
the unbalanced feed line 113. The length Lind has a value
equivalent to the extent of one-quarter effective wavelength at
the resonant frequency fs of the slot 111 (i.e., as described
above, the frequency equal to the center frequency fc of the
operating band of the unbalanced-feed wideband slot antenna
apparatus). It is desirable that the loop wiring line 123 is
formed within the inductive region 121. It is desirable that the
inductive region 121 intersects with the slot 111 at substan-
tially the center of the longitudinal direction (i.e., the Y-axis
direction) of the inductive region 121. The inductive region
121 forms a one-quarter effective wavelength resonator, and
is coupled to the one-quarter effective wavelength resonator
formed by the slot 111, thus further helping to include mul-
tiple resonance, and as a result, the antenna operating band of
the slot 111 in the slot antenna mode is effectively increased.
Additionally, as a synergistic effect by further introducing the
structure of the loop wiring line 123 according to the pre-
ferred embodiment of the present invention, it is possible to
achieve a low-reflection operation in a wideband. It is desir-
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able that the line width of the loop wiring line 123 is config-
ured to be equal to or thinner than the line width of the
unbalanced feed line 113 in the inductive region 121.

Stop Band Setting by Parasitic Slot Resonators 108¢ and
1084

Now, the one-end-open parasitic slot resonators 108¢ and
108d will be described which are additionally introduced into
the grounding conductor 103 to set a certain stop band.

According to the preferred embodiment of the present
invention with the configuration described above, the unbal-
anced-feed wideband slot antenna apparatus is implemented
in which the main beam direction is always maintained in
forward (i.e., the -X direction) across the operating band, and
low-reflection characteristics are achieved in a wideband.
Next, a configuration in the grounding conductor 103 will be
described, for forming in the operating band a stop band
where an antenna operation is suppressed. As shown in FIG.
1, in the unbalanced-feed wideband slot antenna apparatus
according to the preferred embodiment of the present inven-
tion, at least one of the one-end-open parasitic slot resonators
108¢ and 1084 is formed in the grounding conductor 103. In
the example of FIG. 1, the parasitic slot resonator 108¢ is
configured such that the open end 110c thereof is positioned
at the side 105¢, and the parasitic slot resonator 1084 is
configured such that the open end 1104 thereof is positioned
at the side 105d. The effects according to the preferred
embodiment of the present invention can appear even when
the open ends of the respective parasitic slot resonators are
provided at any of the sides 105a1 and 10542 on the —X side,
the side 1055 on the +X side, the side 105¢ on the +Y side, and
the side 1054 on the —Y side of the grounding conductor 103.
However, note that in order not to interfere with the operation
in the dipole antenna mode, it is desirable that the open ends
of the respective parasitic slot resonators are provided at
positions other than the sides 10541 and 10542 on the -X
side. Note also that the added parasitic slot resonators 108¢
and 1084 must be formed at locations of the grounding con-
ductor 103 where they do not intersect with the unbalanced
feed line 113. In other words, only the slot 111 contributing to
radiation should be coupled to the unbalanced feed line 113,
and the parasitic slot resonators 108¢ and 1084 should not be
electromagnetically coupled to the unbalanced feed line 113.
Each slotlength of the parasitic slot resonators 108¢ and 1084
is set to one-quarter effective wavelength in a band to be
stopped. By implementing a symmetric configuration in the
parasitic slot resonators 108¢ and 1084 so as to have an equal
distance from the open end 107 of the slot 111, to have an
equal slot width, and to have an equal slot length, an effect of
maintaining the main beam direction in just forward across
the operating band is obtained. In addition, a band-stop fea-
ture can appear even when only one of the parasitic slot
resonators 108¢ and 1084 is provided. It is also possible to
extend the stop band by changing the slot lengths of the
parasitic slot resonators 108¢ and 1084 so as to be slightly
different from each other, for adjusting each resonant fre-
quency.

Modified Preferred Embodiments of the First
Preferred Embodiment

FIG. 3 is a schematic cross-sectional view showing a struc-
ture of an unbalanced-feed wideband slot antenna apparatus
according to a first modified preferred embodiment of the first
preferred embodiment of the present invention. FIG. 4 is a
schematic cross-sectional view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
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to a second modified preferred embodiment of the first pre-
ferred embodiment of the present invention.

Although in this specification, the structure as shown in
FIG. 2 is mainly described in which the feed line 113 is
provided on the front-side of the dielectric substrate 101 (i.e.,
an uppermost surface) and the grounding conductor 103 is
provided on the backside of the dielectric substrate 101 (i.e.,
a lowermost surface), different structures as shown in FIGS.
3 and 4 may be adopted instead of the structure in FIG. 2.

The unbalanced-feed wideband slot antenna apparatus
shown in FIG. 3 is configured with a multilayer substrate
including a plurality of dielectric layers 101a and 1015,
instead of the dielectric substrate 101 in FI1G. 2, and an unbal-
anced feed line 113 (and an inductive region 121 in the unbal-
anced feed line 113) is formed at an inner layer between the
dielectric layers 101a and 1015. As such, by means of meth-
ods such as adopting a multilayer substrate, one or both of the
feed line 113 and a grounding conductor 103 may be arranged
on an inner-layer surface of the dielectric substrate 101.

In the unbalanced-feed wideband slot antenna apparatus
shown in FIG. 4, grounding conductors 103a and 1035 are
formed on both the front-side and backside of a substrate,
instead that the grounding conductor 103 is provided only on
the backside of the substrate as shown in FIG. 3. Slots to be
fed are formed on both the front-side and backside of the
substrate (slots 111a and 1115), and parasitic slot resonators
are formed only on the backside of the substrate (parasitic slot
resonators 108¢ and 1084). As such, a number of conductor
surfaces for wiring lines operating as the grounding conduc-
tor 103 opposed to the feed line 113 does not need to be
limited to one in a structure, and a structure may be adopted in
which the grounding conductors 103« and 1035 are arranged
such that they are opposed to each other and such that a layer
with the unbalanced feed line 113 formed thereon is between
them. In other words, in the unbalanced-feed wideband slot
antenna apparatus according to the preferred embodiment of
the present invention, it is possible to obtain the same effect
not only with the circuitry adopting a microstrip line struc-
ture, but also with the circuitry adopting a strip line structure
in at least part of the apparatus. The same also applies in the
case that each of the coplanar line and ground coplanar line
structures is adopted.

In the embodiments of the layered structures as shown in
FIGS. 3 and 4, a circuit block 133 may be connected to the
unbalanced feed line 113 by means of a through-hall elec-
trode 134 penetrating through the layers.

FIG. 10 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to athird modified preferred embodiment of the first preferred
embodiment of the present invention. The unbalanced-feed
wideband slot antenna apparatus according to the preferred
embodiment of the present invention is provided with not
only a pair of parasitic slot resonators 108¢ and 108d as
shown in FIG. 1, but also may be additionally provided with
further one-end-open parasitic slot resonators 108¢2 and
10842. It is possible to extend the stop band by adjusting the
resonant frequencies of the parasitic slot resonator 108¢ and
the parasitic slot resonator 108¢2, and the parasitic slot reso-
nator 1084 and the parasitic slot resonator 10842. In order to
reduce the areas occupied by the parasitic slot resonators
108¢ and 1084, it is effective to provide additional slots in
parallel manner, adopt a meander shape, and adopt a number
of bent structures.

FIG. 11 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a fourth modified preferred embodiment of the first pre-
ferred embodiment of the present invention. As shown in FIG.
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11, some of wiring lines into which an unbalanced feed line
113 of the unbalanced-feed wideband slot antenna apparatus
according to the preferred embodiment of the present inven-
tion is branched may adopt the open stub structure 213 as
described above.

FIG. 12 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a fifth modified preferred embodiment of the first preferred
embodiment of the present invention.

The modified preferred embodiment in FIG. 12 shows the
case in which a branch line portion of an unbalanced feed line
113 includes three branches. By inserting a path 209 into
middle of paths 205 and 207, a loop wiring line including the
paths 205 and 209 and a loop wiring line including the paths
207 and 209 are formed, instead of an original loop wiring
line including the paths 205 and 207. A maximum value ofthe
respective loop lengths of these loop wiring lines is set to a
length less than one effective wavelength at an upper limit
frequency of the operating band of the unbalanced-feed wide-
band slot antenna apparatus. According to the configuration
of'the present modified preferred embodiment, since the path
lengths of the loop wiring lines are reduced as compared to
the case of FIG. 1, thus increasing the resonant frequencies of
the loop wiring lines, it is effective in terms of the extension
of the operating band.

A plurality of loop wiring lines may be formed. The plu-
rality of loop wiring lines may be connected to each other in
series or in parallel. Two of the loop wiring lines may be
directly connected to each other, or may be indirectly con-
nected to each other through a transmission line of any shape.

FIG. 13 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a sixth modified preferred embodiment of the first pre-
ferred embodiment of the present invention. FIG. 14 is a
schematic top view showing a structure of an unbalanced-
feed wideband slot antenna apparatus according to a seventh
modified preferred embodiment of the first preferred embodi-
ment of the present invention. With reference to FIGS. 13 and
14, a relationship between positions of the loop wiring line
123 and the slot 111 will be described.

Although in the example of FIG. 1, the loop wiring line 123
intersect with both of the +Y-side boundary 237 and the
-Y-side boundary 239 extending along the longitudinal direc-
tion of the slot 111, it is possible to obtain the effects accord-
ing to the preferred embodiment of the present invention even
with a configuration in which the loop wiring line 123 does
not intersect with either of the boundaries 237 and 239
between the slot 111 and the grounding conductor 103. This
is because a phase difference in radio frequency currents
exciting a slot 111 occurs which corresponds to a path difter-
ence between a first path 205 and a second path 207, thus
producing an effect of extending an input impedance match-
ing condition to a wider band. Strictly speaking, spacing
between an outermost (i.e., the +Y side) point 141 of a loop
wiring line 123 and a boundary 237 (or 239) should be less
than the line width of an unbalanced feed line 113. This is
because when the spacing is configured to be shorter than the
line width of the unbalanced feed line 113, a phase difference
does not disappear, which occurs between local radio fre-
quency currents flowing through the side of a grounding
conductor 103 corresponding to a phase difference between
radio frequency currents flowing through both edges of the
strip conductor. However, note that in order to maximize the
effects according to the preferred embodiment of the present
invention, it is desirable that the first path 205 and the second
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path 207 intersect with at least any one of the boundaries 237
and 239 between the slot 111 and the grounding conductor
103 as shown in FIG. 1.

Note that in the unbalanced-feed wideband slot antenna
apparatus according to the preferred embodiment of the
present invention, the shape of the slot 111 which is a feeding
slot resonator does not need to be rectangular, and its shape
can bereplaced by any shape. Connecting an additional slotin
parallel to a main slot is equivalent, as the circuitry, to adding
a inductance in series to the main slot, and thus, it is desirable
in practice because the effective slot length of the main slot
can be reduced. Further, it is possible to obtain the effect of
extending the band of the unbalanced-feed wideband slot
antenna apparatus according to the preferred embodiment of
the present invention as well, even under a condition in which
the main slot is reduced in the slot width and bent into a shape
such as ameander shape, for the purpose of the size reduction.

Second Preferred Embodiment

FIG. 15 is a schematic top view showing a structure of an
unbalanced-feed wideband slot antenna apparatus according
to a second preferred embodiment of the present invention.
The unbalanced-feed wideband slot antenna apparatus
according to the present preferred embodiment is character-
ized by having a different feed structure than that in the first
preferred embodiment. As shown in FIG. 15, a grounding
conductor 103 is configured to be symmetric about a symme-
try axis in an X-axis direction passing through a slot 111, and
then, an unbalanced feed line 113 is connected to an antenna
feeding point 117 provided on the symmetry axis of the
grounding conductor 103 at the +X side of the grounding
conductor 103. Thus, since the antenna feeding point 117 is
provided on the symmetry axis of the grounding conductor
103, the antenna feeding point 117 has an input and output
impedance higher than to an impedance in an unbalanced
mode of the grounding conductor 103.

As shown in FIG. 15, the unbalanced feed line 113 of the
unbalanced-feed wideband slot antenna apparatus according
to the preferred embodiment of the present invention can also
adopt a structure in which the unbalanced feed line 113 inter-
sects with the slot 111, and then, is bent by at least 90 degrees
or more in the wiring direction within a front-side of a dielec-
tric substrate 101, and reaches the antenna feeding point 117
provided at a side (i.e., the +X side) of the dielectric substrate
101 oppositeto a side at which an openend 107 of the slot 111
is provided. In other words, the present preferred embodiment
is useful for a configuration for limiting circuit blocks inte-
grated on an antenna substrate, and carrying RF signals
between an antenna circuit area and an external circuit using
anunbalanced line, unlike the configuration as shown in FIG.
1 in which the circuit block 133 is provided on the antenna
substrate. The antenna feeding point 117 is provided near the
center of the +X side of the dielectric substrate 101.

In a slot antenna mode appearing by exciting the slot 111
through the unbalanced feed line 113, radio frequency cur-
rents commonly appear at a short-circuited end 125 of the slot
111. The appeared radio frequency currents flow along
boundaries between the slot 111 and the grounding conductor
103, and when reaching to an open end 107, the radio fre-
quency currents flow along an outer edge of the grounding
conductor 103. In this case, if another conductor is connected
to the outer edge of the grounding conductor 103, since the
impedance of the connected conductor is very low, it is diffi-
cult to prevent the radio frequency current from flowing
through the connected conductor. It is not practical to reflect
an unbalanced radio frequency current flowing through the
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connected conductor by means of a ferrite core, from the
point of view of the insertion loss of the ferrite core. More-
over, It is not practical to firstly convert the feed circuit from
an unbalanced circuit to a balanced circuit and then reconvert
from the balanced circuit to the unbalanced circuit by using
baluns, from the point of view of the insertion loss of ultra-
wideband baluns, and the size reduction of the circuitry. How-
ever, by providing the antenna feeding point 117 at a position
of a high symmetry as described above, it is possible to
achieve an extremely high input and output impedance with
respect to a radio frequency current flowing on the grounding
conductor 103 in the unbalanced mode (this current has an
impedance in the unbalanced mode), and thus to eliminate an
influence from the conductor connected to the grounding
conductor 103, without involving additional loss or narrow-
ing the band.

The grounding conductor 103 in the unbalanced-feed
wideband slot antenna apparatus structure shown in FIG. 15
can be considered to be a conductor structure in which a pair
of grounding conductors 103-1 and 103-2 with a high sym-
metry and a finite area are combined at the short-circuited end
125 ofthe slot 111. FIG. 16 is a schematic view showing how
radio frequency currents flow in the grounding conductor 103
for the case of the balanced mode. FIG. 17 is a schematic view
showing how radio frequency currents flow in the grounding
conductor 103 for the case of the unbalanced mode. FIGS. 16
and 17 schematically show how radio frequency currents flow
in the grounding conductor 103, as relationships to feed struc-
tures in the respective modes. In the balanced mode, equiva-
lently, the pair of grounding conductors 103-1 and 103-2 are
fed with radio frequency currents 131a and 1315 with oppo-
site phases, each flowing in a direction of arrow from a feed-
ing point 15, and as a result, the largest radio frequency
current with the same phase flows at a connecting point
between the pair of grounding conductors, i.e., the short-
circuited end 125 of the slot 111. On the other hand, in the
unbalanced mode, equivalently, the pair of grounding con-
ductors 103-1 and 103-2 are fed with radio frequency currents
131a and 1315 with the same phase, each flowing in a direc-
tion of arrow from the feeding point 15 (which is considered
to be grounded through a certain impedance R), and as a
result, the radio frequency currents can be cancelled at the
connecting point between the pair of grounding conductors,
i.e., at the antenna feeding point 15. The more symmetrically
the pair of grounding conductors 103-1 and 103-2 are con-
figured, and the closer the antenna feeding point 15 is posi-
tioned to the symmetry point of the grounding conductors, the
higher the input and output impedance of the grounding con-
ductors in the unbalanced mode is. Thus, by adopting the
antenna feed condition shown in FIG. 15, even when an
external unbalanced feed circuit is connected to the ground-
ing conductor 103, it is possible to avoid backflow of an
unbalanced grounding conductor current from the external
unbalanced feed circuit to the grounding conductor 103. The
effects according to the preferred embodiment of the present
invention are further increased by setting the respective
lengths of the pair of grounding conductors 103-1 and 103-2
(in other words, the lengths equivalent to lengths Wgl and
Wg2 of side portions 10541 and 10542 in FIG. 15) to the same
value with each other. In addition, the effects according to the
preferred embodiment of the present invention are further
increased by configuring one-end-open parasitic slot resona-
tors 108¢ and 1084, which are introduced to form a stop band,
in pair as shown in FIG. 15, and configuring resonant frequen-
cies, and open ends 110¢ and 1104 of the parasitic slot reso-
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nators 108¢ and 1084 to be mirror-symmetric about the sym-
metry axis in the X-axis direction passing through the slot
111.

In the preferred embodiment of the present invention, a
connection between the grounding conductor 103 and an
external unbalanced feed circuit at the antenna feeding point
117 is not limited to be established on a backside of a dielec-
tric substrate 101. Specifically, it is possible to lead a ground-
ing conductor to a front-side of a dielectric substrate near a
connecting point through a through-hall conductor, and then,
to establish a connection on the front-side of the dielectric
substrate 101 in a manner of a coplanar line structure. Also in
such configuration, advantageous effects according to the
preferred embodiment of the present invention do not disap-
pear. In fact, such configuration enables both connections for
a strip conductor and for a grounding conductor on the front-
side of the dielectric substrate 101, and thus, it is possible to
mount the unbalanced-feed wideband slot antenna apparatus
according to the preferred embodiment of the present inven-
tion onto a surface of an external mounting substrate.

Implementation Examples

In order to clarify the effects according to the preferred
embodiments of the present invention, the impedance char-
acteristics and radiation characteristics of slot antenna appa-
ratuses of implementation examples of the present invention
and slot antenna apparatuses of comparative examples were
analyzed by a commercially available electromagnetic analy-
sis simulator. Table 1 shows circuit board setting parameters
common among first, second, and third implementation
examples of the present invention. Table 2 shows circuit
board setting parameters common between first and second
comparative examples.

TABLE 1
Material of dielectric substrate 101 FR4
Thickness H of dielectric substrate 101 0.5 mm
Depth D of dielectric substrate 101 11.5 mm
Width W of dielectric substrate 101 32 mm
Thickness t of wiring 0.04 mm
Slot length Ls 8.8 mm
Slow width Ws 2.5 mm
Lengths Wgl and Wg2 of side portions 105al 13.8 mm
and 105a2 on the —-X side
Width W1 of unbalanced feed line 113 0.95 mm
Width W2 of inductive region 121 0.4 mm
Width W3 of loop wiring line 0.25 mm
Distance d2 of unbalanced feed line 113 5.8 mm
from open end 107
Length Lind of inductive region 121 9 mm
Distance doff between paths of loop wiring 1.4 mm
line 123
Width Was of parasitic slot resonator 0.5 mm
Distance Das from the —-X side to open 3 mm
end of parasitic slot resonator

TABLE 2
Material of dielectric substrate 101 FR4
Thickness H of dielectric substrate 101 0.5 mm
Depth D of dielectric substrate 101 11.5 mm
Width W of dielectric substrate 101 32 mm
Thickness t of wiring 0.04 mm
Slot length Ls 8.8 mm
Slow width Ws 2.5 mm
Lengths Wgl and Wg2 of side portions 105al 13.8 mm
and 105a2 on the —-X side
Width W1 of unbalanced feed line 113 0.95 mm
Distance d2 of unbalanced feed line 113 5.8 mm
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TABLE 2-continued

from open end 107

Offset distance Lm from open-ended
termination point 119 of unbalanced feed
line 113 to slot 111

4.5 mm

In all analyses, the conditions were set on the assumption
that the apparatuses were fabricated using circuit boards of
the same size. Conductor patterns were assumed to be copper
wirings with a thickness of 40 microns, and were considered
to be in an accuracy range in which the conductor patterns
could be formed by wet etching process.

First, the characteristics were analyzed for three slot
antenna apparatuses shown in FIGS. 18, 19, and 20, i.e.,
unbalanced-feed wideband slot antenna apparatuses of the
first and second implementation examples of the present
invention, and a slot antenna apparatus of the first compara-
tive example. All conditions of substrates, except for the
shape of an unbalanced feed line 113 and the shape of a
grounding conductor 103, were the same for the implemen-
tation examples and the comparative example. In the first and
second implementation examples and the first comparative
example, an ideal unbalanced feed terminal 117 with 50Q
was set within an antenna substrate. In the first and second
implementation examples, the resonant frequency of a stop
band was adjusted by adjusting each slot length of one-end-
open parasitic slot resonator 108¢, 1084, 108¢2, 10842 for
forming the stop band. In the first implementation example,
the slot lengths of the parasitic slot resonators 108¢ and 1084
were set to be equal to one-quarter effective wavelength for a
frequency of 4.5 GHz. In the second implementation
example, the parasitic slot resonators 108¢2 and 10842 were
additionally provided to the grounding conductor structure of
the first implementation example. The slot lengths of the
parasitic slot resonators 108¢2 and 10842 were set to be equal
to one-quarter effective wavelength for a frequency of 4.65
GHz. Respective grounding conductor widths Das2 between
the parasitic slot resonator 108¢ and the parasitic slot resona-
tor 108¢2, and between the parasitic slot resonator 1084 and
the parasitic slot resonator 10842 were set to 0.5 mm.

A graph of FIG. 21 shows reflection loss characteristics
versus frequency in comparison between the first implemen-
tation example and the first comparative example. In the first
comparative example, in the range of 20% fractional band-
width from 3.01 GHz to 3.69 GHz the reflection loss was less
than -10 dB, and in the range from 2.88 GHz to 4.29 GHz the
reflection loss was less than -7.5 dB, but at 6.1 GHz the
reflection loss reached -4.8 dB, and thus wideband charac-
teristics cannot be obtained. In addition, the operating band
itself was narrow, and moreover, it was not possible to form a
steep stop band in a partial band. On the other hand, the first
implementation example simultaneously achieved a high
reflection intensity in a partial band, and a low-reflection
characteristic across an ultra-wideband frequency range
excluding that band. More specifically, a good reflection char-
acteristic was obtained, in which a reflection loss was equal to
or less than —10 dB at a lower band from 2.98 GHz to 4.31
GHz and at a higher band from 4.77 GHz to 11 GHz. Besides,
the reflection intensity was a high value equal to or more than
-5 dB at frequencies from 4.36 GHz to 4.6 GHz, thus suc-
cessively forming a stop band. At 4.49 GHz, a high reflection
intensity of -2.7 dB was obtained. Further, as shown in FIGS.
22, 23, and 24 indicating E-plane radiation patterns in the
cases that the first implementation example operated at fre-
quencies of 3 GHz, 7 GHz, and 10.6 GHz, the first implemen-
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tation example had the main beam always oriented in the
forward direction (i.e., the =X direction) for the entire oper-
ating band, thus demonstrating superiority over printed
monopoles of the prior art examples. A graph of FIG. 25
shows antenna effective gain versus frequency in the -X
direction in comparison between the first implementation
example and the first comparative example. Except for the
stop band, the first implementation example exhibited a better
gain than the first comparative example, thus demonstrating
ultra-wideband low-reflection characteristics according to
the preferred embodiments of the present invention. Addi-
tionally, the first implementation example achieved, in the
stop band, a gain suppression of the extent of 8 dB as com-
pared with adjacent bands, thus demonstrating an effect of the
band-stop function in a partial band according to the preferred
embodiments of the present invention.

A graph of FIG. 26 shows reflection loss characteristics
versus frequency in comparison between the second imple-
mentation example and the first comparative example. The
second implementation example simultaneously achieved a
high reflection intensity in a partial band, and a low-reflection
characteristic across an ultra-wideband frequency range
excluding that band. At 4.49 GHz, a high reflection intensity
of' 2.7 dB was obtained. More specifically, a good reflection
characteristic was obtained, in which a reflection loss was
equal to or less than —10 dB at a lower band from 2.98 GHzto
4.64 GHz and at a higher band from 5.27 GHz to 11 GHz.
Besides, the reflection intensity was a high value equal to or
more than -5 dB at frequencies from 4.78 GHz to 5.18 GHz.
Additionally, in the stop band, multiple resonance peaks were
obtained, including -3.3 dB at 4.93 GHz, and -3.4 dB at 5.06
GHz. Although the band-stop function of the first implemen-
tation example relied on a single resonance characteristic and
thus the stop band was narrow, the second implementation
example achieved the extension of the stop band.

Furthermore, the characteristic were analyzed for an
unbalanced-feed wideband slot antenna apparatus of the third
implementation example of the present invention, and a slot
antenna apparatus of the second comparative example, as
shown in FIGS. 27 and 28, respectively. In the third imple-
mentation example and the second comparative example, it
was assumed that a feed structure was provided, which estab-
lished a connection between an antenna and a coaxial cable
135 through a coaxial connector (not shown) at a position
indicated as an antenna feeding point 117 in the drawings.
The third implementation example was configured in the
same manner as the first and second implementation
examples, except for an unbalanced feed line 113 and the feed
structure. The second comparative example was configured in
the same manner as the first comparative example, except for
the feed structure. In analysis, first, assuming a coaxial cable
length Lc of 150 mm, ideal feeding was done at an end of the
coaxial cable 135. That is, the operation stability and wide-
band property of the antenna, including an influence on char-
acteristics exerted by the coaxial cable 135 of the length Lc
connected as an unbalanced feed circuit, were analyzed. Fur-
ther, an analysis were performed at the same time, on the case
of a coaxial cable length Lc of zero, i.e., the case in which
ideal radio frequency feeding was assumed to be done at the
antenna feeding point 117. In the second comparative
example, since assuming no bend of the unbalanced feed line
113, the wiring direction of the coaxial cable 135 was in the
Y-axis direction with reference to coordinate axes in the
drawing. On the other hand, in the third implementation
example, since the unbalanced feed line 113 was bent in the
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XY plane to be led to the antenna feeding point 117, the
wiring direction of the coaxial cable 135 was in the X-axis
direction in the drawing.

FIG. 29 is an E-plane radiation pattern diagram for the third
implementation example at an operating frequency of 3 GHz,
in cases of the coaxial cable 135 with length of 0 mm and with
length of 150 mm. The gain was set to an ideal gain value such
that an influence of an input impedance mismatch was elimi-
nated. Despite the fact that the grounding conductor 103 in
the antenna was connected to the external circuit through the
unbalanced terminal, stable radiation characteristics were
maintained even in case of 150 mm. On the other hand, in the
radiation characteristics of the second comparative example,
it was observed that the characteristics tended to greatly
change due to the influence of the coaxial cable 135. FIG. 30
is an E-plane radiation pattern diagram for the second com-
parative example at an operating frequency of 3 GHz, in cases
of'the coaxial cable 135 with length of 0 mm and with length
of 150 mm. Due to a grounding conductor 103 in the antenna
being connected to the external circuit through the unbal-
anced terminal, the radiation pattern in case of 150 mm was
clearly disturbed by the influence of the coaxial cable 135.

As such, according to FIGS. 29 and 30, an advantageous
effect of suppression of an unbalanced grounding conductor
current, achieved by the preferred embodiments of the
present invention, was demonstrated.

An unbalanced-feed wideband slot antenna apparatus
according to the present invention can extend an impedance
matching band without increasing an area occupied by cir-
cuitry and a manufacturing cost, and accordingly, it is pos-
sible to implement a high-functionality terminal with a
simple configuration, which conventionally has not been able
to be implemented unless multiple antennas are mounted.
Also, the unbalanced-feed wideband slot antenna apparatus
can contribute to implementation of a UWB system which
uses a much wider frequency band than that of prior art
apparatuses. In addition, since the operating band can be
extended without using any chip component, the unbalanced-
feed wideband slot antenna apparatus is also useful as an
antenna tolerant to variations in manufacturing. Since the
unbalanced-feed wideband slot antenna apparatus operates in
the grounding conductor dipole antenna mode with the same
polarization characteristics as the slot antenna mode, at fre-
quencies lower than a frequency band of the slot antenna
mode, the unbalanced-feed wideband slot antenna apparatus
can be used as a small-sized wideband slot antenna apparatus.
Also, in a system requiring ultra-wideband frequency char-
acteristics, such as one that wirelessly transmits and receives
a digital signal, the unbalanced-feed wideband slot antenna
apparatus can be used as a small-sized antenna. In any case,
when the unbalanced-feed wideband slot antenna apparatus is
mounted on a terminal device, it is possible to always main-
tain the main beam direction in one same direction across an
operating band. Since the unbalanced-feed wideband slot
antenna apparatus eliminates the need to additionally install a
filter for stopping a partial band to reduce interferences in
frequency bands used by other communication systems, or
significantly relaxes requirements for filter characteristics,
some effects can be expected, such as a size reduction of a
terminal, a reduction in cost, a reduction in insertion loss,
expansion of communication areas, and saving in power. In
addition, it is difficult for a filter element used in a UWB
system to achieve ultra-wideband characteristics in a bal-
anced circuit configuration, and accordingly, an industrial
applicability of the present invention is very broad, in which
the present invention achieves wideband characteristics while
feeding in unbalanced manner.
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As described above, although the present invention is
described in detail with reference to preferred embodiments,
the present invention is not limited to such embodiments. It
will be obvious to those skilled in the art that numerous
modified preferred embodiments and altered preferred
embodiments are possible within the technical scope of the
present invention as defined in the following appended
claims.

What is claimed is:

1. A slot antenna apparatus comprising:

a grounding conductor, having an outer edge including a
first portion facing a radiation direction, and a second
portion other than the first portion;

a one-end-open feed slot formed in the grounding conduc-
tor along the radiation direction such that an open end is
provided at a center of the first portion of the outer edge
of the grounding conductor; and

a feed line including a strip conductor close to the ground-
ing conductor and intersecting with the feed slot at least
a part thereof to feed a radio frequency signal to the feed
slot,

wherein the feed line is branched at a first point near the
feed slot into a group of branch lines including at least
two branch lines, and at least two branch lines among the
group of branch lines are connected to each other at a
second point near the feed slot and different from the
first point, thereby forming at least one loop wiring line
on the feed line,

wherein a maximum value of respective loop lengths of the
atleast one loop wiring line is setto a length less than one
effective wavelength at an upper limit frequency of an
operating band,

wherein branch lengths of all those branch lines among the
group of branch lines, each branch line terminated at an
open end and not forming a loop wiring line, are less
than one-quarter effective wavelength at the upper limit
frequency of the operating band, and

wherein the slot antenna apparatus further comprises at
least one one-end-open parasitic slot having an electrical
length equivalent to one-quarter effective wavelength in
a certain stop band, the parasitic slot having an open end
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at the second portion of the outer edge of the grounding
conductor, and being formed in the grounding conductor
so as not to intersect with the feed line.

2. The slot antenna apparatus as claimed in claim 1,

wherein each loop wiring line intersects with boundaries
between the feed slot and the grounding conductor, and
the feed slot is excited at two or more points at which the
boundaries intersect with the loop wiring line and which
have different distances from the open end of the feed
slot.

3. The slot antenna apparatus as claimed in claim 1,

wherein the feed line is terminated at an open end,

wherein a region of the feed line, extending from the open
end over a length of one-quarter effective wavelength at
a center frequency of the operating band, is configured
as an inductive region with a characteristic impedance
higher than 50 €2, and

wherein the feed line intersects with the feed slot at sub-
stantially a center of the inductive region.

4. The slot antenna apparatus as claimed in claim 1,

wherein at the first portion of the outer edge of the ground-
ing conductor, distances from the open end of the feed
slot to both ends of the first portion of the outer edge are
respectively set to a length greater than or equal to one-
quarter effective wavelength at a resonant frequency of
the feed slot, whereby the grounding conductor operates
at a frequency lower than the resonant frequency of the
feed slot.

5. The slot antenna apparatus as claimed in claim 1,

wherein the grounding conductor is configured to be sym-
metric about an axis parallel to the radiation direction
and passing through the feed slot,

wherein the feed line is connected to a feeding point pro-
vided on a symmetry axis of the grounding conductor at
the second portion of the outer edge of the grounding
conductor, and

wherein by being provided on the symmetry axis of the
grounding conductor, the feeding point has an input and
output impedance higher than an impedance in anunbal-
anced mode of the grounding conductor.

#* #* #* #* #*
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ANTENNA ASSEMBLY WITH A MOVEABLE
ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to an antenna
assembly, and more particularly to an antenna assembly with
a moveable antenna assembling on an electronic device, such
as notebook.

2. Description of the Prior Art

Since the wireless communication technology of using
electromagnetic wave to transmit signals has the effect of
remote device transmission without cable connection, and
further has the mobility advantage, therefore the technology
is widely applied to various products, such as moveable
phones, notebook computers, intellectual home appliance
with wireless communication features. Because these devices
use electromagnetic wave to transmit signals, the antenna
used to receive electromagnetic wave also becomes a neces-
sity in the application of the wireless communication tech-
nology. An antenna almost requires to receive and send sig-
nals in different directions. But the radiating performance of
antennas inside the electronic devices is dissatisfactory due to
the influence of components in the electronic devices. Outer
antennas can eliminate the trouble, but the outer antennas can
not achieve the handsome requirement of present designs of
the electronic devices.

Hence, an improved antenna assembly with a moveable
antenna is desired to overcome the above-mentioned short-
comings of the existing antennas.

BRIEF SUMMARY OF THE INVENTION

A primary object, therefore, of the present invention is to
provide an antenna assembly with an small-size simple-struc-
ture inner antenna which is able to move away from an elec-
tronic device and back to be received in the electronic device.

In order to implement the above object and overcomes the
above-identified deficiencies in the prior art, the antenna
assembly with a movable antenna adapted for mounting to an
electronic device, comprises a fixed portion adapted for
assembling to said electronic device, an active portion mov-
ably assembled to the fixed portion and receiving the antenna
therein, a first guiding means is served by some guiding slots
and some guiding tabs corresponding to the guiding slots;
wherein the movable antenna is capable of moving between a
close position and an open position and the guiding tabs are
capable of sliding along the guiding slots and being stopped
by the guiding slots to achieve the open position and close
position of the antenna.

In order to implement the above object and overcomes the
above-identified deficiencies in the prior art, the antenna
assembly with a movable antenna, assembled on an electronic
device, comprises a fixed portion adapted for assembling to
said electronic device, an active portion movably assembled
to the fixed portion and receiving the antenna therein, a first
guiding means is served by some guiding slots formed on one
of the fixed portion and the active portion and some guiding
tabs corresponding to the guiding slots and formed on one of
the active portion and the fixed portion; wherein the movable
antenna capable of moving between a close position and an
open position, and said guiding tabs are capable of sliding
along the guiding slots and being stopped by the guiding slots
to achieve the open position and close position of the antenna.

Other objects, advantages and novel features of the inven-
tion will become more apparent from the following detailed
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description of a preferred embodiment when taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view illustrating a preferred
embodiment of an antenna assembly with a movable antenna
of the present invention assembled on an electronic device;

FIG. 2 is a exploded, perspective view of the FIG. 1; and

FIGS. 3-4 are views similar to FIG. 2, but viewed from
different angles.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to a preferred
embodiment of the present invention.

Reference to FIG. 1, an assembled, perspective view of an
antenna assembly 1 in accordance with a preferred embodi-
ment of the present invention is shown. Reference to FIGS.
2-4 shows exploded, perspective views of FIG. 1, but viewed
from different angles.

The antenna assembly 1 is assembled in a mobile elec-
tronic device, such as a notebook computer, and movably
received in a groove (not shown) defined by an edge of the
movable electronic device. The antenna assembly 1 com-
prises anantenna 100, an insulative cover 2 used to receive the
antenna 100 and fix the antenna assembly 1 in the electronic
device.

The antenna 100 is a planar inverted-F antenna, and com-
prises a radiating element 101, a grounding element 102 and
a grounding prolongation 103. The grounding element 102
has some installing apertures 104 with different sizes. The
radiating element 101 is located on a plane perpendicular to a
plane on which the grounding portion 102 is located. The
grounding prolongation 103, pasted on the grounding ele-
ment 102, has some holes 1031 aligning with corresponding
installing apertures 104 on the superposition between the
grounding portion 102 and the grounding prolongation 103.

The insulative cover 2 comprises a fixed portion 3 and an
active portion 4. The fixed portion 3 comprises a groove 300
defined by a first side wall 31, an opposite second side wall 32,
a third side wall 33 and a fourth side wall 34 to receive the
active portion 4, and a pair of latches 35, 36 to fasten the fixed
portion 3 to the electronic device. The first side wall 31 has an
arc surface 310 and a first protrusion 311 extending from the
inner surface of the first side wall 31 into the groove 300. The
second side wall 32 comprises a bevel 320 and a second
protrusion (not labeled) extending from the second side wall
32 and opposite to the protrusion 311. The third side wall 33
comprises a pair of ribs 331a, 3315 protruding outwardly the
outer surface of the third side wall 33 and a concave portion
330 defined between the two ribs 331a, 3315. Three slots
332a,332b,332c¢ are spaced arranged in the third side wall 33
and below the pair of ribs 331a, 3315 and the concave portion
330. The fourth side wall 34 has a sunken surface 340 on the
top thereof. Three pairs of guiding slots 342a, 3425, 342¢ are
defined on the inner surfaces of the third side wall 33 and the
fourth side wall 34 respectively, and both of the same pair of
the guiding slots are face to face. The pair of guiding slots
342b are respectively on the middle of the inner surfaces of
the third side wall 33 and the fourth side wall 34. The pair of
guiding slots 342a and the pair of guiding slots 342¢ are
located at the two sides of the guiding slots 3425 and two pairs
of stop sections 3420, 3421 are respectively formed on the
guiding slots 342a and 342b. A pair of columns 344 extend
from the inner surface of the fourth side wall 34 on the two
different sides of the guiding slot 3425. A bar 343 extends
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from the outer surface of the fourth side wall 34 and forms
some protuberant rectangular frames 3430 and some protu-
berant rectangular pieces 3431. A first latch 36 extends from
the first side wall 31 and a second latch 35 extends from the
second side wall 32 which together form latch means. The
first latch 36 has a shape different from the shape of the
second latch 35, and both of the first latch 36 and the second
latch 35 are used to fix the fixed portion 3 with the active
portion 4 and the antenna 100 to an electronic device.

The active portion 4 comprises a front piece 41 and a rear
piece 42. The front piece 41 comprises an upper wall 410
located in a horizontal plane and a vertical wall 412 down-
wardly extending from a rear edge of the upper wall 410. The
upper wall 410 has a bar 4100 extending from the three
continuous edges ofthe top of the upper wall 410 upwardly. A
pair of fixed grooves 4122a, 41225 are recessed rearwardly
from front surface of the vertical wall 412. The vertical wall
412 forms three front guiding tabs 4120 extending forwardly
from lower edge thereof and corresponding to the guiding
slots 342a, 3425, 342¢ on the third side wall 33 of the fixed
portion 3. The rear piece 42 comprises an upper patch 420 and
a vertical patch 422. The upper patch 420 has a holding
portion 4200 which fit in the sunken surface 340 of the fixed
portion 3 to receive itself into the sunken surface 340. The
vertical patch 422 has a pair of guiding portions 4220, 4221
respectively on the two sides thereof, three first tubes 4223 on
the surface thereof, a pair of second tubes 4224a, 42245,
some sticks 4225 and some rear guiding tabs 4226 corre-
sponding to the rear guiding slots 342a, 3425, 342¢ on the
fourth side wall 34 ofthe fixed portion 3. Blocking faces 4220’
and 4221' are respectively defined by the guiding portions
4220 and 4221. The guiding portions 4220, 4221 respectively
correspond to the first protrusion 311 and the second protru-
sion of the fixed portion 3 to be served as first guiding means
of'the insulative cover 2. The front guiding tabs 4120 and the
rear guiding tabs 4226 of the active portion 4 respectively
correspond to the guiding slots 342a, 3425, 342¢ of the fixed
portion 3 to be served as second guiding means of the insu-
lative cover 2. The front piece 41 has the posts 414 corre-
sponding to the first tubes 4223 of the rear piece 42 and two
sticks 413 corresponding to the second tubes 4224a, 42245b.
The posts 414 and the sticks 413 are served as a first connect-
ing portion of the front piece 41. The first tubes 4223, the pair
of second tubes 4224a, 42245 of the rear piece 42 are served
as a second connecting portion. The first connecting portion
of the front piece 41 corresponding to the second connecting
portion ofthe rear piece 42 to assemble the front piece 41 with
the rear piece 42. The vertical patch 422 has some holes 423
corresponding to the pair of columns 344.

