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A multiband antenna, and component for implementing a
multiband antenna for, e.g., a small-sized radio device. In one
embodiment, the antenna component comprises a simple and
reliable dielectric substrate, the conductive coating of which
forms a radiating element. This has a plurality (e.g., two)
resonances for forming separate operating bands. The lower
resonance is based on the entire element, and the upper reso-
nance on the head part of the element. The conductive coating
has a pattern, which functions as a parallel resonance circuit
between the head part and the tail part of the element. The
natural frequency of this parallel resonance circuit is in the
range of the upper operating band of the antenna. The reso-
nance frequencies of the antenna and thus its operating bands
can be tuned independently of each other so that the tuning
cycle need not be repeated.
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portion (20), a second grounded portion (30), and a matching
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nals. The antenna body electronically connected to the feed-
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(166). The first radiation portion, the second radiation por-
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with an indentation in a straight side of the “D” shape which
extends into a middle of the “D” shape. The first grounded
portion and the second grounded portion are respectively
disposed on opposite sides of the feeding portion. The match-
ing portion is disposed on one side of the feeding portion, and
located adjacent to the first grounded portion.
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1
MINIATURIZED MULTI-BAND ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna, and more par-
ticularly, to a miniaturized multi-band antenna.

2. Description of the Prior Art

In a modern world of information, various wireless com-
munication networks have become one of the most important
channels for exchanging sounds, text, numerical results, data,
and video for many people. An antenna is required to receive
information carried by wireless electromagnetic waves in a
wireless communications network. Therefore the develop-
ment of antennas has also become one of key issues for
vendors in the technology field. In order to have users imple-
ment and access information from different wireless net-
works in ease, an antenna with better design should be able to
cover different bands of each wireless communications net-
work with only one antenna. Besides, the size of the antenna
should be as small as possible to be implemented in compact
portable wireless devices (such as cellphones, Personal Digi-
tal Assistants i.e. PDAs).

In the prior art, Planar Inverted-F Antennas (PIFAs) are the
most popular for wireless communication network transceiv-
ing services. Please refer to FIG. 1. FIG. 1 is a diagram of an
antenna 10 that is a typical PIFA. A PIFA generally uses a
planar radiation portion and a planar base to induce an elec-
tromagnetic wave oscillation. In addition, an antenna as
shown in the R.O.C. patent publication number 200419843
(corresponding to U.S. Pat. No. 6,930,640) is also a type of
PIFA. However, when using this type of antenna as a multi-
band antenna, a planar radiation portion of the antenna
requires a large planar area, and a distance between the radia-
tion plane and a base plane of the antenna d0 (as in FIG. 1) is
related to a frequency/bandwidth of the antenna that cannot
be adjusted as desired. Thus, the antenna of the prior art
cannot be structurally reduced in size and is unable to meet
the needs of compactness and multi-band reception.

SUMMARY OF THE INVENTION

The claimed invention provides a multi-band antenna com-
prising a coupling portion installed on a first surface for
feeding-in or feeding-out signals; a first radiation portion
installed on a second surface crossing the first surface and
coupled to the coupling portion, the first radiation portion
comprising at least one section; and a second radiation por-
tion installed on the second surface and coupled to the cou-
pling portion, the second radiation portion comprising at least
one section, wherein one section of the second radiation
portion is parallel to one section of the first radiation portion
and has an intercoupling with the first radiation portion; and
a third radiation portion installed on the first surface and
coupled to the coupling portion, the third radiation portion
having an intercoupling with the first radiation portion and
second radiation portion.

The claimed invention further provides a multi-band
antenna comprising a coupling portion installed on a first
surface for feeding-in or feeding-out signals; a first radiation
portion installed on a second surface crossing the first surface
and coupled to the coupling portion, the first radiation portion
comprising at least one section; and a second radiation por-
tion installed on the second surface and coupled to the cou-
pling portion, the second radiation portion comprising at least
one section, wherein one section of the second radiation
portion is parallel to one section of the first radiation portion
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and has an intercoupling with the first radiation portion; and
a third radiation portion installed above the first surface, the
third radiation portion comprising a section coupled to the
coupling portion, the third radiation portion having an inter-
coupling with the first radiation portion and second radiation
portion.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of an antenna of the prior art.

FIG. 2 isa view of a multi-band antenna of the first embodi-
ment of the present invention.

FIG. 3 is a top view of the antenna in FIG. 2.

FIG. 4 is a front view of the antenna in FIG. 2.

FIG. 5 is a view of a multi-band antenna of the second
embodiment of the present invention.

FIG. 6 is a top view of the antenna in FIG. 5.

FIG. 7 is a front view of the antenna in FIG. 5.

FIG. 8 illustrates the theory of couplings between the low
and high frequency radiation portions in a frequency spec-
trum according to the characteristics of the present invention.

FIG. 9 shows a frequency spectrum characteristic of the
antenna according to the present invention.

DETAILED DESCRIPTION

Please refer to FIG. 2 and FIG. 3. FIG. 2 is a view of a
multi-band antenna 20 of the first embodiment according to
the present invention. FIG. 3 is a top view of the antenna 20 in
FIG. 2. The antenna 20 comprises a coupling portion 22, a
first radiation portion 24, a second radiation portion 26, and a
third radiation portion 28. The coupling portion 22 is installed
on a printed circuit board 30 for feeding-in or feeding-out
signals. Assume that the printed circuit board 30 is a first
surface S1. The first radiation portion 24 and the second
radiation portion 26 are installed on a second surface S2
perpendicular to the first surface S1. The first radiation por-
tion 24 and the second radiation portion 26 are coupled to the
coupling portion 22. The first radiation portion 24 and the
second radiation portion 26 comprise at least one section
respectively, and one section of the first radiation portion 24 is
parallel to one section of the second radiation portion 26 and
has an intercoupling with the second radiation portion 26. The
third radiation portion 28 is installed on the printed circuit
board 30 and coupled to the coupling portion 22. The third
radiation portion has an intercoupling with the first radiation
portion 24 and the second radiation portion 26. The first
radiation portion 24 and the second radiation portion 26 of the
antenna 20 uses a stamped metal with the width 1.0 mm to
form a radiation surface S2 installed vertically on the printed
circuit board 30. In low frequency bands, such as GSM (Glo-
bal System for Mobile communication)-850/900 (824~960
MHz), the second radiation portion 26 has a longer metal
length so as to radiate electromagnetic waves in low fre-
quency bands. In high frequency bands, such as GSM-1800/
1900 (1710~1990 MHz), GPS (Global Positioning System)
(1575+1.1 MHz), the first radiation portion 24 has a shorter
metal length so as to radiate electromagnetic waves in high
frequency bands. In addition, the third radiation portion 28
installed on the printed circuit board 30 is an auxiliary
antenna, which is coupled to the radiation surface S2 via the
coupling portion 22. The auxiliary antenna can radiate elec-
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tromagnetic waves in higher frequency bands, such as
WCDMA (Wide-band Code-Division Multiple Access)—
2100 (1920~2170 MHz). As shown in FIG. 3, the distance dl
between the third radiation portion 28 and the radiation sur-
face S2 (the first radiation portion 24 and the second radiation
portion 26) can be adjusted so that the third radiation portion
28 has an intercoupling with the radiation surface S2 to gen-
erate the required bandwidth. Thus, the antenna 20 can pro-
vide a broad range of services including GSM-850/900,
GSM-1800/1900, 3G, WCDMA-2100, UMTS (Universal
Mobile Telecommunications System)-2100 (1940~2170
MHz), and GPS.

Please refer to FIG. 4. FIG. 4 is a front view of the antenna
20 in FIG. 2. In practice, the first radiation portion 24 and the
second radiation portion 26 are fixed with a fixture 32. In
addition, FIG. 4 shows the size of the first radiation portion 24
and the second radiation portion 26. The unit is mm. The
fixture 32 can be a medium material (i.e. a non-conductive
material such as plastic etc.). The fixture 32 comprises vari-
ous holes and rails to fit with the first radiation portion 24 and
the second radiation portion 26. When the fixture 32, the first
radiation portion 24, and the second radiation portion 26 are
fixed together, the combination can be easily placed on the
circuit board 30 because the fixture 32 can comprise tenons,
screw holes etc. to have the combination fixed on the circuit
board 30. The fixture 32 not only fixes or protects the first
radiation portion 24 and the second radiation portion 26, but
also can be used as a supporting pole for other communica-
tions devices. The material of the fixture 32 can affect the
characteristics of the antenna 20. However, the distance d1
between the third radiation portion 28 and the radiation sur-
face S2 can be adjusted to fine-tune the characteristics and
compensate effects of the fixture 32. In reverse, the charac-
teristics or other radiation characteristics of the antenna 20
can also be adjusted, varied through tuning or changing the
medium material of the fixture 32.

In the first embodiment, the antenna 20 can be formed with
the stamped metal, or bended conductors having uniform
cross sections. Further, coupling portion 22, the first radiation
portion 24, and the second radiation portion 26 can be formed
with a single conductor, and the third radiation portion 28 can
be printed directly on the printed circuited board 30 so that
costs can be saved.

Please refer to FIG. 5. FIG. 5 is a view of a multi-band
antenna 40 of the second embodiment according to the
present invention. The antenna 40 comprises a coupling por-
tion 42, a first radiation portion 44, a second radiation portion
46, and a third radiation portion 48. The coupling portion 42
is installed on a printed circuit board 50 for feeding-in or
feeding-out signals. Assume that the printed circuit board 50
is a first surface S1. The first radiation portion 44 and the
second radiation portion 46 are installed on a second surface
S2 perpendicular to the first surface S1. The first radiation
portion 44 and the second radiation portion 46 are coupled to
the coupling portion 42. The second surface can be designed
as a curved surface to fit the housing of the communication
device. The first radiation portion 44 and the second radiation
portion 46 comprise at least one section respectively, and one
section of the first radiation portion 44 is parallel to one
section of the second radiation portion 46 and has an inter-
coupling with the second radiation portion 46. The third
radiation portion 48 is installed above the printed circuit
board 50. The third radiation portion 48 is an [.-shaped cylin-
drical conductor, the short section of the third radiation por-
tion 48 is coupled to the coupling portion 42, and the long
section of the third radiation portion 48 is parallel to one
section of the first radiation portion 44. The first radiation
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portion 44 and the second radiation portion 46 of the antenna
40 use a stamped metal with the width of 1.0 mm to form a
radiation surface S2 installed vertically on the printed circuit
board 30. In low frequency bands, such as GSM-850/900
(824~960 MHz), the second radiation portion 46 has a longer
metal length so as to radiate electromagnetic waves in low
frequency bands. In high frequency bands, such as GSM-
1800/1900 (1710~1990 MHz), GPS (1575+1.1 MHz), the
first radiation portion 24 has a shorter metal length so as to
radiate electromagnetic waves in high frequency bands. In
addition, the [-shaped third radiation portion 28 is installed
above the printed circuit board 30 to form an auxiliary
antenna. The short section of the third radiation portion 48 is
coupled to the radiation surface S2 via the coupling portion
22. The third radiation portion 48 has an intercoupling with
the first radiation portion 44 and the second radiation portion
46. The auxiliary antenna can radiate electromagnetic waves
in higher frequency bands, such as WCDMA (Wide-band
Code-Division Multiple Access)-2100 (1920~2170 MHz).