In assembly, the sticks 4225 of the vertical patch 422 of the
rear piece 42 go through the small-size installing apertures
104 of the antenna 100. And then, the first tubes 4223 go
through the big-size installing apertures 104 to fix the antenna
100 on the rear piece 42. The first tubes 4223 are respectively
correspondingly inserted to the posts 414 and the sticks 413
are respectively correspondingly inserted to the second tubes
4224a, 4224b to assemble the front piece 41 with the rear
piece 42 to form the active portion 4 with the antenna 100
there between. At the same time, the fixed grooves 4122a,
41225 abut against the grounding element 102 of the antenna
100 to make the antenna 100 abut against the rear piece 42
without replacement. Afterward, the active portion 4 is
assembled with the fixed portion 3. The three front guiding
tabs 4120 and the three rear guiding tabs 4226 are respec-
tively inserted into the three pair of guiding grooves 342a,
3425, 342¢. The protrusions 311 of the fixed portion 3 are
respectively infixed in the guiding portions 4220, 4221 of the
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rear piece 42. Finally, the fixed portion 3 is assembled on a
cover of the electronic device, wherein the fixed portion 3 is
fixed in the groove of the electric device, the upper wall 410
of'the front piece 41 and the upper patch 420 of the rear piece
42 is on a plane same as one surface of the cover, and the
grounding prolongation 103 extends outward the insulative
cover 2 to be received in the inner space of the electronic
device. When working, the active portion 4 is able to be pulled
outward relatively the fixed portion 3 to its open position to
make the antenna 100 in a good environment with smaller
Electro Magnetic Interference produced by the components
in the electronic device. When the active portion 4 pressed
downwardly to be received in the groove of the electronic
device, the antenna returns to its close position.

In other embodiment of the present invention, the fixed
portion 3 can be canceled, and the active 4 is assembled on the
cover of the electronic device with some guiding portions
corresponding to each other to make the active portion 4
movable.

While the foregoing description includes details which will
enable those skilled in the art to practice the invention, it
should be recognized that the description is illustrative in
nature and that many modifications and variations thereof
will be apparent to those skilled in the art having the benefit of
these teachings. It is accordingly intended that the invention
herein be defined solely by the claims appended hereto and
that the claims be interpreted as broadly as permitted by the
prior art.

What is claimed is:

1. An antenna assembly with a movable antenna adapted
for mounting to an electronic device, comprises:

the movable antenna capable of moving between a close
position and an open position;

a fixed portion adapted for assembling to said electronic
device;

an active portion movably assembled to the fixed portion
and receiving the antenna therein;

a first guiding means is served by some guiding slots
formed on one of the fixed portion and the active portion
and some guiding tabs corresponding to the guiding
slots and formed on one of the active portion and the
fixed portion;

wherein said guiding tabs are capable of sliding along the
guiding slots and being stopped by the guiding slots to
achieve the open position and close position of the
antenna;

wherein said guiding slots are defined on the fixed portion
and the guiding tabs are defined on the active portion;

wherein said guiding tabs of the active portion comprises
some front guiding tabs and some rear guiding tabs, all
of which respectively correspond to the guiding slots of
the fixed portion.

2. The antenna assembly as claimed in claim 1, wherein
said active portion together with the antenna flatly moves
along the axes of the fixed portion.

3. The antenna assembly as claimed in claim 1, wherein
said fixed portion comprises a pair of latches to form a latch-
ing means to fix the fixed portion to the electronic device.

4. The antenna assembly as claimed in claim 3, wherein
said pair of latches have different shapes.

5. The antenna assembly as claimed in claim 1, wherein
said active portion comprise two pieces to form a space
receiving the antenna and the active portion is movably
receive in the fixed portion.

6. The antenna assembly as claimed in claim 5, wherein
said two pieces of the active portion is assembled together by
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interferentially engaging some posts and sticks defined by a
front piece with some tubes defined by a rear piece.

7. The antenna assembly as claimed in claim 6, wherein
both said front piece and said rear piece comprise an upper
portion and a vertical portion forming a certain angle with to
the upper portion.

8. The antenna assembly as claimed in claim 7, wherein
said antenna comprises a radiating portion located between
the two upper portions and a grounding portion located
between the two vertical portions.

9. An antenna assembly with a movable antenna adapted
for mounting to an electronic device, comprises:

the movable antenna capable of moving between a close
position and an open position;

a fixed portion adapted for assembling to said electronic
device;

an active portion movably assembled to the fixed portion
and receiving the antenna therein;

a first guiding means is served by some guiding slots
formed on one of'the fixed portion and the active portion
and some guiding tabs corresponding to the guiding
slots and formed on one of the active portion and the
fixed portion;

5
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wherein said guiding tabs are capable of sliding along the
guiding slots and being stopped by the guiding slots to
achieve the open position and close position of the
antenna;
wherein said guiding slots are defined on the fixed portion
and the guiding tabs are defined on the active portion;

wherein said fixed portion comprises a first protrusion and
a second protrusion, the active portion comprises a guid-
ing portion, which three together form a second guiding
means.

10. The antenna assembly as claimed in claim 9, wherein
said fixed portion comprises a channel formed by a first side
wall, an opposite second side wall, a third side wall and a
fourth side wall.

11. The antenna assembly as claimed in claim 10, wherein
said first protrusion and said second protrusion are respec-
tively oppositely on the inner surfaces of the first side wall and
the second side wall.

12. The antenna assembly as claimed in claim 10, wherein
said guiding slots are oppositely on the inner surface of the
third side wall and the fourth side wall.
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(57) ABSTRACT

An antenna device provided in a radio apparatus having a
printed circuit board includes a first antenna element and a
second antenna element. The first antenna element is config-
ured to be fed and grounded at a first feed portion and at a first
short-circuit portion both on the printed circuit board, respec-
tively. The second antenna element is configured to be fed and
grounded at a second feed portion and at a second short-
circuit portion both on the printed circuit board, respectively.
The second feed portion is located farther from the first feed
portion than from the first short-circuit portion, farther than
the first short-circuit portion is from the first feed portion,
farther from the first short-circuit portion than from the sec-
ond short-circuit portion, and farther than the second short-
circuit portion is from the first short-circuit portion.

12 Claims, 6 Drawing Sheets

K_H

11

17

1/\_/

12

4] )10

1%






U.S. Patent Apr. 20,2010 Sheet 1 of 6 US 7,701,401 B2

10 10a
—N - A \
i 12 11 g 12a
=
17 14 4;15 17 14 195
134 T 45T 3 T 5T
17\ 17\

FIG. 1 FIG. 2





U.S. Patent Apr. 20,2010 Sheet 2 of 6 US 7,701,401 B2

10b ZJ?

A 4 A\
r1 128 21 2&;9 22a22
% 14 é g—ié

27 24 ¥25
13 16 23— 26
FIG. 3 FIG. 4
20a 20b
‘- A N\ ' A A
21a 28 22a22 21b 28 22a22
| 52 < ;
25

FIG. 5 FIG. 6





U.S. Patent Apr. 20,2010 Sheet 3 of 6 US 7,701,401 B2

0 1 | l
-5 - 20a
. 20
-10 —A—  20b

[solation[dB]
n>
S

o ?‘Q‘;‘:\.«
HER

800 950 1700 2000 2100 2200 2400 2500
Frequency[MHz]

FIG. /





U.S. Patent

Isolation[dB]

Apr. 20,2010

-
21c 28
429

\
22a22

)

93 26

FIG. 8

Sheet 4 of 6

US 7,701,401 B2

20d
_Al

r )
21d 28 22a22

29

1§i#$:55;;25

FIG.

20
20d
20c‘
.
_—
| e
“
800 1700 2000 2100 2200 2400 2500

Frequency[MHz]

FIG. 10

9





U.S. Patent Apr. 20,2010 Sheet 5 of 6 US 7,701,401 B2

0 T I T I
(=25 il =9 ()
=9 oy =15 ==emy=10
-10
5-15
.Q ""20 N ,z,-.'v"x‘»\ ‘ o= :
© XL AN /‘§< wesh
—__ __L ‘N e\)‘w 2T P
ERal N = &Y “)(-744’ T
-30 —¢~ \ A ‘/,-
~35 N rd
-40 \
800 950 1700 2000 2100 2200 2400 2500
Frequency[MHz]
30
A

FIG. 12





U.S. Patent Apr. 20,2010 Sheet 6 of 6 US 7,701,401 B2

S ——

: o
e

il o i |
ey &

VSWR
SnasGa N

i

800 1000 1200° 1400 1600 1800 2000 2200 2400 2600
Fréquency (MHz).

FIG. 13

-10 o N
o] . MODIFI-
F CATION

\
Vi
7

L ANTENNA
DEVICE 20

Isolation[dB]
N\

/ \.__.
/ N ANTENNA
// DEVICE 30
_40 L) ’II

800 950 1700 2000 2100 2200 2400 2500

Frequency[MHz]

FIG. 14

M






US 7,701,401 B2

1

ANTENNA DEVICE HAVING NO LESS THAN
TWO ANTENNA ELEMENTS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2007-
176503 filed on Jul. 4, 2007, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna device, and in
particular to an antenna device having no less than two
antenna elements.

2. Description of the Related Art

There is a trend that radio apparatus like mobile phones are
equipped with not only so called a cellular-type mobile com-
munication system but also various kinds of radio systems
such as a wireless local area network (WLAN), the global
positioning system (GPS), a radio identification system
(RFID), a terrestrial digital television system and so on. It is
anticipated that the above trend continues to grow, and that
the radio apparatus will increasingly have multiple uses and
multiple functions.

Inresponse to advances in multiple uses and multiple func-
tions of the radio apparatus, features of multiple resonance
and broader frequency ranges are increasingly required of
antenna devices provided in the radio apparatus. Meanwhile,
downsizing and compactness are also required of the antenna
devices from a viewpoint of improvement of designs and
downsizing of the radio apparatus. In order to meet the above
requirements conflicting to each other, the radio apparatus
has to be equipped with an antenna device adapted for plural
radio systems.

Configuration of such an antenna device may be divided
broadly into two types of approaches. One of the approaches
is a configuration where plural antenna elements (maybe
including a parasitic element) having different resonant fre-
quencies one another are combined, commonly fed by and
distributed to plural systems via an antenna sharing device
such as a switch or a duplexer.

Another one of the approaches is a configuration where
plural antennas are arranged close to each other in a space-
efficient manner, and each of the antennas is separately fed by
an associated system.

In the configuration using the antenna sharing device, an
isolation characteristic of the antenna sharing device domi-
nates isolation among the systems different one another. In
order to compensate for shortage of the isolation of the
antenna sharing device, another device such as a band-pass
filter may be needed. Consequently, increased insertion
losses of the antenna sharing device and the filter may cause
basic performance such as transmitter power or receiver sen-
sitivity to be degraded.

The configuration where each of plural antennas is sepa-
rately fed by an associated system is advantageous to basic
performance of radio apparatus, as there is no need to think of
insertion losses of antenna sharing devices and filters. Mean-
while, there is a problem that isolation may hardly be assured
as the antennas are arranged spatially close one another.

For such a problem, conventional antenna devices have
been proposed so that isolation may be assured, as disclosed
in Japanese Patent Publication of Unexamined Application
(Kokai), No. 2003-332840 and No. 2005-198245.
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More specifically, the invention of the antenna device dis-
closed in JP 2003-332840 was applied by the applicant of this
application so as to reduce a cross coupling between antennas
of'an antenna device arranged on a same grounded conductive
plate and to reduce leakage of electromagnetic waves from a
transmitting antenna to a receiving antenna. The antenna
device is provided with a plate-like short-circuiting element
on and almost perpendicular to the grounded conductive plate
between feed portions of the antennas, and configured to
block views between the feed portions for solving the above
problems.

The antenna device disclosed in JP 2005-198245 is con-
figured that one of two antenna elements is a half wavelength
long with a grounded end so as to work equivalently to a loop
antenna of a wavelength long and to suppress resonance
occurring on a ground plane. It is mentioned that even if
another one of the antenna elements is excited at a nearby
frequency, a coupling between the antenna elements may be
suppressed as antenna current distribution is small near a feed
portion of the equivalent loop antenna.

The antenna device disclosed in JP 2003-332840 by the
applicant of this application is configured to have the plate-
like short-circuiting element perpendicular to the grounded
conductive plate so as to isolate between the antennas. Such a
configuration may not be very suitable for a small sized radio
apparatus such as a mobile phone which is required to be
small and thin.

The antenna device disclosed in JP 2005-198245 is on an
assumption that frequency bands of use of the antenna ele-
ments are close to each other. It is thus restricted to apply such
a configuration to broad multiple uses and multiple functions
of radio apparatus.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to pro-
vide an antenna device including plural antenna elements and
configured to assure isolation among the antenna elements to
be ready for broad multiple uses and multiple functions of
radio apparatus.

To achieve the above object, according to one aspect of the
present invention, an antenna device provided in a radio appa-
ratus having a printed circuit board includes a first antenna
element and a second antenna element. The first antenna
element is configured to be fed at a first feed portion provided
on the printed circuit board. The first antenna element is
configured to be grounded at a first short-circuit portion pro-
vided on the printed circuit board. The second antenna ele-
ment is configured to be fed at a second feed portion provided
on the printed circuit board. The second antenna element is
configured to be grounded at a second short-circuit portion
provided on the printed circuit board. The second feed portion
is located farther from the first feed portion than from the first
short-circuit portion, farther than the first short-circuit portion
is from the first feed portion, farther from the first short-
circuit portion than from the second short-circuit portion, and
farther than the second short-circuit portion is from the first
short-circuit portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of members including an antenna
device of a first embodiment of the present invention, having
a first antenna element and a second antenna element.

FIG. 2 is a plan view of members including an antenna
device modified from the antenna device of the first embodi-
ment, where a shape of the second antenna element is
changed.
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FIG. 3 is a plan view of members including an antenna
device modified from the antenna device of the first embodi-
ment, where a relative arrangement of the first antenna ele-
ment and the second antenna element is changed.

FIG. 4 is a plan view of members including an antenna
device of a second embodiment of the present invention,
having a first antenna element of an inverted-F type and a
second antenna element.

FIG. 5 is a plan view of members including an antenna
device of a modification of the second embodiment, having a
first antenna element of an open ended monopole type.

FIG. 6 is a plan view of members including an antenna
device of a modification of the second embodiment, having a
first antenna element of a folded monopole type.

FIG. 7 is a line chart of isolation vs. frequency character-
istics of the antenna devices shown in FIGS. 4, 5 and 6,
estimated by simulation.

FIG. 8 is a plan view of members including an antenna
device of a modification of the second embodiment, having a
first antenna element of an inverted-F type directed opposite
the second antenna element.

FIG. 9 is a plan view of members including an antenna
device of a modification of the second embodiment, having a
first antenna element of an inverted-F type directed to go
away from the second antenna element.

FIG. 10 is a line chart of isolation vs. frequency character-
istics of the antenna devices shown in FIGS. 4, 8 and 9,
estimated by simulation.

FIG. 11 is a line chart of isolation vs. frequency character-
istics of the antenna device of the second embodiment given
a location of a feed portion of the first antenna element as a
variable parameter.

FIG. 12 is a plan view of members including an antenna
device of a third embodiment of the present invention, formed
by the antenna device of the second embodiment and a third
antenna element added thereto.

FIG. 13 is a chart of a voltage standing wave ratio (VSWR)
vs. frequency characteristic of the antenna device of the third
embodiment estimated by simulation in comparison with the
characteristic of the antenna device of the second embodi-
ment.

FIG. 14 is a line chart of isolation vs. frequency character-
istic of the antenna device of the third embodiment estimated
by simulation in comparison with characteristics of the
antenna device of the second embodiment and so on.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention will be
described in detail. In following descriptions, terms like
upper, lower, left, right, horizontal or vertical used while
referring to a drawing shall be interpreted on a page of the
drawing unless otherwise noted. Besides, a same reference
numeral given in no less than two drawings shall represent a
same member or a same portion.

A first embodiment of the present invention will be
described with reference to FIGS. 1-3. FIG. 1 is a plan view of
members including an antenna device 10 of the first embodi-
ment to show a configuration of and around the antenna
device 10. The antenna device 10 is arranged near an upper
side of a printed circuit board (PCB) 1 included in a radio
apparatus which is not shown.

The antenna device 10 has a first antenna element 11 and a
second antenna element 12. The PCB 1 may be formed not
only by a single board but by plural boards.

The first antenna element 11 is configured to be fed at a first
feed portion 13 provided on the PCB 1 and is short-circuited
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to a ground circuit of the PCB 1 at a first short-circuit portion
14 provided on the PCB 1 so as to be grounded. The first
antenna element 11 has a tip which is an open end 17.

The second antenna element 12 is configured to be fed at a
second feed portion 15 provided on the PCB 1 and is short-
circuited to the ground circuit of the PCB 1 at a second
short-circuit portion 16 provided on the PCB 1 so as to be
grounded.

The antenna device 10 has two features of configuration for
improving isolation between the first antenna element 11 and
the second antenna element 12. A first one of the features is
that the first antenna element 11 and the second antenna
element 12 are grounded at the first short-circuit portion 14
and the second short-circuit portion 16, respectively.

The above first feature may produce an effect that the
isolation may be improved in comparison with a case where
the first antenna element 11 or the second antenna element 12
were of an open-ended monopole type with no short-circuit
portion. The above effect has been verified by simulation and
will be explained, combined with a second embodiment of the
present invention, later with reference to FIG. 7.

A second one of the features is that each of the first short-
circuit portion 14 and the second short-circuit portion 16 is
arranged between the first feed portion 13 and the second feed
portion 15.

More specifically, a distance between the first short-circuit
portion 14 and the first feed portion 13 is smaller than a
distance between the first feed portion 13 and the second feed
portion 15. Besides, a distance between the first short-circuit
portion 14 and the second feed portion 15 is smaller than the
distance between the first feed portion 13 and the second feed
portion 15. That is, the first short-circuit portion 14 is located
between the first feed portion 13 and the second feed portion
15, and not very far from a straight line joining the first feed
portion 13 and the second feed portion 15.

In other words, the second feed portion 15 is located farther
from the first feed portion 13 than from the first short-circuit
portion 14, and farther than the first short-circuit portion 14 is
from the first feed portion 13.

Then, a distance between the second short-circuit portion
16 and the first short-circuit portion 14 is smaller than a
distance between the first short-circuit portion 14 and the
second feed portion 15. Besides, a distance between the sec-
ond short-circuit portion 16 and the second feed portion 15 is
smaller than the distance between the first short-circuit por-
tion 14 and the second feed portion 15. That is, the second
short-circuit portion 16 is located between the first short-
circuit portion 14 and the second feed portion 15, and not very
far from a straight line joining the first short-circuit portion 14
and the second feed portion 15.

In other words, the second feed portion 15 is located farther
from the first short-circuit portion 14 than from the second
short-circuit portion 16, and farther than the second short-
circuit portion 16 is from the first short-circuit portion 14.

An arrangement of the first feed portion 13, the first short-
circuit portion 14, the second short-circuit portion 16 and the
second feed portion 15 along the upper side of the PCB 1 and
almost on a single straight line as shown in FIG. 1 is consid-
ered as exemplary only as to a positional relationship among
the feed portions and the short-circuit portions described
above.

The above feed portions and the short-circuit portions may
not be arranged on a single straight line as shown in FIG. 1. As
long as two short-circuit portions are arranged between two
feed portions, an effect of improving isolation may be
obtained to greater or lesser degrees. The above effect has
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been verified by simulation and will be explained, combined
with the second embodiment of the present invention, later
with reference to FIG. 10.

As shown in FIG. 1, the first antenna element 11 and the
second antenna element 12 are formed almost in a same
direction (leftwards for this embodiment) near the upper side
of the PCB 1. The antenna device 10 may be provided in a
small-sized radio apparatus by having the first antenna ele-
ment 11 and the second antenna element 12 formed almost in
the same direction as shown above.

FIG. 2 is a plan view of members including an antenna
device 10a of a modification of the first embodiment to show
a configuration of and around the antenna device 10a. The
antenna device 10a is arranged near the upper side of the PCB
1, a same as the corresponding one shown in FIG. 1. The
antenna device 10a has the first antenna element 11 which is
a same as the corresponding one shown in FIG. 1, and a
second antenna element 124.

The second antenna element 124 is configured to be fed at
the second feed portion 15 provided on the PCB 1 and is
short-circuited to the ground circuit of the PCB 1 at the
second short-circuit portion 16 provided on the PCB 1 s0 as to
be grounded, in a same manner as described above with
respect to the second antenna element 12.

The second antenna element 124 is formed by a round-trip
line folded back at a fold portion 18. The first feed portion 13,
the first short-circuit portion 14, the second feed portion 15
and the second short-circuit portion 16 are in a same posi-
tional relationship as explained with respect to the antenna
device 10 as shown in FIG. 1.

The antenna device 10a has the first and second features
same as the antenna device 10 has, for improving isolation
between the first antenna element 11 and the second antenna
element 12a. Besides, the first antenna element 11 is formed
in a way that the open end 17 is directed leftwards and the
second antenna element 124 is formed in a way that the fold
portion 18 is directed rightwards. That is, the first antenna
element 11 and the second antenna element 12a are formed in
away that the open end 17 and the fold portion 18 are directed
to go away from each other.

The first antenna element 11 is configured to be a so-called
inverted-F antenna. If the first antenna element 11 is fed, a
relatively high voltage is distributed at and around the open
end 17. The second antenna element 124 is configured to be a
folded monopole antenna. If the second antenna element 12a
is fed, a relatively high voltage is distributed at and around the
fold portion 18.

As the open end 17 and the fold portion 18 where relatively
high voltages are distributed are directed to go away from
each other, a voltage-coupling between the first antenna ele-
ment 11 and the second antenna element 12a may be sup-
pressed, and isolation between the first antenna element 11
and the second antenna element 12a may be improved.

Due to limited mounting space of the radio apparatus, it
may be difficult to locate the open end 17 of the first antenna
element 11 further left to a left side of the PCB 1. In such a
case, the first antenna element 11 is formed directed away
from the second antenna element 12a near the upper side of
the PCB 1, and the open end 17 is located near a left end of the
upper side of the PCB 1.

FIG. 3 is a plan view of members including an antenna
device 105 of another modification of the first embodiment to
show a configuration of and around the antenna device 105.
The antenna device 104 is arranged near the upper side of the
PCB 1, the same as shown in FIG. 1. The antenna device 105
has the first antenna element 11, the same as shown in FIG. 1,
and a second antenna element 125.
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The second antenna element 124 is configured to be fed at
the second feed portion 15 provided on the PCB 1 and is
short-circuited to the ground circuit of the PCB 1 at the
second short-circuit portion 16 provided on the PCB 150 as to
be grounded, in a same manner as described above with
respect to the second antenna element 12. The first feed por-
tion 13, the first short-circuit portion 14, the second feed
portion 15 and the second short-circuit portion 16 are in a
same positional relationship as explained with respect to the
antenna device 10 as shown in FIG. 1.

In order to improve isolation between the first antenna
element 11 and the second antenna element 125, the antenna
device 105 has the first and second features which are same as
the antenna device 10 has. Besides, a portion of the first
antenna element 11 near the first feed portion 13 and a portion
of the second antenna element 125 near the second feed
portion 15 are formed almost perpendicular to each other.

As the portion of the first antenna element 11 near the first
feed portion 13 and the portion of the second antenna element
125 near the second feed portion 15 are formed almost per-
pendicular to each other, a current-coupling between the first
antenna element 11 and the second antenna element 1256 may
be suppressed, and the isolation between the first antenna
element 11 and the second antenna element 125 may be
improved. The antenna device 10a shown in FIG. 2 may also
be modified in a same way as the antenna device 10 is modi-
fied to be the antenna device 105.

According to the first embodiment of the present invention
described above, the antenna device having plural antenna
elements may be configured to select the positional relation-
ship of the feed portions and the short-circuit portions and
configured to select the positional relationship between the
antenna elements associated with the high-and-low voltage or
current distribution for improving the isolation between the
antenna elements.

A second embodiment of the present invention will be
described with reference to FIGS. 4-11. FIG. 4 is a plan view
of members including an antenna device 20 of the second
embodiment to show a configuration of and around the
antenna device 20. The antenna device 20 is arranged near the
upper side of the PCB 1, the same as shown in FIG. 1 of the
first embodiment. The antenna device 20 has a first antenna
element 21, a second antenna element 22 and a branch ele-
ment 22a which branches off from the second antenna ele-
ment 22.

The first antenna element 21 is configured to be fed at a first
feed portion 23 provided on the PCB 1 and is short-circuited
to a ground circuit of the PCB 1 at a first short-circuit portion
24 provided on the PCB 1 so as to be grounded. The first
antenna element 21 has a tip which is an open end 27.
Although the first antenna element 21 is a same as the first
antenna element 11 of the first embodiment, each portion of
the first antenna element 21 is given an updated reference
numeral.

The second antenna element 22 is configured to be fed at
the second feed portion 25 provided on the PCB 1 and is
short-circuited to the ground circuit of the PCB 1 at the
second short-circuit portion 26 provided on the PCB 10 as to
be grounded.

The second antenna element 22 is formed by a round-trip
line folded back at a fold portion 28, having a way forward
and a way back short-circuited at a bridge 29. The second
antenna element 22 is formed by a same element as the second
antenna element 12a (each portion is given an updated refer-
ence numeral, though) to which the bridge 29 is added and
from which the branch element 224 branches off.
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The first feed portion 23, the first short-circuit portion 24,
the second feed portion 25 and the second short-circuit por-
tion 26 are in a same positional relationship as explained with
respect to the first feed portion 13, the first short-circuit por-
tion 14, the second feed portion 15 and the second short-
circuit portion 16 of the antenna device 10a as shown in FIG.
2.

In order to improve isolation between the first antenna
element 21 and the second antenna element 22, the antenna
device 20 as configured above has the first and second fea-
tures which are same as the antenna device 10 or 10a of the
first embodiment has.

As the open end 27 and the fold portion 28 where relatively
high voltages are distributed are directed to go away from
each other, a voltage-coupling between the first antenna ele-
ment 21 and the second antenna element 22 may be sup-
pressed, and isolation between the first antenna element 21
and the second antenna element 22 may be improved.

The antenna device 20 has the branch element 22a branch
off for being multi-resonant and adds the bridge 29 for
improving impedance matching. Meanwhile, having the fea-
tures of the configuration in common with the antenna device
104, the antenna device 20 may produce a same eftect as the
antenna device 10a does.

An effect of the first feature of the antenna device 20 has
been estimated by simulation, and a result of the simulation
will be explained with reference to FIGS. 5-7.

FIG. 5 is a plan view of members including an antenna
device 20a modified from the antenna device 20, where the
first antenna element 21 of an inverted-F type is replaced with
a first antenna element 214 of an open-ended monopole type
to be compared with. Each of portions shown in FIG. 5 is a
same as the corresponding one shown in FIG. 4, except for the
first antenna element 214 (only an upper portion of the PCB 1
is shown in FIG. 5).

FIG. 6 is a plan view of members including an antenna
device 205 modified from the antenna device 20, where the
first antenna element 21 of an inverted-F type is replaced with
a first antenna element 215 of a folded monopole type to be
compared with. Each of portions shown in FIG. 6 is a same as
the corresponding one shown in FIG. 4, except for the first
antenna element 215 (only an upper portion of the PCB 1 is
shown in FIG. 5).

FIG. 7 is a line chart of isolation vs. frequency character-
istics of the antenna devices 20, 20a and 205 shown in FIGS.
4,5 and 6, respectively, estimated by simulation. FIG. 7 has a
horizontal axis representing the frequency in megahertz
(MHz) and a vertical axis representing the isolation by nega-
tive values in decibel (dB). Note that as the isolation is rep-
resented by negative values and a greater or less relationship
is algebraically defined, greater isolation means less adequate
isolation hereafter. It has been assumed that the first feed
portion 23 is located 20 millimeters (mm) from the left end of
the upper side of the PCB 1 in FIGS. 4-6.

For the second embodiment, frequency ranges assigned to,
e.g., mobile phones or Bluetooth are of interest and other
frequency ranges are omitted from the horizontal axis in FIG.
7 (and also in FIGS. 10, 11 and 14 which are referred to later
for the second and third embodiments). As to a resonant
frequency of each of the antenna elements, it has been
assumed, e.g., that the first antenna element 21, 21a or 215 is
given a frequency in a 2.4 gigahertz (GHz) band (Bluetooth),
the second antenna element 22 in a 800 MHz band (mobile
phones) and the branch element 224 in a 1.7 GHz band (third
generation (3G) mobile phones).

InFIG. 7, a series of line segments joining diamond-shaped
plots represents the characteristic of the antenna device 20a
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(including the first antenna element 21a of the open-ended
monopole type) shown in FIG. 5. A series of line segments
joining square plots represents the characteristic of the
antenna device 20 (including the first antenna element 21 of
the inverted-F type) shown in F1G. 4. A series of line segments
joining triangular plots represents the characteristic of the
antenna device 205 (including the first antenna element 215
of the folded monopole type) shown in FIG. 6.

As shown in FIG. 7, the isolation characteristic of the
antenna device 20 or 205 having the first antenna element 21
or 215, respectively, grounded at the first short-circuit portion
24 is better than the isolation characteristic of the antenna
device 20a having the first antenna element 21a with no
short-circuit portion, particularly in the 800 MHz band for the
mobile phones.

If the isolation is required to be no greater than -20 dB in
FIG. 7, e.g., the antenna device 20a (the diamond-shaped
plots) does not meet the above requirement at lower frequen-
cies, and the antenna device 20 (the square plots) or 205 (the
triangular plots) meets the above requirement in each of the
frequency bands. Thus, it is shown that the antenna element
having the short-circuit portion (the first feature) may con-
tribute to improvement of the isolation.

An effect of the second feature of the antenna device 20 has
been estimated by simulation, and a result of the simulation
will be explained with reference to FIGS. 8-10. FIG. 8 is a
plan view of members including an antenna device 20¢ modi-
fied from the antenna device 20, where the first antenna ele-
ment 21 of the inverted-F type is replaced with a first antenna
element 21c¢ of an inverted-F type directed differently to be
compared with.

Each of portions shown in FIG. 8 is a same as the corre-
sponding one shown in FIG. 4, except for the first antenna
element 21¢ (only an upper portion of the PCB 1 is shown in
FIG. 8). In FIG. 8, the first feed portion 23 is located closer to
the second antenna element 22 than the first short-circuit
portion 24 is. The first antenna element 21c¢ is arranged in a
way that the open end is directed opposite the second antenna
element 22.

FIG. 9 is a plan view of members including an antenna
device 20d modified from the antenna device 20, where the
first antenna element 21 of the inverted-F type is replaced
with a first antenna element 214 of an inverted-F type directed
differently to be compared with.

Each of portions shown in FIG. 9 is a same as the corre-
sponding one shown in FIG. 4, except for the first antenna
element 214 (only an upper portion of the PCB 1 is shown in
FIG.9). In FIG. 9, the first feed portion 23 is located closer to
the second antenna element 22 than the first short-circuit
portion 24 is. The first antenna element 214 is arranged in a
way that the open end is directed to go away from the second
antenna element 22.

FIG. 10 is a line chart of isolation vs. frequency character-
istics of the antenna devices 20, 20¢ and 204 shown in FIGS.
4, 8 and 9, respectively, estimated by simulation. FIG. 10 has
the horizontal axis and the vertical axis in common with FIG.
7. It has been assumed that the first feed portion 23 is located
10 mm from the left end of the upper side of the PCB 1 in
FIGS. 4, 8 and 9.

In FIG. 10, a series of line segments joining diamond-
shaped plots represents the characteristic of the antenna
device 20 shown in FIG. 4. As shown in FIG. 4, the short-
circuit portion 24 is located in a range between the first feed
portion 23 and the second feed portion 25, and the open end
27 is directed to go away from the second antenna element 22.

In FIG. 10, a series of line segments joining square plots
represents the characteristic of the antenna device 204 shown
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in FIG. 9. As shown in FIG. 9, the short-circuit portion 24 is
located out of the range between the first feed portion 23 and
the second feed portion 25 (near the end of the upper side of
the PCB 1), and the open end of the first antenna element 214
is directed to go away from the second antenna element 22.

In FIG. 10, a series of line segments joining triangular plots
represents the characteristic of the antenna device 20c shown
inFIG. 8. As shown in FIG. 8, the open end of the first antenna
element 21c¢ is directed opposite the second antenna element
22.

If the isolation is required to be no greater than —20 dB in
FIG. 10, e.g., the antenna device 20c¢ (the triangular plots) or
204 (the square plots), having the first short-circuit portion 24
out of the range between the first feed portion 23 and the
second feed portion 25, does not meet the above requirement
at relatively lower or higher frequencies.

Meanwhile, the antenna device 20 (the diamond-shaped
plots) having the first short-circuit portion in the range
between the first feed portion 23 and the second feed portion
25 and having the open end 27 directed to go away from the
second antenna element 22 meets the above requirement in
most of the frequency bands shown in FIG. 10.

In the above description, the square plots shown in FIG. 7
and the diamond-shaped plots shown in FIG. 10 both show
the isolation characteristics of the antenna device 20 shown in
FIG. 4, which are different though depending upon the loca-
tion of the first feed portion 23 (the distance from the left end
of the upper side of the PCB 1).

Thus, the isolation characteristic of the antenna device 20
has been estimated by simulation given the location of the
first feed portion 23 (the distance from an end of the upper
side of the PCB 1 farther from the second antenna element 22,
i.e., the left end) as a variable parameter.

FIG. 11 is a line chart to show a result of the above simu-
lation. FIG. 11 has the horizontal axis and the vertical axis in
common with FIG. 7. The distance between the first feed
portion 23 and the left end of the upper side of the PCB 1 is
given as the parameter y (in mm). It is assumed that the first
antenna element 21 has a resonant frequency of 2.5 GHz. In
FIG. 11, diamond-shaped plots, square plots, triangular plots
and x-plots represent y=25 mm, 20 mm, 15 mm and 10 mm,
respectively.

As shown in FIG. 11, the antenna device 20 meets the
required value of the isolation (-20 dB) in every frequency
band shown in FIG. 11 in a case of y=20 mm (equivalent to
one-sixth wavelength of the resonant frequency of the first
antenna element 21) or y=15 mm (equivalent to one-eighth
wavelength of the resonant frequency of the first antenna
element 21).

That is, the antenna device 20 may meet the above required
value of the isolation by setting the distance between the first
feed portion 23 and the left end of the upper side of the PCB
1 to be no less than one-eighth wavelength and no greater than
one-sixth wavelength of the resonant frequency of the first
antenna element 21, and by having the first antenna element
21 directed from the first feed portion 23 to the left end of the
upper side of the PCB 1.

The antenna device 20 of the second embodiment may be
modified in a same way as shown in FIG. 3 of the first
embodiment, where a portion of the first antenna element 21
near the first feed portion 23 and a portion of the second
antenna element 22 near the second feed portion 25 are almost
perpendicular to each other. In that case, a current coupling
between the first antenna element 21 and the second antenna
element 22 may be suppressed and the isolation may be
improved.

20

30

40

45

50

55

60

65

10

According to the second embodiment of the present inven-
tion described above, the antenna device having plural
antenna elements may be configured to select the positional
relationship of the feed portions and the short-circuit portions
and to select the positional relationship between the antenna
elements associated with the high-and-low voltage or current
distribution for improving the isolation between the antenna
elements, in a case where the antenna elements are modified
for multiple resonance or impedance matching.

A third embodiment of the present invention will be
described with reference to FIGS. 12-14. FIG. 12 is a plan
view of members including an antenna device 30 of the third
embodiment to show a configuration of and around the
antenna device 30. The antenna device 30 is arranged near the
upper side of the PCB 1, the same as shown in FIG. 1 of the
first embodiment.

The antenna device 30 is formed by the antenna device 20
of the second embodiment and a third antenna element 33
added to the antenna device 20. Thus, each portion of the
antenna device 30 except for the antenna element 33 is a same
as the corresponding one of the antenna device 20 given the
same reference numeral as shown in FIG. 4.

The third antenna element 33 branches off from the second
antenna element 22 near the second feed portion 25, and
reaches an open end. The third antenna element 33 is arranged
farther to the PCB 1 than the portion of the second antenna
element 22 connected to the second short-circuit portion 26
is. In FIG. 12, the third antenna element 33 indicated by
hatching is drawn on a back side of the portion of the second
antenna element 22 connected to the second short-circuit
portion 26 so that the above positional relationship is shown.

FIG. 13 is a chart of a voltage standing wave ratio (VSWR)
vs. frequency characteristic of the antenna device 30 esti-
mated by simulation in comparison with the characteristic of
the antenna device 20 of the second embodiment. FIG. 13 has
a horizontal axis representing the frequency in MHz and a
vertical axis representing the VSWR.

For the third embodiment, the frequency ranges assigned
to, e.g., mobile phones or Bluetooth are of interest as for the
second embodiment. As to a resonant frequency of each ofthe
antenna elements, it has been assumed, e.g., that the first
antenna element 21 is given a frequency in a 2.4 gigahertz
(GHz) band (Bluetooth), the second antenna element 22 in a
800 MHz band (mobile phones), the branch element 22a in a
1.7 GHz band (3G mobile phones), and the third antenna
element 33 in a 2.1 GHz band (3G mobile phones).

In FIG. 13, a curve on a left side (in the 800 MHz band)
represents a resonance characteristic of the second antenna
element 22. A solid curve on a slightly right side of a middle
part (around 1.8 GHz) represents a combination of resonance
characteristics of the branch element 224 and the third
antenna element 33. A dashed curve on a slightly right side of
a middle part (around 1.9 GHz) represents a resonance char-
acteristic of the branch element 22a alone (to which the third
antenna element 33 is not added yet). A curve on a right side
(around 2.4 GHz) represents a resonance characteristic of the
first antenna element 21.

The curves on the left and right sides of FIG. 13 both
represent the resonance characteristics which are common to
the antenna device 20 of the second embodiment and the
antenna device 30 of the third embodiment. The solid curve
on the slightly right side of the middle part represents the
resonance characteristic of the antenna device 30, and the
dashed curve represents the resonance characteristic of the
antenna device 20 of the second embodiment.

As the VSWR of the dashed curve around 1.8 GHz values
no less than 5 in the 2.1 GHz band, the antenna device 20 of
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the second embodiment is not suitable to be used in the 2.1
GHz band. Meanwhile, as the VSWR of the solid curve
around 1.9 GHz values almost no greater than 3 in the 2.1
GHz band, the antenna device 30 is suitable to be used in the
2.1 GHz band. Development of multiple resonance by adding
the third antenna element 33 to the antenna device 20 of the
second embodiment has produced the improvement
described above.

FIG. 14 is a line chart of isolation vs. frequency character-
istic of the antenna device 30 estimated by simulation in
comparison with the characteristic of other antenna device
configurations. FIG. 14 has the horizontal axis and the verti-
cal axis in common with FIG. 7. In FIG. 14, a series of line
segments joining square plots represent the characteristic of
the antenna device 30. A series of line segments joining
diamond-shaped plots represent the characteristic of the
antenna device 20 of the second embodiment.

In FIG. 14, a series of line segments joining circular plots
represent the characteristic of a modification of the antenna
device 30, which is formed in a way that the third antenna
element 33 is arranged closer to the PCB 1 than the portion of
the second antenna element 22 connected to the second short-
circuit portion 26.

As shown in FIG. 14, the antenna device 30 shows the
isolation to be no greater than —20 dB in each of the frequency
bands, and to be better than the isolation of the antenna device
20 at 2.2 GHz and above. Meanwhile, the above modification
of the antenna device 30 shows isolation to be inferior to the
isolation of the antenna device 30 by no less than 10 dB.

As, in the configuration of the antenna device 30, the third
antenna element 33 is located farther to the PCB 1 than the
portion of the second antenna element 22 connected to the
second short-circuit portion 26 is, image currents produced
after the third antenna element 33 is excited are distributed
rather on the second antenna element 22 than on the ground
circuit of the PCB 1. As a result, influence of the image
currents on the first antenna element 21 through the ground
circuit of the PCB 1 and the first feed portion 23 may be
suppressed.