In the second embodiment, the first radiation portion 44,
the second radiation portion 46, and the third radiation por-
tion 48 are fixed with a fixture 52 on the printed circuit board
50. The fixture 52 can be a medium material (i.e. a non-
conductive material such as plastic etc.). The fixture 52 com-
prises various holes and rails to fit with the first radiation
portion 44 and the second radiation portion 46, and further
comprises a groove to support the third radiation portion 48.
When the fixture 52, the first radiation portion 44, the second
radiation portion 46, and the third radiation portion 48 are
fixed together, the combination can be easily placed on the
circuit board 50 because the fixture 52 can comprise tenons,
screw holes etc. to have the combination fixed on the circuit
board 50. The fixture 52 not only fixes or protects the first
radiation portion 44, the second radiation portion 46, and the
third radiation portion 48, but also can be used as a supporting
pole for other communications devices. In the embodiment,
the first radiation portion 44 and the second radiation portion
46 use a stamped metal, and the third radiation portion 48 uses
a cylindrical conductor. The first radiation portion 44, the
second radiation portion 46, and the third radiation portion 48
are coupled via the coupling portion 42, so the relative posi-
tions of the first radiation portion 44, the second radiation
portion 46, and the third radiation portion 48 can be easily
adjusted to find the best frequency bands of the antenna 40.

Please refer to FIG. 6 and FIG. 7. FIG. 6 is atop view of the
antenna 40 in FIG. 5. FIG. 7 is a front view of the antenna 40
in FIG. 5. The distance d2 between the third radiation portion
48 and the radiation surface S2 (the first radiation portion 44
and the second radiation portion 46) can be adjusted so that
the third radiation portion 48 has an intercoupling with the
radiation surface S2 to generate the required bandwidth.
Thus, the antenna 40 can provide a broad range of services
including GSM-850/900, GSM-1800/1900, 3 G, WCDMA-
2100, UMTS (Universal Mobile Telecommunications Sys-
tem)-2100 (1940~2170 MHz), and GPS. In addition, the dis-
tance d2 between the third radiation portion 48 and the
radiation surface S2 can be adjusted to fine-tune the charac-
teristics and compensate eftects of the fixture 52. In reverse,
the characteristics or other radiation characteristics of the
antenna 40 can also be adjusted, varied through tuning or
changing the medium material of the fixture 52. F1G. 7 shows
the size of the first radiation portion 44 and the second radia-
tion portion 46. The unit is mm.

Please refer to FIG. 8. FIG. 8 illustrates the theory of
couplings between the low and high frequency radiation por-
tions in a frequency spectrum according to the characteristics
of the present invention. The horizontal axis represents fre-
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quency and the vertical axis represents frequency spectrum
characteristics. For instance, the vertical axis can be VSWR
(Voltage Standing Wave Ratio) or parameter S11 of the
return-loss. For people who are familiar with the technique, a
local minimum of the return-loss S11 in a spectrum can
represent a usable bandwidth of an antenna, so the return-loss
S11 is usually used to show a radiation characteristic of an
antenna, especially in a frequency spectrum. If only the low
frequency radiation portion is considered, the low frequency
radiation portion of the antenna with a longer length induces
a low frequency local minimum (indicator A, shown with a
broken line) at a low frequency band (i.e. around frequency
f0). Similarly, taking only the high frequency radiation por-
tion into account, with a shorter high frequency radiation
portion, the antenna induces a high frequency local minimum
(indicator C, shown with a broken line) around a frequency {2
at a high frequency band. In general, a bandwidth of the high
frequency band can simultaneously support different work-
ing bands required by different high frequency communica-
tions (2 G/3 G applications). However, as discussed earlier,
the antenna of the present invention is especially designed to
have a stronger coupling between the low and the high fre-
quency radiation portions, so overall characteristics of the
antenna are improved with the intercoupling. The intercou-
pling causes two effects. First, the intercoupling promotes
coupling of harmonics of the low frequency radiation portion
and hence induces a local minimum at a harmonic frequency.
Secondly, a second harmonic of the low frequency radiation
portion can induce another local minimum (indicator B,
shown with abroken line) at a frequency {1, which means that
the frequency f1 is about twice of the frequency 10, and this
helps expand usable bandwidth of the high frequency band.
Further, the intercoupling between the low and high fre-
quency radiation portions can also produce equivalent inter-
coupled or autocoupled inductances and capacitances
between each section. The inductance and capacitance lower
a Q factor of the antenna accordingly increase or decrease
bandwidth of frequency spectrum of the antenna. As the Q
factor gets larger, the bandwidth gets smaller. Hence the
decrease in Q factor reflects on the spectrum as the increase in
bandwidth. As curves (indicator D) shown in FIG. 8, since the
present invention increases bandwidth with intercoupling
effects, the local minimums at frequencies fl1 and {2 can
expand while the Q factor decreases and combine with each
other to form a usable band of high frequency and to fulfill
requirements of different wireless communication networks.

Please refer to FIG. 9. FIG. 9 shows a frequency spectrum
characteristic of the antenna according to the present inven-
tion. The horizontal axis represents frequency and the vertical
axis represents return-loss S11. With the antenna structure
design according to the present invention, the frequency spec-
trum characteristic as shown in FIG. 8 can be practiced. From
FIG. 9, the antenna supports GSM-850/900 in low frequency
band while covering GSM-1800/1900 and UMTS 2100 in the
high frequency wideband. With only one antenna, multiple
different bands from different wireless communications
requirements are met; therefore a multi-band antenna is
achieved. Further, the distance between the third radiation
portion and the radiation surface can be easily adjusted for
expanding usable bandwidth of the high frequency band to
support GPS, GSM-1800/1900, and WCDMA-2100/UMTS-
2100.