In the configuration of the above modification of the
antenna device 30 though, as the third antenna element 33 is
located closer to the PCB 1 than the portion of the second
antenna element 22 connected to the second short-circuit
portion 26 is, the image currents produced after the third
antenna element 33 is excited are distributed rather on the
ground circuit of the PCB 1 than on the second antenna
element 22. As a result, the image currents may easily affect
the first antenna element 21 through the ground circuit of the
PCB 1 and the first feed portion 23, and may cause the
isolation characteristic to be inferior to the isolation charac-
teristic of the antenna device 30.

As another example of developing multiple resonance by a
configuration other than the antenna device 30, a parasitic
element may be added to the antenna device 20 of the second
embodiment. In that case, a configuration may be generally
considered where a parasitic element having one end
grounded is arranged near the second antenna element 25 for
convenience of implementation. In the above configuration,
however, image currents produced after the parasitic element
is excited are distributed on the ground circuit of the PCB 1,
and may cause the isolation characteristic to be inferior to the
isolation characteristic of the antenna device 30, too.

In the configuration of the antenna device 30 shown in FIG.
12, it is desirable for improvement of the characteristic to pay
attention to following two things. Firstly, select a positional
relationship among the elements so that neither the branch
element 224 nor the third antenna element 33 is located too
close to the ground circuit of the PCB 1. If the distance
between the branch element 22a and the PCB 1, or between
the third antenna element 33 and the PCB 1 is small, imped-
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ance at the second feed portion 25 drops so that the image
currents are likely to be distributed on the ground circuit of the
PCB 1, thus causing the isolation characteristic to be
degraded as described above.

Secondly, shorten a portion of the second antenna element
22 including the fold portion 28, where both the way forward
and the way back are turned, as much as possible. If the above
portion is long, lines before and behind the turn of both the
way forward and the way back are coupled to each other, thus
causing a condition similar to loading a lumped constant
element.

Then, a frequency of third harmonics of the 800 MHz band
may fall below a theoretical value, and in a case where, e.g.,
the first antenna element 21 is located close, the above third
harmonics may interfere with the first antenna element 21. In
order to avoid such interference, it is desirable to shorten the
portion where both the way forward and the way back are
turned as much as possible so as keep the frequency of the
third harmonics from falling.

As shown in FIG. 1, the antenna device 30 may be provided
in a small-sized radio apparatus by having the first antenna
element 21 and the second antenna element 22 formed almost
in a same direction. As the open end 27 and the fold portion 28
where relatively high voltages are distributed are directed to
go away from each other, a voltage-coupling between the first
antenna element 21 and the second antenna element 22 may
be suppressed, and isolation between the first antenna ele-
ment 21 and the second antenna element 22 may be improved.

The first antenna element 21 is formed directed away from
the second antenna element 22 near the upper side of the PCB
1, while the open end 27 may be located near a left end of the
upper side of the PCB 1. In a same way as described with
respect to the second embodiment, the antenna device 30 may
improve the isolation by setting the distance between the first
feed portion 23 and the left end of the upper side of the PCB
1 to be no less than one-eighth wavelength and no greater than
one-sixth wavelength of the resonant frequency of the first
antenna element 21, and by having the first antenna element
21 directed from the first feed portion 23 to the left end of the
upper side of the PCB 1.

In a same way as shown in FIG. 3 of the first embodiment,
the antenna device 30 may be modified in a way that a portion
of the first antenna element 21 near the first feed portion 23
and a portion of the second antenna element 22 near the
second feed portion 25 are formed almost perpendicular to
each other. In that case, a current-coupling between the first
antenna element 21 and the second antenna element 22 may
be suppressed, and the isolation between the first antenna
element 21 and the second antenna element 22 may be
improved.

According to the third embodiment of the present invention
described above, multiple resonance of the antenna device
may further be developed, and the isolation between the
antenna elements may be improved.

In the above description of the embodiments, the shapes,
the configurations and the connections of the antenna devices,
the frequency values, etc. are considered as exemplary only,
and thus may be variously modified within the scope of the
present invention.

The particular hardware or software implementation of the
present invention may be varied while still remaining within
the scope of the present invention. It is therefore to be under-
stood that within the scope of the appended claims and their
equivalents, the invention may be practiced otherwise than as
specifically described herein.

What is claimed is:

1. An antenna device, provided in a radio apparatus having
a printed circuit board and including a first system and a
second system which are different from each other, the
antenna device comprising:
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a first antenna element configured to be fed at a first feed
portion provided on the printed circuit board, and con-
figured to be grounded at a first short-circuit portion
provided on the printed circuit board; and
a second antenna element configured to be fed at a second
feed portion provided on the printed circuit board, and
configured to be grounded at a second short-circuit por-
tion provided on the printed circuit board,
wherein:
the first feed portion and the second feed portion are
connected to the first system and the second system,
respectively and separately,

the second feed portion is located farther from the first
feed portion than from the first short-circuit portion,

the second feed portion is located farther than the first
short-circuit portion is from the first feed portion,

the second feed portion is located farther from the first
short-circuit portion than from the second short-cir-
cuit portion, and

the second feed portion is located farther than the second
short-circuit portion is from the first short-circuit por-
tion.

2. The antenna device of claim 1, wherein the first antenna
element and the second antenna element are formed almost in
a same direction near a side of the printed circuit board.

3. The antenna device of claim 1, wherein the first antenna
element and the second antenna element are formed such that
a portion of the first antenna element where a relatively high
voltage is distributed if the first antenna element is fed and a
portion of the second antenna element where a relatively high
voltage is distributed if the second antenna element is fed are
directed to go away from each other.

4. The antenna device of claim 1, wherein the first antenna
element is formed in a direction to go away from the second
antenna element near a side of the printed circuit board, and
the first antenna element is arranged such that a portion of the
first antenna element where a relatively high voltage is dis-
tributed if the first antenna element is fed is located near an
end of the side of the printed circuit board.

5. The antenna device of claim 1, wherein:

the first feed portion is located near a side of the printed
circuit board,

the first feed portion is located at a distance that is no less
than one-eighth wavelength of a resonant frequency of
the first antenna element and no greater than one-sixth
wavelength of the resonant frequency, from an end of the
side that is farther from the second antenna element, and

the first antenna element is formed in a direction extending
from the first feed portion to the end of the side that is
farther from the second antenna element.

6. The antenna device of claim 1, wherein the first antenna
element and the second antenna element are formed such that
a portion of the first antenna element close to the first feed
portion and a portion of the second antenna element close to
the second feed portion are almost perpendicular to each
other.

7. An antenna device, provided in a radio apparatus having
a printed circuit board and including a first system and a
second system which are different from each other, the
antenna device comprising:

a first antenna element configured to be fed at a first feed

portion provided on the printed circuit board, and con-
figured to be grounded at a first short-circuit portion
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provided on the printed circuit board, the first antenna
element being arranged close to a side of the printed
circuit board;
a second antenna element configured to be fed at a second
feed portion provided on the printed circuit board, and
configured to be grounded at a second short-circuit por-
tion provided on the printed circuit board, the second
antenna element being arranged close to the side of the
printed circuit board; and
a third antenna element branching off from the second
antenna element near the second feed portion, the third
antenna element being open-ended, and the third
antenna element being arranged farther than a portion of
the second antenna element connected to the second
short-circuit portion is from the printed circuit board,
wherein:
the first feed portion and the second feed portion are
connected to the first system and the second system,
respectively and separately,

the second feed portion is located farther from the first
feed portion than from the first short-circuit portion,

the second feed portion is located farther than the first
short-circuit portion is from the first feed portion,

the second feed portion is located farther from the first
short-circuit portion than from the second short-cir-
cuit portion, and

the second feed portion is located farther than the second
short-circuit portion is from the first short-circuit por-
tion.

8. The antenna device of claim 7, wherein the first antenna
element and the second antenna element are formed almost in
a same direction near the side of the printed circuit board.

9. The antenna device of claim 7, wherein the first antenna
element and the second antenna element are formed such that
a portion of the first antenna element where a relatively high
voltage is distributed if the first antenna element is fed and a
portion of the second antenna element where a relatively high
voltage is distributed if the second antenna element is fed are
directed to go away from each other.

10. The antenna device of claim 7, wherein the first antenna
element is formed in a direction to go away from the second
antenna element near the side of the printed circuit board, and
the first antenna element is arranged such that a portion of the
first antenna element where a relatively high voltage is dis-
tributed if the first antenna element is fed is located near an
end of the side of the printed circuit board.

11. The antenna device of claim 7, wherein:

the first feed portion is located near the side of the printed
circuit board,

the first feed portion is located at a distance that is no less
than one-eighth wavelength of a resonant frequency of
the first antenna element and no greater than one-sixth
wavelength of the resonant frequency, from an end ofthe
side that is farther from the second antenna element, and

the first antenna element is formed in a direction extending
from the first feed portion to the end of the side that is
farther from the second antenna element.

12. The antenna device of claim 7, wherein the first antenna
element and the second antenna element are formed such that
a portion of the first antenna element close to the first feed
portion and a portion of the second antenna element close to
the second feed portion are almost perpendicular to each
other.
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1
PATCH ANTENNA

TECHNICAL FIELD

The present invention relates to microwave antennas, and
more particularly to a hexagonal micro-strip patch design of
an electrically scanned antenna array (ESA) providing polari-
sation diversity.

BACKGROUND

Balanced, probe-fed, micro-strip patches have good broad-
band properties when operated in antenna arrays. Such ele-
ments 1 require two probes per polarisation, implying four
probes 3 for a doubly polarised element, also see FIGS. 1a
and 15 defining prior art.

Self-complementary antenna elements are known to pos-
sess a fix input impedance (half the intrinsic impedance of
space, Z,/2~188.5 ohms) over a wide bandwidth. The theory
of the self-complementary antenna was established already
1949 by the Japanese Professor Mushiake.

Micro-strip patch technology offers the possibility of fab-
ricating a large number of antenna elements in one, cheap
process step with small tolerances. Antenna arrays in trian-
gular, or rather, hexagonal grids are considered optimal since
they offer efficient packaging and avoid grating lobes.

Balanced probe fed micro-strip patch antennas previously
have been realised with two probes per polarisation as illus-
trated in FIG. 1. For instance the U.S. Pat. No. 6,597,316 B2
discloses a spatial null steering micro-strip antenna array
where each antenna element is appropriately excited by sym-
metrically spaced probes. Another U.S. Pat. No. 5,229,777
discloses a micro-strip antenna having a pair of identical
triangular patches maintained upon a ground plane, with feed
pins being connected to conductive planes of the triangular
patches at apexes maintained in juxtapositions to each other.
The input signals to the pair of patches are of equal amplitude,
but 180° out of phase.

The authors presume that also three-phase feeding would
have been generally proposed in the literature. An equidistant
phase (120 degrees) between such probes yields so-called
circular polarisation.

Self-complementary antennas are currently considered for
broadband systems. Most often realised in micro-strip tech-
nology, their conducting topology is identical with its non-
conductive if mirrored, translated and/or rotated. The advan-
tages of micro-strip patch antenna arrays are well known, so
are those of hexagonal arrays.

However a micro-strip patch design of a self-complemen-
tary probe-fed antenna element in a hexagonal array configu-
ration transmitting/receiving arbitrarily polarised RF radia-
tion with co-located phase centres of each polarisation has not
been disclosed previously. Hence the defined problem is then
solved by the present invention.

SUMMARY OF THE INVENTION

A method for forming a self-complementary patch antenna
and a self-complementary patch antenna is disclosed. A hex-
agonal lattice consisting of triangular conducting patches is
formed together with at least one dielectric layer onto a
ground-plane. Each triangular patch is then fed by means of
three RF signal probes in a symmetrical configuration posi-
tioned near each corner of the triangle, whereby an arbitrary
lobe-steering and polarisation state can be established by
selection of amplitude and phase for each RF signal probe. In
a typical embodiment the triangular conducting patches are
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shaped as equilateral triangles, whereby electrical properties
of the RF signal probes can be controlled by one parameter
being the distance between probe/patch joint and the patch
corner and further parameters of the conducting patches are
controlled by means of another parameter being the height of
the patch above the ground-plane and its dielectric layer(s).

SHORT DESCRIPTION OF THE DRAWINGS

The invention together with further objects and advantages
thereof, may be best understood by making reference to the
following description taken together with the accompanying
drawings, in which:

FIG. 1a demonstrates a basic micro-strip patch antenna
element seen from the side;

FIG. 15 illustrates a typical micro-strip patch element fed
by two pairs of probes;

FIG. 2 illustrates the geometry of conducting patches in a
triangular lattice patch layer utilised in the present invention;
FIG. 3 is an example of a dielectric layer configuration;

FIG. 4a illustrates in a top view, a probe geometry in
accordance with the present invention;

FIG. 4b illustrates in principle in a side view the probe
arrangement in accordance with the present invention;

FIG. 5 illustrates a reduced size (shaded) compared to the
ideal, self-complementary shape (dashed); and

FIG. 6 illustrates a modification of the self-complemen-
tary-shaped patch corners.

DETAILED DESCRIPTION

InFIG. 2 aportion s sketched of a patch layer 10 consisting
oftriangular conducting patches 1 onto a printed circuit board
(PCB) laminate. In a preferred embodiment the triangular
conducting surfaces of the created pattern consist of equilat-
eral triangles. A number of dielectric layers 7, 9 and an outer
skin 11 support the patch layer, both from an electrical point
of view and a mechanical point of view as illustrated in FIG.
3. Reference number 5 illustrates an expected Perfect Elec-
trical Conductor (PEC) in this arrangement.

Note that the layers can be uniform, i.e. with constant
material parameters along the layers, as well as being non-
uniform, i.e. with varying material parameters along the lay-
ers.

Each patch 1 is fed by three probes 3 in a symmetrical
configuration as illustrated in FIG. 4. This makes it possible to
choose an arbitrary polarisation state with only three probes
per patch, instead of the usual four as compared to FIG. 1.

The electrical properties of the RF probes can be controlled
by a parameter, d, the distance to corner (apex) of the trian-
gular patch and the probe/patch joint.

Another fundamental distance is the height, h, of the patch
layer 1 above the PEC ground plane 5. Remaining control
parameters are the dielectric constants, including dielectric
and/or conductive losses of the layers.

If the patch layer is truly self-similar, a troublesome situ-
ation might occur at the patch corners (apexes), with a non-
definable conductivity as a result. This problem can be solved
by either reducing the size of the metal triangles 1a according
to FIG. 5 or by shaping their corners of their surfaces 15
according to FIG. 6.

The excitation can be established using different prin-
ciples, of which two will be illustrated below:

Principle 1: If one point for each patch in the lattice is
determined, e.g. the patch centre, a prescribed excitation over
the antenna aperture at this point may be sampled. This means
that one excitation—phase and amplitude—can be associated
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with each patch. If the polarisation thereafter is chosen, it is
possible to calculate the resulting voltage and phase that
should be induced at all three probes in order to realise the
chosen excitation and polarisation.

Principle 2: The three closely adjacent probes at a three-
patch junction may be viewed as a tripole antenna element,
amplitude, lobe-steering phase and polarisation determine
the complex voltages on each of the three probes.

ADVANTAGES OF THE INVENTION

The present invention designates a low cost fabrication
techniques to peak-performance electrically scanned antenna
arrays (ESA). Low cost because of cheap materials, fewer
feed points per patch and efficient PCB mass production
techniques. High performance is obtained because of broad-
band capacity, polarisation diversity, high polarisation quality
and low PCB process tolerances.

It will be understood by those skilled in the art that various
modifications and changes could be made to the present
invention without departure from the spirit and scope thereof,
which is defined by the appended claims.

The invention claimed is:

1. A method for forming a self-complementary patch
antenna, comprising the steps of:

forming a hexagonal lattice consisting of triangular con-

ducting patches formed together with at least one dielec-
tric layer onto a ground-plane; and,

providing each triangular patch with three RF signal

probes in a symmetrical configuration at each apex of
each said triangular conducting patch, wherein an arbi-
trary lobe-steering and polarisation state can be estab-
lished by selection of amplitude and phase for each RF
signal probe.

2. The method according to claim 1, further comprising the
step of:

shaping the triangular conducting patches as equilateral

triangles, wherein electrical properties of the RF signal
probes can be controlled by varying the distance
between each probe/patch joint and each patch corner.

3. The method according to claim 1, further comprising the
step of:
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controlling further parameters of the conducting patches
by varying the height of each patch above the ground-
plane and its dielectric layer(s).

4. The method according to claim 1, further comprising the

step of:

shaping each corner of each triangular conducting patch by
slightly cutting their apexes to avoid any contact
between patches.

5. The method according to claim 1, further comprising the

step of:

reducing size along all three sides of each triangular con-
ducting patch by a small amount to avoid any contact
between patches.

6. A self-complementary patch antenna, comprising:

a hexagonal lattice consisting of triangular conducting
patches together with at least one dielectric layer onto a
ground-plane;

wherein each triangular patch is fed by three RF signal
probes in a symmetrical configuration at a distance from
each apex of the triangular patch, whereby an arbitrary
lobe-steering and polarisation state is established by a
selection of amplitude and phase for each RF signal
probe.

7. The self-complementary patch antenna according to
claim 6, wherein the triangular conducting patches are shaped
as equilateral triangles, whereby electrical properties of the
RF signal probes is controlled by a parameter being distance
between probe/patch joint and patch corner.

8. The self-complementary patch antenna according to
claim 6, wherein further parameters of the conducting patches
are controlled by means of a parameter being a height of the
patch above the ground- plane and its dielectric layer(s).

9. The self-complementary patch antenna according to
claim 6, wherein each corner of each triangular conducting
patch is shaped by a slight cutting of their three corners to
thereby avoid any contact between patches.

10. The self-complementary patch antenna according to
claim 6, wherein a size of each triangular conducting patch is
reduced by a small amount along all its three sides to avoid
any contact between patches.

#* #* #* #* #*
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BROADBAND INTERNAL ANTENNA
COMBINED WITH MONOPOLE ANTENNA
AND LOOP ANTENNA

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application claims the benefit of Korean Patent Appli-
cation No. 10-2007-0093875, filed on Sep. 14, 2007, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a broadband internal
antenna, more specifically to a broadband internal antenna
combined with a monopole antenna and a loop antenna.

2. Background Art

Today’s rapid development of analog and digital commu-
nication technologies has internationally made it possible to
execute various mobile community type services such as a
cellular type, a personal communication system (PCS) type, a
global system for mobile communication (GSM) type, a per-
sonal handy system (PHS) type and an iridium type using a
satellite. In Korean, the cellular type, the PCS type and a CT-2
have been in service. In addition, a digital cordless system
(DCS) type, a universal mobile telecommunications system
(UMTS) type, a WiBro type and a wireless LAN (WLAN)
type are in service or in preparation.

Also, the software defined radio (SDR) technology which
is the next generation technology capable of suggesting the
solution for system integration of the times of multi-stan-
dards, multi-bands (or broad-bands) and multi-services has
globally been studied and developed. The SDR technology
can process signals having from a baseband to a radio fre-
quency (RF)/intermediate frequency (IF) band by using the
elements capable of re-constitution such as high-speed digital
signal processing and a field programmable gate array
(FPGA). The SDR technology, which makes ceaseless com-
munication by downloading software having the object-ori-
ented structure to a single terminal hardware platform having
the open structure in order to construct the system that is
flexibly applicable to various wireless mobile communica-
tion environments, is a new system that can simultaneously
provide multi-standard and multi-processing frequencies,
unifying various actual communication systems in the current
mobile communication market, and a variety of mobile com-
munication services.

In particular, in the U.S., the SDR technology started from
the necessity of a single system capable of making continuous
communications no matter when and no matter where the
military operations are executed. The traditionally-used com-
munication equipment, which makes communication by
using military communication infrastructure, is unable to
receive an operation execution command in an area beyond
the service region or through a damaged military network.
Accordingly, it is necessary to develop the system that can
make the continuous communication and is flexibly appli-
cable to the change of the communication technology in the
army. In 1995, the U.S. Department of Defense started and
succeeded in the SPEAKeasy, which is the project for devel-
oping the system that can modify the service standard and
execute the independent operation of hardware by changing
application programs based on a hardware platform perform-
ing the common functions. This leaded to the increased
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investment in developing the SDR system and the start of the
JTRS project for defining the object-orient based structure.

Similarly, in Europe, the SDR technology-related projects
have proceeded in various forms since 1994. Furthermore, the
today’s SDR technology, which is considered as the next
generation technology for economical benefits as well as the
military goal, has started to arouse the interest of companies
and has resulted in the worldwide studies through universities
and various R&D centers. Based on this, the SDR communi-
cation system is expected to be applicable to not only base
stations but also personal terminal systems. Accordingly, the
multi-band (or broad-band) antennas that are suitable to use
the SDR system have been studied and developed in the
antenna field.

A variety of current multi-band (or broad-band) antennas
such as a broadband antenna that can include all usable fre-
quencies of various mobile communication services through
the improvement of a band width, a reconfigurable antenna
using the on/off of a signal such as a chip diode and an antenna
using the multiple-resonance have been under development.
This requires more compact broadband antenna to be suitable
for the portability of the mobile communication terminal and
to be used in broader frequency bands.

SUMMARY OF THE INVENTION

The present invention provides a broadband internal
antenna that can include usable frequencies of variable com-
munication services.

The present invention also provides a more compact broad-
band internal antenna ac compared with the conventional
broadband internal antenna.

The present invention also provides a compact broadband
internal antenna that can be used in a broader frequency band
as compared with the conventional broadband internal
antenna.

An aspect of the present invention features a broadband
internal antenna device including a ground plate and an
antenna unit. At this time, the antenna unit can include a feed
point; a first radiator, formed with a bar shape having the feed
point as one end part and the other end part from which a
rectangular shape with one side open (i.e. an uncurved ‘C’
shape) is extended; a ground point, connected to the ground
plate; a second radiator, having one end part on which the
ground point is mounted and the other end part that is con-
nected to an area from which the uncurved ‘C’ shape of the
first radiator starts to be formed in an open loop form; a first
protrusion part, protruded from the uncurved ‘C’ shape of the
first radiator to be formed in a closed loop form; and a second
protrusion part, formed inside the open loop shape of the first
radiator in an ‘inverse L’ form.

Here, an end part of antenna can be bended at a predeter-
mined angle, the end part including the feed point and the
ground point.

The predetermined angle can be 90 degree.

An upper part of antenna of the antenna unit can be bended
at a predetermined angle.

The predetermined angle can be 90 degree

A center part of antenna of the antenna unit can be bended
at a predetermined angle.

The predetermined angle can be 90 degree

The ground plate can have the size of 75 mmx42 mm.

The antenna unit can be mounted in a cube structure having
the size of 14 mmx37 mmx3.5 mm

The first radiator can function as a monopole antenna.

The second radiator can function as a loop antenna.
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The broadband internal antenna device can have an imped-
ance bandwidth between 0.849 GHz and 0.963 GHz.

The broadband internal antenna device can have an imped-
ance bandwidth between 1.350 GHz and 2.560 GHz.

A length between the feed point and an end part of the first
radiator can correspond to a quarter of the wavelength of
resonant frequency at the lower band, the end part being the
other end part of the first radiator.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects and advantages of the
present invention will become better understood with regard
to the following description, appended Claims and accompa-
nying drawings where:

FIG. 1 is a perspective view showing a broadcast internal
antenna device in accordance with an embodiment of the
present invention;

FIG. 2 is a plan view showing a broadcast internal antenna
device in accordance with an embodiment of the present
invention;

FIG. 3 is a lateral side view showing a broadcast internal
antenna device in accordance with an embodiment of the
present invention;

FIG. 4 shows the antenna unit in accordance with an
embodiment of the present invention if the antenna were laid
open in a flat plane;

FIG. 5 is a plan view showing a broadcast internal antenna
device in another embodiment of the present invention;

FIG. 6 is a lateral side view showing a broadcast internal
antenna device in another embodiment of the present inven-
tion;

FIG. 7 shows the antenna unit in accordance with another
embodiment of the present invention if the antenna were laid
open in a flat plane;

FIG. 8 shows graphs of each measured result of the voltage
standing wave ratio (VSWR) that is the electrical character-
istic of a broadcast internal antenna device in accordance
With an embodiment of the present invention;

FIG. 9A shows a measured result of the radiation charac-
teristic in the frequency of 0.92 GHz of a broadcast internal
antenna device in accordance with the present invention;

FIG. 9B shows a measured result of the radiation charac-
teristic in the frequency of 1.575 GHz of a broadcast internal
antenna device in accordance with the present invention;

FIG. 9C shows a measured result of the radiation charac-
teristic in the frequency of 1.94 GHz of a broadcast internal
antenna device in accordance with the present invention; and

FIG. 9D shows a measured result of the radiation charac-
teristic in the frequency of 2.40 GHz of a broadcast internal
antenna device in accordance with the present invention.

DESCRIPTION OF THE EMBODIMENTS

Since there can be a variety of permutations and embodi-
ments of the present invention, certain embodiments will be
illustrated and described with reference to the accompanying
drawings. This, however, is by no means to restrict the present
invention to certain embodiments, and shall be construed as
including all permutations, equivalents and substitutes cov-
ered by the spirit and scope of the present invention. Through-
outthe drawings, similar elements are given similar reference
numerals. Throughout the description of the present inven-
tion, when describing a certain technology is determined to
evade the point of the present invention, the pertinent detailed
description will be omitted.
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Terms such as “first” and “second” can be used in describ-
ing various elements, but the above elements shall not be
restricted to the above terms. The above terms are used only to
distinguish one element from the other.

The terms used in the description are intended to describe
certain embodiments only, and shall by no means restrict the
present invention. Unless clearly used otherwise, expressions
in the singular number include a plural meaning. In the
present description, an expression such as “comprising” or
“consisting of” is intended to designate a characteristic, a
number, a step, an operation, an element, a part or combina-
tions thereof, and shall not be construed to preclude any
presence or possibility of one or more other characteristics,
numbers, steps, operations, elements, parts or combinations
thereof.

Hereinafter, some embodiments of the present invention
will be described in detail with reference to the accompanying
drawings.

FIG. 1 is a perspective view showing a broadcast internal
antenna device in accordance with an embodiment of the
present invention, and FIG. 2 is a plan view showing a broad-
cast internal antenna device in accordance with an embodi-
ment of the present invention. FIG. 3 is a lateral side view
showing a broadcast internal antenna device in accordance
with an embodiment of the present invention, and FIG. 4
shows the antenna unit in accordance with an embodiment of
the present invention if the antenna were laid open in a flat
plane. Hereinafter, the shape of the antenna device 100 in
accordance with an embodiment of the present invention will
be described with reference to FIG. 1 through FIG. 4.

Referring to FIG. 1, the broadcast internal antenna device
100 in accordance with an embodiment of the present inven-
tion can include an antenna unit 105 and a ground plane 160,
and the antenna unit 105 can be formed at a side part of the
ground plate 160. The antenna unit 105 can also include a first
radiator and a second radiator. A feed point 110 can be
equipped in the first radiator, and a ground point 130 can be
equipped atan end part of the second radiator. At this time, the
ground point 130, as shown in FIG. 1, can be connected to the
ground plate 160, and the feed point 110 may be disconnected
to the ground plate 160.

Also, the broadcast internal antenna device 100 in accor-
dance with an embodiment of the present invention can fur-
ther include a dielectric substrate (not shown), and the
antenna unit 105 can be formed at one surface of the dielectric
substrate (not shown). For example, the relatively low cost
‘FR-4’ can be used for the material of the dielectric substrate
(not shown). Of course, the material of the dielectric substrate
(not shown) is not limited to the ‘FR-4.” Alternatively, at least
one of epoxy, Duroid, Teflon, Bakelite, high-resistance sili-
con, glass, aluminum oxide, low temperature co-fired ceram-
ics (LTCC) and air form can be used. In accordance with the
embodiment of the present invention, a FR-4 substrate having
the thickness of 1 mm and the relative permittivity of 4.4 is
used for the material of the dielectric substrate (not shown).
Of course, it is obvious that the thickness and the relative
permittivity of the dielectric substrate (not shown) are limited
to this embodiment of the present invention.

Also, the first radiator included in the antenna unit 105 can
have the feed point 110 and an end point 120 of the first
radiator as opposite end points. At this time, the first radiator
can have a bar shape having the feed point as one end part and
the other end part from which a rectangular shape with one
side open (i.e. an uncurved ‘C’ shape) is extended. At this
time, the first radiator can be connected to the below-de-
scribed second radiator to function as a shorted monopole
antenna. Accordingly, the length between the feed point 110
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and the end point 120 of the first radiator 120 can correspond
to a quarter of the wavelength of resonant frequency at the
lower band. Thus, the resonant frequency of the lower band
can be affected by the length between the feed point 110 and
the end point 120 of the first radiator. Also, each of 3 different
parts of the first radiator can be bended perpendicularly.

A lower part of the uncurved ‘C’ shape of the first radiator
can be connected to a first protrusion part 140 having the ‘U’
shape. Accordingly, the first protrusion part 140 can form a
closed loop (or ring) shape by being connected to the lower
part of the uncurved ‘C’ shape of the first radiator. Along with
a below-described second protrusion part 150, the first pro-
trusion part 140 may have an affect on the electrical charac-
teristic (e.g. input impedance) of the broadband internal
antenna 100 in all frequency bands. This will be described
later with reference to FIG. 8.

The second radiator included in the antenna unit 105, as
shown in the pertinent figures, can having one end part on
which the ground point 130 is mounted, and the ground point
130 can be connected to the ground plate 160. The second
radiator can also form an open loop (i.e. a loop with a part
open) generally by allowing the other end part (i.e. the other
end part different from the one end part on which the ground
point 130) to be connected to the area at which the uncurved
‘C’ shape is extended. Accordingly, the first radiator can be
connected to the second radiator. Also, the open loop shape
part of the second radiator can be bended along with the
uncurved ‘C’ shape of the first radiator. This will be described
later.

The resonance of a fundamental band and/or the resonance
of a higher band can also be added by the second radiator. In
other words, the second radiator generally having the loop
shape can function as a loop antenna. Through this, the reso-
nance of a fundamental band and/or the resonance of a higher
band can be added.

Also, the second protrusion part 150 having the ‘inverse [’
shape can be formed at an area of the open loop shape of the
second radiator. Here, the area is close to the ground point
130. Along with the first protrusion part 140, the second
protrusion part 150 may have an affect on the electrical char-
acteristic (e.g. input impedance) of the broadband internal
antenna 100 in all frequency bands. This will be described
later with reference to FIG. 8.

Referring to FIG. 2, FI1G. 3 and FIG. 4, the antenna unit 105
can be bended perpendicularly according to each of crease
lines 410, 420 and 430. Here, the crease lines 410, 420 and
430 can be the assumed lines for bending the antenna unit
150. At this time, a first crease line 410 can be set to allow an
upper part of the uncurved ‘C’ shape having the end point 120
of'the firstradiator (hereinafter, referred to as an ‘upper part of
antenna) to be bended. A second crease line 420 can be set to
allow a center part of the uncurved ‘C’ shape and the loop part
of'the second radiator (hereinafter, referred to as a ‘center part
of'antenna’) together to be bended. Finally, a third crease line
430 can be set to allow a predetermined part having a feed
point 110 of the first radiator and a predetermined part having
the ground point 120 of the second radiator (hereinafter,
referred to as an ‘end part of antenna) to be bended.

Accordingly, the antenna unit 105 can be divided into an
upper part, a center part, a lower part and an end part of the
antenna. The upper part based on the first crease line 410 is
defined as the upper part of the antenna. The part between the
first crease line 410 and the second crease line 420 is defined
as the center part of the antenna. The part between the second
crease line 420 and the third crease line 430 is defined as the
lower part of the antenna. Finally, the lower part based on the
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third crease line 430 (i.e. a part including the feed point 110
and the ground point 130) is defined as the end part of the
antenna.

At this time, the antenna unit 105 can be bended perpen-
dicularly in the same direction according to each of the 3
aforementioned crease lines 410, 420 and 430. Accordingly,
the plane surface of the antenna unit 105 can have the shape as
shown in FIG. 2, and the lateral side surface can have the
shape as shown in FIG. 3. These shapes also make it possible
to reduce the space on which the antenna unit 105 is mounted.
Accordingly, in accordance with an embodiment of the
present invention, the antenna device 100 can be used as an
internal antenna employed for a portable terminal (e.g. a
mobile communication terminal and a personal digital assis-
tant (PDA)).

Also, the fourth crease line (not shown) can be set to allow
the first protrusion part only to be bended. Accordingly, it is
obvious that the first protrusion part 140 can be bended
according to the fourth crease line (not shown), and this
makes it possible to increasingly reduce the space on which
the antenna unit 105 is mounted.

The below description is mainly related to the shape of the
broadband internal antenna device 100 in accordance with an
embodiment of the present invention. Even though the
description assumes that the antenna unit 100 is bended at a
right angle, this is merely an example. In other words, the
antennaunit 105 can be bended at an acute angle or at a obtuse
angle. The ground plate 160 and the first radiator, the second
radiator, the first protrusion part 140 and/or the second pro-
trusion part 150, included in the antenna unit 105, can have
their sizes, each of which is differently set according to the
resonant frequency and the wavelength. Hereinafter, the
antenna device in which each element has a limited size in
accordance with another embodiment of the present invention
will be described with reference to FIG. 4 through FIG. 7.

FIG. 5 is a plan view showing a broadcast internal antenna
device in another embodiment of the present invention, and
FIG. 6 is a lateral side view showing a broadcast internal
antenna device in another embodiment of the present inven-
tion. FIG. 7 shows the antenna unit in accordance with
another embodiment of the present invention if the antenna
were laid open in a flat plane (here, the unit is millimeter).

Referring to the attached FIG. 5 through FIG. 7, the broad-
band internal antenna device 500 in accordance with another
embodiment of the present invention (hereinafter, referred to
as a ‘second broadband internal antenna device 500 to be
distinguished from the broadband internal antenna device
100 described with reference to FIG. 1 through FIG. 4) is
similar to the broadband internal antenna device 100 in accor-
dance with an embodiment of the present invention which has
been described with reference to FIG. 1 through FIG. 4. In
other words, the broadband internal antenna device 500 in
accordance with another embodiment of the present invention
includes a second antenna unit 505 and a second ground plate
560. A ground point 530 of the second antenna unit 505 is
connected to a side part of the second ground plate 560. Also,
the second antenna unit 505, as shown in FIG. 6, is bended 3
times.

Identically to the first antenna unit 105, in the second
antenna unit 505, a part functioning as the monopole antenna
(hereinafter, referred to as a ‘third radiator’) and a part func-
tioning as a loop antenna (hereinafter, referred to as a ‘fourth
radiator’) are connected to each other. Also, the second
antenna unit 505 is formed with the third protrusion part 540
and the fourth protrusion part 550 which may have an affect
on the electrical characteristic (e.g. input impedance) of the
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broadband internal antenna 500 in all frequency bands in
accordance with another embodiment of the present inven-
tion.

The broadband internal antenna device 500 in accordance
with another embodiment of the present invention can further
include a dielectric substrate (not shown), and the antenna
unit 505 can be formed at a surface of the dielectric substrate
(not shown). For example, ‘FR-4’ can be used for the material
of the dielectric substrate (not shown). Identically to the
broadband internal antenna device 100 in accordance with the
embodiment of the present invention, in another embodiment,
a FR-4 substrate having the thickness of 1 mm and the relative
permittivity of 4.4 is also used for the material of the dielectric
substrate (not shown). Of course, it is obvious that the thick-
ness and the relative permittivity of the dielectric substrate
(not shown) are limited to this embodiment of the present
invention.

However, unlike the first antenna unit 105, the second
antenna unit 505 can be formed with at least one corner.
Referring to FIG. 7, a corner is formed close to the third
protrusion part 540 of the third radiator, and two corners
740-1 and 740-2 are formed close to the fourth protrusion part
550 of the fourth radiator. Itis obvious that the corners 740-1,
740-2 and 740-3 can have a minute affect on the electrical
characteristic of antenna and this can be proved through a test
or a simulation.

Also, the second broadband internal antenna device 500
may have each size such as the thickness and volume different
from the first broadband internal antenna device 100. For
example, the second broadband internal antenna device 500
can have each element having the size as shown in FIG. 5
though FIG. 7. Here, the unit is millimeter. In more detail, the
second ground plate 560 can have a horizontal length 75 mm
and a vertical length 42 mm. After being bended 3 times, the
second antenna unit 505 can have a horizontal length 14 mm,
a vertical length 37 mm and a height 3.5 mm. In other words,
the second antenna unit 505 can be mounted on the cube
structure of 14 mmx37 mmx3.5 mm.

Here, since the sizes of the second broadband internal
antenna device 500 shown in FIG. 5 through FIG. 7 are
merely an example, it is obvious that this gives no restriction
to the scope of claims of the present invention.

FIG. 8 shows graphs of each measured result of the voltage
standing wave ratio (VSWR) that is the electrical character-
istic of a broadcast internal antenna device in accordance with
an embodiment of the present invention.

Hereinafter, the measured result of the voltage standing
wave ratio (VSWR) of the broadband internal antenna device
in accordance with the present invention (e.g. the second
broadband internal antenna device 500) will be described
with reference to FIG. 8. Here, the VSWR indicates the value
evaluated by dividing a value that evaluated by adding 1 to a
reflection coefficient by a value that evaluated by subtracting
the reflection coefficient from 1 (i.e. the VSWR=(1+reflec-
tion coefficient)/(1-reflection coefficient)).

The graphs illustrate the VSWR result according to the
simulation of the broadband internal antenna device 500, the
VSWR result according to the simulation performed without
the third protrusion part 540 and the fourth protrusion part
550 and the VSWR result according to the actual measure-
ment using the broadband internal antenna device 500. At this
time, the VSWR result of the second broadband internal
antenna device 500 is the result of the simulation conducted
through the Semcad X software, and the electrical character-
istic of the second broadband internal antenna device 500
such as a return loss was measured through a HP 8720C
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network analyzer. Of course, it is obvious that the simulation
conducted through an Ansoft HFSS can have the same or
similar result.

Referring to FIG. 8, it can be recognized that the VSWR
result according to the actually measured result is nearly
similar to the VSWR result according to the simulation.
According to the actually measured result, it can be recog-
nized that the impedance bandwidth of a lower band (i.e. the
bandwidth in case that the VSWR is 3 orless) is 114 MHz (i.e.
from 0.849 GHz to 0.963 GHz), and the impedance band-
width of a baseband and a higher band is 1210 MHz (i.e. from
1.350 GHz to 2.560 GHz).

Accordingly, the impedance bandwidth of the broadband
internal antenna device 500 includes all bandwidths such as
GSM (0.88~0.96 GHz), GPS (1.575 GHz), DCS (1.71~1.88
GHz), UMTS (1.91~2.17 GHz), WiBro (2.30~2.39 GHz)
and/or WLAN (2.40~2.50 GHz).

Referring to FIG. 8, it can be recognized that the VSWR
result according to the simulation performed without the third
protrusion part 540 and the fourth protrusion part 550 shows
the third protrusion part 540 and the fourth protrusion part
550 has an affect on the input impedance of the second broad-
band internal antenna device 500. In other words, it can be
recognized that the second broadband internal antenna device
without the third protrusion part 540 and the fourth protrusion
part 550 has the considerably narrow impedance bandwidth
corresponding to the baseband and the higher band. Also, it
can be recognized that the second broadband internal antenna
device without the third protrusion part 540 and the fourth
protrusion part 550 has the considerably narrow impedance
bandwidth corresponding to the lower band.

Accordingly, it can be recognized that the third protrusion
part 540 and the fourth protrusion part 550 enlarges the
impedance bandwidth of the second broadband internal
antenna device 500.

FIG. 9A shows a measured result of the radiation charac-
teristic in the frequency of 0.92 GHz of a broadcast internal
antenna device in accordance with the present invention, and
FIG. 9B shows a measured result of the radiation character-
istic in the frequency of 1.575 GHz of a broadcast internal
antenna device in accordance with the present invention. FIG.
9C shows a measured result of the radiation characteristic in
the frequency of 1.94 GHz of a broadcast internal antenna
device in accordance with the present invention, and FIG. 9D
shows a measured result of the radiation characteristic in the
frequency of 2.40 GHz of a broadcast internal antenna device
in accordance with the present invention.

Referring to FIG. 9A, it can be recognized that the broad-
band internal antenna device 500 represents omni-directional
radiation patterns at the frequency of 0.92 GHz that is the
center frequency of the GSM band.

Referring to FIG. 9B, it can be recognized that the broad-
band internal antenna device 500 represents omni-directional
radiation patterns at the frequency of 0.92 GHz that is the
center frequency of the GPS band.

Referring to FIG. 9C, it can be recognized that the broad-
band internal antenna device 500 represents omni-directional
radiation patterns at the frequency of 1.940 GHz that is the
center frequency of the DCS band, the PCS band and the
UMTS band.

Referring to FIG. 9D, it can be recognized that the broad-
band internal antenna device 500 represents omni-directional
radiation patterns at the frequency of 2.40 GHz that is the
center frequency of the WiBro band and WL AN band.

In other words, it can be recognized that the broadband
internal antenna device 500 represents omni-directional
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radiation patterns at the lower band between 0.849 GHz and
0.963 GHz and the baseband and the higher band between
1.350 GHz and 2.560 GHz.

Hitherto, although some embodiments of the present
invention have been shown and described for the above-de-
scribed objects, it will be appreciated by any person of ordi-
nary skill in the art that a large number of modifications,
permutations and additions are possible within the principles
and spirit of the invention, the scope of which shall be defined
by the appended claims and their equivalent.

What is claimed is:

1. A broadband internal antenna device, comprising:

a ground plate; and

an antenna unit,

whereas the antenna unit comprises

a feed point;

a first radiator, formed with a bar shape having the feed
point as one end part and the other end part from which
a rectangular shape with one side open is extended to
form an uncurved ‘C’ shape;

a ground point, connected to the ground plate;

a second radiator, having one end part on which the ground
point is mounted and the other end part that is connected
to an area from which the uncurved ‘C’ shape of the first
radiator starts to be formed in an open loop form;

a first protrusion part, protruded from the uncurved ‘C’
shape of the first radiator to be formed in a closed loop
form; and
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a second protrusion part, formed inside the open loop shape

of the first radiator in an ‘inverse L’ form.

2. The device of claim 1, wherein an end part of antenna is
bended at a predetermined angle, the end part including the
feed point and the ground point.

3. The device of claim 2, wherein the predetermined angle
is 90 degree.

4. The device of claim 2, wherein an upper part of antenna
of the antenna unit is bended at a predetermined angle.

5. The device of claim 4, wherein the predetermined angle
is 90 degree.

6. The device of claim 4, wherein a center-part of antenna
of the antenna unit is bended at a predetermined angle.

7. The device of claim 6, wherein the predetermined angle
is 90 degree.

8. The device of claim 1, wherein the ground plate has the
size of 75 mmx42 mm.

9. The device of claim 6, wherein the antenna unit is
mounted in a cube structure having the size of 14 mmx37
mmx3.5 mm.

10. The device of claim 1, wherein the first radiator func-
tions as a monopole antenna.

11. The device of claim 1, wherein the second radiator
functions as a loop antenna.

12. The device of claim 1, wherein a length between the
feed point and an end part of the first radiator corresponds to
a quarter of the wavelength of resonant frequency at the lower
band, the end part being the other end part of the first radiator.

#* #* #* #* #*
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1
CAPACITIVE FEED ANTENNA

REFERENCE TO RELATED APPLICATIONS

The present application is related to U.S. Provisional
Patent Application Ser. No. 60/661,750 filed Mar. 15, 2005,
and entitled NON-CONTACT FEED FOR INTERNAL
ANTENNA and U.S. Provisional Patent Application Ser. No.
60/749,364 filed Dec. 9, 2005 and entitted COMBINED
CONTACT FEED FOR INTERNAL ANTENNA, the disclo-
sures of which are hereby incorporated by reference and
priority of which is hereby claimed pursuant to 37 CFR 1.78

(a) (4) and (5)().
FIELD OF THE INVENTION

The present invention relates to antennas generally and
more particularly to antennas for mobile communicators.

BACKGROUND OF THE INVENTION

The following Patent documents are believed to represent
the current state of the art:

U.S. Pat. Nos. 6,680,705 and 5,764,190, and
U.S. Published Patent Application No: 2005/0057409.

SUMMARY OF THE INVENTION

The present invention seeks to provide an improved
antenna for use in a mobile communicator.

There is thus provided in accordance with a preferred
embodiment of the present invention an antenna having mul-
tiple radiating bands, including a ground plane, a feed plate
extending generally parallel to and being spaced from the
ground plane by a first distance and having a feed connection
extending between the feed plate and the ground plane, at
least one radiating element extending generally parallel to
and being spaced from the feed plate by a second distance and
at least one galvanic connector connecting the at least one
radiating element at a first location on the at least one radiat-
ing element to the ground plane at a first location on the
ground plane, the first location on the ground plane being
separated from the feed connection by a third distance, the
first, second and third distances being selected to achieve
desired impedance matching of the feed plate, and the feed
plate feeding the at least one radiating element at a location
corresponding to an impedance substantially greater than 50
Ohm at least one band.

In accordance with a preferred embodiment of the present
invention the ground plane has an aperture formed therein,
and the feed connection extends through the aperture.

There is also provided in accordance with another pre-
ferred embodiment of the present invention an antenna hav-
ing multiple radiating bands including a ground plane, a feed
plate extending generally parallel to and being spaced from
the ground plane by a first distance and having a feed con-
nection extending between the feed plate and the ground
plane, at least one radiating element extending generally par-
allel to and being spaced from the feed plate by a second
distance, at least one galvanic connector connecting the at
least one radiating element at a first location on the at least one
radiating element to the ground plane at a first location on the
ground plane, the first location on the ground plane being
separated from the feed connection by a third distance and a
galvanic connection connecting the at least one radiating
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element and the feed plate, there being a capacitive and a
galvanic connection between the feed plate and the at least
one radiating element.

There is further provided in accordance with a further
preferred embodiment of the present invention an antenna
having multiple radiating bands including a ground plane, a
feed plate extending generally parallel to and being spaced
from the ground plane by a first distance and having a feed
connection between the feed plate and the ground plane, at
least one radiating element extending generally parallel to
and being spaced from the feed plate by a second distance and
at least one galvanic connector connecting the at least one
radiating element at a first location on the at least one radiat-
ing element to the ground plane at a first location on the
ground plane, the first location on the ground plane being
separated from the feed connection by a third distance, the
feed plate at least partially overlapping portions of at least two
conductive arms defined by the at least one radiating element
and the at least one galvanic connector.

There is additionally provided in accordance with an addi-
tional preferred embodiment of the present invention an
antenna having multiple radiating bands including a ground
plane, a feed plate extending generally parallel to and being
spaced from the ground plane by a first distance and having a
feed connection between said feed plate and said ground
plane, at least one radiating element extending generally par-
allel to and being spaced from the feed plate by a second
distance, and at least one galvanic connector connecting the
feed plate at a first location on the feed plate to the ground
plane at a first location on the ground plane, said first location
on the ground plane being separated from the feed connection
by a third distance, the first, second and third distances being
selected to achieve desired impedance matching of the feed.

In accordance with a preferred embodiment of the present
invention the antenna also includes a dielectric support plat-
form underlying the at least one radiating element. Prefer-
ably, the first, second and third distances are selected to
achieve desired impedance matching of the feed plate.

In accordance with another preferred embodiment of the
present invention the feed plate includes a capacitive feed
plate. Preferably, the feed connection extends from a feed
contact pad which is electrically insulated from the ground
plane. Additionally or alternatively, the at least one radiating
element is formed with at least one slot.

In accordance with a further preferred embodiment of the
present invention the at least one galvanic connector extends
from a ground contact pad which is galvanically connected to
the ground plane.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated
more fully from the following detailed description, taken in
conjunction with the drawings in which:

FIG. 1 is a simplified schematic illustration of an antenna
constructed and operative in accordance with a preferred
embodiment of the present invention;

FIGS. 2A, 2B, 2C and 2D are respective simplified picto-
rial, top view and first and second sectional view illustrations
of one embodiment of an antenna constructed and operative
in accordance with the present invention, the sectional illus-
trations being taken along respective section lines IIC-IIC and
1ID-IID in FIG. 2B;

FIGS. 3A, 3B, 3C and 3D are respective simplified picto-
rial, top view and first and second sectional view illustrations
of a preferred embodiment of an antenna constructed and
operative in accordance with the present invention, the sec-
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tional illustrations being taken along respective section lines
TIIC-ITIC and IIID-1I1ID in FIG. 3B;

FIGS. 4A, 4B, 4C and 4D are respective simplified picto-
rial, top view and first and second sectional view illustrations
of another embodiment of an antenna constructed and opera-
tive in accordance with the present invention, the sectional
illustrations being taken along respective section lines IVC-
IVC and IVD-IVD in FIG. 4B; and

FIGS. 5A, 5B, 5C and 5D are respective simplified picto-
rial, top view and first and second sectional view illustrations
of yet another embodiment of an antenna constructed and
operative in accordance with the present invention, the sec-
tional illustrations being taken along respective section lines
VC-VC and VD-VD in FIG. 5B.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Reference is now made to FIG. 1, which is a schematic
illustration of an antenna constructed and operative in accor-
dance with a preferred embodiment of the present invention.
FIG. 1 illustrates an antenna which preferably has multiple
radiating bands.

As seen in FIG. 1, the antenna preferably comprises a
ground plane 100 having an aperture 102 formed therein. A
feed plate 104 preferably extends generally parallel to and is
spaced from the ground plane 100 by a first distance D1 and
has a feed connection 106 extending through the aperture 102
in ground plane 100.

A radiating element 110 extends generally parallel to and is
spaced from the feed plate 104 by a second distance D2. A
galvanic connector 112 is connected at a first end thereof to
radiating element 110 at a location 114 on the radiating ele-
ment 110 and at a second end thereof to the ground plane 100
atalocation 116 on the ground plane 100. Location 116 on the
ground plane 100 is separated from the feed connection 106
by a third distance D3.

In accordance with a preferred embodiment of the present
invention, the first, second and third distances D1, D2 and D3
and the area of the feed plate 104 are selected to achieve
desired impedance matching of the feed to the antenna. The
third distance D3 preferably allows the feed plate 104 to feed
radiating element 110 at a location corresponding to an
impedance substantially greater than 50 Ohm at least one
band. Typical radiating bands of the antenna of FIG. 1
include, but are not limited to, the following bands: GSM,
AMPS, GPS, CDMA, PCS, UMTS, WCDMA and DCS.

Reference is now made to FIGS. 2A, 2B, 2C and 2D, which
are respective simplified pictorial, top view and first and
second sectional view illustrations of one embodiment of an
antenna constructed and operative in accordance with the
present invention.

As seen in FIGS. 2A, 2B, 2C and 2D, the antenna prefer-
ably comprises a ground plane 200. A generally rectangular
capacitive feed plate 204 preferably extends generally paral-
lel to and is spaced from the ground plane 200 by a first
distance D11 and has a feed connection 206, preferably
extending diagonally with respect to ground plane 200 and to
feed plate 204 from a feed contact pad 208 which is electri-
cally insulated from ground plane 200.

A radiating element 209 extends generally parallel to and is
spaced from the capacitive feed plate 204 by a second dis-
tance D12. The radiating element 209 preferably comprises a
rectangular plate which is formed with a longitudinal slot 210
along a central portion thereof. Slot 210 communicates with
a transversely extending slot 211.
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A galvanic connector 212, preferably extending diagonally
with respect to ground plane 200 and to capacitive feed plate
204, is connected at a first end thereofto the radiating element
209 at a location 214 on the radiating element 209 and at a
second end thereof to the ground plane 200 at a ground
contact pad 215 at a location 216 on the ground plane 200.
Ground contact pad 215 is galvanically connected to the
ground plane 200. The location 216 on the ground plane 200
is separated from the feed connection 206 at the ground plane
200 by a third distance D13.

In accordance with a preferred embodiment of the present
invention, the first, second and third distances D11, D12 and
D13 and the area of the feed plate 204 are selected to achieve
desired impedance matching of the feed to the antenna. The
third distance D13 preferably allows the capacitive feed plate
204 to feed radiating element 209 at a location corresponding
to an impedance substantially greater than 50 Ohm at least
one band. Typical radiating bands of the antenna of FIGS.
2A-2D include but are not limited to the following bands:
GSM, AMPS, GPS, CDMA, PCS, UMTS, WCDMA and
DCS.

Reference is now made to FIGS. 3A, 3B, 3C and 3D, which
are respective simplified pictorial, top view and first and
second sectional view illustrations of a preferred embodiment
of an antenna constructed and operative in accordance with
the present invention.

As seen in FIGS. 3A, 3B, 3C and 3D, the antenna prefer-
ably comprises a ground plane 300. A capacitive feed plate
304 preferably extends generally parallel to and is spaced
from the ground plane 300 by a first distance D21 and has a
feed connection 306, preferably extending diagonally with
respect to ground plane 300 and to feed plate 304 from a feed
contact pad 308 which is electrically insulated from ground
plane 300.

A radiating element 309 extends generally parallel to and is
spaced from the capacitive feed plate 304 by a second dis-
tance D22. The radiating element 309 preferably comprises a
generally rectangular plate which is curved at some of its
edges and is formed with a multidirectional slot 310 having
various dimensions and which defines at least two conductive
arms, designated generally by reference numerals 311 and
312.

A galvanic connector 313, preferably extending diagonally
with respect to ground plane 300 and to capacitive feed plate
304, is connected at a first end thereofto the radiating element
309 at a location 314 on the radiating element 309 and at a
second end thereof to the ground plane 300 at a ground
contact pad 315 at a location 316 on the ground plane 300.
Ground contact pad 315 is galvanically connected to the
ground plane 300. The location 316 on the ground plane 300
is separated from the feed connection 306 at the ground plane
300 by a third distance D23.

In accordance with a preferred embodiment of the present
invention, the first, second and third distances D21, D22 and
D23 and the area of the feed plate 304 are selected to achieve
desired impedance matching of the feed to the antenna. Typi-
cal radiating bands of the antenna of FIGS. 3A-3D include but
are not limited to the following bands: GSM, AMPS, GPS,
CDMA, PCS, UMTS, WCDMA and DCS.

Itis a particular feature of the embodiment of FIGS. 3A-3D
that a galvanic connection 320 is provided between the feed
plate 304 and the radiating element 309 at a location 322
thereon, providing both a capacitive and a galvanic connec-
tion between the feed plate and the radiating element. This
structure provides substantially enhanced bandwidth and
impedance matching as well as enhanced radiating efficiency
in the relatively low frequencies.
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Reference is now made to FIGS. 4A, 4B, 4C and 4D, which
are respective simplified pictorial, top view and first and
second sectional view illustrations of one embodiment of an
antenna constructed and operative in accordance with the
present invention.

As seen in FIGS. 4A, 4B, 4C and 4D, the antenna prefer-
ably comprises a ground plane 400. A generally rectangular
capacitive feed plate 404 preferably extends generally paral-
lel to and is spaced from the ground plane 400 by a first
distance D31 and has a feed connection 406, preferably
extending diagonally with respect to ground plane 400 and to
feed plate 404 from a feed contact pad 408 which is electri-
cally insulated from ground plane 400.

A radiating element 409 extends generally parallel to and is
spaced from the capacitive feed plate 404 by a second dis-
tance D32. The radiating element 409 preferably comprises a
rectangular plate which is formed with a pair of longitudinal
slots 410 along a central portion thereof. Slots 410 commu-
nicate with a transversely extending slot 411.

One or more galvanic connectors 412, preferably extend-
ing diagonally with respect to ground plane 400 and to capaci-
tive feed plate 404, are connected at first ends thereof to the
radiating element 409 at locations 414 on the radiating ele-
ment 409 and at second ends thereof to the ground plane 400
atone or more ground contact pads 415 atlocations 416 on the
ground plane 400. Ground contact pads 415 are galvanically
connected to the ground plane 400. One or more of locations
416 on the ground plane 400 are separated from the feed
connection 406 at the ground plane 400 by a third distance
D33.

In accordance with a preferred embodiment of the present
invention, the first, second and third distances D31, D32 and
D33 and the area of the feed plate 404 are selected to achieve
desired impedance matching of the feed to the antenna. Typi-
cal radiating bands of the antenna of FIGS. 4A-4D include but
are not limited to the following bands: GSM, AMPS, GPS,
CDMA, PCS, UMTS, WCDMA and DCS.

The embodiment of FIGS. 4A-4D is characterized by the
provision of a dielectric support platform 420 which under-
lies and supports the radiating element 409. It is a particular
feature of the embodiment of FIGS. 4A-4D that the feed plate
404 at least partially overlaps portions of at least two conduc-
tive arms 422 and 424 defined by the radiating element 409
and its ground connections 412.

Reference is now made to FIGS. 5A, 5B, 5C and 5D, which
are respective simplified pictorial, top view and first and
second sectional view illustrations of one embodiment of an
antenna constructed and operative in accordance with the
present invention.

As seen in FIGS. 5A, 5B, 5C and 5D, the antenna prefer-
ably comprises a ground plane 500. A capacitive feed plate
504 preferably extends generally parallel to and is spaced
from the ground plane 500 by a first distance D41 and has a
feed connection 506, preferably extending diagonally with
respect to ground plane 500 and to feed plate 504 from a feed
contact pad 508 which is electrically insulated from ground
plane 500.

A radiating element 509 extends generally parallel to and is
spaced from the capacitive feed plate 504 by a second dis-
tance D42. The radiating element 509 preferably comprises a
rectangular plate which is formed with a longitudinal slot 510
along a central portion thereof. Slot 510 communicates with
a transversely extending slot 511.

A galvanic connector 512, preferably extending diagonally
with respect to ground plane 500 and to capacitive feed plate
504, connected at a first end thereof to the capacitive feed
plate 504 atalocation 514 on the capacitive feed plate 504 and
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at a second end thereof to the ground plane 500 at a ground
contact pad 515 at a location 516 on the ground plane 500.
Ground contact pad 515 is galvanically connected to the
ground plane 500. The location 516 on the ground plane 500
is separated from the feed connection 506 at the ground plane
500 by a third distance D43.

A second galvanic connector 520, which preferably
extends diagonally with respect to ground plane 500 and
connects radiating element 509 with the ground plane 500.

In accordance with a preferred embodiment of the present
invention, the first, second and third distances D41, D42 and
D43 and the area of the feed plate 504 are selected to achieve
desired impedance matching of the feed to the antenna. Typi-
calradiating bands of the antenna of FIGS. 5A-5D include but
are not limited to the following bands: GSM, AMPS, GPS,
CDMA, PCS, UMTS, WCDMA and DCS.

A particular feature of the antenna of FIGS. 5A to 5D that
the feed plate 504 provides both capacitive and inductive
coupling for feeding the radiating element 509.

Itis appreciated by persons skilled in the art that the present
invention is not limited by what has been particularly shown
and described hereinabove. Rather the scope of the present
invention includes both combinations and subcombinations
of various features described hereinabove as well as varia-
tions and modifications thereto which would occur to a person
of skill in the art upon reading the above description and
which are not in the prior art.

The invention claimed is:

1. An antenna having multiple radiating bands, compris-
ing:

a ground plane;

a feed plate extending generally parallel to and being
spaced from said ground plane by a first distance and
having a feed connection extending between said feed
plate and said ground plane;

at least one radiating element extending generally parallel
to and being spaced from said feed plate by a second
distance, and

at least one galvanic connector connecting said at least one
radiating element at a first location on said at least one
radiating element to said ground plane at a first location
on said ground plane, said first location on said ground
plane being separated from said feed connection by a
third distance,

said first, second and third distances being selected to
achieve desired impedance matching of said feed plate,

said feed plate feeding said at least one radiating element at
a location corresponding to an impedance substantially
greater than 50 Ohm at least one band, and

said feed plate being substantially smaller than said at least
one radiating element.

2. An antenna according to claim 1, wherein said ground
plane has an aperture formed therein, and said feed connec-
tion extends through said aperture.

3. An antenna according to claim 1, and wherein said feed
plate comprises a capacitive feed plate.

4. An antenna according to claim 1, and wherein said feed
connection extends from a feed contact pad which is electri-
cally insulated from said ground plane.

5. An antenna according to claim 1, and wherein said at
least one radiating element is formed with at least one slot.

6. An antenna according to claim 1, and wherein said at
least one galvanic connector extends from a ground contact
pad which is galvanically connected to said ground plane.

7. An antenna having multiple radiating bands comprising:

a ground plane;





US 7,696,927 B2

7

a feed plate extending generally parallel to and being
spaced from said ground plane by a first distance and
having a feed connection extending between said feed
plate and said ground plane;

at least one radiating element extending generally parallel
to and being spaced from said feed plate by a second
distance;

at least one galvanic connector connecting said at least one
radiating element at a first location on said at least one
radiating element to said ground plane at a first location
on said ground plane, said first location on said ground
plane being separated from said feed connection by a
third distance; and

at least one galvanic connection connecting said at least
one radiating element and said feed plate, there being a
capacitive and a galvanic connection between said feed
plate and said at least one radiating element,

said feed plate feeding said at least one radiating element at
a location corresponding to an impedance substantially
greater than 50 Ohm at least one band, and

said feed plate being substantially smaller than said at least
one radiating element.

8. An antenna according to claim 7, and wherein said first,
second and third distances are selected to achieve desired
impedance matching of said feed plate.

9. An antenna according to claim 7, and wherein said feed
plate comprises a capacitive feed plate.

10. An antenna according to claim 7, and wherein said feed
connection extends from a feed contact pad which is electri-
cally insulated from said ground plane.

11. An antenna according to claim 7, and wherein said at
least one radiating element is formed with at least one slot.

12. An antenna according to claim 7, and wherein said at
least one galvanic connector extends from a ground plane
contact pad which is galvanically connected to said ground
plane.

13. An antenna having multiple radiating bands compris-
ing:

a ground plane;

a feed plate extending generally parallel to and being
spaced from said ground plane by a first distance and
having a feed connection between said feed plate and
said ground plane;

at least one radiating element extending generally parallel
to and being spaced from said feed plate by a second
distance; and

at least one galvanic connector connecting said at least one
radiating element at a first location on said at least one
radiating element to said ground plane at a first location
on said ground plane, said first location on said ground
plane being separated from said feed connection by a
third distance,

said feed plate at least partially overlapping portions of at
least two conductive arms defined by said at least one
radiating element and said at least one galvanic connec-
tor,

said feed plate feeding said at least one radiating element at
a location corresponding to an impedance substantially
greater than 50 Ohm at least one band, and
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said feed plate being substantially smaller than said at least
one radiating element.

14. An antenna according to claim 13, and also comprising

a dielectric support platform underlying said at least one
radiating element.

15. An antenna according to claim 13, and wherein said
first, second and third distances are selected to achieve
desired impedance matching of said feed plate.

16. An antenna according to claim 13, and wherein said
feed plate comprises a capacitive feed plate.

17. An antenna according to claim 13, and wherein said
feed connection extends from a feed contact pad which is
electrically insulated from said ground plane.

18. An antenna according to claim 13, and wherein said at
least one radiating element is formed with at least one slot.

19. An antenna according to claim 13, and wherein said at
least one galvanic connector extends from a ground contact
pad which is galvanically connected to said ground plane.

20. An antenna having multiple radiating bands compris-
ing:

a ground plane;

a feed plate extending generally parallel to and being
spaced from said ground plane by a first distance and
having a feed connection between said feed plate and
said ground plane;

at least one radiating element extending generally parallel
to and being spaced from said feed plate by a second
distance, and

at least one galvanic connector connecting said feed plate
at a first location on said feed plate to said ground plane
at a first location on said ground plane,

said first location on said ground plane being separated
from said feed connection by a third distance,

said first, second and third distances being selected to
achieve desired impedance matching of said feed plate,

said feed plate providing inductive and capacitive coupling
for feeding said at least one radiating element,

said feed plate feeding said at least one radiating element at
a location corresponding to an impedance substantially
greater than 50 Ohm at least one band, and

said feed plate being substantially smaller than said at least
one radiating element.

21. An antenna according to claim 20 and also comprising
at least one galvanic connector connecting said at least one
radiating element to said ground plane.

22. An antenna according to claim 20, and wherein said
first, second and third distances are selected to achieve
desired impedance matching of said feed plate.

23. An antenna according to claim 20, and wherein said
feed plate comprises a capacitive feed plate.

24. An antenna according to claim 20, and wherein said
feed connection extends from a feed contact pad which is
electrically insulated from said ground plane.

25. An antenna according to claim 20, and wherein said at
least one radiating element is formed with at least one slot.

26. An antenna according to claim 20, and wherein said at
least one galvanic connector extends from a ground contact
pad which is galvanically connected to said ground plane.

#* #* #* #* #*
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ANTENNA FOR ENHANCING BANDWIDTH
AND ELECTRONIC DEVICE HAVING THE
SAME

RELATED APPLICATION

Pursuant to 35 U.S.C. §119(a), this application claims the
benefit of earlier filling date and right of priority to Korean
Application Nos. 10-2005-113147, 10-2005-113152 and
10-2006-28608, filed on Nov. 24, 2005, Nov. 24, 2005 and
Mar. 29, 2006, respectively, the contents of which are herein
expressly incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna for transceiving
an electric wave and an electronic device having the same,
and more particularly, to an antenna capable of independently
designing multi bands from each other and enhancing a band-
width, and an electronic device having the same.

2. Description of the Background Art

An electronic device having a communication means
therein receives an electric wave and generates information
from a received electric wave, or transmits the generated
information in an electric wave manner. The electronic device
includes a portable terminal such as a portable phone, a per-
sonal digital assistants (PDA), a vehicle navigation, etc., a
portable computer such as a notebook, an electronic diary, an
electronic dictionary, etc., and a music reproducer such as an
MP3 player, an MD player, a radio, an audio, etc.

The electronic device has to implement not only an excel-
lent function but also an excellent design to satisfy a user’s
desire.

According to the recent trend for a slim design, the con-
ventional outwardly protruded antenna is mounted in the
electronic device, thereby reducing the entire size of the elec-
tronic device and enhancing the appearance of the electronic
device.

The internal antenna called as an In-tenna has to have an
excellent efficiency suitable for a small electronic device.
Reducing the size of the In-tenna is a very important task.

Recently, an electronic device for a wide bandwidth such as
GSM900/1800/1900 or WCDMAZ2100 is being actively
developed. The electronic device for a wide bandwidth has to
be provided with a multi-bandwidth antenna for transceiving
service of a wide-bandwidth.

However, due to a coupling phenomenon between a low
frequency bandwidth and a high frequency bandwidth, that is,
since one bandwidth is degraded when another bandwidth is
upgraded, it is difficult to design an optimum antenna having
a bandwidth more than a certain degree at both the low fre-
quency bandwidth and the high frequency bandwidth.

Recently, a research for enhancing an antenna bandwidth
s0 as to transceive multi-band signals is being actively per-
formed.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide
an antenna capable of enhancing a bandwidth, and an elec-
tronic device having the same.

Anther object of the present invention is to provide an
antenna capable of independently designing a high frequency
bandwidth and a low frequency bandwidth, and an electronic
device having the same.
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To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, there is provided an antenna, com-
prising: a first antenna body; and a second antenna body
surrounding at least one portion of the first antenna body so
that at least one portion thereof can be parallel with the first
antenna body, wherein a direction of a current flowing on at
least one portion of the second antenna body parallel with the
first antenna body is equal to a direction of a current flowing
on the first antenna body.

According to a first embodiment of the present invention,
the second antenna body comprises a first conductor having
one end electrically connected to the first antenna body in
parallel; a second conductor disposed to be parallel with the
first conductor with the first antenna body being interposed
therebetween, and having one end grounded to a ground
surface; and a connection conductor for connecting another
end of the first conductor and another end of the second
conductor.

The first antenna body is formed to have a length of 4 of a
wavelength corresponding to a center frequency of a desired
high frequency bandwidth, and the second antenna body is
formed to have a length of /2 of the wavelength corresponding
to the center frequency.

One end of the first antenna body and one end of the second
antenna body are electrically connected to a feeding line,
respectively. Another end of the second antenna body is
grounded to a ground surface by a ground line.

The antenna according to the present invention may com-
prise a high frequency antenna body; and a low frequency
antenna body electrically connected to a point of the high
frequency antenna body where a high frequency current dis-
tribution is minimized.

According to a second embodiment of the present inven-
tion, the high frequency antenna body comprises a first
antenna body; and a second antenna body surrounding at least
one portion of the first antenna body so that a direction of a
current flowing on at least one portion thereof can be parallel
with a direction of a current flowing on the first antenna body.

The second antenna body comprises a first conductor hav-
ing one end electrically connected to the first antenna body in
parallel, and disposed to be parallel with the first antenna
body; a second conductor disposed to be parallel with the first
conductor with the first antenna body being interposed ther-
ebetween, and having one end grounded to a ground surface;
and a connection conductor for connecting another end of the
first conductor and another end of the second conductor. The
low frequency antenna body has a spiral shape, and is elec-
trically connected to the connection conductor.

According to a third embodiment of the present invention,
the antenna comprises a first antenna body and a second
antenna body separated from each other by a slot for enhanc-
ing a bandwidth. The slot comprises first and second slots
disposed between the first antenna body and the second
antenna body in parallel with each other; a third slot for
connecting one end of the first slot with one end of the second
slot; and a fourth slot connected to one of the first slot and the
second slot, and extended between the feeding line and the
ground line, thereby opening one of the first slot and the
second slot.

The first slot and the second slot may have lengths different
from each other, or may have the same length.

The low frequency antenna body is provided with a fifth
slot so that one side thereof can be opened.

A dielectric substance may be interposed between the
ground surface and the first and second antenna bodies.
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The feeding line and the ground line are curved towards the
ground surface from one side of the second antenna body. The
high frequency antenna body is curved from another side of
the second antenna body towards the ground surface so as to
face the feeding line and the ground line.

The low frequency antenna body comprises a third antenna
body, and a connection body for electrically connecting the
third antenna body with the high frequency antenna body in
serial.

According to a fourth embodiment of the present invention,
the connection body is one-time curved from the high fre-
quency antenna body in one direction along one bending line,
and is two-time curved from the high frequency antenna body
in another direction along another bending line. The connec-
tion body is curved at each angle of 90°.

According to a fifth embodiment of the present invention,
the high frequency antenna body comprises first to third slots
connected to one another so as to constitute a ‘U’-shape, a
fourth slot for opening the ‘U’-shaped slot, a fifth slot formed
atthe third antenna body so as to be outwardly opened, a sixth
slot formed at the third antenna body so as to be disconnected
from outside, and a seventh slot formed at the connection
body so as to be disconnected from outside.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, there is also provided an electronic
device having an antenna for transceiving an electric wave,
the antenna comprising: a first antenna body; and a second
antenna body surrounding at least one portion of the first
antenna body so that at least one portion thereof can be
parallel with the first antenna body, wherein a direction of a
current flowing on at least one portion of the second antenna
body parallel with the first antenna body is equal to a direction
of a current flowing on the first antenna body.

The electronic device according to the present invention
may have an antenna comprising a high frequency antenna
body; and a low frequency antenna body electrically con-
nected to a point of the high frequency antenna body where a
high frequency current distribution is minimized.

The electronic device comprises a portable terminal, a
portable computer, an MP3 player, an MD player, a radio, and
an audio.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1 is a perspective view schematically showing an
antenna according to a first embodiment of the present inven-
tion;

FIG. 2 is a plan view showing the antenna of FIG. 1;

FIG. 3 is a perspective view schematically showing an
antenna according to a second embodiment of the present
invention;

FIG. 4 is a plan view showing the antenna of FIG. 3;

FIG. 5 is a configuration view schematically showing a
current distribution of a high frequency antenna body of FIG.
4;
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FIG. 6 is a graph showing a return loss of each antenna
shown in FIGS. 1 and 3;

FIG. 7 is a perspective view schematically showing an
antenna according to a third embodiment of the present inven-
tion;

FIG. 8 is a perspective view showing the antenna of FIG. 7
from another angle;

FIG. 9 is an unfolded view of the antenna of FIG. 7,

FIG. 10 is a graph showing a return loss of the antenna of
FIG. 7,

FIG. 11 is an unfolded view showing a modified state of the
antenna of FIG. 9 so that a first slot and a second slot can have
the same length;

FIG. 12 is a graph showing a return loss of the antenna of
FIG. 11,

FIG. 13 is an unfolded view of the antenna of FIG. 7, in
which an opened direction of a fifth slot is modified to an
opposite direction;

FIG. 14 is a graph showing a return loss of the antenna of
FIG. 13;

FIG. 15 is a perspective view schematically showing an
antenna according to a fourth embodiment of the present
invention;

FIG. 16 is an unfolded view of the antenna of FIG. 15;

FIG. 17 is an unfolded view schematically showing an
antenna according to a fifth embodiment of the present inven-
tion;

FIG. 18 is a perspective view showing a modification of the
antenna of FIG. 17 for mounting in an electronic device;

FIG. 19 is a graph showing a return loss of the antenna of
FIG. 18;

FIG. 20 is a perspective view schematically showing a
mobile phone to which the antenna according to the present
invention has been applied;

FIG. 21 is a perspective view schematically showing a
notebook to which the antenna according to the present inven-
tion has been applied; and

FIG. 22 is a perspective view schematically showing an
MP3 player to which the antenna according to the present
invention has been applied.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings.

Hereinafter, an antenna and an electronic device according
to the present invention will be explained in more detail.

Referring to FIGS. 1 and 2, the antenna according to a first
embodiment of the present invention comprises: a ground
surface 100; a first antenna body 110; a second antenna body
120 electrically connected to the first antenna body 110 in
parallel; a feeding line 130 for supplying a current to the first
antenna body 110 and the second antenna body 120; and a
ground line 140 for grounding the second antenna body to the
ground surface 100.

The ground surface 100 has a flat surface, and is formed of
a conductor. The ground surface 100 may be fabricated by
forming a conductor film in a printed circuit board (PCB)
mounted in an electronic device.

The ground surface 100 is provided with a signal line
pattern for supplying a current to the first antenna body 110
and the second antenna body 120. The feeding line 130 is
electrically connected with the signal line pattern by a con-
tact. A current generated from an oscillator 150 is supplied to
the first antenna body 110 and the second antenna body 120
via the signal line pattern and the feeding line 130. The





US 7,696,931 B2

5

feeding line 130 may be electrically connected with the oscil-
lator 150 through the ground surface 100.

The first antenna body 110 and the second antenna body
120 for emitting or receiving an electric wave are electrically
connected with the oscillator 150 in parallel.

The first antenna body 110 is formed to have a length
(@+@) of ¥4 of a wavelength corresponding to a center
frequency of a desired high frequency bandwidth. A current
supplied to the first antenna body 110 flows in the same
direction without being inverted.

The second antenna body 120 is formed to have a length
(@+@+@) of 14 of the wavelength corresponding to the
center frequency of the desired high frequency bandwidth.
The second antenna body 120 is curved as a “U’-shape so as
to surround a part of the first antenna body 100. The second
antenna body 120 includes a first conductor 121, a second
conductor 122, and a connection conductor 123.

One end of the first conductor 121 is connected with the
feeding line 130. The first conductor 121 is spaced from the
first antenna body 110 in parallel with each other.

One end of the second conductor 122 is grounded with the
ground surface 100 by the ground line 140. The second con-
ductor 122 is arranged to be parallel with the first conductor
121 with the first antenna body 110 being disposed therebe-
tween. Preferably, the second conductor 122 has the same
length as the first conductor 121. When the second conductor
122 does not have the same length as the first conductor 121,
it has a length closest to the length of the first conductor 121.

The connection conductor 123 for connecting another end
of the first conductor 121 with another end of the second
conductor 122, is arranged in a direction approximately per-
pendicular to the first antenna body 110. In the preferred
embodiment of the present invention, the connection conduc-
tor 123 has alinear shape. However, the connection conductor
123 can have any shape such as an arc shape as long as it can
electrically connect the first conductor 121 with the second
conductor 122. The connection conductor 123 may be imple-
mented as a curved portion of the second antenna body 120.

As the second antenna body 120 is formed to have a length
(@+@+@) of 14 of the wavelength corresponding to the
center frequency of the desired high frequency bandwidth, a
flowing direction of a current supplied to the second antenna
body 120 is inverted. However, since the second conductor
122 is arranged to be parallel with the first antenna body 110
as the second antenna body 120 is curved, each current sup-
plied to the first antenna body 110, the first conductor 121,
and the second conductor 122 has the same flowing direction
in parallel with each other as indicated by the arrow in FIG. 2.
Accordingly, an electromagnetic field generated from the first
antenna body 110 is coupled with an electromagnetic field
generated from the first conductor 121 and the second con-
ductor 122. As the result, a plurality of high resonance fre-
quencies H1 and H2 move in a direction approaching to each
other, thereby increasing a bandwidth at the high frequency
band as shown in FIG. 6.

Referring to FIG. 6, the dotted line indicates a return loss
according to the high frequency antenna body of FIG. 1. As a
result of an experiment, a first high resonance frequency (H1)
was 1.5 GHz, and a second high resonance frequency (H2)
was 2.35 GHz. As the electromagnetic field generated from
the first antenna body 110 and the electromagnetic field gen-
erated from the first conductor 121 and the second conductor
122 are coupled with each other, the first high resonance
frequency (H1) and the second high resonance frequency
(H2) move in a direction approaching to each other. As the
result, a high frequency bandwidth (B.W.H1) was increased
up to 850 MHz, and a ratio between the high frequency
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bandwidth and the center frequency was increased up to 44%,
which shows a considerable increase than the conventional
ratio of 24% at 460 MHz.

Referring to FIGS. 1 and 2, the feeding line 130 for sup-
plying a current to the first antenna body 110 and the second
antenna body 120 is electrically connected with the signal
line pattern formed on the ground surface 100. However, the
feeding line 130 may be connected with the oscillator 150
with various structures.

The ground line 140 for grounding the second antenna
body 120 to the ground surface 100 is formed accordingly as
one end of the second conductor 122 is curved. However, an
additional ground line 140 may be attached to the second
conductor 122.

In the present invention, one end of the second conductor
122 is grounded to the ground surface 100 so that the second
conductor 122, the first conductor 121, and the first antenna
body 110 can have the same current direction. As long as a
current supplied to the first and second conductors 121 and
122 has the same flowing direction as a current supplied to the
first antenna body 110, various structures may be imple-
mented in the present invention.

Since the first and second conductors 121 and 122 are
arranged to be parallel with the first antenna body 110 and
each current supplied thereto has the same flowing direction,
an electromagnetic field generated from the first and second
conductors 121 and 122 is coupled with an electromagnetic
field generated from the first antenna body 110 thereby to
increase a bandwidth.

FIGS. 3 to 5 are perspective views schematically showing
an antenna according to a second embodiment of the present
invention. The antenna according to the second embodiment
of the present invention comprises a ground surface 200, a
high frequency antenna body 201, a low frequency antenna
body 202, a feeding line 230, and a ground line 240.

The high frequency antenna body 201 has the same struc-
ture as the antenna according to the first embodiment. That is,
the high frequency antenna body 201 includes a first antenna
body 210, and a second antenna body 220 electrically con-
nected to the first antenna body 210 in parallel.

The first antenna body 210 is formed to have a length of V4
of' a wavelength corresponding to a center frequency of a
desired high frequency bandwidth.

The second antenna body 220 is electrically connected to
the first antenna body 210 in parallel. One end of the second
antenna body 220 is connected to the feeding line 230, and
another end thereof is grounded to the ground surface 200 by
the ground line 240. The second antenna body 220 is curved
two times, and includes first and second conductors 221 and
222 disposed to be parallel with each other, and a connection
conductor 223 for connecting the first and second conductors
221 and 222 with each other.

The first and second conductors 221 and 222 are arranged
to be parallel with each other under a state that the first
antenna body 210 is interposed therebetween. The second
antenna body 220 is formed to have a length (@+@+@) of
15 of the wavelength corresponding to the center frequency of
the desired high frequency bandwidth. Accordingly, each cur-
rent supplied to the first and second conductors 221 and 222
has the same flowing direction in parallel with each other as
indicated by the arrow in FIG. 4.