In conclusion, the size of the antenna should be as small as
possible to be implemented in compact portable wireless
devices. According to the present invention, a multi-band
antenna includes a bent flat copper antenna forming a radia-
tion surface to provide GSM-850/900/1800/1900 or GPS

5

20

25

35

40

45

50

55

60

65

6

multi-band applications, and an auxiliary antenna coupled to
the radiation surface to provide WCDMA-2100/UMTS-2100
multi-band applications. The radiation surface and the auxil-
iary antenna are coupled to generate the required bandwidth
for multiple radiation bands and to optimize the gain of radia-
tion, so that the multi-band antenna can provide a broad range
of'services. Thus, the antenna according to the present inven-
tion can support different working bands required by different
high frequency communications (2 G/3 G applications) and
be implemented in compact portable wireless devices.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.

What is claimed is:

1. A multi-band antenna comprising:

a coupling portion installed on a first surface for feeding-in
or feeding-out signals;

a first radiation portion installed on a second surface cross-
ing the first surface and coupled to the coupling portion,
the first radiation portion comprising at least one sec-
tion;

a second radiation portion installed on the second surface
and coupled to the coupling portion, the second radiation
portion comprising at least one section, wherein one
section of the second radiation portion is parallel to one
section of the first radiation portion and has an intercou-
pling with the first radiation portion; and

a third radiation portion installed on the first surface and
coupled to the coupling portion, the third radiation por-
tion having an intercoupling with the first radiation por-
tion and second radiation portion.

2. The multi-band antenna of claim 1 wherein the second
radiation portion and the first radiation portion are at a same
side of the first surface.

3. The multi-band antenna of claim 1 wherein the second
surface is perpendicular to the first surface.

4. The multi-band antenna of claim 1 wherein the second
surface is a curved surface.

5. The multi-band antenna of claim 1 wherein the third
radiation portion have the intercoupling with one section of
the first radiation portion and one section of the second radia-
tion portion.

6. The multi-band antenna of claim 1 further comprising a
printed circuit board, wherein the coupling portion is a metal
contact formed on the printed circuit board, and the third
radiation portion is a metal line formed on the printed circuit
board.

7. The multi-band antenna of claim 6 further comprising a
fixture installed on the printed circuit board, wherein the first
radiation portion and the second radiation portion are
installed on the fixture.

8. The multi-band antenna of claim 1 wherein the first
radiation portion is used for radiating electromagnetic waves
in high frequency bands, and the second radiation portion is
used for radiating electromagnetic waves in low frequency
bands.

9. The multi-band antenna of claim 1 wherein the first
radiation portion and the second radiation portion are formed
of stamped metals.

10. A multi-band antenna comprising:

a coupling portion installed on a first surface for feeding-in

or feeding-out signals;

a first radiation portion installed on a second surface cross-
ing the first surface and coupled to the coupling portion,
the first radiation portion comprising at least one sec-
tion;
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a second radiation portion installed on the second surface
and coupled to the coupling portion, the second radiation
portion comprising at least one section, wherein one
section of the second radiation portion is parallel to one
section of the first radiation portion and has an intercou-
pling with the first radiation portion; and

athird radiation portion installed above the first surface, the
third radiation portion comprising a section coupled to
the coupling portion, the third radiation portion having
the intercoupling with the first radiation portion and
second radiation portion.

11. The multi-band antenna of claim 10 wherein the second
radiation portion and the first radiation portion are at a same
side of the first surface.

12. The multi-band antenna of claim 10 wherein the second
surface is perpendicular to the first surface.

13. The multi-band antenna of claim 10 wherein the second
surface is a curved surface.

14. The multi-band antenna of claim 10 wherein the third
radiation portion have the intercoupling with one section of
the first radiation portion and one section of the second radia-
tion portion.

15. The multi-band antenna of claim 10 further comprising
a printed circuit board, wherein the coupling portion is a
metal contact formed on the printed circuit board.

20

8

16. The multi-band antenna of claim 15 further comprising
a fixture installed on the printed circuit board, wherein the
first radiation portion, the second radiation portion and the
third radiation portion are installed on the fixture.

17. The multi-band antenna of claim 10 wherein the first
radiation portion is used for radiating electromagnetic waves
in high frequency bands, and the second radiation portion is
used for radiating electromagnetic waves in low frequency
bands.

18. The multi-band antenna of claim 10 wherein the first
radiation portion and the second radiation portion are formed
of stamped metals.

19. The multi-band antenna of claim 10 wherein the third
radiation portionis an L-shaped cylindrical conductor, a short
section of the third radiation portion is coupled to the cou-
pling portion, and a long section of the third radiation portion
has an intercoupling with the first radiation portion and the
second radiation portion.

20. The multi-band antenna of claim 10 wherein the third
radiation portion is parallel to the first surface and one section
of'the first radiation portion.
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57 ABSTRACT

A printed antenna (10) disposed on a substrate (90) includes
a feeding portion (12), an antenna body (16), a first grounded
portion (20), a second grounded portion (30), and a matching
portion (14). The feeding portion feeds electromagnetic sig-
nals. The antenna body electronically connected to the feed-
ing portion transmits and receives electromagnetic signals,
and includes a first radiation portion (162), a pair of second
radiation portions (164), and a pair of third radiation portions
(166). The first radiation portion, the second radiation por-
tions, and the third radiation portions co-form, a “D” shape
with an indentation in a straight side of the “D” shape which
extends into a middle of the “D” shape. The first grounded
portion and the second grounded portion are respectively
disposed on opposite sides of the feeding portion. The match-
ing portion is disposed on one side of the feeding portion, and
located adjacent to the first grounded portion.

20 Claims, 7 Drawing Sheets
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1
PRINTED ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to antennas, and particularly
to a printed antenna used in wireless communication devices.