The connection conductor 223 includes a center point of
the length (@+@+@) of'the second antenna body 220, that
is, a point of ¥4 of the wavelength corresponding to the center
frequency of the desired high frequency bandwidth. As shown
in FIG. 5, onthe basis ofthe point, a phase of a high frequency
current is inverted. At the point of % of the wavelength
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corresponding to the center frequency of the desired high
frequency bandwidth, a high frequency current distribution is
minimized (theoretically, a high frequency current does not
flow).

Like in the first embodiment, the feeding line 230 is elec-
trically connected to the first and second antenna bodies 210
and 220, thereby supplying a current to the first and second
antenna bodies 210 and 220.

Like in the first embodiment, the ground line 240 grounds
another end of the second antenna body 220 to the ground
surface 200.

The low frequency antenna body 202 includes a third
antenna body 203, and a connection body 204 for electrically
connecting the third antenna body 203 with the high fre-
quency antenna body 202.

The low frequency antenna body 202 serves to generate a
resonance in a low frequency bandwidth. The third antenna
body 203 is electrically connected with a point of the connec-
tion conductor 223 by the connection body 204, the point
where a high frequency current distribution is minimized.

On the third antenna body 203, a minimum high frequency
current flows. Accordingly, an electromagnetic field gener-
ated from the third antenna body 203 by a high frequency
current has a minimum coupling with an electromagnetic
field generated from the first and second antenna bodies 210
and 220 by a high frequency current. This means that a reso-
nance frequency or a bandwidth at a high frequency band is
not influenced by the third antenna body 203, and thus a low
frequency band and a high frequency band can be indepen-
dently performed from each other. The above characteristics
are represented in the graph of FIG. 6 showing a return loss
according to a frequency.

Referring to FIG. 6, the first and second high resonance
frequencies H1 and H2 without the low frequency antenna
body 202, that is, without the third antenna body 203 (dotted
line) is almost identical to the first and second high resonance
frequencies H1 and H2 with the low frequency antenna body
202, that is, with the third antenna body 203 (solid line). A low
resonance frequency is generated at 0.96 GHz by the low
frequency antenna body 202, thereby generating a low fre-
quency bandwidth (B.W.L) of 80 MHz based on a return loss
of -6 dB. A high frequency bandwidth (B.W.H2) of 720 MHz
according to the second embodiment is somewhat narrower
than that of the first embodiment, but is considerably wider
than the conventional high frequency bandwidth of 460 MHz.

In the preferred embodiment of the present invention, the
third antenna body 203 has a spiral shape. However, any
structure having a low resonance frequency may be applied to
the present invention.

As aforementioned, each current applied to the first and
second conductors arranged in parallel with each other, and
the first antenna body interposed therebetween has the same
flowing direction. Accordingly, an electromagnetic field gen-
erated from the first and second conductors is coupled with an
electromagnetic field generated from the first antenna body,
thereby enhancing a bandwidth at a high frequency band.

Furthermore, the low frequency antenna body is electri-
cally connected with a point of the high frequency antenna
body where a high frequency current distribution is mini-
mized. Accordingly, the high frequency current does not flow
to the low frequency antenna body, and thus an influence on a
high frequency band by the low frequency antenna body is
minimized.

Since the high frequency antenna body and the low fre-
quency antenna body can be independently designed from
each other, the antenna design is facilitated and an optimum
function for the antenna is implemented.
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FIGS. 7 to 14 are perspective views schematically showing
an antenna according to a third embodiment of the present
invention, which show modification examples of the antenna
according to the second embodiment.

Referring to FIG. 7, the antenna according to the third
embodiment of the present invention comprises: a ground
surface 300 having a flat surface and formed of a conductor;
a high frequency antenna body 301 disposed at an upper
portion of the ground surface 300; a low frequency antenna
body 302 electrically connected to a point of the high fre-
quency antenna body 301 where a high frequency current
distribution is minimized; a feeding line 330 for supplying a
current to the high frequency antenna body 301; and a ground
line 340 for grounding the high frequency antenna body 301
to the ground surface 300.

The high frequency antenna body 301 includes a first
antenna body 310, and a second antenna body 320 curved so
as to surround most parts of the first antenna body 310.

The first antenna body 310 is electrically connected with
the second antenna body 320 in parallel, and has a length of /4
of'a wavelength corresponding to the center frequency.

One end of the second antenna body 320 is connected with
the feeding line 330, and another end thereof is grounded to
the ground surface 300 by the ground line 340. The second
antenna body 320 is formed so as to surround most parts of the
first antenna body 310. The first and second antenna bodies
310 and 320 are separated from each other by first to third
slots 311, 312 and 313. Preferably, a length of the second
antenna body 320 is %2 of a wavelength corresponding to the
center frequency of a desired high frequency band.

The first to third slots 311, 312 and 313 form an approxi-
mately ‘U’-shape. A fourth slot 314 is formed between the
feeding line 330 and the ground line 340, thereby opening the
first to third slots 311, 312 and 313.

In the preferred embodiment of the present invention, the
low frequency antenna body 302 is electrically connected to
a point of the high frequency antenna body 301 where a high
frequency current distribution is minimized. Furthermore, a
bandwidth at a low frequency band or a high frequency band
is controlled by the size and the shape of the first to fourth
slots 311, 312, 313 and 314.

In the aspect of the first to fourth slots 311, 312, 313 and
314 not the first and second antenna bodies 310 and 320, the
first and second slots 311 and 312 disposed to be in parallel
with each other, and the third slot 313 for connecting each end
of the first and second slots 311 and 312 form an approxi-
mately ‘U’-shape. Herein, when the ‘U’-shape is formed by
the slots, a double resonance frequency is generated. Refer-
ring to FIG. 10, the first high resonance frequency H1 is
generated at approximately 1.9 GHz, and the second high
resonance frequency H2 is generated at approximately 2.15
GHz.

A frequency characteristic is varied according to the size,
the length, the width, etc. of the slots 311, 312 and 313.
Referring to FIG. 11, the first slot 311 is formed so as to have
the same length as the second slot 312. As shown in FIG. 12,
the return loss RL is greatly decreased at the second high
resonance frequency H2.

TABLE 1

First slot < second slot First slot = second slot

Bandwidth 1.7~2.2 GHz 1.7~2.15 GHz
(bandwidth: 0.5) (bandwidth: 0.45)
Return loss at H2 -10.5dB -20dB
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As shown in the above table 1, when the first slot 311 has a
length shorter than that of the second slot 312, a bandwidth is
1.7~2.2 GHz, and the return loss at the second high resonance
frequency H2 is —10.5 dB. On the contrary, when the first slot
311 has the same length as the second slot 312, the bandwidth
is 1.7~2.15 GHz, and the return loss at the second high reso-
nance frequency H2 is —20 dB. That is, when the first slot 311
has a length shorter than that of the second slot 312, the
bandwidth is more widened even if the return loss is increased
than in the case that the first slot 311 has the same length as the
second slot 312.

A frequency characteristic such as the number of multi-
resonance, a return loss, etc., is varied according to the num-
ber, the size, the length, the width, etc. of the slots 311, 312
and 313. Accordingly, an antenna function can be enhanced
by controlling the number, the size, the length, the width, etc.
of the slots at the time of designing the antenna.

A frequency bandwidth for the antenna can be widened by
the fourth slot 314 formed between the feeding line 330 and
the ground line 340 so as to be connected with the first slot
311.

The fourth slot 314 increases a length of a transmitting
circuit generated by the feeding line 330 and the ground line
340, thereby influencing on an impedance and a frequency
bandwidth for the antenna. As shown in FIG. 9, when the
fourth slot 314 is extendingly-formed from a middle portion
of'the first slot 311 with an opened state between the feeding
line 330 and the ground line 340, a bandwidth is widened. As
shown in FIG. 10, a frequency bandwidth (B.W.H) at a high
frequency band is approximately 1.7 GHz to 2.2 GHz on the
basis of the return loss of -6 dB, which is much more
increased than the conventional flat-plate type inverse F-an-
tenna having a bandwidth of 1.9 GHz to 2.1 GHz on the basis
of the return loss of -6 dB.

Considering that the 3’ mobile communication (3G) being
recently spot-lighted has a frequency bandwidth of 1.8 GHz,
and considering that a mobile communication terminal being
used for a satellite DMB has a bandwidth of an [.-band (1 to
2 GHz) or an S-band (2 to 4 GHz), the antenna according to
the present invention can transceive a clear electric wave at
the same bandwidth.

Factors such as the number, the position, the length, the
width, etc. of the fourth slot 314 influence on an impedance
and a frequency bandwidth for the antenna. Accordingly, the
antenna is designed by properly controlling the factors.

The low frequency antenna body 302 is electrically con-
nected to a point of the high frequency antenna body 301
where a high frequency current distribution is minimized. The
low frequency antenna body 302 serves as a mono-pole
antenna electrically connected to the high frequency antenna
body 301 in serial. Generally, the mono-pole antenna is suit-
able for transceiving an electric wave of a low frequency band
such as a terrestrial wave or a sky wave. The low frequency
antenna body 302, the mono-pole antenna has a resonance
frequency of a low frequency band, thereby transceiving a
clear electric wave of a low frequency band. As shown in
FIGS. 10, 12, and 14, a low resonance frequency L1 is gen-
erated at approximately 1.1 GHz due to the low frequency
antenna body 302.

The low frequency antenna body 302 includes a third
antenna body 303, and a connection body 304 for connecting
the third antenna body 303 to a point of the second antenna
body 320 where a high frequency current distribution is mini-
mized.

The third antenna body 303 is formed by vertically curving
the connection body 304 towards the ground surface 300 so as
to face the feeding line 330 and the ground line 340. Accord-
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ingly, an entire volume of the antenna is reduced, and an
electronic device having the antenna is minimized.

As shown in FIGS. 9 to 11, a fifth slot 321 is formed at the
third antenna body 303. By the fitth slot 321, a low frequency
bandwidth is widened. The low frequency bandwidth is con-
trolled by controlling the number, the position, the size, the
width, etc., of the fifth slot 321.

As shown in FIGS. 9 to 14, an opened position of the fifth
slot 321 based on the connection body 304 influences on a
return loss and a frequency bandwidth, which is shown in the
following table 2.

TABLE 2
Opening of fifth slit
Opening of fifth slit towards right towards left side of
side of connection body connection body
(refer to FIGS. 9 to 11) (refer to FIG. 13)
Return -30dB -9dB
loss at L1
B.W.L 1.05~1.2 GHz (bandwidth: 0.15) 1.1~1.25 GHz
(bandwidth: 0.15)
Return -20dB -23dB
loss at H2
B.W.H 1.7~2.15 GHz (bandwidth: 0.45) 1.65~2.25 GHz
(bandwidth: 0.6)

As shown in FIGS. 9to 11, when the fifth slot 321 is opened
towards the right side of the connection body 304, the return
loss at a low resonance frequency L1 is greatly lowered up to
-30 dB as shown in FIGS. 10 to 12, and a low frequency
bandwidth (B.W.L) is approximately 1.05 to 1.2 GHz (band-
width: 0.15 GHz) on the basis of -6 dB. Also, the return loss
at a second high resonance frequency H2 is =20 dB, and a
high frequency bandwidth (B.W.H) is approximately 1.7 to
2.15 GHz (bandwidth: 0.45 GHz) on the basis of -6 dB.

On the contrary, as shown in FIG. 13, when the fitth slot
321 is opened towards the left side of the connection body
304, the return loss at a low resonance frequency L1 is -9 dB,
and a low frequency bandwidth (B.W.L) is approximately 1.1
to 1.25 GHz (bandwidth: 0.15 GHz). Also, the return loss at a
second high resonance frequency H2 is -23 dB, and a high
frequency bandwidth (B.W.H) is approximately 1.65 to 2.25
GHz (bandwidth: 0.6 GHz) which is somewhat widened than
in the case that the fifth slot 321 is opened towards the right
side of the connection body 304. By controlling each position
of the connection body 304 and the fitth slot 321, the reflec-
tion loss according to the frequency and the bandwidth can be
varied.

As shown in FIG. 7, an insulating dielectric substance 315
is inserted between the high frequency antenna body 301 and
the ground surface 300. Since the high frequency antenna
body 301 to which a current has been supplied through the
feeding line 330 is installed at an upper portion of the ground
surface 300 in parallel with each other, a potential difference
is generated between the ground surface 300 and the high
frequency antenna body 301. The distance between the high
frequency antenna body 301 and the ground surface 300 can
be shortened by inserting the insulating dielectric substance
315 therebetween, the insulating dielectric substance 315
having a permittivity greater than that of the air. By shorten-
ing the distance between the high frequency antenna body
301 and the ground surface 300, an electronic device having
the antenna can be miniaturized.

In the preferred embodiment of the present invention, the
insulating dielectric substance 315 entirely fills between the
high frequency antenna body 301 and the ground surface 300.
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However, the insulating dielectric substance 315 may par-
tially fill between the high frequency antenna body 301 and
the ground surface 300.

Referring to FIG. 9, a fabrication process for the antenna
according to the third embodiment of the present invention
will be explained. First, the slots 311, 312, 313 and 314, the
feeding line 330, the ground line 340, the low frequency
antenna body 302, etc. are cuttingly-formed on a rectangular
flat plate. Then, the feeding line 330 and the ground line 340
are curved along a first bending line BL1 in a direction per-
pendicular to the high frequency antenna body 301. Then, the
low frequency antenna body 302 is curved along a second
bending line BL2 in a direction perpendicular to the high
frequency antenna body 301.

As shown in FIG. 7, an antenna having a small size of 40
mm(@)x8.6 mm(@)x6 mm(@) was substantially fabri-
cated, the antenna suitable to be mounted in a slim mobile
communication terminal.

FIGS. 15 and 16 are perspective views schematically
showing an antenna according to a fourth embodiment of the
present invention. The antenna according to the fourth
embodiment has a similar structure as the antenna according
to the third embodiment. Referring to FIGS. 15 and 16, like
the antenna according to the third embodiment, the antenna
according to the fourth embodiment comprises: a ground
surface 400; a high frequency antenna body 401; a low fre-
quency antenna body 402 electrically connected to a point of
the high frequency antenna body 401 where a high frequency
current distribution is minimized; a feeding line 430 for sup-
plying a current to the high frequency antenna body 401; and
a ground line 440 for grounding the high frequency antenna
body 401 to the ground surface 400.

Like in the third embodiment, in the fourth embodiment,
the high frequency antenna body 401 includes a first antenna
body 410 and a second antenna body 420. Also, the low
frequency antenna body 402 includes a third antenna body
403 electrically connected to the second antenna body 420,
and a connection body 404 for electrically connecting the
third antenna body 403 to the second antenna body 420. First
to fifth slots 411, 412, 413, 414 and 421 are provided, and a
dielectric substance 415 is interposed between the first and
second antenna bodies 410 and 420 and the ground surface
400.

However, as shown in FIGS. 15 and 16 according to the
fourth embodiment, the connection body 404 is one-time
curved towards the ground surface 400 along the second
bending line BL.2, and is two-times curved towards an oppo-
site direction to the ground surface 400 along a third bending
line BL3 and a fourth bending line BL4. Accordingly, while
maintaining the size of the antenna as it is, the connection
body 404 can have a length longer than that of the connection
body according to the first embodiment. When the connection
body 404 has a long length, a low resonance frequency due to
the third antenna body 403 is lowered thus to design an
antenna suitable for a low frequency band. In the fourth
embodiment, a low frequency band and a high frequency
band can be independently designed from each other, and a
resonance frequency at a low frequency band can be con-
trolled to be in an optimum state.

FIGS. 17 to 19 are perspective views schematically show-
ing an antenna according to a fifth embodiment of the present
invention. The antenna according to the fifth embodiment has
the same structure as the antenna according to the fourth
embodiment except that a sixth slot 522 and a seventh slot 523
are additionally provided besides the first to fifth slots 511,
512, 513, 514 and 521.
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Referring to FIG. 17, the sixth slot 522 is formed at the
third antenna body 503 in a disconnected state from the fifth
slot 521 without being outwardly opened, thereby reducing a
return loss at a low resonance frequency and enhancing a
bandwidth.

The seventh slot 523 is formed at the connection body 504
without being outwardly opened, thereby enabling an imped-
ance matching for an antenna.

By controlling the number, the size, the length, the posi-
tion, etc. of the slot formed at the connection body 504 or the
third antenna body 503, a frequency characteristic at a low
frequency band can be tuned.

FIG. 18 shows an antenna fabricated from the antenna of
FIG. 17 so as to be mounted in an electronic device. As shown
in FI1G. 18, both ends of the third antenna body 503 are curved
by a certain angle so as to be mounted in an electronic device
with a small space. The antenna is fabricated to have a size of
40 mm (horizontal length)x8.6 mm (vertical length)x6 mm
(height), thereby being mounted in a slim mobile communi-
cation terminal.

FIG. 19 is a graph showing a return loss for the antenna of
FIG. 18, which is shown as the following table 3.

TABLE 3

Characteristic Antenna of preferred embodiment

Low resonance frequency 0.9 GHz
Return loss -18 dB
Low frequency bandwidth 0.86~0.99 GHz
(bandwidth: 0.13 GHz)
First high resonance frequency 1.9 GHz
Return loss -11dB
Second high resonance frequency 2.1 GHz
Return loss -13dB
High frequency bandwidth 1.7~2.17 GHz

(bandwidth: 0.47 GHz)

As shown in FIG. 19 and the table 3, the antenna has a
return loss of =18 dB at a low resonance frequency (0.9 GHz),
which shows an excellent characteristic, and a low frequency
bandwidth is 0.86 to 0.99 GHz. The return loss at a first high
resonance frequency (1.9 GHz)is —11 dB, and the return loss
at a second high resonance frequency (2.1 GHz) is =13 dB,
thereby having an excellent antenna characteristic. Also, a
high frequency bandwidth is 1.7 to 2.17 GHz, which shows a
wide band characteristic.

FIGS. 20 to 22 are perspective views showing each state
that the antennas 600, 700 and 800 according to the first to
fifth embodiments are applied to each electronic device, in
which FIG. 20 is a perspective view showing a mobile phone
to which the antenna 600 has been applied, FIG. 21 is a
perspective view showing a notebook to which the antenna
700 has been applied, and FIG. 22 is a perspective view
showing an MP3 player to which the antenna 800 has been
applied.

The antenna according to the present invention may be
applied not only to the mobile phone, the notebook, and the
MP3 player implemented in FIGS. 20 to 22, but also to
various electronic devices including a portable terminal such
as a vehicle navigation, a portable computer such as a com-
puter, an electronic diary, and an electronic dictionary, a
music reproducing apparatus such as an MD player, a radio,
and an audio.

The antennas 600, 700, and 800 according to the present
invention respectively occupy a small space in an electronic
device, and transceive a multi-band signal having undergone
a low frequency band and a high frequency band. Accord-
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ingly, the electronic devices having the antennas 600, 700 and
800 therein have small sizes, and can be used for multi-band
service.

As aforementioned, in the present invention, the low fre-
quency antenna body having a resonance frequency at a low
frequency band is electrically connected to a point of the high
frequency antenna body where a high frequency current dis-
tribution is minimized, thereby minimizing flow of a high
frequency current onto the low frequency antenna body.
Accordingly, the high frequency band and a low frequency
band can be independently designed from each other, thereby
facilitating an antenna design and implementing an optimum
antenna function at a desired frequency band.

Second, a flowing direction of a current applied onto the
first antenna body is equal to that applied onto the second
antenna body in parallel with each other for a coupling
between the first antenna body and the second antenna body,
thereby enhancing a bandwidth.

Third, the first to sixth slots are formed at the high fre-
quency antenna body and the low frequency antenna body,
thereby more enhancing the bandwidth. By controlling the
number, the size, and an opened state of each slot, an antenna
suitable for a desired frequency band of an electronic device
can be designed.

Fourth, the antenna according to the present invention can
be easily fabricated by cutting a flat plate and then by curving
it. The low frequency antenna body, the feeding line, and the
ground line are curved in a direction perpendicular to the high
frequency antenna body, thereby miniaturizing the antenna.

Fifth, since the connection body is curved plural times, the
antenna can be miniaturized and an antenna function can be
optimized by an impedance matching.

Sixth, since the dielectric substance is interposed between
the high frequency antenna body and the low frequency
antenna body, the antenna can be miniaturized.

The present invention may be embodied in several forms
without departing from the spirit or essential characteristics
thereof, it should also be understood that the above-described
embodiments are not limited by any of the details of the
foregoing description, unless otherwise specified, but rather
should be construed broadly within its spirit and scope as
defined in the appended claims, and therefore all changes and
modifications that fall within the metes and bounds of the
claims, or equivalents of such metes and bounds are therefore
intended to be embraced by the appended claims.

What is claimed is:

1. An antenna, comprising:

a high frequency antenna body for transceiving a high

frequency signal; and

a low frequency antenna body for transceiving a low fre-

quency signal, the low frequency antenna body electri-
cally connected to the high frequency antenna body at a
location where a high frequency current distribution is
minimized,

wherein the low frequency antenna body comprises a con-

nection body formed at the location where the low fre-
quency antenna body is connected to the high frequency
antenna body, and

wherein the high frequency antenna body is located in a

first region and the low frequency antenna body is
located in a second region, wherein the first and second
regions are each located at opposite ends of the connec-
tion body, and wherein the high frequency antenna body
and the low frequency antenna body are formed in oppo-
site directions with respect to one another.

2. The antenna of claim 1, wherein the high frequency
antenna body comprises:
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a first antenna body; and

a second antenna body surrounding at least one portion of
the first antenna body, wherein a direction of a current
flowing in at least one portion of the second antenna
body is parallel with a direction of a current flowing in
the first antenna body.

3. The antenna of claim 2, wherein the second antenna

body comprises:

a first conductor having one end electrically connected to
the first antenna body via a parallel connection and situ-
ated in parallel with the first antenna body;

a second conductor situated in parallel with the first con-
ductor, wherein the first antenna body is located between
the first and the second conductors, wherein one end of
the second conductor is grounded to a ground surface;
and

a connection conductor for connecting another end of the
first conductor to another end of the second conductor.

4. The antenna of claim 3, wherein a direction of a high
frequency current at the connection conductor is reversed
with respect to a direction of a current applied to the first and
second conductors and a direction of a current applied to the
first antenna body to equalize the current applied to the first
and second conductors and the current applied to the first
antenna body.

5. The antenna of claim 4, wherein the low frequency
antenna body is electrically connected to the connection con-
ductor.

6. The antenna of claim 2, wherein the low frequency
antenna body has a spiral shape.

7. The antenna of claim 2, wherein a length of the first
antenna body is %4 of a wavelength corresponding to a center
frequency of a desired high frequency bandwidth and a length
of the second antenna body is %2 of the wavelength corre-
sponding to the center frequency.

8. The antenna of claim 7, comprising:

a ground surface;

a feeding line for supplying a current to the first antenna

body and the second antenna body; and

a ground line for grounding the second antenna body to the
ground surface.

9. The antenna of claim 8, wherein the first and second
antenna bodies are separated from each other by at least one
slot for enhancing a bandwidth.

10. The antenna of claim 9, wherein the at least one slot
comprises:

first and second slots located between the first antenna
body and the second antenna body, wherein the first and
second slots are situated in parallel with each other;

a third slot for connecting one end of the first slot with one
end of the second slot; and

a fourth slot connected to one of the first and second slots,
and extended between the feeding line and the ground
line to open one of the first and second slots.

11. The antenna of claim 10, wherein the first and second

slots have different lengths.

12. The antenna of claim 10, comprising a fifth slot formed
at the low frequency antenna body to have one opened side.

13. The antenna of claim 8, wherein a dielectric substance
is interposed between the ground surface and the first and
second antenna bodies.

14. The antenna of claim 8, wherein the feeding line and the
ground line are vertically curved from one side of the second
antenna body towards the ground surface, and the low fre-
quency antenna body is curved from another side of the
second antenna body towards the ground surface to face the
feeding line and the ground line.
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15. The antenna of claim 1, wherein the low frequency
antenna body comprises:

a third antenna body; and

a connection body for electrically connecting the third

antenna body with the high frequency antenna body.

16. The antenna of claim 15, wherein the connection body
is at least one-time curved in a direction perpendicular to the
high frequency antenna body.

17. The antenna of claim 15, wherein the connection body
is curved from the high frequency antenna body in one direc-
tion along one bending line, and is two-time curved from the
high frequency antenna body in another direction along
another two bending lines different from each other.

18. The antenna of claim 17, wherein the connection body
is curved at each angle of 90°.

19. The antenna of claim 15, wherein the high frequency
antenna body comprises:

first to third slots connected to one another so as to consti-

tute a ‘U’-shape; and

a fourth slot for opening the ‘U’-shaped slot, and wherein

the third antenna body comprises:

a fifth slot formed to be outwardly opened; and

a sixth slot formed to be disconnected from outside.

20. The antenna of claim 19, wherein the connection body
comprises a seventh slot formed to be disconnected from
outside.

21. The antenna of claim 15, wherein the high frequency
antenna body comprises:

first to third slots connected to one another so as to consti-

tute a ‘U’-shape; and
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a fourth slot for opening the ‘U’-shaped slot, and wherein
the connection body comprises a seventh slot formed to
be disconnected from outside.

22. The antenna of claim 1, wherein the high frequency

antenna body has a plate shape.

23. An electronic device having an antenna for transceiving

signals, the antenna comprising:

a high frequency antenna body for transceiving a high
frequency signal; and

a low frequency antenna body for transceiving a low fre-
quency signal, the low frequency antenna body electri-
cally connected to the high frequency antenna body at a
location where a high frequency current distribution is
minimized,

wherein the low frequency antenna body comprises a con-
nection body formed at the location where the low fre-
quency antenna body is connected to the high frequency
antenna body, and

wherein the high frequency antenna body is located in a
first region and the low frequency antenna body is
located in a second region, wherein the first and second
regions are each located at opposite ends of the connec-
tion body, and wherein the high frequency antenna body
and the low frequency antenna body are formed in oppo-
site directions with respect to one another.

24. The electronic device of claim 23, wherein the elec-

tronic device comprises a portable terminal, a portable com-
puter, an MP3 player, an MD player, a radio, and an audio.

#* #* #* #* #*
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(57) ABSTRACT

An ultra-wideband shorted dipole antenna includes a coaxial
cable line and first and second open-loop radiating metal
plates with substantially the same shape. The coaxial cable
line has a central conducting wire and an outer grounder
sheath. The first and second open-loop radiating metal plates
are symmetrically disposed on two sides of the antenna to
form two arms of the antenna and are electrically connected to
each other. Each of the first and second open-loop radiating
metal plates has a signal feeding point electrically connected
to the central conducting wire or the outer grounder sheath of
the coaxial cable line.
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1
ULTRA-WIDEBAND SHORTED DIPOLE
ANTENNA

This application claims the benefit of Taiwan application
Serial No. 96101962, filed Jan. 18, 2007, the subject matter of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates in general to a dipole antenna, and
more particularly to an ultra-wideband shorted dipole
antenna that may be applied to a wireless communication
band.

2. Description of the Related Art

Currently, the wireless communication frequency spec-
trum has been full with many application bands of the com-
mercial wireless communication systems, such as the
advanced mobile phone system (AMPS) ranging from 824 to
894 MHz, the global system for mobile communication
(GSM) ranging from 880 to 960 MHz, the digital communi-
cation system (DCS) ranging from 1710 to 1880 MHz, the
personal communication services (PCS) ranging from 1850
to 1990 MHz), the universal mobile telecommunication sys-
tem (UMTS) ranging from 1920 to 2170 MHz and the world-
wide interoperability for microwave access (WiMAX) rang-
ing from 2500 to 2690 MHz, from 3400 to 3700 MHz and
from 5250 to 5850 MHz. Thus, it is an inevitable trend to
integrate various functions of commercial wireless commu-
nication application services in various traffic tools such as
vehicles and buses with the better equipment. To achieve this
object, the single traffic tool has to be equipped with multiple
communication modules as well as multiple antenna systems.
The multiple antenna systems require multiple coaxial signal
cable lines, and the problems of the increased cost of manu-
facturing the antennas, the wasted space for accommodating
the antennas and the electromagnetic interference have to be
solved.

In view of the problems encountered in the multi-antenna
systems, Taiwan Patent Publication No. TW574771 has dis-
closed a multi-meandered antenna with multiple bands and a
single input to achieve the requirement of the multi-system
wireless communication using the antenna having multiple
resonance paths. However, the overall structure of the antenna
becomes more complicated and the size thereof is signifi-
cantly increased. U.S. Pat. No. 4,843,403 entitled “Broad-
band Notch Antenna” has disclosed a broadband antenna
structure similar to the dipole antenna. However, if the notch
antenna has to be configured to operate in a lower band, the
size of the antenna is also too large, the antenna cannot be
properly attached to the vehicle window or hidden in a vehicle
bumper, and the good impedance matching cannot be
achieved in the resonance band. In addition, U.S. Pat. No.
6,975,281 entitled “Reduced Size Dielectric Loaded Spiral
Antenna)” discloses a conventional ultra-wideband helical
antenna having the reduced size by loading a multi-layer
medium. However, the helical antenna has the complicated
structure, the signal feeding portion needs an additional
Balun to achieve the better impedance matching. The manu-
facturing cost of the antenna is increased due to the required
Balun and the additionally loaded multi-layer medium.

Thus, itis an important subject in the industry to satisfy the
requirement in the multi-system wireless communication and
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to overcome the bottleneck encountered when the above-
mentioned antennas are actually applied.

SUMMARY OF THE INVENTION

The invention is directed to an ultra-wideband shorted
dipole antenna capable of generating an ultra-wideband
impedance bandwidth ranging from 820 to 7350 MHz (the
frequency ratio is about 9:1) in the wireless communication
band. In addition, the dipole antenna has the simple structure,
may be combined with a plane object, may be easily manu-
factured and has the low cost, and may be properly mounted
indoors, outdoors or on a traffic vehicle to serve as a signal
receiving antenna for the wireless communication band.

According to a first aspect of the present invention, an
ultra-wideband shorted dipole antenna is provided. The
dipole antenna includes a coaxial cable line and first and
second open-loop radiating metal plates having substantially
the same shape. The coaxial cable line has a central conduct-
ing wire and an outer grounder sheath. The first and second
open-loop radiating metal plates are substantially disposed on
two sides of the antenna symmetrically to form two arms of
the antenna and electrically connected to each other. Each of
the first and second open-loop radiating metal plates has a
signal feeding point electrically connected to the central con-
ducting wire or the outer grounder sheath of the coaxial cable
line.

According to a second aspect of the present invention, an
ultra-wideband shorted dipole antenna is provided. The
dipole antenna includes a medium substrate, two radiating
metal plates, at least one conductor element and a coaxial
cable line. The two radiating metal plates have substantially
the same shape. Each of the radiating metal plates has a signal
feeding point and an opening. The radiating metal plates are
symmetrically disposed on the medium substrate so that the
two openings have opposite outward directions and the two
signal feeding points are disposed between the openings. The
conductor element is electrically connected to and between
the two radiating metal plates. The coaxial cable line couples
the two signal feeding points together.

According to the experimental result of the invention, the
antenna of the invention can generate an ultra-wideband
impedance bandwidth with a frequency ratio of about 9:1 in
the wireless communication band, and the antenna radiation
pattern and the antenna gain can satisfy the actual application
of receiving the wireless communication band signal. In this
invention, two simple open-loop radiating metal plates con-
stitute two arms of the dipole antenna so that the resonance
current path of the antenna can be lengthened and the size of
the antenna can be reduced. In addition, one short-circuiting
thin metal plate or a plurality of simple short-circuiting thin
metal plates is electrically connected to the dipole antenna
constituted by the two simple open-loop radiating metal
plates in order to adjust the impedance matching of the
antenna. Thus, the antenna of the invention can achieve the
ultra-wideband impedance bandwidth in the wireless com-
munication band. In practice, the coaxial cable line can be
placed in a region without a metal plate and surrounded by the
two open-loop radiating metal plates and an opening thereof
s0 as to prevent the coaxial cable line from influencing the
radiation property of the antenna. Because the antenna of the
invention has the simple structure, can be combined with a
plane object, can be easily manufactured and has the low cost,
the antenna can be properly mounted indoors, outdoors or on
the traffic tool to serve as the signal receiving antenna for the
wireless communication band.
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The invention will become apparent from the following
detailed description of the preferred but non-limiting embodi-
ments. The following description is made with reference to
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural diagram showing an ultra-wideband
shorted dipole antenna according to a first embodiment of the
invention.

FIG. 2 is a measurement graph showing the return loss in
the ultra-wideband shorted dipole antenna 1 according to the
first embodiment of the invention.

FIGS. 3 to 5 show radiation patterns of the ultra-wideband
shorted dipole antenna 1 of the first embodiment at 1000
MHz, 4000 MHz and 6000 MHz.

FIG. 6 is a graph showing an antenna gain of the ultra-
wideband shorted dipole antenna 1 of the first embodiment
within its operation band.

FIG. 7 is a structural diagram showing an ultra-wideband
shorted dipole antenna according to a second embodiment of
the invention.

FIG. 8 is a structural diagram showing an ultra-wideband
shorted dipole antenna according to a third embodiment of
the invention.

FIG. 9 is a measurement graph showing the return loss in
the ultra-wideband shorted dipole antenna 3 according to the
third embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
First Embodiment

FIG. 1 is a structural diagram showing an ultra-wideband
shorted dipole antenna 1 according to a first embodiment of
the invention. Referring to FIG. 1, the ultra-wideband shorted
dipole antenna 1 includes a coaxial cable line 13 and first and
second open-loop radiating metal plates 11 and 12 having
substantially the same shape. The coaxial cable line 13 has a
central conducting wire 131 and an outer grounder sheath
132. The first and second open-loop radiating metal plates 11
and 12 respectively have signal feeding points 111 and 121
and openings 112 and 122 and are substantially disposed on
two sides of the ultra-wideband shorted dipole antenna 1
symmetrically to form two arms of the ultra-wideband
shorted dipole antenna 1.

As shown in FIG. 1, the first and second open-loop radiat-
ing metal plates 11 and 12 are disposed symmetrically so that
the two openings 112 and 122 have opposite outward direc-
tions and the signal feeding points 111 and 121 are disposed
adjacent to each other and between the openings 112 and 122.
The central conducting wire 131 and the outer grounder
sheath 132 of the coaxial cable line 13 are respectively
coupled to the signal feeding points 111 and 121. In addition,
two short-circuiting thin metal plates 14 and 15 serve as
conductor elements to be electrically connected to the two
open-loop radiating metal plates 11 and 12 in this embodi-
ment. The material of the short-circuiting thin metal plates 14
and 15 may be different from that of the radiating metal
plates, or the short-circuiting thin metal plates 14 and 15 and
the radiating metal plates may be formed in one piece as a
whole by cutting a metal plate. In FIG. 1, the two short-
circuiting thin metal plates 14 and 15 are respectively dis-
posed on two sides of the signal feeding points 111 and 121.
For example, the short-circuiting thin metal plate 14 is elec-
trically connected to a short-circuited point 113 of the first
open-loop radiating metal plate 11 and a short-circuited point
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123 of the second open-loop radiating metal plate 12. The
short-circuiting thin metal plate 15 is electrically connected
to a short-circuited point 114 of the first open-loop radiating
metal plate 11 and a short-circuited point 124 of the second
open-loop radiating metal plate 12. Thus, the inductance of
the antenna can be increased so that the capacitor effects
between neighboring edges of the first and second open-loop
radiating metal plates 11 and 12 may be offset and the imped-
ance matching ofthe ultra-wideband shorted dipole antenna 1
can be adjusted. Thus, the ultra-wideband shorted dipole
antenna 1 can achieve an ultra-wideband impedance band-
width.

The design of the openings 112 and 122 can lengthen the
resonance current path of the antenna on the first and second
open-loop radiating metal plates 11 and 12 and thus reduce
the size of the antenna. Furthermore, the coaxial cable line 13
being actually used may also be disposed in the opening 112
or 122 (in the opening 122 in FIG. 1), or in the region without
the metal plate in the ultra-wideband shorted dipole antenna 1
in order to prevent the coaxial cable line 13 from influencing
the radiation property of the antenna. The dimension and the
property of the ultra-wideband shorted dipole antenna 1 of
this embodiment will be described in the following.

FIG. 2 is a measurement graph showing the return loss in
the ultra-wideband shorted dipole antenna 1 according to the
first embodiment of the invention. The experimental mea-
surement will be made by taking the following dimensions as
an example in this embodiment.

The ultra-wideband shorted dipole antenna 1 has a total
width (e.g., the gap between the short-circuiting thin metal
plates 14 and 15 in FIG. 1), which is about 170 mm, and a total
length, which is about 109 mm. The total path length from the
signal feeding point 111 (121) to the opening 112 (122) along
either side of the first (second) open-loop radiating metal
plate 11 (12) is about 125 mm, and the gap between the signal
feeding points 111 and 121 is about 2 mm. Each of the
short-circuiting thin metal plates 14 and 15 has a length of
about 30 mm, and a width of about 2 mm. The short-circuiting
thin metal plates 14 and 15 may be symmetrically disposed on
aleft side and a right side of the signal feeding points 111 and
121, for example. The short-circuited points 113 and 123 at
the right side and the short-circuited points 114 and 124 at the
left side are distant from the signal feeding points 111 and 121
by about 85 mm.

In addition, a gradually widened structure having a gradu-
ally changed width ranging from 10 to 35 mm exists between
the signal feeding points 111 and 121 and the short-circuited
points 113 and 123 at the right side (or the short-circuited
points 114 and 124 at the left side). A constant-width struc-
ture, as illustrated by a dashed-line frame range of FIG. 1,
having a constant width of 20 mm exists between the turning
portion of the opening and the opening 112 (122) in each of
the right and left sides of the first (second) open-loop radiat-
ing metal plate 11 (12).

In FIG. 2, the vertical axis represents the return loss value
of the antenna, and the horizontal axis represents the opera-
tion frequency of the antenna. It is observed, from the mea-
surement result of the return loss, that the operation band of
the ultra-wideband shorted dipole antenna 1 with the above-
mentioned design can cover the ultra-wideband bandwidth
(the frequency ratio is about 9:1) from 820 to 7350 MHz and
the return loss level thereof can satisfy the actual application
requirement of receiving the mobile communication signal
under the return loss definition (about 7.35 dB) of the voltage
standing wave ratio (VSWR) of 2.5:1.

FIGS. 3 to 5 show radiation patterns of the ultra-wideband
shorted dipole antenna 1 of the first embodiment at 1000
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MHz, 4000 MHz and 6000 MHz. As shown in FIGS. 3 to 5,
the ultra-wideband shorted dipole antenna 1 can satisfy the
requirement in the actual application pattern for receiving the
mobile communication signal, and the property of the gradu-
ally increasing number of sidelobes of the radiation pattern
with the increase of the operation frequency is the same as
that of the conventional dipole antenna.

FIG. 6 is a graph showing an antenna gain of the ultra-
wideband shorted dipole antenna 1 of the first embodiment
within its operation band. In FIG. 6, the vertical axis repre-
sents the antenna gain, and the horizontal axis represents the
operation frequency of the antenna. As shown in FIG. 6, the
antenna gain between 500 and 7500 MHz ranges from about
2.5 to 5.5 dBi, and satisfies the requirement in the actual
application gain for receiving the mobile communication sig-
nal.

Second Embodiment

FIG. 7 is a structural diagram showing an ultra-wideband
shorted dipole antenna according to a second embodiment of
the invention. As shown in FIG. 7, what is different from the
first embodiment is that first and second open-loop radiating
metal plates 71 and 72 of the ultra-wideband shorted dipole
antenna 2 in the second embodiment are formed on a medium
substrate 70 by way of etching or printing. In addition, the
external shapes ofthe open-loop radiating metal plates 71 and
72 and the shapes of the inner edges of openings 712 and 722
are adjusted according to the consideration of the manufac-
turing and the actual application, wherein the overall antenna
has arectangular shape different from the arced shapes on two
sides of the antenna of the first embodiment. The resonance
current path of the antenna can be lengthened and the size of
the antenna can be reduced according to the configuration of
the openings 712 and 722 and short-circuiting thin metal
plates 74 and 75. In addition, the inductance of the antenna
can be increased in order to offset the capacitor effects
between the neighboring edges of the two open-loop radiat-
ing metal plates 71 and 72 and thus to adjust the impedance
matching of the antenna. Thus, the ultra-wideband shorted
dipole antenna 2 may also have the impedance bandwidth and
the radiation property similar to those of the first embodi-
ment. The coaxial cable line 73 has a central conducting wire
731 and an outer grounder sheath 732. The central conducting
wire 731 and the outer grounder sheath 732 of the coaxial
cable line 73 are respectively coupled to the signal feeding
points 711 and 721. Furthermore, the coaxial cable line 73
being actually used may also be disposed in the opening 712
or 722 (in the opening 722 in FIG. 7), or in the region without
the metal plate in the ultra-wideband shorted dipole antenna 2
in order to prevent the coaxial cable line 73 from influencing
the radiation property of the antenna.

Third Embodiment

FIG. 8 is a structural diagram showing an ultra-wideband
shorted dipole antenna according to a third embodiment of
the invention. The ultra-wideband shorted dipole antenna 3
includes a coaxial cable line 83 and first and second open-
loop radiating metal plates 81 and 82 having substantially the
same shape. The coaxial cable line 83 has a central conduct-
ing wire 831 and an outer grounder sheath 832. The first and
second open-loop radiating metal plates 81 and 82 respec-
tively have signal feeding points 811 and 821 and openings
812 and 822 and are substantially disposed on two sides of the
ultra-wideband shorted dipole antenna 3 symmetrically to
form two arms of the ultra-wideband shorted dipole antenna
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3. Compared with FIG. 1, the ultra-wideband shorted dipole
antenna 3 only has one single short-circuiting thin metal plate
84, which is electrically connected to a short-circuited point
813 of the first open-loop radiating metal plate 81 and a
short-circuited point 823 of the second open-loop radiating
metal plate 82, for adjusting the impedance matching of the
antenna, and the other structures are the same as those of the
first embodiment. Thus, the ultra-wideband shorted dipole
antenna 3 may also have the impedance bandwidth and the
radiation property similar to those of the first embodiment.

FIG. 9 is a measurement graph showing the return loss in
the ultra-wideband shorted dipole antenna 3 according to the
third embodiment of the invention. In FIG. 9, the vertical axis
represents the return loss value of the antenna and the hori-
zontal axis represents the operation frequency of the antenna.
It is observed, from the measurement result of the return loss,
that the ultra-wideband shorted dipole antenna 3 has the
return loss value capable of satistying the return loss standard
under the VSWR of 2.5:1 in the band zone from about 800 to
7500 MHz except that the return loss value around 1.5 GHz is
slightly higher than the return loss standard under the VSWR
of'2.5:1. So, the dipole antenna 3 can also satisfy the actual
application requirement of receiving the mobile communica-
tion signal.

In summary, the ultra-wideband shorted dipole antenna of
the invention uses two simple open-loop radiating metal
plates to constitute two arms of the dipole antenna so that the
resonance current path of the antenna can be lengthened and
the size of the antenna can be reduced. In practice, the coaxial
cable line can be placed in a region without the metal plate and
surrounded by the two open-loop radiating metal plates and
an opening thereof so as to prevent the coaxial cable line from
influencing the radiation property of the antenna. In addition,
the ultra-wideband shorted dipole antenna of the invention
further has one short-circuiting thin metal plate or a plurality
of simple short-circuiting thin metal plates to be electrically
connected to the two open-loop radiating metal plates. Thus,
the impedance matching of the antenna can be adjusted and
the ultra-wideband shorted dipole antenna can generate the
ultra-wideband impedance bandwidth having the frequency
ratio greater than 9:1 in the wireless communication band. Of
course, one of ordinary skill in the art may easily understand
that the number of the short-circuiting thin metal plates and
the connecting positions can be properly modified to obtain
the required impedance matching. Alternatively, the gradu-
ally widened structure defined by the neighboring edges (or
the angle between the neighboring edges) in the open-loop
radiating metal plates 11 and 12 of the FIG. 1 may also be
modified to adjust the impedance matching of the antenna.
Changing the length of the structure having the constant
width can further adjust the lowest resonance frequency of the
antenna and thus achieve the object of reducing the size.
Consequently, the ultra-wideband shorted dipole antenna of
the invention has the simple structure, can be combined with
the plane object, can be hidden and thus save the space, and
can be easily manufactured with the low cost. So, the ultra-
wideband shorted dipole antenna can be properly mounted
indoors, outdoors or on the traffic vehicle to serve as the signal
receiving antenna of the wireless communication band and
have the definite function. Thus, the antenna of the invention
has the high value in the industrial application and satisfies
the scope of the invention.

While the invention has been described by way of
examples and in terms of preferred embodiments, it is to be
understood that the invention is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
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appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

What is claimed is:

1. An ultra-wideband shorted dipole antenna, comprising:

acoaxial cable line having a central conducting wire and an

outer grounder sheath; and

a first open-loop radiating metal plate and a second open-

loop radiating metal plate, both of which have substan-
tially the same shape, substantially disposed on two
sides of the antenna symmetrically to form two arms of
the antenna and short-circuited to each other, wherein
each of'the first open-loop radiating metal plate and the
second open-loop radiating metal plate has a signal feed-
ing point electrically connected to the central conduct-
ing wire or the outer grounder sheath of the coaxial cable
line, wherein,

the first open-loop radiating metal plate and the second

open-loop radiating metal plate are electrically con-
nected to each other through a plurality of short-circuit-
ing thin metal plates.

2. The antenna according to claim 1, wherein the first
open-loop radiating metal plate and the second open-loop
radiating metal plate are electrically connected to each other
through a short-circuiting thin metal plate.

3. The antenna according to claim 1, wherein the first
open-loop radiating metal plate and the second open-loop
radiating metal plate are formed by cutting a metal plate.

4. The antenna according to claim 1, wherein the first
open-loop radiating metal plate and the second open-loop
radiating metal plate are formed on a medium substrate by
way of etching or printing.

5. An ultra-wideband shorted dipole antenna, comprising:

a medium substrate;

two radiating metal plates, which have substantially the

same shape, wherein each of the radiating metal plates
has a signal feeding point and an opening, and the radi-
ating metal plates are symmetrically disposed on the

w
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medium substrate so that the two openings have opposite
outward directions and the two signal feeding points are
disposed adjacent to each other and between the open-
ings; and

at least one conductor element, via which the two radiating

metal plates are short-circuited, wherein,

the two radiating metal plates are electrically connected to

each other through a plurality of short-circuiting thin
metal plates.

6. The antenna according to claim 5, further comprising a
plurality of the conductor elements respectively disposed on
two sides of the two signal feeding points.

7. The antenna according to claim 5, wherein the two
radiating metal plates are formed on the medium substrate by
way of etching or printing.

8. The antenna according to claim 5, wherein the conductor
element and the two radiating metal plates are formed in one
piece as a whole.

9. The antenna according to claim 5, wherein a coaxial
cable line is used for coupling the two signal feeding points
together, and the coaxial cable line is disposed in one of the
two openings.

10. An ultra-wideband shorted dipole antenna, comprising:

a first open-loop radiating metal plate and a second open-

loop radiating metal plate, both of which have substan-
tially the same shape, substantially disposed on two
sides of the antenna symmetrically to form two arms of
the antenna and short-circuited to each other, wherein
each of'the first open-loop radiating metal plate and the
second open-loop radiating metal plate has a signal feed-
ing point electrically connected to a central conducting
wire or a outer grounder sheath of a coaxial cable line,
wherein,

the first open-loop radiating metal plate and the second

open-loop radiating metal plate are electrically con-
nected to each other through a plurality of short-circuit-
ing thin metal plates.

#* #* #* #* #*
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1
BROADBAND ANTENNA WITH COUPLED
FEED FOR HANDHELD ELECTRONIC
DEVICES

BACKGROUND

This invention relates generally to antennas, and more
particularly, to broadband antennas in wireless handheld elec-
tronic devices.

Handheld electronic devices are often provided with wire-
less capabilities. Handheld electronic devices with wireless
capabilities use antennas to transmit and receive radio-fre-
quency signals. For example, cellular telephones contain
antennas that are used to handle radio-frequency communi-
cations with cellular base stations. Handheld computers often
contain short-range antennas for handling wireless connec-
tions with wireless access points. Global positioning system
(GPS) devices typically contain antennas that are designed to
operate at GPS frequencies.

As technology advances, it is becoming possible to com-
bine multiple functions into a single device and to expand the
number of communications bands a single device can handle.
For example, it is possible to incorporate a short-range wire-
less capability into a cellular telephone. It is also possible to
design cellular telephones that cover multiple cellular tele-
phone bands.

The desire to cover a wide range of radio frequencies
presents challenges to antenna designers. It is typically diffi-
cult to design antennas that cover a wide range of communi-
cations bands while exhibiting superior radio-frequency per-
formance. This is particularly true when designing antennas
for handheld electronic devices where antenna size and shape
can be particularly important.

As a result of these challenges, conventional handheld
devices that need to cover a large number of communications
bands tend to use multiple antennas, antennas that are unde-
sirably large, antennas that have awkward shapes, or antennas
that exhibit poor efficiency.

It would therefore be desirable to be able to provide an
improved broadband antenna for a handheld electronic
device.

SUMMARY

In accordance with the present invention, broadband anten-
nas and handheld electronic devices with broadband antennas
are provided. A handheld electronic device with a broadband
antenna may be cellular telephone with integrated music
player capabilities, a personal digital assistant, or any other
suitable handheld electronic device. The handheld device
may include components such as integrated circuits. The
integrated circuits may be encased in conductive materials,
such as metal radio-frequency shielding.

A broadband antenna may include a resonating element
and a ground element. The resonating element may have two
conductive arms and a self-resonant element. An antenna feed
terminal may be connected to the self-resonant element and
an antenna ground terminal may be connected to the ground
element. The self-resonant element may be electromagneti-
cally coupled to at least one of the two conductive arms in the
resonating element through near-field interactions. The self-
resonant element may be separated from the rest of the reso-
nating element by dielectric gaps. With one suitable arrange-
ment, the self-resonant element is not electrically shorted to
the ground element or the two conductive arms. If desired, the
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self-resonant element may be parallel fed by connecting one
end of the self-resonant element to the ground element with a
strip of conductor.

The ground element may be formed at least partly from the
radio-frequency shielding or other conductive portion that
surrounds the integrated circuits. If desired, the resonating
element may be formed on a flex circuit or other suitable
flexible or rigid substrate. The flex circuit may be mounted on
or within a support structure and may be mechanically and
electrically attached to a grounded circuit board.

The broadband antenna and other components in the hand-
held electronic device may be mounted within a housing. The
housing may be formed from dielectric materials, conductive
materials, or a combination of dielectric and conductive
materials. With one suitable arrangement, the housing is
formed partially from metal and has a plastic cap in the
vicinity of the resonating element.

Further features of the invention, its nature and various
advantages will be more apparent from the accompanying
drawings and the following detailed description of the pre-
ferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an illustrative handheld
electronic device with a broadband antenna in accordance
with an embodiment of the present invention.

FIG. 2 is a schematic diagram of an illustrative handheld
electronic device and illustrative equipment with which the
handheld electronic device may interact wirelessly in accor-
dance with an embodiment of the present invention.

FIG. 3 is a schematic diagram of illustrative wireless cir-
cuitry for a handheld electronic device in accordance with an
embodiment of the present invention.

FIG. 4 is aplan view of an illustrative broadband antenna in
accordance with an embodiment of the present invention.

FIG. 5 is a perspective view of an illustrative broadband
antenna in accordance with an embodiment of the present
invention.

FIG. 6 is a cross-sectional side view of an illustrative
handheld electronic device containing electronic components
and an illustrative broadband antenna in accordance with an
embodiment of the present invention.

FIG. 7 is a diagram of an illustrative asymmetrical dipole
antenna in accordance with an embodiment of the present
invention.

FIG. 8 is a diagram of an illustrative efficiency versus
frequency characteristic for an asymmetrical dipole antenna
of the type shown in FIG. 7 in accordance with an embodi-
ment of the present invention.

FIG. 9 is a diagram of an illustrative asymmetric dipole
antenna having parallel antenna elements in accordance with
an embodiment of the present invention.

FIG. 10 is a diagram of an illustrative parallel-fed asym-
metric dipole antenna in accordance with an embodiment of
the present invention.

FIG. 11 is a diagram of an illustrative asymmetric dipole
antenna having a larger ground plane.

FIG. 12 is a diagram of an illustrative asymmetric dipole
antenna having two resonating element arms of unequal
length in accordance with an embodiment of the present
invention.

FIG. 13 is a diagram of another illustrative asymmetric
dipole antenna having two resonating element arms of
unequal length in accordance with an embodiment of the
present invention.
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FIG. 14 is a diagram of an illustrative antenna with a
center-fed resonating element in accordance with an embodi-
ment of the present invention.

FIG. 15 is a graph of an illustrative efficiency versus fre-
quency characteristic for an antenna of'the type shown in FIG.
14 in accordance with an embodiment of the present inven-
tion.

FIG. 16 is a diagram illustrating how two conductive ele-
ments can be near-field coupled.

FIG. 17 is a graph of an illustrative efficiency versus fre-
quency characteristic for an asymmetric dipole antenna of the
type shown in FIG. 11 in accordance with an embodiment of
the present invention.

FIG. 18 is a graph of an illustrative efficiency versus fre-
quency characteristic for an asymmetric dipole antenna of the
types shown in FIGS. 12 and 13 in accordance with an
embodiment of the present invention.

FIG. 19 is a graph of an illustrative efficiency versus fre-
quency characteristic for a broadband antenna with a coupled
feed in accordance with an embodiment of the present inven-
tion.

FIG. 20 is a graph of measured standing-wave-ratio values
versus frequency for a broadband antenna of the type shown
in FIG. 4 in accordance with an embodiment of the present
invention.

FIGS. 21, 22, and 23 are graphs of measured antenna
efficiency versus frequency for a broadband antenna of the
type shown in FIG. 4 in accordance with an embodiment of
the present invention.

FIG. 24 is a diagram of an illustrative broadband antenna
with a coupled feed in accordance with an embodiment of the
present invention.

FIG. 25 is a diagram of another illustrative broadband
antenna with a coupled feed in accordance with an embodi-
ment of the present invention.

FIG. 26 is a cross-sectional side view of an illustrative
handheld electronic device having an illustrative three-di-
mensional broadband antenna with a coupled feed in accor-
dance with an embodiment of the present invention.

DETAILED DESCRIPTION

An illustrative portable electronic device in accordance
with the present invention is shown in FIG. 1. Portable elec-
tronic devices such as illustrative portable electronic device
10 may be small portable computers such as those sometimes
referred to as ultraportables. Portable devices may also be
somewhat smaller devices. Examples of smaller portable
devices include wrist-watch devices, pendant devices, head-
phone and earpiece devices, and other wearable and minia-
ture devices. With one particularly suitable arrangement, the
portable electronic devices are handheld electronic devices.
The use of handheld devices is generally described herein as
an example, although any suitable electronic device may be
used if desired.

Handheld devices may be, for example, cellular tele-
phones, media players with wireless communications capa-
bilities, handheld computers (also sometimes called personal
digital assistants), remote controllers, global positioning sys-
tem (GPS) devices, and handheld gaming devices. The hand-
held devices of the invention may also be hybrid devices that
combine the functionality of multiple conventional devices.
Examples of hybrid handheld devices include a cellular tele-
phone that includes media player functionality, a gaming
device that includes a wireless communications capability, a
cellular telephone that includes game and email functions,
and a handheld device that receives email, supports mobile
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telephone calls, and supports web browsing. These are merely
illustrative examples. Device 10 may be any suitable portable
or handheld electronic device.

Device 10 includes housing 12 and includes at least one
antenna of a type that is sometime referred to as a broadband
antenna. Housing 12, which is sometimes referred to as a
case, may be formed of any suitable materials including,
plastic, wood, glass, ceramics, metal, or other suitable mate-
rials, or a combination of these materials. In some situations,
all or part of case 12 may be formed from dielectric or other
low-conductivity material, so that the operation of conductive
antenna elements that are located in proximity to case 12 is
not disrupted. In other situations, case 12 may be formed from
metal elements that serve as ground for the broadband
antenna.

The broadband antenna in device 10 has a resonating ele-
ment (sometimes referred to as a radiating element or a posi-
tive element) and has a ground element (sometimes referred
to as a negative element or ground). The ground and the
resonating element of the antenna are coupled to a corre-
sponding ground terminal and feed terminal associated with a
radio-frequency transceiver in handheld device 10.

Handheld electronic device 10 may have input-output
devices such as a display screen 16, buttons such as button 23,
user input control devices 18 such as button 19, and input-
output components such as port 20 and input-output jack 21.
Display screen 16 may be, for example, a liquid crystal dis-
play (LCD), an organic light-emitting diode (OLED) display,
a plasma display, or multiple displays that use one or more
different display technologies. As shown in the example of
FIG. 1, display screens such as display screen 16 can be
mounted on front face 22 of handheld electronic device 10.
Front face 22 and the rear face of device 10 may be planar. If
desired, displays such as display 16 can be mounted on the
rear face of handheld electronic device 10, on a side of device
10, on a flip-up portion of device 10 that is attached to a main
body portion of device 10 by a hinge (for example), or using
any other suitable mounting arrangement.

A user ot handheld device 10 may supply input commands
using user input interface 18. User input interface 18 may
include buttons (e.g., alphanumeric keys, power on-off,
power-on, power-oft, and other specialized buttons, etc.), a
touch pad, pointing stick, or other cursor control device, a
touch screen (e.g., a touch screen implemented as part of
screen 16), or any other suitable interface for controlling
device 10. Although shown schematically as being formed on
the top face 22 of handheld electronic device 10 in the
example of FIG. 1, user input interface 18 may generally be
formed on any suitable portion of handheld electronic device
10. For example, a button such as button 23 (which may be
considered to be part of input interface 18) or other user
interface control may be formed on the side of handheld
electronic device 10. Buttons and other user interface controls
can also be located on the top face, rear face, or other portion
of'device 10. If desired, device 10 can be controlled remotely
(e.g., using an infrared remote control, a radio-frequency
remote control such as a Bluetooth remote control, etc.).

Handheld device 10 may have ports such as bus connector
20 and jack 21 that allow device 10 to interface with external
components. Typical ports include power jacks to recharge a
battery within device 10 or to operate device 10 from a direct
current (DC) power supply, data ports to exchange data with
external components such as a personal computer or periph-
eral, audio-visual jacks to drive headphones, a monitor, or
other external audio-video equipment, etc. The functions of
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some or all of these devices and the internal circuitry of
handheld electronic device can be controlled using input
interface 18.

Components, such as display 16 and user input interface
18, may cover most of the available surface area on the front
face 22 of device 10 (as shown in the example of FIG. 1) or
may occupy only a small portion of the front face 22. Because
electronic components such as display 16 often contain large
amounts of metal (e.g., metal used as radio-frequency shield-
ing), the location of these components relative to the antenna
elements in device 10 should generally be taken into consid-
eration. Suitably chosen locations for the antenna elements
and electronic components of the device will allow the
antenna of handheld electronic device 10 to function properly
without being disrupted by the electronic components.

A schematic diagram of an illustrative handheld electronic
device of the type that may contain a broadband antenna is
shown in FIG. 2. Handheld device 10 may be a mobile tele-
phone, a mobile telephone with media player capabilities, a
handheld computer, a remote control, a game player, a global
positioning system (GPS) device, a combination of such
devices, or any other suitable portable electronic device.

As shown in FIG. 2, handheld device 10 may include
storage 34. Storage 34 may include one or more different
types of storage such as hard disk drive storage, nonvolatile
memory (e.g., flash memory or electrically-programmable-
read-only memory), volatile memory (e.g., battery-based
static or dynamic random-access-memory), etc.

Processing circuitry 36 may be used to control the opera-
tion of device 10. Processing circuitry 36 may be based on a
processor such as a microprocessor and other suitable inte-
grated circuits.

Input-output devices 38 may be used to allow data to be
supplied to device 10 and to allow data to be provided from
device 10 to external devices. Display screen 16 and user
input interface 18 of FIG. 1 are examples of input-output
devices 38.

Input-output devices 38 can include user input-output
devices 40 such as buttons, touch screens, joysticks, click
wheels, scrolling wheels, touch pads, key pads, keyboards,
microphones, cameras, etc. A user can control the operation
of device 10 by supplying commands through user input
devices 40. Display and audio devices 42 may include liquid-
crystal display (LCD) screens, light-emitting diodes (LEDs),
and other components that present visual information and
status data. Display and audio devices 42 may also include
audio equipment such as speakers and other devices for cre-
ating sound. Display and audio devices 42 may contain audio-
video interface equipment such as jacks and other connectors
for external headphones and monitors.

Wireless communications devices 44 may include commu-
nications circuitry such as radio-frequency (RF) transceiver
circuitry formed from one or more integrated circuits, power
amplifier circuitry, passive RF components, antennas, such as
a broadband antenna of the type described in connection with
FIG. 1, and, if desired, additional antennas, and other cir-
cuitry for handling RF wireless signals. Wireless signals can
also be sent using light (e.g., using infrared communications).

Device 10 can communicate with external devices, such as
accessories 46 and computing equipment 48, as shown by
paths 50. Paths 50 may include wired and wireless paths.
Accessories 46 may include headphones (e.g., a wireless
cellular headset or audio headphones) and audio-video equip-
ment (e.g., wireless speakers, a game controller, or other
equipment that receives and plays audio and video content).
Computing equipment 48 may be a server from which songs,
videos, or other media are downloaded over a cellular tele-
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phone link or other wireless link. Computing equipment 48
may also be a local host (e.g., a user’s own personal com-
puter), from which the user obtains a wireless download of
music or other media files.

Wireless communications devices 44 may be used to cover
communications frequency bands such as the cellular tele-
phone bands at 850 MHz, 900 MHz, 1800 MHz, and 1900
MHz, data service bands such as the 3G data communications
band at 2170 MHz band (commonly referred to as UMTS or
Universal Mobile Telecommunications System), the WiFi®
(IEEE 802.11) band at 2.4 GHz, and the Bluetooth® band at
2.4 GHz. These are merely illustrative communications bands
over which wireless devices 44 may operate. Additional
bands are expected to be deployed in the future as new wire-
less services are made available. Wireless devices 44 may be
configured to operate over any suitable band or bands to cover
any existing or new services of interest. If desired, multiple
antennas may be provided in wireless devices 44 to cover
more bands or one or more antennas may be provided with
wide-bandwidth resonating elements to cover multiple com-
munications bands of interest. An advantage of using a broad-
band antenna design that covers multiple communications
bands of'interest is that this type of approach makes it possible
to reduce device complexity and cost and to minimize the
amount of ahandheld device that is allocated towards antenna
structures.

A broadband design may be used for one or more antennas
in wireless devices 44 when it is desired to cover a relatively
larger range of frequencies without providing numerous indi-
vidual antennas or using a tunable antenna arrangement. If
desired, a broadband antenna design may be made tunable to
expand its bandwidth coverage or may be used in combina-
tion with additional antennas. In general, however, broadband
designs tend to reduce or eliminate the need for multiple
antennas and tunable configurations.

ustrative wireless communications devices 44 that are
based on a broadband antenna arrangement are shown in FI1G.
3. As shown in FIG. 3, wireless communications devices 44
include at least one broadband antenna 62. Data signals that
are to be transmitted by device 10 may be provided to base-
band module 52 (e.g., from processing circuitry 36 of FIG. 2).
Baseband module 52 may provide data to be transmitted to
transmitter circuitry within transceiver circuits 54. The trans-
mitter circuitry may be coupled to power amplifier circuitry
56 via path 55.

During data transmission, power amplifier circuitry 56
may boost the output power of transmitted signals to a suffi-
ciently high level to ensure adequate signal transmission.
Radio-frequency (RF) output stage 57 may contain radio-
frequency switches and passive elements such as duplexers
and diplexers. The switches in the RF output stage 57 may, if
desired, be used to switch devices 44 between a transmitting
mode and a receiving mode. Duplexer and diplexer circuits
and other passive components in RF output stage may be used
to route input and output signals based on their frequency.

Matching circuit 60 may include a network of passive
components such as resistors, inductors, and capacitors and
ensures that broadband antenna 62 is impedance matched to
the rest of the circuitry 44. Wireless signals that are received
by antenna 62 are passed to receiver circuitry in transceiver
circuitry 54 over a path such as path 64.

An illustrative arrangement that may be used for broad-
band antenna 62 is shown in FIG. 4. As shown in FIG. 4,
antenna 62 may include ground element 66 and resonating
element 68. Signals may be conveyed between electrical
components in device 10 and antenna 62 using a coaxial cable
or other suitable radio-frequency (RF) signal path. With one
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illustrative arrangement, a coaxial cable center conductor can
be connected to antenna feed terminal connection point 80
and a coaxial cable outer conductor can be connected to
antenna ground terminal connection point 78. This is merely
illustrative. In general, signals may be provided to antenna 62
and may be received from antenna 62 using any suitable
antenna terminal arrangement.

Resonating element 68 of F1G. 4 can have two arms 70 and
72 of unequal length and a self-resonant antenna element 74.
Arms 70 and 72 can form an “F”’ shape and may sometimes be
referred to collectively as a F-shaped resonating element or an
F-shaped antenna element. Feed terminal 80 can be con-
nected to self-resonant antenna element 74, so antenna ele-
ment 74 (and more generally resonating element 68) may
sometimes be referred to as an antenna feed element or feed.

As shown in the example of FIG. 4, ground 66 can have a
rectangular ground plane portion, as indicated by rectangular
dotted-line box 82. Additional ground portions can extend the
ground around the periphery of the resonating element and
surround three sides of the resonating element. The additional
ground portions can include two side ground extension por-
tions and a top ground extension portion. The locations of the
side ground extension portions are indicated by dotted-line
boxes 84 and 88. The location of the top ground extension
portion is indicated by dotted-line box 86. In the example of
FIG. 4, ground portions 82, 84, 86, and 88 of ground 66
surround all four sides of resonating element 68. This creates
an overall substantially rectangular shape for antenna 62 that
has ground portions on all four of its edges. An advantage of
this type of grounding arrangement is that it reduces, or even
avoids, undesirable antenna-housing interactions that might
otherwise arise when antenna 62 is installed in conductive
housings 12 (e.g., a grounded metal housing).

As shown in FIG. 5, when antenna 62 is installed in hous-
ing 12, antenna edge 90 can be adjacent to housing side 92,
antenna edge 94 can be adjacent to housing side 96, antenna
edge 98 can be adjacent to housing side 100, and antenna edge
102 can be adjacent to housing side 104. If sides 92, 96, 100,
and 104 are conductive, it may be desirable to use a grounding
arrangement for antenna 62 in which portions of ground 66
surround the periphery of the antenna 62 as described in
connection with FIG. 4, thereby avoiding undesirable condi-
tions in which portions of the resonating element directly abut
the housing. The arrangement of FIGS. 4 and 5 is, however,
merely illustrative. Any suitable grounding arrangement may
be used for antenna 62 if desired.

Tlustrative antenna 62 of FIGS. 4 and 5 uses a planar form
factor. This is merely illustrative. Antenna 62 may, if desired,
be formed using three-dimensional antenna structures, such
as structures in which ground 66 is located in a different plane
than resonating element 68. When a three-dimensional
antenna structure is used, device 10 can sometimes be con-
figured to house a greater number of electronic components.
When more electronic components are included in device 10,
device 10 can provide more functionality to a user.

In the example of FIG. 5, antenna 62 can be formed from
patterned conductor attached to a mounting structure 106.
The patterned conductor can be formed on the top of mount-
ing structure 106 or on both sides of mounting structure 106
(e.g., using an arrangement in which a mirror image of the
top-side patterned conductor is formed on the bottom side of
the mounting structure). If a double-sided arrangement is
desired, conductive vias may be used to electrically connect
the conductors on the top and bottom surfaces of mounting
structure 106.

Mounting structure 106 may be any suitable mounting
structure for proving physical support for elements 66 and 68.
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Suitable mounting structures include mounting structures
formed from circuit board materials, ceramics, glass, plastic,
or other dielectrics. The mounting structure 70 may, if
desired, be formed from part of housing 12 (FIG. 1). Antenna
components such as ground 66 may also be formed using
conductive elements in device 10, such as conductive radio-
frequency conductive shielding that surrounds electronic
components in device 10. When such components are used to
form ground 66, a mounting structure such as mounting struc-
ture 106 can be used to provide physical support for resonat-
ing element 66.

Suitable circuit board materials for mounting structure 106
include, for example, paper impregnated with phonolic resin,
resins reinforced with glass fibers such as fiberglass mat
impregnated with epoxy resin (sometimes referred to as
FR-4), plastics, polytetrafiuoroethylene, polystyrene, poly-
imide, and ceramics. Mounting structure 106 may be formed
from a combination of any number of these materials or other
suitable materials. Mounting structure 106 may be flexible or
rigid or may have both flexible and rigid portions. Ground 66
and resonating element 68 may be formed from any suitable
conductors such as silver, gold, copper, brass, other metals, or
other conductive materials. These are merely illustrative
examples. In general, antenna components, such as resonat-
ing element 68 and ground element 66, may be formed using
any suitable conductive antenna materials and mounting
structures.

Ground element 66 and resonating element 68 may be
mounted so that they lie in substantially the same plane, as
shown in FIGS. 4 and 5. In three-dimensional antenna
arrangements, some or all of ground 66 may also be extended
into other planes. In the two-dimensional example of FIGS. 4
and 5, ground element 66 and resonating element 68 can lie in
a common plane that contains the surface of mounting struc-
ture 106, as shown in FIG. 5.

The dimensions of the components of antenna 62 may be
selected based on the desired frequency ranges of operation
for antenna 62. Self-resonant element 74 has peak efficiency
at the frequency at which its length corresponds to about a
quarter of a wavelength. The size of ground element 66 may
be selected so as to provide sufficient space in device 10 for
mounting electronic components.

As shown in FIG. 4, the lengths of the antenna elements
may be measured along a dimension parallel to axis 108,
while the heights of the antenna elements may be measured
along a dimension parallel to axis 110. In one illustrative
arrangement, arm 70 has a height of about 5 mm and a length
of'about 4 cm, arm 72 has a height of about 1 cm and a length
of'about 5 cm, self-resonant element 74 has a height of about
4 mm and a length of about 4.5 cm. The gaps between the long
edges of the conductive portions of resonating element 68
may be about 1-3 mm (e.g., at least 1 mm, at least 2 mm, at
least 3 mm, etc.). These gaps are made up of air, circuit board
material, or other suitable dielectric materials.

Although a range of possible dimensions may be used for
arm 70, arm 72, and self-resonant element 74, the constraints
imposed by convenient sizes for handheld device 10 and the
desired frequency bands for antenna operation generally lead
to the lengths of these antenna components being less than 10
cm and the heights of these antenna elements being between
about 3 mm and 10 mm.

It is generally desirable to avoid locating large amounts of
grounded conductor too close to resonating element 68. This
consideration affects the layout used for device 10. A cross-
sectional view of an illustrative arrangement that may be used
for device 10 without disturbing the proper operation of
device 10 is shown in FIG. 6. In the example of FIG. 6,
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electrical components 112 can be located near front face 22 of
device 10 and antenna 62 can be located near back face 114 of
device 10. Electrical components 112 typically include com-
ponents, such as speakers, cameras, microphones, batteries,
integrated circuits, keypads and other user control interfaces,
connectors such as input-output jacks and power jacks, status
indicators such as light-emitting diodes, displays such as
liquid crystal displays, etc.

To avoid radio-frequency interference, some or all of com-
ponents 112 may be surrounded with radio-frequency shield-
ing. For example, integrated circuits in device 10 may be
surrounded by copper ground conductors. Other components
may contain large conductive portions (e.g., for grounding).
Components 112 with radio-frequency shielding conductor
or other large amounts of conductor are preferably mounted
away from resonating element 68 (e.g., adjacent to ground
66), so as not to interfere with proper operation of antenna 62.
Components 112 with less conductive material or which need
to be at end 69 of device 10 for proper operation (e.g., a
microphone) can be located in the vicinity of resonating ele-
ment 68. If desired, the region under resonating element 68
(in the orientation of FIG. 6) may be left empty. With this type
of arrangement, air fills the region under resonating element
68.

Antenna 62 may provide coverage over at least two fre-
quency ranges of interest. The two frequency ranges may be
non-overlapping. With one suitable arrangement, antenna 62
operates over a first frequency range of interest that covers
cellular telephone bands such as the 850 MHz and 900 MHz
bands and operates over a second frequency range of interest
that covers cellular telephone bands such as the 1800 MHz
and 1900 MHz bands, and data bands including the 2170
MHz data band (used for 3G data services) and the 2.4 GHz
data band (used for WiFi and Bluetooth). These are merely
examples of suitable frequency ranges in which antenna 62
may operate. Antenna 62 may operate in other suitable fre-
quency ranges if desired (e.g., by modifying the sizes and
relative spacing of the antenna elements in antenna 62).

The way in which the components of antenna 62 work with
each other to provide satisfactory operation over the first and
second frequency ranges is described in connection with
FIGS. 7-19.

FIG. 7 shows an asymmetric dipole antenna 116. Antenna
116 can have ground element 120 and resonating element
118. Antenna 116 can have feed terminal 122 and ground
terminal 124.

Asymmetric dipole antennas of the type shown in FIG. 7
exhibit efficiency versus frequency characteristics of the type
shown in FIG. 8. As shown in FIG. 8, antenna 116 can operate
satisfactorily in two frequency ranges—a first frequency
range centered about a frequency f, and a second frequency
range centered about a frequency 21,

As shown in FIG. 9, antenna 116 can continue to function,
even if the resonating element 118 and ground element 120
are arranged to be parallel to each other. In the arrangement of
FIG. 9, terminals 122 and 124 can provide signals to the ends
of elements 118 and 120. This type of arrangement is there-
fore sometimes referred to as an “end fed” antenna. Because
elements 118 and 120 are not shorted together, this type of
arrangement is also sometimes referred to as a “series fed”
antenna.

In practice, it can be difficult to construct satisfactory
antennas using a series-fed end-fed architecture. As a result,
antennas sometimes use a parallel feed architecture of the
type shown in FI1G. 10. The antenna 116 of FIG. 10 is shorted
with shorting conductor 126 at the ends of elements 118 and
120 and is parallel fed through terminals 122 and 124 that are
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located a distance X from the antenna’s shorted end. Use of
the parallel-fed end-fed antenna arrangement of FIG. 10 can
allow an antenna designer to more easily satisfy antenna
design criteria. For example, an antenna designer can match
the antenna’s impedance to the impedance of the coaxial
cable or other radio-frequency (RF) signal path that is used to
connect the antenna to an associated transceiver by appropri-
ate selection of the distance X. Parallel-fed end-fed antennas
are also more tolerant of large mismatches between the
lengths of elements 118 and 120 than series-fed end-fed
antennas, which provides an antenna designer with greater
leeway when designing an antenna to cover certain desired
frequency ranges. Conventional cellular telephones are
sometimes constructed using an arrangement of the type
shown in FIG. 10 in which elements 118 and 120 form con-
ductive sheets that extend along a dimension that is into the
page in the orientation of FIG. 10.

As shown in FIG. 11, the size of ground element 120 in
antenna 116 can be enlarged to form a rectangle while the size
of resonating element 118 is maintained the same. The theory
of operation for antenna 116 of FIG. 11 is basically the same
as antenna 116 in FIG. 10.

FIG. 12 shows an arrangement in which resonating ele-
ment 118 of antenna 116 has been provided with two arms
126 and 128. Because there are two “lengths” associated with
the resonating element 118, antenna 116 of FIG. 12 can cover
a wider frequency range than antenna 116 of the type shown
in FIG. 11. Arm 126 can cause antenna 116 to resonate in first
and second frequency ranges centered about f, and 2f,,
respectively. Arm 128 causes antenna 116 to resonate in first
and second frequency ranges centered about f,' and 2f,',
respectively. Because both arm 126 and arm 128 contribute to
the performance of antenna 116, in practice, antenna 116 can
exhibit a frequency response that is a superposition of the
response contributed by arm 126 and the response contributed
by arm 128. The first frequency range covered by antenna 116
therefore encompasses both the range centered about f, and
the range centered about f'. Similarly, the second frequency
range of operation can cover the ranges centered about 21, and
21"

In antenna 116 of FIG. 12, resonating element 118 is not
surrounded by ground 120. This type of arrangement may be
satisfactory in some mounting arrangements (e.g., those in
which the walls of a device housing are not formed from
grounded metal or other such conductive structures).

In the arrangement of FIG. 13, resonating element 118 is
surrounded by ground 120, which makes antenna 116 suitable
for installation in devices that have grounded side walls that
abut the antenna.

Antenna 130 of FIG. 14 can have ground 132 and resonat-
ing element 134. Signals can be provided to antenna 130
using feed terminal 136 and ground terminal 138. Because
feed terminal 136 can be connected to the center of resonating
element 134, antennas such as antenna 130 are sometimes
referred to as center-fed antennas. Elements such as element
134 may sometimes be referred to as self-resonant antenna
elements.

Center-fed antennas of the type shown in FIG. 14 exhibit
efficiency versus frequency characteristics of the type shown
in FIG. 15. As shown in FIG. 15, antenna 130 operates satis-
factorily in a single frequency range centered about frequency
f,. Frequency f, is related to the length of self-resonant ele-
ment 134 (i.e., the length of element 134 is about a quarter of
a wavelength at frequency £).

As shown in FIG. 4, the resonating element of antenna 62
of the present invention has multiple arms 70 and 72 that
operate in accordance with the principles discussed in con-
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nection with the operation of antenna 116 of FIG. 13 and
self-resonant element 74 that operates in accordance with the
principles discussed in connection with the operation of
antenna 130 of F1G. 14. However, unlike antenna 116 of FIG.
13, which has feed terminal 122 connected to arm 128,
antenna 62 of the present invention can have a feed terminal
that is not directly electrically connected to arms 70 and 72.
Rather, antenna 62 can have feed terminal 80, which is elec-
trically connected to self-resonant element 74. In the illustra-
tive arrangement of FIG. 4, self-resonant element 74 may not
be electrically shorted to arms 70 and 72 and ground 66 (i.e.,
there is an open circuit between element 74 and arms 70 and
72 and ground 66 in the FIG. 4 configuration).

Self-resonant element 74 can serve as an antenna (as
described in connection with antenna 130 of FIG. 14) and be
near-field coupled to arms 72 and 70 (or at least to arm 72).
Through this near-field coupling arrangement, signals at ter-
minal 80 of self-resonant element 74 can be passed to (or
from) the rest of resonating element 68, so that the behavior of
the rest of resonating element 68 contributes to the perfor-
mance of antenna 68.

The electromagnetic interactions that underlie the prin-
ciple of near-field coupling are illustrated in FIG. 16. In FIG.
16, conductors 140 and 142 are electromagnetically coupled
through near field interactions. Conductors 140 and 142 are
not electrically connected to each other, because gap 144
separates conductors 140 and 142. As a result, direct current
(DC) signals cannot pass from conductor 140 to conductor
142. Through near-field coupling, however, signals on one of
conductors 140 and 142 can be passed to the other.

Near field coupling can involve both electric-field coupling
and magnetic-field coupling. As shown by arrows 146, when
the voltages on conductors 140 and 142 differ, an electric field
E is established across gap 144. As a result, when a voltage
signal is generated on one conductor, a corresponding electric
field spans gap 144 and induces currents in the other conduc-
tor. As shown by arrows 150, when a current I flows in
direction 148 in one of the conductors 140 and 142, a mag-
netic field B is created. The magnetic field induces a similar
current [ in the other conductor. Signals can therefore be
transmitted across gap 144 by near-field coupling, even
though conductors 140 and 142 are not electrically connected
by a DC path.