2. Description of Related Art

WIiMAX is defined as Worldwide Interoperability for
Microwave Access by the WiMAX Forum, formed in June
2001 to promote conformance and interoperability of the
IEEE 802.16 standard, officially known as Wireless Metro-
politan Area Network (WMAN). The Forum describes
WIiMAX as “a standards-based technology enabling the
delivery of last mile wireless broadband access as an alterna-
tive to cable and digital subscriber line (DSL)”. WiMAX is
approved to be operated at 3.5 GHz.

In a wireless communication device, the antenna is a nec-
essary element for radiating and receiving radio frequency
signals, and thereby reducing the size of the antenna is one
solution for reducing the size of the wireless communication
device. A conventional improved biconical antenna can
increase the bandwidth, but has a larger size. Therefore, what
is needed is a WiMAX antenna with a smaller size, better
bandwidth, and better performance.

SUMMARY OF THE INVENTION

One aspect of the present invention provides a printed
antenna. The printed antenna disposed on a substrate includes
a feeding portion, an antenna body, a first grounded portion, a
second grounded portion, and a matching portion. The feed-
ing portion feeds electromagnetic signals. The antenna body,
electronically connected to the feeding portion, transmits and
receives electromagnetic signals. The antenna body includes
a first radiation portion, a pair of second radiation portions,
and a pair of third radiation portions. Each second radiation
portion connects one of the third radiation portions to the first
radiation portion, respectively. Two free ends of the pair of
third radiation portions face each other. The first radiation
portion, the pair of second radiation portions, and the pair of
third radiation portions co-form a “D” shape, with an inden-
tation in a straight side of the “D” shape which extends into a
middle of the “D” shape. The first grounded portion and the
second grounded portion are disposed on opposite sides of the
feeding portion, respectively. The matching portion is dis-
posed on one side of the feeding portion, and located adjacent
to the first grounded portion.

Other advantages and novel features will become more
apparent from the following detailed description when taken
in conjunction with the accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a printed antenna of an
exemplary embodiment of the present invention;

FIG. 2 is a graph of test results showing a return loss of the
printed antenna of FIG. 1;

FIG. 3 is a graph of simulated results showing radiation
patterns at phi angles of 0 and 90 degrees when the printed
antenna of FIG. 1 is operated at 3.8 GHz;

FIG. 4 is a graph of simulated results showing radiation
patterns at phi angles of 0 and 90 degrees when the printed
antenna of FIG. 1 is operated at 3.55 GHz;

FIG. 5 is a graph of simulated results showing radiation
patterns at phi angles of 0 and 90 degrees when the printed
antenna of FIG. 1 is operated at 3.3 GHz;
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FIG. 6 is a schematic diagram of a printed antenna of
another exemplary embodiment of the present invention; and

FIG. 7 is a graph of test results showing a return loss of the
printed antenna of FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a schematic diagram of a printed antenna 10 of an
exemplary embodiment of the present invention. In the exem-
plary embodiment, the printed antenna 10 disposed on a
substrate 90 includes a feeding portion 12, a matching portion
14, an antenna body 16, a first grounded portion 20, and a
second grounded portion 30.

The feeding portion 12, the matching portion 14, the
antenna body 16, the first grounded portion 20, and the second
grounded portion 30 are all disposed on a same surface of the
substrate 90. In another embodiment, the printed antenna 10
may further include a grounded metal plane disposed on
another surface of the substrate 90 opposite to the surface that
the first grounded portion 20 and the second grounded portion
30 are disposed on.

The feeding portion 12 is used for feeding electromagnetic
signals. In the exemplary embodiment, the feeding portion 12
is a 50 ohm transmission line. The first grounded portion 20
and the second grounded portion 30 are disposed on opposite
sides of the feeding portion 12 respectively. A length of the
first grounded portion 20 is smaller than that of the second
grounded portion 30 along the feeding portion 12.

The antenna body 16 is connected to the feeding portion
12, for transmitting and receiving electromagnetic signals. In
the exemplary embodiment, the antenna body 16 is generally
“D-shaped, with an indentation in the straight side of the “D”
shape which extends into a middle of the “D” shape. That is,
the antenna body 16 is hollow. All sides of the antenna 16 are
rectilinear. The antenna body 16 is symmetrical, with an axis
of symmetry of the antenna body 16 coinciding with a central
axis of the indentation. The antenna body 16 includes a con-
nection portion 160, a first radiation portion 162, a pair of
second radiation portions 164, a pair of third radiation por-
tions 166, and a fourth radiation portion 168. The pair of
second radiation portions 164 connects the pair of third radia-
tion portions 166 to the first radiation portion 162, respec-
tively. Two ends of the fourth radiation portion 168 are con-
nected to the pair of third radiation portions 166, respectively.
The first radiation portion 162, the pair of second radiation
portions 164, the pair of third radiation portions 166, and the
fourth radiation portion 168 co-form a “D” shape, with an
indentation in the straight side of the “D” shape which
extends into a middle of the “D” shape. In other word, these
radiation portions together define a pair of hollow ear-like
members each of which is symmetrical to the other relative to
the feeding portion 12, and the pair of hollow ear-like mem-
bers is connected by the first radiation portion 162 and the
fourth radiation portion 168 respectively. One end of the
connection portion 160 is electronically connected at a
straight angle to the feeding portion 12, and the other end of
the connection portion 160 is connected at a right angle to the
substantial center of the first radiation portion 162. That is, the
connection portion 160 and the feeding portion 12 are in a
line, and the connection portion 160 is perpendicular to the
first radiation portion 162.