A near-field coupling mechanism is used in antenna 62 to
couple signals into and out of resonating element 68. Signals
are applied to (and, in receive mode, are received from) feed
terminal 80 and ground terminal 78 (FIG. 4). Feed terminal 80
is connected to self-resonant element 74. Self-resonant ele-
ment 74 forms an antenna that resonates at a range of frequen-
cies centered around a single peak, as described in connection
with FIGS. 14 and 15. Through near-field coupling, the rest of
resonating element 68 is coupled to self-resonant element 74
and positive terminal 80, so that arms 70, 72, and 74 each
provide contributions to the overall performance of resonat-
ing element 68. In particular, arm 72 can be near-field coupled
to self-resonant element 74 by the relatively close proximity
of element 74 and element 72 (e.g., a gap of about 1-3 mm
between these elements). Although arm 70 can be located
farther from element 74, arm 70 may also be somewhat near-
field coupled to element 74 and can be, in any event, electri-
cally coupled to arm 72 by conductive portion 71. The near-
field coupling arrangement of antenna 62 may be referred to
as a near-field-coupled feed arrangement, because the anten-
na’s feed terminal is connected to near-field coupling element
74.

The different resonating element portions of antenna 62
work together to provide broad frequency coverage. With one
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suitable arrangement antenna 62 can cover six communica-
tions bands of interest. The contributions of the different parts
of antenna 62 to its overall frequency characteristic can be
understood with reference to FIGS. 15,17, 18, and 19.

As described in connection with antenna 120 of FIG. 11,
resonating element arm 72 and ground 66 of antenna 62
exhibit a response of the type shown in FIG. 17. As shown in
FIG. 17, the antenna resonates (and therefore may be used for
transmission and reception of radio-frequency signals) at fun-
damental frequency f, and at harmonic frequency 2f,. The
contribution of arm 72 therefore allows antenna 62 to cover
frequency bands at f;=f;, and at £;=21,, as shown in FIG. 17.

Arm 70 of antenna 62 can contribute resonance peaks at
slightly higher frequency {' and at slightly higher frequency
21", corresponding to respective communications bands fre-
quencies f, and f,. The combined contributions of arms 70
and 72 are shown in the performance characteristic of FIG.
18. As shown in FIG. 18, when contributions from both arm
72 and arm 70 are taken into consideration, the antenna’s
response can include a first operative frequency range that
covers communications bands centered around f; and f, anda
second operative frequency range that covers communica-
tions bands centered around £ and £,.

Self-resonant antenna element 74 can make another con-
tribution to the performance of antenna 62. As shown in FI1G.
15 and as described in connection with FIG. 14, the contri-
bution of element 74 is characterized by a single peak cen-
tered about a frequency £,. The size of self-resonant element
74 may be selected (as an example) so that the frequency f,
lies between two further communications bands of interest 5
and ;. By including element 74 in resonating element 68 and
antenna 62, the overall performance of antenna 62 can be
boosted in the vicinity of frequency £,.

An illustrative overall performance characteristic for
antenna 62 is shown in FIG. 19. As shown in FIG. 19, antenna
62 operates in a first (lower) frequency range that covers
bands f, and {, and in a second (higher) frequency range that
covers communications bands {5, f,, f, and f,. The contribu-
tion from element 74 boosts the frequency response of
antenna 62 in the second frequency range around the fre-
quency f, and ensures that the second frequency range covers
the communications bands centered at f5 and f,. With one
suitable arrangement, antenna 62 may be used to cover com-
munications frequency bands, such as the cellular telephone
bands at 850 MHz, 900 MHz, 1800 MHz, and 1900 MHz,
data service bands, such as the 3G data communications band
at 2170 MHz band (commonly referred to as UMTS or Uni-
versal Mobile Telecommunications System), the WiFi®
(IEEE 802.11) band at 2.4 GHz, and the Bluetooth® band at
2.4 GHz. With this type of arrangement, ;=850 MHz, £,=900
MHz, {;=1800 MHz, {,=1900 MHz, f;=2170 MHz, and
fs=2.4 GHz, for example.

One way to characterize the performance of broadband
antenna 62 involves the use of a standing-wave-ratio plot. The
standing-wave ratio (SWR) of an antenna is a measure of the
antenna’s ability to efficiently transmit radio waves. Standing
wave ratios R of less than about three are generally accept-
able. A graph plotting the measured standing-wave-ratio ver-
sus frequency characteristic for an illustrative broadband
antenna of the type shown in FIG. 4 is shown in FIG. 20. Inthe
example of F1G. 20, the SWR value for the antenna is three or
less in the vicinity of all bands of interest such as the 850
MHz, 900 MHz, 1800 MHz, and 1900 MHz cellular tele-
phone bands, and the 2170 MHz and 2400 MHz data bands
(in this example).

The performance of broadband antenna 62 has also been
characterized by measuring its efficiency in several frequency
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ranges of interest. The graphs of FIGS. 21, 22, and 23 dem-
onstrate how broadband antenna 62 has been measured to
have good efficiency characteristics from 824-960 MHz
(FIG. 21), 1710-1990 MHz (FIG. 22), and 2400-2485 MHz
(FIG. 23). Based on the SWR results of FIG. 19, antenna 62
is also expected to have good efficiency characteristics at
2170 MHz.

As shown in FIG. 24, antenna 62 can be formed in a
configuration in which resonating element 68 is not sur-
rounded with ground 66. If desired, arms such as arms 70 and
72 and self-resonant element 74 may have different sizes and
shapes. The arrangement of FIG. 24 is merely illustrative.

As shown in FIG. 25, antenna 62 may be formed in a
configuration that uses a parallel-fed self-resonant element
74, where strip-shaped shorting conductive portion 75 is used
to electrically connect element 74 to ground 66. In this con-
figuration, element 74 is electrically connected to ground 66
through conductor 75, but due to the near-field coupling
between element 74 and arm 72 and due to the connection of
arms 70 and 72 through conductor 71, arms 70 and 72 and
element 74 serve as the antenna’s resonating element.

If desired, antenna 62 may be formed using a three-dimen-
sional arrangement. A cross-sectional view of antenna 62 in a
three-dimensional configuration in handheld device 10 is
shown in FIG. 26. As shown in FIG. 26, handheld electronic
device 10 has a case 12. Case 12 may be used to house
electrical components 112-1 and 112-2 such as speakers,
cameras, microphones, batteries, integrated circuits, keypads
and other user control interfaces, connectors such as input-
output jacks and power jacks, status indicators such as light-
emitting diodes, displays such as liquid crystal displays, etc.

Case 12 may, as an example, be formed from metal or other
conductive materials. Case 12 may also have a non-conduc-
tive portion such as cap 13. Cap 13 may be formed from
plastic or other suitable dielectric and may be located adja-
cent to resonating element 68 of antenna 62. Ground 66 of
antenna 62 may be formed from metal or other suitable con-
ductors formed on one or both sides of circuit board 154 or
other suitable mounting structures. Ground 66 may also be
formed by metal or other suitable conductors that are used to
encase the electrical components in device 10. For example,
some or all of components 112-1 may be encased in a con-
ductive shielding layer 155 (e.g., copper RF shielding).
Ground 66 may be formed at least partly using this conductive
shielding as shown in FIG. 26. The conductive shielding may
be electrically connected to conductive case 12 (e.g., using
screws, brackets, and other connecting structures in device
10), which further extends ground 66.

Connector 157 (e.g., a connector such as a mini UFL con-
nector) or other suitable attachment structures may be used to
connect coaxial cable 152 or other suitable radio-frequency
signal path structures to components 66. In the example of
FIG. 26, connector 154 is shown schematically as being con-
nected to components 112-1. This is merely illustrative. Con-
nector 154 may, for example, be connected to circuit board
154, may be part of a transceiver module that makes up one of
components 112-1, or may be connected to electrical compo-
nents in device 10 using any other suitable technique.

Coaxial cable center conductor 158 may be electrically
connected to resonating element 68 using solder 160 (as an
example). Outer conductive braid 161 of coaxial cable 152
may be soldered to ground 66 (e.g., metal shielding surround-
ing components 112-1) using solder 156. Solder 160 may be
used to connect conductor 158 to self-resonant element 74 at
feed terminal 80 of F1G. 4. Solder 156 may be used to connect
outer conductive portion 161 of cable 152 to ground 66 at
ground terminal 78 of FIG. 4.
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Resonating element 68 may be formed on a flexible sub-
strate (e.g., a flexible polyimide-backed circuit substrate
sometimes referred to as a flex circuit). A plastic support or
other suitable structure 162 may be used to support the flex
circuit from either side of the flex circuit. Ground extension
portions such as portions 84, 86, and 88 of FIG. 4 may be
electrically connected to ground 66 on circuit board 154 using
solder, spring-loaded pins, or other suitable electrical connec-
tion structures 164.

To ensure that antenna 62 works properly, it may be desir-
able to locate components that contain large amounts of con-
ductor in components region 112-1 and to locate other com-
ponents in components region 112-2. For example, integrated
circuits such as a transceiver integrated circuit, microproces-
sor, and memory, may be encased in conductive shielding.
Due to the presence of the conductive shielding, which is
shorted to ground 66, these components may be best located
in components region 112-1, adjacent to metal case 12. Other
components may be located in region 112-2. With one suit-
able arrangement, certain components (e.g., a microphone
and speaker) are located in region 112-2. If desired, there may
be few or no components in components region 112-2, so that
resonating element 68 is surrounded by air.

Circuit board 154 and portions of ground element 66 that
are formed from metal or other conductive materials located
on one or both sides of circuit board 154 may be mounted to
planar front face 22 of housing 12 and device 10 (as an
example). To provide sufficient clearance between resonating
element 68 and portions of ground 66 that are associated with
components 112-2 and lie on circuit board 154 in region 166,
case 12 and support 162 may be constructed to ensure that
there is at least 5-10 mm of vertical spacing between circuit
board 154 and resonating element 68 along dimension 168,
which is perpendicular to the plane containing circuit board
154 and planar housing face 22.

The foregoing is merely illustrative of the principles of this
invention and various modifications can be made by those
skilled in the art without departing from the scope and spirit of
the invention.

What is claimed is:

1. A handheld electronic device antenna, comprising:

a ground element;

a resonating element comprising a first arm having a first
length, a second arm having a second length that is
different than the first length, and a self-resonant ele-
ment that is near-field coupled to the second arm,
wherein the self-resonant element is not electrically
shorted to the ground element;

an antenna ground terminal connected to the ground ele-
ment; and

an antenna feed terminal connected to the self-resonant
element.

2. The handheld electronic device antenna defined in claim

1 further comprising:

a flex circuit mounting structure on which the resonating
element is formed.

3. The handheld electronic device antenna defined in claim

1 further comprising:

a planar mounting structure on which the ground element
and the resonating element are formed.

4. The handheld electronic device antenna defined in claim

1 further comprising:

a mounting structure on which the resonating element and
at least part of the ground element are formed;

ground extension portions on the mounting structure that
surround the resonating element on at least three sides.
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5. The handheld electronic device antenna defined in claim
1 further comprising:

a mounting structure on which the resonating element and

at least part of the ground element are formed;

ground extension portions on the mounting structure that
surround the resonating element on at least three sides;
and

a conductive handheld electronic device housing in which
the mounting structure is mounted.

6. A portable electronic device comprising:

a housing;

at least one integrated circuit mounted in the housing that
generates data for wireless transmission, and that pro-
cesses data that is wirelessly received by the electronic
device; and

wireless communications circuitry mounted in the housing
that communicates with the integrated circuit, wherein
the wireless communications circuitry comprises an
antenna comprising a ground element formed at least
partly from conductive shielding that surrounds the inte-
grated circuit and a resonating element, wherein the
resonating element comprises a first arm having a first
length, a second arm having a second length that is
different than the first length, and a self-resonant ele-
ment that is near-field coupled to the second arm, and
wherein the ground element surrounds the resonating
element on at least three sides.

7. The portable electronic device defined in claim 6
wherein a ground terminal is connected to the ground ele-
ment, wherein a feed terminal is connected to the self-reso-
nant element, wherein the self-resonant element comprises a
conductive material that is not electrically shorted to the
ground element, and wherein the portable electronic device is
a wearable portable electronic device.

8. The portable electronic device defined in claim 6
wherein a ground terminal is connected to the ground ele-
ment, wherein a feed terminal is connected to the self-reso-
nant element, and wherein the antenna comprises a shorting
conductive portion that electrically connects the self-resonant
element to the ground so that the self-resonant element is
parallel fed.

9. The portable electronic device defined in claim 6
wherein the housing has a planar face, wherein a portion of
the ground element is mounted to the planar face, and wherein
the portable electronic device is a miniature electronic device.

10. The portable electronic device defined in claim 6
wherein the housing has a planar face, wherein a portion of
the ground element is mounted to the planar face, and wherein
the resonating element is separated from the portion of the
ground element that is mounted to the planar face by at least
5 mm in a dimension that is perpendicular to the planar face,
the portable electronic device further comprising a micro-
phone located between the planar rear face and the resonating
element, wherein the portable electronic device comprises at
least a media player.

11. A handheld electronic device comprising:

a housing;

a broadband antenna comprising a ground element and a
resonating element, wherein at least a portion of the
ground element and the resonating element lie in a com-
mon plane, the resonating element comprising a first arm
having a first length, a second arm having a second
length that is different than the first length, and a self-
resonant element that is near-field coupled to the second
arm, wherein the self-resonant element is not electri-
cally shorted to the ground element; and
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at least one integrated circuit that is located within the
housing adjacent to the portion of the ground element
that lies in the common plane, wherein an antenna
ground terminal is connected to the ground element and
wherein an antenna feed terminal is connected to the
self-resonant element.

12. The handheld electronic device defined in claim 11
wherein the housing comprises:

a conductive portion;

a plastic cap adjacent to the resonating element.

13. The handheld electronic device defined in claim 11
further comprising a flexible circuit substrate on which the
resonating element and at least a portion of the ground ele-
ment are formed.

14. The handheld electronic device defined in claim 11
further comprising a coaxial cable having a center conductor
that is connected to the self-resonant element and having an
outer conductor that is connected to the ground element.

15. The handheld electronic device defined in claim 11
wherein the first and second arms comprise metal, wherein
the first length is shorter than the second length, and wherein
the self-resonant element is located adjacent to the second
arm and is separated from the second arm by a gap of at least
1 mm.

16. A handheld electronic device comprising:

a housing;

an integrated circuit;

an antenna comprising a ground element, and a resonating
element, an antenna ground terminal, and an antenna
feed terminal, wherein the resonating element com-
prises an F-shaped element and a self-resonant element,
wherein the F-shaped element and the self-resonant ele-
ment are near-field coupled, wherein the self-resonant
element is rectangular and is separated from the
F-shaped element by a gap, wherein the antenna ground
terminal is connected to the ground element, wherein the
antenna feed terminal is connected to the self-resonant
element, and wherein the self-resonant element com-
prises a conductive material that is not electrically
shorted to the ground element.

17. The handheld electronic device defined in claim 16
further comprising a radio-frequency path that connects the
integrated circuit to the antenna, wherein the radio-frequency
path comprises a first conductor connected to the self-reso-
nant element and a second conductor connected to the ground
element.

18. The handheld electronic device defined in claim 16
further comprising conductive radio-frequency shielding sur-
rounding the integrated circuit, wherein the ground element is
formed at least partly from the radio-frequency shielding.

19. The handheld electronic device defined in claim 16
wherein the conductive material comprises metal.

20. A broadband antenna in a handheld electronic device
that has a planar front surface, comprising:

a ground element comprising a planar portion that is par-
allel to the planar front surface; and

a resonating element comprising first and second arms of
unequal length and comprising a rectangular element
that is not electrically shorted to the ground element, that
is not electrically shorted to the first and second arms,
and that is near-field coupled to the second arm of the
resonating element, wherein the ground element com-
prises three rectangular ground extension portions that
together surround the resonating element on three sides.
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21. The broadband antenna defined in claim 20 wherein the
three rectangular ground extension portions and the planar
portion of the ground element surround the resonating ele-
ment on four sides.

22. The broadband antenna defined in claim 20 wherein the
resonating element comprises metal and wherein the inte-
grated circuit generates data that is transmitted through the
antenna in a first frequency range that includes an 850 MHz
communications band and a 900 MHz communications band
and a second frequency range that includes a 1800 MHz
communications band, a 1900 MHz communications band, a
2170 MHz communications band, and a 2400 MHz commu-
nications band.

23. The broadband antenna defined in claim 20 further
comprising an antenna feed terminal that is connected to the
rectangular element, wherein the integrated circuit generates
data that is transmitted through the antenna in first and second
non-overlapping frequency ranges.

24. An antenna in a handheld electronic device having a
housing, comprising:

a ground element comprising at least one planar portion;

and

a resonating element comprising a first arm having a first

length, a second arm having a second length that is

20
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longer than the first length, and a self-resonant element
that is near-field coupled to the second arm, wherein the
second arm and the self-resonant element are substan-
tially rectangular and are separated by a gap, wherein an
antenna feed terminal is connected to the self-resonant
element, wherein an antenna ground terminal is con-
nected to the planar portion of the ground element,
wherein the ground element comprises ground exten-
sion portions, and wherein the planar portion and the
ground extension portions surround the first arm, the
second arm, and the self-resonant element.

25. The antenna defined in claim 24 wherein the first arm,
the second arm, and the self-resonant element are located in a
common plane on a mounting structure formed from dielec-
tric.

26. The antenna defined in claim 24 further comprising a
mounting structure comprising printed circuit board materi-
als on which at least part of the ground element is formed.

27. The antenna defined in claim 24 wherein the resonating
element comprises metal and wherein the first arm, the sec-
ond arm, and the self-resonant element each have alength and
a height, wherein the lengths are each less than 10 cm and
wherein the heights are between 3 mm and 10 mm.
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MULTILEVEL AND SPACE-FILLING
GROUND-PLANES FOR MINIATURE AND
MULTIBAND ANTENNAS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is a continuation of U.S. patent
application Ser. No. 10/797,732, filed on Mar. 10, 2004 now
U.S. Pat. No. 7,362,283, which is a continuation of PCT/
EP01/10589, filed on Sep. 13, 2001. U.S. patent application
Ser. No. 10/797,732 and International Patent Application
PCT/EP01/10589 are incorporated herein by reference.

OBIJECT AND BACKGROUND OF THE
INVENTION

1. Technical Field of the Invention

The present invention relates generally to a new family of
antenna ground-planes of reduced size and enhanced perfor-
mance based on an innovative set of geometries. These new
geometries are known as multilevel and space-filling struc-
tures, which had been previously used in the design of multi-
band and miniature antennas. A throughout description of
such multilevel or space-filling structures can be found in
“Multilevel Antennas” (Patent Publication No. WOO01/
22528) and “Space-Filling Miniature Antennas” (Patent Pub-
lication No. WO01/54225).

2. Description of the Related Art

The current invention relates to the use of such geometries
in the ground-plane of miniature and multiband antennas. In
many applications, such as for instance mobile terminals and
handheld devices, it is well known that the size of the device
restricts the size of the antenna and its ground-plane, which
has a major effect on the overall antenna performance. In
general terms, the bandwidth and efficiency of the antenna are
affected by the overall size, geometry, and dimensions of the
antenna and the ground-plane. A report on the influence of the
ground-plane size in the bandwidth of terminal antennas can
be found in the publication “Investigation on Integrated
Antennas for GSM Mobile Phones”, by D. Manteuftel, A.
Bahr, 1. Wolff, Millennium Conference on Antennas & Propa-
gation, ESA; AP2000, Davos, Switzerland, April 2000. In the
prior art, most of the effort in the design of antennas including
ground-planes (for instance microstrip, planar inverted-F or
monopole antennas) has been oriented to the design of the
radiating element (that is, the microstrip patch, the PIFA
element, or the monopole arm for the examples described
above), yet providing a ground-plane with a size and geom-
etry that were mainly dictated by the size or aesthetics criteria
according to every particular application.

One of the key issues of the present invention is consider-
ing the ground-plane of an antenna as an integral part of the
antenna that mainly contributes to its radiation and imped-
ance performance (impedance level, resonant frequency,
bandwidth). A new set of geometries are disclosed here, such
a set allowing to adapt the geometry and size of the ground-
plane to the ones required by any application (base station
antennas, handheld terminals, cars, and other motor-vehicles
and so on), yet improving the performance in terms of, for
instance, bandwidth, Voltage Standing Wave Ratio (hereafter
VSWR), or multiband behaviour.

The use of multilevel and space-filling structures to
enhance the frequency range an antenna can work within was
well described in patent publication numbers WO01/22528
and WOO01/54225. Such an increased range is obtained either
through an enhancement of the antenna bandwidth, with an
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increase in the number of frequency bands, or with a combi-
nation of both effects. In the present invention, said multilevel
and space-filling structures are advantageously used in the
ground-plane of the antenna obtaining this way either a better
return loss or VSWR, a better bandwidth, a multiband behav-
iour, or a combination of all these effects. The technique can
be seen as well as a means of reducing the size of the ground-
plane and therefore the size of the overall antenna.

A first attempt to improve the bandwidth of microstrip
antennas using the ground-plane was described by T. Chiou,
K. Wong, “Designs of Compact Microstrip Antennas with a
Slotted Ground Plane”. IEEE-APS Symposium, Boston, 8-12
July, 2001. The skilled in the art will notice that even though
the authors claim the improved performance is obtained by
means of some slots on the antenna ground-plane, those were
unintentionally using a very simple case of multilevel struc-
ture to modify the resonating properties of said ground-plane.
In particular, a set of two rectangles connected through three
contact points and a set of four rectangles connected through
five contact points were described there. Another example of
an unintentional use of a multilevel ground structure in an
antenna ground-plane is described in U.S. Pat. No. 5,703,600.
There, a particular case of a ground-plane composed by three
rectangles with a capacitive electromagnetic coupling
between them was used. It should be stressed that neither in
the paper by Chiou and Wong, nor in patent U.S. Pat. No.
5,703,600, the general configuration for space-filling or mul-
tilevel structures were disclosed or claimed, so the authors
were not attempting to use the benefits of said multilevel or
space-filling structures to improve the antenna behaviour.

Some of the geometries described in the present invention
are inspired in the geometries already studied in the 19.sup.th
century by several mathematicians such as Giusepe Peano
and David Hilbert. In all said cases the curves were studied
from the mathematical point of view but were never used for
any practical engineering application. Such mathematical
abstractions can be approached in a practical design by means
of the general space-filling curves described in the present
invention. Other geometries, such as the so called SZ, 727,
HilbertZZ, Peanoinc, Peanodec or PeanoZZ curves described
in patent publication WO 01/54225 are included in the set of
space-filling curves used in an innovative way in the present
invention. It is interesting to notice that in some cases, such
space-filling curves can be used to approach ideal fractal
shapes as well.

The dimension (D) is often used to characterize highly
complex geometrical curves and structures such as those
described in the present invention. There exists many difter-
ent mathematical definitions of dimension but in the present
document the box-counting dimension (which is well-known
to those skilled in mathematics theory) is used to characterize
afamily of designs. Again, the advantage of using such curves
in the novel configuration disclosed in the present invention is
mainly the overall antenna miniaturization together with and
enhancement of its bandwidth, impedance, or multiband
behaviour.

Although usually not as efficient as the general space-
filling curves disclosed in the present invention, other well-
known geometries such as meandering and zigzag curves can
also be used in a novel configuration according to the spirit
and scope of the present invention. Some descriptions of
using zigzag or meandering curves in antennas can be found
for instance in patent publication W096/27219, but it should
be noticed that in the prior-art such geometries were used
mainly in the design of the radiating element rather than in the
design of the ground-plane as it is the purpose and basis of
several embodiments in the present invention.
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It is known the European Patent EP-688.040 which dis-
closes a bidirectional antenna including a substrate having a
first and second surfaces. On a second surface are arranged
respectively, a ground conductor formed by a single surface,
a strip conductor and a patch conductor.

SUMMARY OF THE INVENTION

The key point of the present invention is shaping the
ground-plane of an antenna in such a way that the combined
effect of the ground-plane and the radiating element enhances
the performance and characteristics of the whole antenna
device, either in terms of bandwidth, VSWR, multiband
behaviour, efficiency, size, or gain. Instead of using the con-
vetional solid geometry for ground-planes as commonly
described in the prior art, the invention disclosed here intro-
duces a new set of geometries that forces the currents on the
ground-plane to flow and radiate in a way that enhances the
whole antenna behaviour.

The basis of the invention consists of breaking the solid
surface of a conventional ground-plane into a number of
conducting surfaces (at least two of them) said surfaces being
electromagnetically coupled either by the capacitive effect
between the edges of the several conducting surfaces, or by a
direct contact provided by a conducting strip, or a combina-
tion of both effects.

The resulting geometry is no longer a solid, conventional
ground-plane, but a ground-plane with a multilevel or space-
filling geometry, at least in a portion of said ground-plane.

A Multilevel geometry for a ground-plane consists of a
conducting structure including a set of polygons, all of said
polygons featuring the same number of sides, wherein said
polygons are electromagnetically coupled either by means of
a capacitive coupling or ohmic contact, wherein the contact
region between directly connected polygons is narrower than
50% of the perimeter of said polygons in at least 75% of said
polygons defining said conducting ground-plane. In this defi-
nition of multilevel geometry, circles and ellipses are
included as well, since they can be understood as polygons
with infinite number of sides.

On the other hand, an Space-Filling Curve (hereafter SFC)
is a curve that is large in terms of physical length but small in
terms of the area in which the curve can be included. More
precisely, the following definition is taken in this document
for a space-filling curve: a curve composed by at least ten
segments which are connected in such a way that each seg-
ment forms an angle with their neighbours, that is, no pair of
adjacent segments define a larger straight segment, and
wherein the curve can be optionally periodic along a fixed
straight direction of space if, and only if, the period is defined
by a non-periodic curve composed by at least ten connected
segments and no pair of said adjacent and connected seg-
ments defines a straight longer segment. Also, whatever the
design of such SFC is, it can never intersect with itself at any
point except the initial and final point (that is, the whole curve
can be arranged as a closed curve or loop, but none of the parts
of'the curve can become a closed loop). A space-filling curve
can befitted over a flat or curved surface, and due to the angles
between segments, the physical length of the curve is always
larger than that of any straight line that can be fitted in the
same area (surface) as said space-filling curve. Additionally,
to properly shape the ground-plane according to the present
invention, the segments of the SFC curves included in said
ground-plane must be shorter than a tenth of the free-space
operating wavelength.

Depending on the shaping procedure and curve geometry,
some infinite length SFC can be theoretically designed to
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feature a Haussdorf dimension larger than their topological-
dimension. That is, in terms of the classical Euclidean geom-
etry, it is usually understood that a curve is always a one-
dimension object; however when the curve is highly
convoluted and its physical length is very large, the curve
tends to fill parts of the surface which supports it; in that case,
the Haussdorf dimension can be computed over the curve (or
at least an approximation of it by means of the box-counting
algorithm) resulting in a number larger than unity. The curves
described in FIG. 2 are some examples of such SFC; in
particular, drawings 11, 13, 14, and 18 show some examples
of SFC curves that approach an ideal infinite curve featuring
a dimension D=2. As known by those skilled in the art, the
box-counting dimension can be computed as the slope of the
straight portion of a log-log graph, wherein such a straight
portion is substantially defined as a straight segment. For the
particular case of the present invention, said straight segment
will cover at least an octave of scales on the horizontal axis of
the log-log graph.

Depending on the application, there are several ways for
establishing the required multilevel and space-filling metallic
pattern according to the present invention. Due to the special
geometry of said multilevel and space-filling structures, the
current distributes over the ground-plane in such a way that it
enhances the antenna performance and features in terms of:

(a) Reduced size compared to antennas with a solid ground-
plane.

(b) Enhanced bandwidth compared to antennas with a solid
ground-plane.

(c) Multifrequency performance.
(d) Better VSWR feature at the operating band or bands.
(e) Better radiation efficiency.

() Enhanced gain.

It will be clear that any of the general and newly described
ground-planes of the present invention can be advantageously
used in any of the prior-art antenna configurations that require
a ground-plane, for instance: antennas for handheld terminals
(cellular or cordless telephones, PDAs, electronic pagers,
electronic games, or remote controls), base station antennas
(for instance for coverage in micro-cells or pico-cells for
systems such as AMPS, GSM900, GSM1800, UMTS,
PCS1900, DCS, DECT, WLAN, .. .), car antennas, and so on.
Such antennas can usually take the form of microstrip patch
antennas, slot-antennas, Planar Inverted-F (PIFA) antennas,
monopoles and so on, and in all those cases where the antenna
requires a ground-plane, the present invention can be used in
an advantageous way. Therefore, the invention is not limited
to the aforementioned antennas. The antenna could be of any
other type as long as a ground-plane is included.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, refer-
ence will now be made to the appended drawings in which:

FIG. 1 shows a comparison between two prior art ground-
planes and a new multilevel ground-plane. Drawing 1 shows
a conventional ground-plane formed by only one solid sur-
face (rectangle, prior-art), whereas drawing 2 shows a par-
ticular case of ground-plane that has been broken in two
surfaces 5 and 6 (rectangles) connected by a conducting strip
7,according to the general techniques disclosed in the present
invention. Drawing 3 shows a ground-plane where the two
conducting surfaces 5 and 6, separated by a gap 4, are being
connected through capacitive effect (prior-art).
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FIG. 2 shows some examples of SFC curves. From an
initial curve 8, other curves 9, 10, and 11 are formed (called
Hilbert curves). Likewise, other set of SFC curves can be
formed, such as set 12, 13, and 14 (called SZ curves); set 15
and 16 (known as ZZ curves); set 17, 18, and 19 (called
HilbertZZ curves); set 20 (Peanodec curve); and set 21 (based
on the Giusepe Peano curve).

FIG. 3A shows a perspective view of a conventional (prior-
art) Planar Inverted-F Antenna or PIFA (22) formed by a
radiating antenna element 25, a conventional solid surface
ground-plane 26, a feed point 24 coupled somewhere on the
patch 25 depending upon the desired input impedance, and a
short-circuit 23 coupling the patch element 25 to the ground-
plane 26. FIG. 3B shows a new configuration (27) for a PIFA
antenna, formed by an antenna element 30, a feed point 29, a
short-circuit 28, and a particular example of a new ground-
plane structure 31 formed by both multilevel and space-filling
geometries.

FIG. 4A is a representational perspective view of the con-
ventional configuration (prior-art) for a monopole 33 over a
solid surface ground-plane 34. FIG. 4B shows an improved
monopole antenna configuration 35 where the ground-plane
37 is composed by multilevel and space-filling structures.

FIG. 5A shows a perspective view of a patch antenna
system 38 (prior-ait) formed by a rectangular radiating ele-
ment patch 39 and a conventional ground-plane 40. FIG. 5B
shows an improved antenna patch system composed by a
radiating element 42 and a multilevel and space-filling
ground-plane 43.

FIG. 6 shows several examples of different contour shapes
for multilevel ground-planes, such as rectangular (44, 45, and
46) and circular (47, 48, and 49). In this case, circles and
ellipses are taken as polygons with infinite number of sides.

FIG. 7 shows a series of same-width multilevel structures
(in this case rectangles), where conducting surfaces are being
connected by means of conducting strips (one or two) that are
either aligned or not aligned along a straight axis.

FIG. 8 shows that not only same-width structures can be
connected via conducting strips. More than one conducting
strips can be used to interconnect rectangular polygons as in
drawings 59 and 61. Also it is disclosed some examples of
how different width and length conducting strips among sur-
faces can be used within the spirit of the present invention.

FIG. 9 shows alternative schemes of multilevel ground-
planes. The ones being showed in the figure (68 to 76) are
being formed from rectangular structures, but any other shape
could have been used.

FIG. 10 shows examples (77 and 78) of two conducting
surfaces (5 and 6) being connected by one (10) or two (9 and
10) SFC connecting strips.

FIG. 11 shows examples wherein at least a portion of the
gap between at least two conducting surfaces is shaped as an
SPC connecting strip.

FIG. 12 shows a series of ground-planes where at least one
of the parts of said ground-planes is shaped as SFC. In par-
ticular, the gaps (84, 85) between conducting surfaces are
shaped in some cases as SFC.

FIG. 13 shows another set of examples where parts of the
ground-planes such as the gaps between conducting surfaces
are being shaped as SFC.

FIG. 14 shows more schemes of ground-planes (91 and 92)
with different SFC width curves (93 and 94). Depending on
the application, configuration 91 can be used to minimize the
size of the antenna while configuration 92 is preferred for
enhancing bandwidth in a reduced size antenna while reduc-
ing the backward radiation.
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FIG. 15 shows a series of conducting surfaces with differ-
ent widths being connected through SFC conducting strips
either by direct contact (95, 96, 97, 98) or by capacitive effect
(central strip in 98).

FIG. 16 shows examples of multilevel ground-planes (in
this case formed by rectangles).

FIG. 17 shows another set examples of multilevel ground-
planes.

FIG. 18 shows examples of multilevel ground-planes
where at least two conducting surfaces are being connected
through meandering curves with different lengths or geom-
etries. Some of said meandering lines can be replaced by SFC
curves if a further size reduction or a different frequency
behaviour is required.

FIG. 19 shows examples of antennas wherein the radiating
element has substantially the same shape as the ground-plane,
thereby obtaining a symmetrical or quasymmetrical configu-
ration, and where said radiating element is placed parallel
(drawing 127) or orthogonal (drawing 128) to said ground-
plane.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In order to construct an antenna assembly according to
embodiments of our invention, a suitable antenna design is
required. Any number of possible configurations exists, and
the actual choice of antenna is dependent, for instance, on the
operating frequency and bandwidth, among other antenna
parameters. Several possible examples of embodiments are
listed hereinafter. However, in view of the foregoing descrip-
tion it will be evident to a person skilled in the art that various
modifications may be made within the scope of the invention.
In particular, different materials and fabrication processes for
producing the antenna system may be selected, which still
achieve the desired effects. Also, it would be clear that other
multilevel and space-filling geometries could be used within
the spirit of the present invention.

FIG. 3A shows in a manner already known in prior art a
Planar Inverted-F (22) Antenna (hereinafter PIFA Antenna)
being composed by a radiating antenna element 25, a conven-
tional solid surface ground-plane 26, a feed point 24 coupled
somewhere on the patch 25 depending upon the desired input
impedance, and a short-circuit 23 coupling the patch element
25 to the ground-plane 26. The feed point 24 can be imple-
mented in several ways, such a coaxial cable, the sheath of
which is coupled to the ground-plane and the inner conductor
24 of which is coupled to the radiating conductive element 25.
The radiating conductive element 25 is usually shaped like a
quadrangle, but several other shapes can be found in other
patents or scientific articles. Shape and dimensions of radiat-
ing element 25 will contribute in determining operating fre-
quency of the overall antenna system. Although usually not
considered as a part of the design, the ground-plane size and
geometry also has an effect in determining the operating
frequency and bandwidth for said PIFA. PIFA antennas have
become a hot topic lately due to having a form that can be
integrated into the per se known type of handset cabinets.

Unlike the prior art PIFA ground-planes illustrated in FIG.
3A, the newly disclosed ground-plane 31 according to FIG.
3B is composed by multilevel and space-filling structures
obtaining this way a better return loss or VSWR, a better
bandwidth, and multiband behaviour, along with a com-
pressed antenna size (including ground-plane). The particular
embodiment of PIFA 27 is composed by a radiating antenna
element 30, a multilevel and space-filling ground-plane 31, a
feed point 29 coupled somewhere on the patch 30, and a
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short-circuit 28 coupling the patch element 30 to the ground-
plane 31. For the sake of clarity but without loss of generality,
a particular case of multilevel ground-plane 31 is showed,
where several quadrangular surfaces are being electromag-
netically coupled by means of direct contact through conduct-
ing strips and said polygons, together with an SFC and a
meandering line. More precisely, the multilevel structure is
formed with 5 rectangles, said multilevel structure being con-
nected to a rectangular surface by means of SFC (8) and a
meandering line with two periods. It is clear to those skilled in
the art that those surfaces could have been any other type of
polygons with any size, and being connected in any other
manner such as any other SFC curve or even by capacitive
effect. For the sake of clarity, the resulting surfaces defining
said ground-plane are lying on a common flat surface, but
other conformal configurations upon curved or bent surfaces
could have been used as well.

For this preferred embodiment, the edges between coupled
rectangles are either parallel or orthogonal, but they do not
need to be so. Also, to provide the ohmic contact between
polygons several conducting strips can be used according to
the present invention. The position of said strips connecting
the several polygons can be placed at the center of the gaps as
in FIG. 6 and drawings 2, 50, 51, 56,57, 62, 65, or distributed
along several positions as shown in other cases such as for
instance drawings 52 or 58.

In some preferred embodiments, larger rectangles have the
same width (for instance FIG. 1 and FIG. 7) but in other
preferred embodiments they do not (see for instance drawings
64 through 67 in FIG. 8). Polygons and/or strips are linearly
arranged with respect an straight axis (see for instance 56 and
57) in some embodiments while in others embodiments they
are not centered with respect to said axis. Said strips can also
be placed at the edges of the overall ground-plane as in, for
instance, drawing 55, and they can even become arranged in
a zigzag or meandering pattern as in drawing 58 where the
strips are alternatively and sequentially placed at the two
longer edges of the overall ground-plane.

Some embodiments like 59 and 61, where several conduct-
ing surfaces are coupled by means of more than one strip or
conducting polygon, are preferred when a multiband or
broadband behaviour is to be enhanced. Said multiple strip
arrangement allows multiple resonant frequencies which can
be used as separate bands or as a broad-band if they are
properly coupled together. Also, said multiband or broad-
band behaviour can be obtained by shaping said strips with
different lengths within the same gap.

In other preferred embodiments, conducting surfaces are
connected by means of strips with SFC shapes, as in the
examples shown in FIGS. 3, 4, 5, 10, 11, 14, or 15. In said
configurations, SFC curves can cover even more than the 50%
of'the area covered by said ground-plane as it happens in the
cases of FIG. 14. In other cases, the gap between conducting
surfaces themselves is shaped as an SFC curve as shown in
FIG. 12 or 13. In some embodiments, SFC curves feature a
box-counting dimension larger than one (at least for an octave
in the abscissa of the log-log graph used in the box-counting
algorithm) and can approach the so called Hilbert or Peano
curves or even some ideally infinite curves known as fractal
curves.

Another preferred embodiment of multilevel and space-
filling ground-plane is the monopole configuration as shown
in FIG. 4. FIG. 4A shows a prior art antenna system 32
composed by a monopole radiating element 33 over a com-
mon and conventional solid surface ground-plane 34. Prior art
patents and scientific publications have dealt with several
one-piece solid surfaces, being the most common ones circu-
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lar and rectangular. However, in the new ground-plane con-
figuration of our invention, multilevel and space-filling struc-
tures can be used to enhance either the return loss, or radiation
efficiency, or gain, or bandwidth, or a combination of all the
above, while reducing the size compared to antennas with a
solid ground-plane. FIG. 4B shows a monopole antenna sys-
tem 35 composed by a radiating element 36 and a multilevel
and space-filling ground-plane 37. Here, the arm of the mono-
pole 33 is presented as a cylinder, but any other structure can
be obviously taken instead (even helical, zigzag, meandering,
fractal, or SFC configurations, to name a few).

To illustrate that several modifications of the antenna can
be done based on the same principle and spirit of the present
invention, another preferred embodiment example is shown
in FIG. 5, based on the patch configuration. FIG. 5A shows an
antenna system 38 that consist of a conventional patch
antenna with a polygonal patch 39 (squared, triangular, pen-
tagonal, hexagonal, rectangular, or even circular, multilevel,
or fractal, to name just a few examples) and a common and
conventional one-piece solid ground-plane 40. FIG. 5B
shows a patch antenna system 41 that consists of a radiating
element 42 (that can have any shape or size) and a multilevel
and space-filling ground-plane 43. The ground-plane 43
being showed in the drawing is just an example of how mul-
tilevel and space-filling structures can be implemented on a
ground-plane.