In the exemplary embodiment, the second radiation por-
tions 164 are symmetrical to each other along an extending
line of'the feeding portion 12 and the connection portion 160.
The third radiation portions 166 are also symmetrical to each
other along the extending line of the feeding portion 12 and
the connection portion 160. Each second radiation portion
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164 includes a first radiation segment 1640, a second radia-
tion segment 1642, a third radiation segment 1644, and a
fourth radiation segment 1646 connected in sequence. In the
exemplary embodiment, the first radiation segment 1640 is
parallel to the fourth radiation segment 1646, and the second
radiation segment 1642 is perpendicular to the third radiation
segment 1644. An angle between the first radiation segment
1640 and the second radiation segment 1642 and an angle
between the third radiation segment 1644 and the fourth
radiation segment 1646 are both substantially 135 degrees.

The first radiation segments 1640 of the second radiation
portions 164 are electronically connected to two ends of the
first radiation portion 162 respectively, and the angle between
each first radiation segment 1640 and the first radiation por-
tion 162 is substantially 135 degrees.

The third radiation portions 166 face each other, and are
parallel to each other. One end of each third radiation portion
166 is connected to the second radiation portion 164, and the
other end of the third radiation portion 166 is connected to the
fourth radiation portion 168. Each third radiation portion 166
extends from the fourth radiation segment 1646 of the second
radiation portion 166 to the first radiation portion 162. The
third radiation portions 166 are both perpendicular to the
fourth radiation portion 168. An angle between the third
radiation portion 166 and the fourth radiation segment 1646
of the second radiation portion 164 is substantially 135
degrees.

The matching portion 14 is disposed on one side of the
feeding portion 12, and located adjacent to the first grounded
portion 20, for impedance matching. The matching portion 14
includes a first matching segment 140, a second matching
segment 142, a third matching segment 144, and a fourth
matching segment 146 electronically connected in sequence.
In the exemplary embodiment, the first matching segment
140 is parallel to the third matching segment 144, the second
matching segment 142 is parallel to the fourth matching seg-
ment 146, and the second matching segment 142 and the
fourth matching segment 146 are perpendicular to the first
matching segment 140 and the third matching segment 144.
The first matching segment 140 is electronically connected at
a right angle to the feeding portion 12.

In the exemplary embodiment, the connection portion 160,
the first matching segment 140, the second matching segment
142, the third matching segment 144, the fourth matching
segment 146, and the fourth radiation portion 168 are all
rectangular-shaped. The first radiation portion 162, the third
radiation portion 166, the first radiation segment 1640, the
second radiation segment 1642, the third radiation segment
1644, and the fourth radiation segment 1646 are all trapezoid-
shaped.

In the exemplary embodiment, the connection portion 160
is substantially 2.0 mm long, and 1.0 mm wide. A top length
of the first radiation portion 162 is substantially 3.0 mm, a
bottom length of the first radiation portion 162 is substantially
5.0 mm, and a height of the first radiation portion 162 is 1.5
mm. A top length of the first radiation segment 1640 is sub-
stantially 2.8 mm, a bottom length is substantially 3.5 mm,
and aheight of the first radiation segment 1640 is 1.5 mm. The
top length of the second radiation segment 1642 is substan-
tially 2.5 mm, the bottom length is substantially 3.5 mm, and
the height is 1.5 mm. The top length of the third radiation
segment 1644 is substantially 3.0 mm, the bottom length is
substantially 3.5 mm, and the height is 1.0 mm. The top length
of the fourth radiation segment 1646 is substantially 1.4 mm,
the bottom length is substantially 1.4 mm, and the height is
1.0 mm. The top length of the third radiation portion 166 is
substantially 2 mm, the bottom length is substantially 3 mm,
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and the height is 0.5 mm. The fourth radiation portion 168 is
substantially 2.0 mm long, and 0.5 mm wide. The distance
between the third radiation portions 166 is substantially 1.0
mm.

The first matching segment 140 is substantially 2.0 mm
long, and 1.0 mm wide. The second matching segment 142 is
substantially 1.5 mm long and 1.0 mm wide. The third match-
ing segment 144 is substantially 2.0 mm long and 1.0 mm
wide. The fourth matching segment 146 is substantially 2.5
mm long and 1.0 mm wide.

In another exemplary embodiment, the matching portion
14 may be in a line and rectangular-shaped. The matching
portion 14 may be substantially 6.0 mm and 1.0 mm.

FIG. 2 is a graph of test results showing a return loss of the
printed antenna 10 of FIG. 1. As shown, when the printed
antenna 10 is operated at frequencies of 3.3-3.8 GHz of the
WiMAX standard, return losses drop below —10 dB, which
satisfactorily meet normal practical requirements.

FIGS. 3-5 are graphs of test results showing radiation pat-
terns when the printed antenna 10 of FIG. 1 is operated at 3.8
GHz, 3.55 GHz, and 3.3 GHz respectively. As seen, all of the
radiation patterns are substantially omni-directional.

FIG. 6 is a schematic diagram of a printed antenna 10' of
another exemplary embodiment of the present invention. The
printed antenna 10" is similar to the printed antenna 10, and
the difference therebetween is in that the printed antenna 10'
does not include the fourth radiation portion 168 of the
printed antenna 10. In addition, the shape of the third radia-
tion portion 166' is different from that of the third radiation
portion 166, and the distance between the third radiation
portions 166' is different from the distance between the third
radiation portions 166. Each third radiation portion 166'
includes a fifth radiation segment 1660' and a sixth radiation
segment 1662' electronically connected to the fifth radiation
segment 1660'. The fifth radiation segments 1660' of the pair
of'third radiation portions 166 are parallel to each other, and
the sixth radiation segments 1662' of the pair of third radiation
portions 1662' are parallel to each other. In this embodiment,
widths of the sixth radiation segments 1662' are greater than
those of the fifth radiation segments 1660'. Each fifth radia-
tion segment 1660’ is electronically connected to the second
radiation portions 164'. The pair of sixth radiation segments
1662' have free ends facing each other, and produce coupling
effects via the distance therebetween. In the exemplary
embodiment, the fifth radiation segment 1660’ is trapezoidal-
shaped, and the sixth radiation segments 1662’ is rectangular-
shaped.