Preferably, the antenna, the ground-plane or both are dis-
posed on a dielectric substrate. This may be achieved, for
instance, by etching techniques as used to produce PCBs, or
by printing the antenna and the ground-plane onto the sub-
strate using a conductive ink. A low-loss dielectric substrate
(such as glass-fibre, a teflon substrate such as Cuclad® or
other commercial materials such as Rogers® 4003 well-
known in the art) can be placed between said patch and
ground-plane. Other dielectric materials with similar proper-
ties may be substituted above without departing from the
intent of the present invention. As an alternative way to etch-
ing the antenna and the ground-plane out of copper or any
other metal, it is also possible to manufacture the antenna
system by printing it using conductive ink. The antenna feed-
ing scheme can be taken to be any of the well-known schemes
used in prior art patch antennas as well, for instance: a coaxial
cable with the outer conductor connected to the ground-plane
and the inner conductor connected to the patch at the desired
input resistance point; a microstrip transmission line sharing
the same ground-plane as the antenna with the strip capaci-
tively coupled to the patch and located at a distance below the
patch, or in another embodiment with the strip placed below
the ground-plane and coupled to the patch through an slot,
and even a microstrip transmission line with the trip co-planar
to the patch. All these mechanisms are well known from prior
art and do not constitute an essential part of the present
invention. The essential part of the present invention is the
shape of the ground-plane (multilevel and/or space-filling),
which contributes to reducing the size with respect to prior art
configurations, as well as enhancing antenna bandwidth,
VSWR, and radiation efficiency.

It is interesting to notice that the advantage of the ground-
plane geometry can be used in shaping the radiating element
in a substantially similar way. This way, a symmetrical or
quasi-symmetrical configuration is obtained where the com-
bined effect of the resonances of the ground-plane and radi-
ating element is used to enhance the antenna behavior. A
particular example of a microstrip (127) and monopole (128)
antennas using said configuration and design in drawing 61 is
shown in FIG. 19, but it appears clear to any skilled in the art
that many other geometries (other than 61) could be used
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instead within the same spirit of the invention. Drawing 127
shows a particular configuration with a short-circuited patch
(129) with shorting post, feeding point 132 and said ground-
plane 61, but other configurations with no shorting post, pin,
or strip are included in the same family of designs. In the
particular design of the monopole (128), the feeding post is
133.

Although various embodiments of the method and appara-
tus of the present invention have been illustrated in the
accompanying Drawings and described in the foregoing
Detailed Description, it will be understood that the invention
is not limited to the embodiments disclosed, but is capable of
numerous rearrangements, modifications, and substitutions
without departing from the spirit and scope of the invention as
set forth in the foregoing specification and following claims.

What is claimed:

1. A handheld wireless device comprising:

an antenna element; and

a ground plane comprising:

afirst conducting surface and a second conducting surface,

each of'the first conducting surface and the second con-
ducting surface having a plurality of sides defined by at
least one edge; and
a conducting strip, the conducting strip connecting the first
conducting surface and the second conducting surface
and allowing current to flow between the first conduct-
ing surface and the second conducting surface;

wherein the conducting strip is narrower than a width of the
first conducting surface and a width of the second con-
ducting surface;

wherein the conducting strip is shaped as a curve compris-

ing a plurality of connected segments;

wherein each segment of the plurality of connected seg-

ments is shorter than a tenth of an operating free-space
wavelength of the antenna element; and

wherein the plurality of connected segments are spatially

arranged so that no two adjacent and connected seg-
ments form a longer straight segment.

2. The handheld wireless device of claim 1, wherein each
segment of the plurality of connected segments is straight.

3. The handheld wireless device of claim 1, wherein the
plurality of connected segments comprise at least ten seg-
ments.

4. The handheld wireless device of claim 1, wherein the
first conducting surface, the second conducting surface, and
the conducting strip are on a common planar or curved sur-
face.

5. The handheld wireless device of claim 1, wherein the
width of the first conducting surface is substantially equal to
the width of the second conducting surface.

6. The handheld wireless device of claim 1, wherein the
ground plane is disposed in a plane substantially parallel to a
plane of the antenna element.

7. The handheld wireless device of claim 1, wherein the
conducting strip is shaped as at least one of a zigzag curve and
a meandering curve.

8. The handheld wireless device of claim 1, wherein:

the conducting strip connects a first edge of the first con-

ducting surface with a second edge of the second con-
ducting surface; and

the first edge and the second edge define a gap in the ground

plane.

9. The handheld wireless device of claim 8, wherein the
conducting strip is located substantially centrally with respect
to the gap.
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10. The handheld wireless device of claim 8, wherein the
conducting strip is located at an end of the gap and aligned
along an edge defining an external perimeter of the ground
plane.

11. The handheld wireless device of claim 8, wherein:

the first edge defines a longest side of the plurality of sides

of the first conducting surface; and

the second edge defines a longest side of the plurality of

sides of the second conducting surface.

12. The handheld wireless device of claim 1, wherein:

the ground plane comprises a second conducting strip; and

the second conducting strip connects the first and second
conducting surfaces and allows current to flow between
the first and second conducting surfaces.

13. The handheld wireless device of claim 12, wherein the
conducting strip and the second conducting strip have the
same length.

14. The handheld wireless device of claim 12, wherein the
conducting strip and the second conducting strip have the
same width.

15. The handheld wireless device of claim 12, wherein:

the conducting strip and the second conducting strip con-

nect a first edge of the first conducting surface with a

second edge of the second conducting surface;

the first edge and the second edge define a gap in the ground

plane; and

the conducting strip is located at an end of the gap and the

second conducting strip is located at another end of the

gap.

16. handheld wireless device of claim 1, wherein:

the antenna element is located at an edge of the ground

plane layer; and

the edge defines an external perimeter of the ground plane.

17. handheld wireless device of claim 16, wherein the edge
is a side of one of the first and second conducting surfaces.

18. The handheld wireless device of claim 16, wherein the
antenna element is located above the ground plane.

19. The handheld wireless device of claim 1, wherein the
antenna element is adjacent to the conducting strip.

20. The handheld wireless device of claim 1, wherein the
handheld wireless device operates on at least one cellular
service.

21. A handheld wireless device comprising:

an antenna element; and

a ground plane comprising:

a first conducting surface and a second conducting sur-
faces, each of the first conducting surface and the
second conducting surface having a plurality of sides
defined by at least one edge; and

a conducting strip, the conducting strip connecting the
first conducting surface and the second conducting
surface and allowing current to flow between the first
conducting surface and the second conducting sur-
face;

wherein the conducting strip is narrower than a width ofthe

first conducting surface and a width of the second con-

ducting surface;

wherein at least one of the first conducting surface, the

second conducting surface, and the conducting strip

defines a first structure;

wherein the first structure comprises a plurality of conduct-

ing polygons, each of the plurality of conducting poly-

gons having the same number of sides;

wherein the plurality of conducting polygons are electro-

magnetically coupled via either capacitive coupling or

ohmic contact;
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wherein a contact region between directly connected con-

ducting polygons of the plurality of conducting poly-

gons is narrower than half of a perimeter of the directly
connected conducting polygons in at least seventy-five
percent of the conducting polygons of the first structure;

wherein the antenna element is shaped as a second struc-
ture comprising:

a plurality of conducting polygons, the plurality of con-
ducting polygons each having the same number of
sides;

wherein the plurality of conducting polygons of the second

structure are eclectromagnetically coupled via either

capacitive coupling or ohmic contact;

wherein a contact region between directly connected con-

ducting polygons of the plurality of conducting poly-
gons of the second structure is narrower than half of the
perimeter of the directly connected conducting poly-
gons in at least seventy-five percent of the plurality
conducting polygons of the second structure; and

wherein the conducting strip is shaped as at least one of a

zigzag curve and a meandering curve.

22. The handheld wireless device of claim 21, wherein the
first conducting surface, the second conducting surface, and
the conducting strip are on a common planar or curved sur-
face.

23. The handheld wireless device of claim 21, wherein the
width of the first conducting surface is substantially equal to
the width of the second conducting surface.

24. The handheld wireless device of claim 21, wherein the
ground plane is disposed in a plane substantially parallel to a
plane of the antenna element.

25. The handheld wireless device of claim 21, wherein:

the conducting strip connects a first edge of the first con-

ducting surface with a second edge of the second con-
ducting surface; and

the first edge and the second edge define a gap in the ground

plane.

26. The handheld wireless device of claim 25, wherein the
conducting strip is located substantially centrally with respect
to the gap.

27. The handheld wireless device of claim 25, wherein the
conducting strip is located at an end of the gap and aligned
along an edge defining an external perimeter of the ground
plane.

28. The handheld wireless device of claim 25, wherein the
first edge defines a longest side of the plurality of sides of the
first conducting surface and the second edge defines a longest
side of the plurality of sides of the second conducting surface.

29. The handheld wireless device of claim 21, wherein the
ground plane comprises:

a second conducting strip; and

wherein the second conducting strip connects the first and

second conducting surfaces and allows current to flow

between the first and second conducting surfaces.

30. The handheld wireless device of claim 29, wherein the
conducting strip and the second conducting strip have the
same length.

31. The handheld wireless device of claim 29, wherein the
conducting strip and the second conducting strip have the
same width.

32. The handheld wireless device of claim 29, wherein:

the conducting strip and the second conducting strip con-

nect a first edge of the first conducting surface with a

second edge of the second conducting surface;

the first edge and the second edge define a gap in the ground

plane;

the conducting strip is located at an end of the gap; and
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the second conducting strip is located at another end of the

gap.

33. The handheld wireless device of claim 21, wherein:

the antenna element is located at an edge of the ground

plane layer; and

the edge defines an external perimeter of the ground plane.

34. The handheld wireless device of claim 33, wherein the
edge is a side of one of the first conducting surface and the
second conducting surface.

35. The handheld wireless device of claim 33, wherein the
antenna element is located above the ground plane.

36. The handheld wireless device of claim 21, wherein the
antenna element is adjacent to the conducting strip.

37. The handheld wireless device of claim 21, wherein the
second structure is similar to the first structure.

38. The handheld wireless device of claim 21, wherein the
handheld wireless device operates on at least one cellular
service.

39. A handheld wireless device comprising:

an antenna element; and

a ground plane comprising:

a first conducting surface, a second conducting surface,
and a third conducting surface;

wherein each of the first conducting surface, the second
conducting surface, and the third conducting surface
has a plurality of sides defined by at least one edge;

a first conducting strip, the first conducting strip con-
necting the first conducting surface and the second
conducting surface and allowing current to flow
between the first conducting surface and the second
conducting surface; and

a second conducting strip, the second conducting strip
connecting the second conducting surface and the
third conducting surface and allowing current to flow
between the second conducting surface and the third
conducting surface; wherein the first conducting strip
has a first width, the first width being narrower than a
width of the first conducting surface and a width of the
second conducting surface;

wherein the second conducting strip has a second width,
the second width being narrower than the width of the
second conducting surface and a width of the third
conducting surface;

wherein the antenna element is shaped as a first struc-
ture; the first structure comprising:

a plurality of conducting polygons, the plurality of con-
ducting polygons each have the same number of sides;

wherein the polygons are electromagnetically coupled
via capacitive coupling or ohmic contact; and

wherein a contact region between directly connected
conducting polygons of the plurality of conducting
polygons is narrower than half of the perimeter of the
directly connected conducting polygons in at least
seventy-five percent of the plurality of conducting
polygons of the first structure.

40. The handheld wireless device of claim 39, wherein:

at least one of the first conducting surface, the second

conducting surface, and the third conducting surface is
shaped as a second structure;

the second structure comprises:

a plurality of conducting polygons, the plurality of con-
ducting polygons each having the same number of
sides;

wherein the plurality of conducting polygons are elec-
tromagnetically coupled via capacitive coupling or
ohmic contact; and
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wherein a contact region between directly connected
conducting polygons of the plurality of conducting
polygons is narrower than half of the perimeter of the
directly connected conducting polygons in at least
seventy-five percent of the plurality of conducting
polygons of the first structure.

41. The handheld wireless device of claim 39, wherein:

at least one of the first conducting strip and the second

conducting strip is shaped as a curve comprising a plu-
rality of connected segments;

each segment of the plurality of connected segments is

shorter than a tenth of an operating free-space wave-
length of the antenna element; and

the plurality of connected segments are spatially arranged

so that no two adjacent and connected segments form
another longer straight segment.

42. The handheld wireless device of claim 39, wherein the
first conducting surface, the second conducting surface, the
third conducting surface, the first conducting strip, and the
second conducting strip are on a common planar or curved
surface.

43. The handheld wireless device of claim 39, wherein the
widths of the first conducting surface, the second conducting
surface, and the third conducting surface are substantially
equal.

20
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44. The handheld wireless device of claim 39, wherein the
ground plane is disposed in a plane substantially parallel to a
plane of the antenna element.

45. The handheld wireless device of claim 39, wherein the
first conducting strip and the second conducting strip have the
same length.

46. The handheld wireless device of claim 39, wherein the
first conducting strip and the second conducting strip have the
same width.

47. The handheld wireless device of claim 39, wherein:

the antenna element is located at an edge of the ground

plane layer; and

the edge defines an external perimeter of the ground plane.

48. The handheld wireless device of claim 47, wherein the
edge is a side of one of'the first conducting surface, the second
conducting surface, and the third conducting surface.

49. The handheld wireless device of claim 48, wherein the
antenna element is located above the ground plane.

50. The handheld wireless device of claim 49, wherein the
antenna element is adjacent to one of the first conducting strip
and the second conducting strip.

51. The handheld wireless device of claim 39, wherein the
handheld wireless device operates on at least one cellular
service.
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(57) ABSTRACT

An antenna module includes a substrate; a ground element
disposed on the substrate; a first antenna element disposed on
the substrate; and a second antenna element disposed on the
substrate. The first antenna element and the second antenna
element are, respectively, capable of transmitting radio waves
having a first polarization direction and a second polarization
direction unparallel to each other. A spacing between a perim-
eter of the ground element and the first antenna element
increases as a function of increasing distance from the second
antenna element. A spacing between the perimeter of the
ground element and the second antenna element increases as
a function of increasing distance from the first antenna ele-
ment.

10 Claims, 4 Drawing Sheets
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1
ANTENNA MODULE

CROSS REFERENCE TO RELATED
APPLICATION

The present application is based on Japanese Patent Appli-
cation No. 2007-97455 filed on Apr. 3, 2007, the disclosure of
which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to an antenna module includ-
ing a substrate, a ground element disposed on the substrate,
and an antenna element disposed on the substrate.

BACKGROUND ELEMENT OF THE INVENTION

An antenna module, which has a ground element disposed
on a substrate and an antenna element disposed on the sub-
strate, is disclosed in, for example, Japanese Unexamined
Patent Application Publication Number 2006-345038. How-
ever, antenna modules like the above one, which are capable
of providing polarization diversities, have not been known.

When two antenna modules having an identical character-
istic are arranged in different directions, it may be possible to
provide the antenna modules realizing a polarization diver-
sity. In the above case, however, since each of the two antenna
modules is required to have a ground element therefor, whole
size of the antenna modules may increase.

For the above reason, an antenna module capable of real-
izing a polarization diversity with using multiple antenna
elements is required. Also, it is required to downsize such an
antenna module.

SUMMARY OF THE INVENTION

In view of the above-described problem, it is an object of
the present disclosure to provide an antenna module realizing
a polarization diversity.

According to an aspect of the present disclosure, an
antenna module includes: a substrate; a ground element dis-
posed on the substrate; a first antenna element disposed on the
substrate and configured to transmit a radio wave having a
first polarization direction; a second antenna element dis-
posed on the substrate and configured to transmit a radio wave
having a second polarization direction; a first feeding point
disposed in the first antenna element on a ground element
side; and a second feeding point disposed in the second
antenna element on a ground element side. The first polariza-
tion direction is nonparallel to the second polarization direc-
tion. The ground element is configured so that: a spacing
between a perimeter of the ground element and the first
antenna element has a minimum located proximal to the first
feeding point; and the spacing increases as a function of
increasing distance from the second antenna element. The
ground element is configured so that: a spacing between the
perimeter of the ground element and the second antenna
element has a minimum located proximal to the second feed-
ing point; and the spacing increases as a function of increas-
ing distance from the first antenna element.

According to the above configuration, since the first polar-
ization direction and the second polarization direction are
unparallel to each other, it is possible to realize a polarization
diversity with using the first and second antenna elements
disposed on the substrate. Moreover, since the first and sec-
ond antenna elements share the ground, it is possible to
restrict an increase in a size of the antenna module.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will become more apparent from the fol-
lowing detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 is a schematic plan view illustrating an antenna
module according to a first embodiment;

FIG. 2 is a schematic plan view illustrating an antenna
module according to a second embodiment;

FIG. 3 is a schematic plan view illustrating an antenna
module according to a third embodiment;

FIG. 4 is a graph showing a relation between voltage stand-
ing wave ratio (VSWR) and frequency of antenna modules
according to the first to third embodiments;

FIG. 5 is a schematic plan view illustrating an antenna
module according to an example of a modified embodiment;

FIG. 6 is a schematic plan view illustrating an antenna
module according to another example of the modified
embodiment; and

FIG. 7 is a schematic plan view illustrating an antenna
module according to another example of the modified
embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

An explanation on a first embodiment according to the
present invention is given below with reference to FIG. 1.
FIG. 1 illustrates a plan view of an antenna module 100
according to the first embodiment. As shown in the FIG. 1, the
antenna module 100 includes a substrate 101 provided by a
dielectric body, a ground element 110 provided by a conduc-
tor pattern, an antenna element 120 provided by a conductor
pattern, and an antenna element 130 provided by a conductor
pattern. The ground element 110 is a pattern disposed on a
corner of the substrate 101. The ground element 110 has a
quartered disk shape, that is, a 90-degree circular sector
shape. Thus, a perimeter of the ground element 110 consists
ofa circular arc and two radii. The central angle of the circular
arc is 90 degrees, and each of the two radii connects the center
of the circular arc and an end of the circular arc.

The antenna element 120 is a pattern disposed on the sub-
strate 101 so as to be adjacent to the circular arc of the ground
element 110. In FIG. 1, the antenna element 120 is located at
the upper left side. The antenna element 120 transmits and/or
receives radio waves whose polarization plane is parallel to a
vertical direction corresponding to a up-down direction of the
FIG. 1. That is, the antenna element 120 transmits and/or
receives vertically-polarized radio waves. As shown in FIG.
1, a perimeter of the antenna element 120 has a pentagonal
shape, which appears similar to ahome plate used in base ball.

A feeding point 121 is disposed in a vertex portion of the
pentagonal shape, the vertex portion being located closest to
the ground element 110 than other vertex portions of the
pentagonal shape. That is, the feeding point 121 is disposed in
an edge portion of the antenna element 120, the edge portion
being located adjacent to the ground element.

According to the above, when a current is supplied from a
signal circuit, which is not shown, to the feeding point 121 via
a coaxial wire or a microstrip wire, a current flows from the
feeding point 121 along a direction to a bottom side 122,
which is a side located most distant from the feeding point
121; thereby, the antenna element 120 transmits and/or
receives vertically-polarized waves. In this manner, the
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antenna element 120 functions as a monopole antenna, and
thus can transmit and/or receive radio waves having wave-
lengths less than or equal to a wavelength A that is 4/c. mul-
tiplied by a distance between the bottom side 122 and a vertex
around which the feeding point 121 is disposed. Here, the
factor o is a wave-length fractional shortening ratio, which is
caused by a presence of the dielectric body in the substrate
101. In other words, when a polarization direction is defined
as a direction parallel to the polarization plane associated
with the antenna element 120, a length in the polarization
direction is /4 multiplied by the wave length A. The wave
length A corresponds to a lower-limit frequency of an usable
bandwidth of the antenna module 100.

Also, two sides 123 and 124, each of which extends from
the vertex portion where the feeding point 121 is disposed,
have a spacing therebetween, the spacing increasing in a
direction away form the feeding point 121. Accordingly, the
antenna element has a tapered portion between the side 123
and the side 124 (corresponding to an example of a first
tapered portion). A width of the tapered portion, which is
measured in a direction perpendicular to the polarization
direction associated with the antenna element 120 (corre-
sponding to a first polarization direction), increases with
increasing distance from the feeding point 121 in the polar-
ization direction.

Moreover, a width of the antenna element 120 in a direction
perpendicular to the polarization direction is constant from
ends of the tapered portion to the bottom side 122, the ends
being opposite to the feeding point 121. In this manner, a
maximum width of the antenna element 120 in the direction
perpendicular to the polarization direction is equal to a length
of the bottom side 122 (the maximum width is simply refer-
eed to hereinafter as a width of the antenna element 120). As
is well known, in a monopole type element, as a width thereof
increases, a usable frequency bandwidth broadens. In an
example in FIG. 1, the width of the antenna element 120 is
ar/4. This configuration enables to broaden a bandwidth of
the antenna element 130.

The antenna element 130 is a pattern disposed on the sub-
strate 101 so as to be adjacent to the circular arc of the ground
element 110. In FIG. 1, the antenna element 130 is located at
lower-right side. The antenna element 130 transmits and/or
receives radio waves whose polarization plane is parallel to a
horizontal direction (cf., right to left direction in the page).
That is, the antenna element 130 transmits and/or receives
horizontally-polarized waves. As shown in FIG. 1, the
antenna element 130 has a pentagonal shape appearing simi-
lar to a home plate used in base ball.

A feeding point 131 is disposed in a vertex portion of the
pentagonal shape, which is closest to the ground element 110
than other vertexes of the pentagonal shape (that is, the feed-
ing point 131 is disposed in an edge portion of the antenna
element 130 located adjacent to the ground element 110).

According to the above configuration, when a current is
supplied from a signal circuit, which is not shown, to the
feeding point 131 via a coaxial wire or a microstrip wire, a
current flows from the feeding point 131 along direction to a
bottom side 132, which is the most distant side from the
feeding point 131. Thereby, the antenna element 130 can
transmit and/or receive horizontally-polarized radio waves.
In this manner, the antenna element 130 functions as a mono-
pole type antenna element, and thus can transmit and receive
radio waves having wave lengths less than or equal to a
wavelength A that is 4/a. multiplied by a distance between the
bottom side 132 and the vertex around which the feeding
point 131 is located. In other words, a length in a polarization
direction associated with the antenna element 130 (corre-
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sponding to an example of a second polarization direction) is
a/4 multiplied by the wave length B. The wave length A
corresponds to the lower-limit frequency of the usable band-
width of the antenna module 100.

Also, two sides 133 and 134, each of which extends from
the vertex where the feeding point 131 is located, have a
spacing therebetween, the spacing increasing in a direction
away from the feeding point 131. Accordingly, a portion of
the antenna element 130 located between the side 133 and the
side 134 is a tapered portion (corresponding to a second
tapered portion). A width of the tapered portion, which is
measured in a direction perpendicular to the polarization
direction associated with the antenna element 130, increases
as a function of increasing distance from the feeding point
131 in the polarization direction.

In addition, a width of the antenna element 130 in a direc-
tion perpendicular to the polarization direction associated
with the antenna element 130 is constant from the bottom side
132 to ends of the tapered portion, the ends being opposite to
the feeding point 131. In this manner, a maximum width of the
antenna element 130 in a direction perpendicular to the polar-
ization direction associated with the antenna element 130
(simply referred to hereinafter as a width of the antenna
element 130) is equal to a length of the bottom side 132. In an
example shown in FIG. 1, the width of the antenna element
130 is aA/4. The above configuration enables to broaden a
bandwidth of the antenna element 130.

In addition, the tapered portion is asymmetric with respect
to a line 135 extending from the feeding point 131 in the
polarization direction. More specifically, with respect to the
polarization direction line 135, an area of a portion of the
antenna element 130 located closer to the antenna element
120 is smaller than an area of the other portion of the antenna
element 130 located more distant from the antenna element
120 than the polarization direction line 135.

According to the above, the polarization directions associ-
ated with the antenna element 120 and the antenna element
130 are orthogonal with each other. Thus, it is possible to
realize a polarization diversity with using the antenna ele-
ments 120, 130 disposed on the substrate 101. Moreover, the
two antenna elements 120, 130 share the one ground element
110; accordingly, it is possible to reduce an increase in a size
of the antenna module 100, which includes the antenna ele-
ments 120, 130.

Moreover, since the perimeter of the ground element 110
includes the circular arc, the spacing between the antenna
element 120 and the ground element 110 increases along the
circular arc in a direction away from the feeding point 121 as
a function of increasing distance from the antenna element
130. Thus, the ground element 110 is shaped so that the
ground element 110 curves so as to being away from a side of
the antenna element 120, the side being opposite to the
antenna element 130. This restricts aresonance of the antenna
element 120 in an undesired polarization direction.

In a similar manner, since the perimeter of the ground
element 110 has the circular arc, a spacing between the
antenna element 130 and the ground element 110 increases
along the circular arc in a direction away from the feeding
point 131 as a function of increasing distance from the
antenna element 120 in such a direction as to increase the
spacing. Thus, the ground element 110 has such a shape that
the ground element 110 curves so as to being away from a side
of the antenna element 130, the side being opposite to the
antenna element 120. This restricts aresonance of the antenna
element 130 in a undesired polarization direction. As is
described, the ground element 110 is configured to be a cir-
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cular sector shape, which eliminates edge portions. Reso-
nances in undesired directions are thus restricted.

Moreover, the shape of ground element 110 is line-sym-
metric with respect to a symmetry axis 111. Furthermore, the
shape of the antenna element 120 and the shape ofthe antenna
element 130 are line-symmetric to each other with respect to
the symmetry axis 111. Furthermore, a position of the feeding
point 121 and a position of the feeding point 131 are line-
symmetric to each other with respect to the symmetry axis
111. Because of these configurations, an electric characteris-
tic of the antenna element 120 and an electric characteristic of
the antenna element 130 are identical for the ground element
110. Because of these configurations, it is possible to elimi-
nate one factor that causes performance of one of the two
antenna elements 120, 130 to be inferior to performance of
the other.

Moreover, since each of the two antenna elements 120, 130
includes the tapered portion having the vertex portion where
the feeding point 121, 131 is disposed, it is possible to form
the ground element 110 to have such a shape that the ground
element curves so as to being away from the antenna elements
120, 130. Furthermore, since it is possible to wide a spacing
between the two antenna elements 120, 130, a possibility that
the two antenna elements 120, 130 exert negative influence to
each other reduces.

Regarding the taper, more specifically, a spacing between
the tapered portion of the antenna element 120 and the tapered
portion of the antenna element 130 increases in a direction
away form the ground element 110. This configuration fur-
ther reduces a possibility that the two antenna elements 120,
130 exert negative influence to each other.

Here, large widths of the antenna elements 120, 130 con-
tribute to boarding a bandwidth. However, when the spacing
between the antenna element 120 and the antenna element
130 is configured to be narrow, both the elements 120, 130
may be electrically coupled with each other, which reduces
performance of the diversity.

For this reason, the tapered portion of the antenna element
120 is asymmetric about line 125 extending from the feeding
point 121 along the polarization direction associated with the
antenna element 120. More specifically, with respect to the
polarization direction line 125, the area of a portion of the
antenna element 120 located closer to the antenna element
130 is smaller than the area of the other area of the antenna
element 120 located more distant from the antenna element
130 than polarization direction line 125.

Similarly, the tapered portion of the antenna element 130 is
asymmetric about line 135 extending from the feeding point
131 along the polarization direction associated with the
antenna element 120. More specifically, with respect to the
polarization direction line 135, the area of a portion of the
antenna element 130 located closer to the antenna element
120 is smaller than the area of the other area of the antenna
element 130 located more distant from the antenna element
120 than polarization direction line 135.

In this manner, it is possible to keep a sufficient width of the
antenna element 120 while the asymmetry of the shapes of the
antenna elements 120, 130 keeps a sufficient spacing 140
between the two antenna elements 120. Therefore, it is pos-
sible to suppress reduction of radiation performance of the
antenna module 100 and it is possible to provide the antenna
module 100 with a wide bandwidth.

Second Embodiment

An explanation on a second embodiment is given below.
FIG. 2 illustrates a plan view of an antenna module 200
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6

according to the second embodiment. The antenna module
200, a substrate 201, a ground element 210, a symmetry axis
211, an antenna element 220, a feeding point 221, a bottom
side 222, a taper portion side 223, a taper portion side 224, a
polarization direction line 225, an antenna element 230, a
feeding point 231, a bottom side 232, a taper portion side 233,
ataper portion side 234, a polarization direction line 235, and
a spacing 240 between elements according to the present
embodiment, respectively, correspond to the antenna module
100, the substrate 101, the ground element 110, the symmetry
axis 111, the antenna element 120, the feeding point 121, the
bottom side 122, the taper portion side 123, the taper portion
side 124, the polarization direction line 125, the antenna
element 130, the feeding point 131, the bottom side 132, the
taper portion side 133, the taper portion side 134, the polar-
ization direction line 135, and the spacing 140 between the
elements according to the first embodiment.

The antenna module 200 according to the present embodi-
ment is different from the antenna module 100 according to
the first embodiment in two points. A First point is that length
of the bottom sides 222, 232 of the antenna elements 220, 230
according to the present embodiment are ai/3 although
length of the bottom sides 122, 132 of the antenna elements
120, 130 according to the first embodiment are ch/4. A sec-
ond point is that the antenna elements 220, 230 according to
the present embodiment are symmetric with respect to the
polarization direction lines 225, 235 although the antenna
elements 120, 130 according to the first embodiment are
asymmetric with respect to the polarization direction lines
125, 135.

In the above configuration, advantages according to the
first embodiment are provided except advantages resulting
from asymmetry of each of the two antenna elements. How-
ever, a broadening degree of a bandwidth is different from
that according to the first embodiment.

Third Embodiment

An explanation on a third embodiment is given below. FIG.
3 illustrates a plan view of an antenna module 300 according
to the third embodiment. The antenna module 300, a substrate
301, a ground element 310, a symmetry axis 311, an antenna
element 320, a feeding point 321, a bottom side 322, a taper
portion side 323, a taper portion side 324, a polarization
direction line 325, an antenna element 330, a feeding point
331, a bottom side 332, a taper portion side 333, a taper
portion side 334, a polarization direction line 335, and a
spacing 340 between elements according to the present
embodiment, respectively, correspond to the antenna module
100, the substrate 101, the ground element 110, the symmetry
axis 111, the antenna element 120, the feeding point 121, the
bottom side 122, the taper portion side 123, the taper portion
side 124, the polarization direction line 125, the antenna
element 130, the feeding point 131, the bottom side 132, the
taper portion side 133, the taper portion side 134, the polar-
ization 135, and the spacing 140 between the elements.

The antenna module 300 according to the present embodi-
ment is different from the antenna module 100 according to
the first embodiment in two points. A first point is that widths
of the bottom sides 322, 332 of the antenna elements 320, 330
according to the present embodiment are aA/60 although the
bottom sides 122, 132 of the antenna elements 120, 130
according to the first embodiment are ah/4. A second point is
that the antenna elements 320, 330 according to the present
embodiment are symmetric with respect to the polarization
direction lines 325, 335 although the antenna elements 120,





US 7,688,266 B2

7

130 according to the first embodiment are asymmetric with
respect to the polarization direction lines 125, 135.

In this configuration, advantages according to the first
embodiment are provided except advantages resulting from
asymmetry of each of the two antenna elements. However, a
broadening degree of a bandwidth is different from that
according to the first embodiment.

A graph shown in FIG. 4 shows VSWR-frequency charac-
teristics according to the first to third embodiments. In the
graph, a line 21 expresses characteristics of the antenna mod-
ule 300 according to the present embodiment. A line 22
expresses an antenna module for a case where widths of both
antenna modules according to the second embodiment are
changed into aA/6. A line 23 expresses an antenna module for
a case where widths of both antenna modules according to the
second embodiment are changed into aA/4. A line 24
expresses characteristics of the antenna module 200 accord-
ing to the second embodiment. A line 25 expresses the
antenna module 100 according to the first embodiment. Here,
a vertical axis is VSWR (voltage standing wave ratio) and a
horizontal axis is frequency (in GHz unit). A lower VSWR at
a given frequency means that the antenna module at the given
frequency performs well.

As shown by the line 25, the antenna module 100 according
to the first embodiment has VSWRs less than or equal to 2 in
an almost all frequencies in a band of between 4 GHz and 10
GHz. Also, as shown by the line 24, although the antenna
module 200 according to the second embodiment has VSWRs
greater than or equal to 2.5 at many frequencies in a band of
between 4 GHz and 6 GHz, expect this band, the antenna
module 200 according to the second embodiment has VSWRs
less than or equal to 2 in almost all bands.

As described above, although the antenna elements of the
antenna module 100 according to the first embodiment has
narrower widths than that of the antenna module 200 accord-
ing to the second embodiment, the antenna module 100 has
VSWRs less than or equal to 2 in a broader frequency band.
This is because: each antenna element in the antenna module
100 according to the first embodiment is asymmetric; the
spacing between the elements is wide; and consequently,
negative influence due to the coupling between the antenna
elements becomes smaller. Smaller negative influence due to
the coupling between both elements provides an effect of
maintaining directionalities thereof at frontal directions.

Also, as shown by the line 23, the example, in which each
antenna element is symmetric and the widths of the antenna
element are ah/4, has VSWRs around 2 in a band of between
4 GHz and 10 GHz. Therefore, the antenna module according
to this example operates well in the above band.

Taking into account the above, from an aspect of widening
the spacing between the antenna elements so that a close
spacing does not lead to the coupling of the both element, a
preferable spacing between antenna elements may be in a
range between /4 and aA/3.

Also, as shown by the line 22, the example, in which each
antenna element is symmetric and the width of each antenna
element is aA/6, has VSWRs around 3 in a band of between 4
GHz and 10 GHz. Therefore, it is possible to use the antenna
module according to this example in this band. Therefore,
when the width of the antenna element is greater than or equal
to al/6, it is possible to broaden a bandwidth of the antenna
module.

As shown by the line 21, the example, in which each
antenna element is symmetric and has the width of aA/60,
performs well in a band only around 4 GHz. In this example,
it is possible to achieve a polarization diversity.
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Modified Embodiment

While the embodiments according to the present invention
have been described above, the invention is not limited to the
above-described embodiments. The present invention covers
various modification that can realize functions associated
with each element according to the present invention.

For example, in each above-described embodiment, the
portion of the perimeter of the ground facing the two antenna
elements has a circular arc shape. However, in order for the
ground element to have such a shape that the ground element
curves so as to being away from the antenna elements, it is not
necessary for the perimeter to have a circular arc shape.

For example, a portion of the perimeter of the ground
element located adjacent to the two antenna element may
have such a polygonal shape that segments connect multiple
points on a circular arc. More specifically, it is sufficient for
the perimeter of the ground element to be configured in such
a manner that: a spacing between the perimeter and the first
(or second) antenna element increases in a direction away
from the second (or first) antenna element as a function of
increasing distance from the first (or second) feeding point;
and a spacing between the perimeter and the second (or first)
antenna element increases in a direction away from the first
(second) antenna element as a function of increasing distance
from the second (first) feeding point.

Although the antenna element has a home plate shape in the
firstto third embodiments, the shape ofthe antenna element is
not limited to the above shape. For example, an antenna
module may include an antenna element 520 having a trian-
gular shape, as shown in FIG. 5. Alternatively, as shown in
FIGS. 6, 7, a tapered portion of an antenna module may have
curving sides. Here, points 521, 621, 721, respectively, rep-
resent feeding points, and lines 521, 621, 721, respectively,
extend from the feeding points.

In addition, in the above-described embodiments, direc-
tions of the antenna elements disposed on the substrate are
determined so that the polarization directions associated with
the antenna elements are orthogonal to each other. However,
to provide a polarization diversity, an angle between the
polarization directions associated with the two antenna ele-
ment may not be necessarily 90-degree. When the angle
between the polarization directions associated with the two
antenna element is greater than 0-degree, it may be possibleto
provide a polarization diversity.

In addition, in connection with the above-described
embodiments, a width of the first antenna element in a direc-
tion perpendicular to the first polarization direction may be
greater than %4 multiplied by a width in the first polarization
direction, and a width of the second antenna element in a
direction perpendicular to the second polarization direction
may be greater than a width in the second polarization direc-
tion. The above configuration may enable to broaden a band-
width of the antenna module.

Moreover, in connection with the above-described
embodiments, a width of the first antenna element in the
direction perpendicular to the first polarization direction may
be greater than a width in the first polarization direction, and
a width of the second antenna element in the direction per-
pendicular to the second polarization direction may be greater
than a width in the second polarization direction. The above
configuration may enable to further broaden a bandwidth of
the antenna module.

While the invention has been described with reference to
preferred embodiments thereof, it is to be understood that the
invention is not limited to the preferred embodiments and
constructions. The invention is intended to cover various
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modification and equivalent arrangements. In addition, while
the various combinations and configurations, which are pre-
ferred, other combinations and configurations, including
more, less or only a single element, are also within the spirit
and scope of the invention.

What is claimed is:

1. An antenna module comprising:

a substrate;

a ground element disposed on the substrate;

a first antenna element disposed on the substrate and con-
figured to transmit a radio wave having a first polariza-
tion direction;

a second antenna element disposed on the substrate and
configured to transmit a radio wave having a second
polarization direction;

afirst feeding point disposed in the first antenna element on
a ground element side; and

a second feeding point disposed in the second antenna
element on a ground element side, wherein:

the first polarization direction is nonparallel to the second
polarization direction;

the ground element is configured so that a spacing between
a perimeter of the ground element and the first antenna
element has a minimum located proximal to the first
feeding point and the spacing increases in a direction
away from the second antenna element; and

the ground element is configured so that a spacing between
the perimeter of the ground element and the second
antenna element has a minimum located proximal to the
second feeding point and the spacing increases in a
direction away from the first antenna element.

2. The antenna module according to claim 1, wherein:

aportion of the perimeter of the ground element is defined
as a first perimeter portion, which is located adjacent to
the first and second feeding points; and

the ground element is configured so that the first perimeter
portion has a substantially circular arc shape.

3. The antenna module according to claim 1, wherein:

aportion of the perimeter of the ground element is defined
as a second perimeter portion, which is located adjacent
to the first and second feeding points; and

the ground element is configured so that the second perim-
eter portion is a part of a perimeter of a polygon substan-
tially inscribed in a given circle.

4. The antenna module according to claim 1, wherein:

the ground element is configured so that a shape of the
ground element is substantially line-symmetric about a
first symmetry axis;

the first and second antenna elements are configured so that
a shape of the first antenna element and a shape of the
second antenna element are line-symmetric to each
other with respect to the first symmetry axis; and

the first and second feeding points are arranged so that a
position of the first feeding point and a position of the
second feeding point are line-symmetric to each other
with respect to the first symmetry axis.

5. The antenna element according to claim 4, wherein:

the first antenna element includes a first tapered portion;

the first feeding point is disposed around a vertex of the first
tapered portion;

the first tapered portion has a first width in a direction
perpendicular to the first polarization direction;
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the first tapered portion is configured so that the first width
increases with distance from the first feeding point in the
first polarization direction;

the second antenna element includes a second tapered por-
tion;

the second feeding point is disposed around a vertex of the
second tapered portion;

the second tapered portion has a second width in a direction
perpendicular to the second polarization direction; and

the second tapered portion is configured so that the second
width increases with distance from the second feeding
point in the second polarization direction.

6. The antenna module according to claim 5, wherein:

the first and second tapered portions are configured so that
a spacing between the first and second tapered portions
increases as in a direction away from the ground ele-
ment.

7. The antenna module according to claim 6, wherein:

a line passing through the first feeding point and parallel to
the first polarization direction is defined as a partition
line;

the first tapered portion has a first tapered portion subele-
ment and a second tapered portion subelement, which
are partitioned by the partition line;

the first tapered portion subelement is located closer to the
second tapered portion than the second tapered portion
subelement; and

the first tapered portion is configured so that an area of the
first tapered portion subelement is smaller than an area
of the second tapered portion subelement.

8. The antenna module according to claim 1, wherein:

a width of the first antenna element in a direction perpen-
dicular to the first polarization direction is larger than
two third of a width of the first antenna element in the
first polarization direction; and

a width of the second antenna element in a direction per-
pendicular to the second polarization direction is larger
than two thirds of a width of the second antenna element
in the second polarization direction.

9. The antenna module according to claim 8, wherein:

the width of the first antenna element in the direction per-
pendicular to the first polarization direction is larger
than the width of the first antenna element in the first
polarization direction; and

the width of the second antenna element in the direction
perpendicular to the second polarization direction is
larger than the width of the second antenna element in
the second polarization direction.

10. The antenna module according to claim 4, wherein:

a line passing through the first feeding point and parallel to
the first polarization direction is defined as a partition
line;

the first tapered portion has a first tapered portion subele-
ment and a second tapered portion subelement, which
are partitioned by the portion line; and

the first tapered portion is configured so that a shape of the
first tapered portion subelement and a shape of the sec-
ond tapered portion subelement are line-symmetric to
each other with respect to the partition line.