In the exemplary embodiment, the distance between the
pair of sixth radiation segments 1662' is substantially 0.2 mm,
and the distance between the pair of fifth radiation segments
1660' is substantially 1.0 mm. The top length of the fifth
radiation segments 1660' is substantially 0.5 mm, and the
bottom length is substantially 1.5 mm, and the height is sub-
stantially 0.5 mm. The sixth radiation segments 1662' is sub-
stantially 2.0 mm long and 0.9 mm wide.

In another exemplary embodiment, the matching portion
14' may be in a line and rectangular-shaped. The matching
portion 14' may be substantially 6.0 mm long and 1.0 mm
wide.

FIG. 7 is a graph of test results showing a return loss of the
printed antenna 10' of FIG. 6. As shown, when the printed
antenna 10' is operated at frequencies of 3.3-3.8 GHz of the
WiMAX standard, return losses drop below —10 dB.

In the exemplary embodiment, the lengths of the antenna
bodies 16 and 16' are both one half of the working wavelength
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of the radio frequency signal, and lengths of the matching
portions 14 and 14' are both one quarter of the working
wavelength.

In the exemplary embodiment of the invention, due to the
antenna bodies 16 and 16' and the matching portions 14 and
14' the printed antennas 10 and 10' have smaller sizes.

While various embodiments and methods of the present
invention have been described above, it should be understood
that they have been presented by way of example only and not
by way of limitation. Thus the breadth and scope of the
present invention should not be limited by the above-de-
scribed exemplary embodiments, but should be defined only
in accordance with the following claims and their equivalents.

What is claimed is:

1. A printed antenna, disposed on a substrate, comprising:

a feeding portion, for feeding electromagnetic signals;

an antenna body, electronically connected to the feeding

portion, for transmitting and receiving electromagnetic
signals, the antenna body comprising a first radiation
portion, a pair of second radiation portions, and a pair of
third radiation portions, each second radiation portion
respectively connecting one of the third radiation por-
tions to the first radiation portion, and two free ends of
the pair of third radiation portions facing each other, the
first radiation portion, the pair of second radiation por-
tions, and the pair of third radiation portions co-forming
a “D” shape, with an indentation in a straight side of the
“D” shape which extends into a middle of the “D” shape;

a first grounded portion, disposed on one side of the feed-

ing portion;

a second grounded portion, disposed on the other side of

the feeding portion; and

a matching portion, disposed on one side of the feeding

portion, and located adjacent to the first grounded por-
tion.

2. The printed antenna as claimed in claim 1, wherein the
pair of second radiation portions are symmetrical to each
other along an extending line of the feeding portion.

3. The printed antenna as claimed in claim 2, wherein the
pair of third radiation portions are symmetrical to each other
along the extending line of the feeding portion.

4. The printed antenna as claimed in claim 1, wherein a
length of the first grounded portion along the feeding portion
is less than that of the second grounded portion along the
feeding portion.

5. The printed antenna as claimed in claim 1, wherein the
first radiation portion is perpendicular to the feeding portion.

6. The printed antenna as claimed in claim 5, wherein each
second radiation portion comprises a first radiation segment,
a second radiation segment, a third radiation segment, and a
fourth radiation segment, and all the radiation segments are
electronically connected in sequence.

7. The printed antenna as claimed in claim 6, wherein the
first radiation segments of the second radiation portions are
electronically connected to two ends of the first radiation
portion respectively.

8. The printed antenna as claimed in claim 7, wherein as far
as each second radiation portion is concerned, the first radia-
tion segment is parallel to the fourth radiation segment, and
the second radiation segment is perpendicular to the third
radiation segment.

9. The printed antenna as claimed in claim 8, wherein an
angle between the first radiation segment and the second
radiation segment and an angle between the third radiation
segment and the fourth radiation segment are both substan-
tially 135 degrees.
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10. The printed antenna as claimed in claim 7, wherein the
angle between each first radiation segment and the first radia-
tion portion and the angle between the fourth radiation seg-
ment and the third radiation portion are both substantially 135
degrees.

11. The printed antenna as claimed in claim 1, wherein the
antenna body further comprises a fourth radiation portion
with two ends electronically connected to two free ends of the
pair of third radiation portions respectively.

12. The printed antenna as claimed in claim 1, wherein the
pair of third radiation portions produce coupling effects via a
distance therebetween.

13. The printed antenna as claimed in claim 1, wherein the
antenna body further comprises a connection portion elec-
tronically connected to the substantial center of the first radia-
tion portion and the feeding portion.

14. The printed antenna as claimed in claim 13, wherein the
connection portion is perpendicular to the first radiation por-
tion, and is in a line with the feeding portion.

15. The printed antenna as claimed in claim 1, wherein the
matching portion comprises a first matching segment, a sec-
ond matching segment, a third matching segment, and a
fourth matching segment, and all the matching segment are
electronically connected in sequence.

16. The printed antenna as claimed in claim 15, wherein the
first matching segment is electronically connected to the
feeding portion.

17. The printed antenna as claimed in claim 16, wherein the
first matching segment is parallel to the third matching seg-
ment, the second matching segment is parallel to the fourth
matching segment, and the second matching segment and the
fourth matching segment are perpendicular to the first match-
ing segment and the third matching segment.

18. The printed antenna as claimed in claim 1, wherein the
matching portion is in a rectangular-shape.

19. A printed antenna disposed on a substrate with two
opposite surfaces, the printed antenna comprising:

a feeding portion for feeding electromagnetic signals;

an antenna body, electronically connected to the feeding

portion, for transmitting and receiving electromagnetic
signals, the antenna body being in a “D” shape, with an
indentation in a straight side of the “D” shape which
extends into a middle of the “D” shape;

a first grounded portion, disposed on one side of the feed-

ing portion;

a second grounded portion, disposed on the other side of

the feeding portion; and

a matching portion, disposed on one side of the feeding

portion, and located adjacent to the first grounded por-
tion.

20. An antenna assembly, comprising:

a substrate; and

an antenna formed on a surface of said substrate, said

antenna comprising a feeding portion for feeding elec-
tromagnetic signals, a matching portion electrically con-
nectable to said feeding portion and disposed at one side
of said feeding portion, and an antenna body electrically
connectable to said feeding portion beside said matching
portion for transmitting and receiving said electromag-
netic signals, said antenna body comprising a pair of
hollow ear-like members symmetrically to each other
relative to said feeding portion.
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ELECTRONIC DEVICE AND
SHORT-CIRCUITED DIPOLE ANTENNA
THEREOF

This application claims the benefit of Taiwan application
Serial No. 96125142, filed Jul. 10, 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 an electronic device and
dipole antenna thereof, and more particularly to an electronic
device having a short-circuited unit and short-circuited dipole
antenna thereof.

2. Description of the Related Art

With the widespread development of wireless technology,
more and more electronic devices become wireless and have
different kinds of wireless communications functions. For
example, after a wireless printer is connected to an external
antenna device, the user can print the required documents, no
matter when or where the user is, without the need to upload
the documents to a computer connected with a printer. As a
result, the user can have higher convenience in operation.

However, the external antenna device will deteriorate the
appearance of the wireless printer. Therefore, how to main-
tain the appearance of the whole device and, at the same time,
to keep a good transmission effect for the antenna are essen-
tial issues to be resolved at present.

SUMMARY OF THE INVENTION

The invention is directed to an electronic device and short-
circuited dipole antenna thereof. By short-circuiting the first
radiation unit and second radiation unit of the dipole antenna,
the short-circuited dipole antenna has at least the advantages
of having a simple structure, easy manufacture process, low
production cost, small size and preventing to deteriorate the
appearance of the electronic device as disposed in a corner of
the electronic device.

According to the present invention, a short-circuited dipole
antenna is provided. The short-circuited dipole antenna com-
prises a first radiation unit, a second radiation unit and a
short-circuited unit. The short-circuited unit comprises a first
terminal connected to the first radiation unit, and a second
terminal connected to the second radiation unit. The circuit
board is for receiving and transmitting wireless signals
through the short-circuited dipole antenna.

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 block diagram of an electronic device.

FIG. 2 is a schematic diagram of a short-circuited dipole
antenna according to a first embodiment of the invention.

FIG. 3 is the measured return loss.

FIG. 4 is the measured antenna gain and radiation effi-
ciency.

FIG. 5 is a schematic diagram of the short-circuited dipole
antenna disposed on the plane x-y.

FIG. 6 is a schematic diagram of a short-circuited dipole
antenna according to a second embodiment of the invention.

FIG. 7 is a schematic diagram of a short-circuited dipole
antenna according to a third embodiment of the invention.
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FIG. 8 is a schematic diagram of a short-circuited dipole
antenna according to a fourth embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, ablock diagram of an electronic device
is shown. An electronic device 10 includes a circuit board 20
and a short-circuited dipole antenna 30. The circuit board 20
is receiving and transmitting wireless signals through the
short-circuited dipole antenna 30. The electronic device 10 is
a wireless local area network (WLAN) device, such as a
wireless printer or a notebook computer.

The short-circuited dipole antenna 30 includes a first radia-
tion unit, a second radiation unit and a short-circuited unit.
The structures of the first radiation unit, second radiation unit
and short-circuited unit are respectively illustrated in the fol-
lowing first to fourth embodiments.

The first radiation unit and second radiation unit of the
short-circuited dipole antenna 30 generate a resonant fre-
quency (half-wavelength) to cover the required bandwidth of
the WLAN (2400-2484 MHz). The short-circuited unit
includes a first terminal and a second terminal for respectively
connecting to the first radiation unit and second radiation unit.

Owing to that the short-circuited unit is connected between
the first radiation unit and second radiation unit, the short-
circuited antenna of the embodiment at least has the following
advantages:

1. The structure of the short-circuited dipole antenna is
simpler than the prior art;

2. The manufacturing of the short-circuited dipole antenna
is easier than the prior art;

3. The manufacture cost of the short-circuited dipole
antenna is lower than the prior art;

4. The size of the radiation unit is smaller; and

5. The short-circuited dipole antenna can be disposed in a
corner of the electronic device to prevent deteriorating the
appearance of the electronic device.

In order to describe the content of the invention in more
details, the following first to fourth embodiments are given
for illustration, but the invention is not thereto. One who has
ordinary skills in related art of the invention will realize that
the scope of the appended claims therefore should be
accorded the broadest interpretation so as to encompass all
such modifications and similar arrangements and procedures.

Embodiment One

Referring to FIG. 2, a schematic diagram of a short-cir-
cuited dipole antenna according to a first embodiment of the
invention is shown. The short-circuited dipole antenna 30 is
the short-circuited dipole antenna 40 of FIG. 2 for instance,
and the short-circuited dipole antenna 40 includes radiation
units 410 and 420 and a short-circuited unit 430. For example,
the radiation units 410 and 420 and the short-circuited unit
430 are manufactured into a unity and formed on a dielectric
substrate by printing or etching. Besides, the radiation units
410 and 420 and the short-circuited unit 430 can also be
formed by cutting metal sheets.

The short-circuited dipole antenna 40 not only has a simple
structure but also has a low production cost when the radiation
units 410 and 420 and the short-circuited unit 430 are manu-
factured into a unity. Besides, owing to that the radiation units
410 and 420 and the short-circuited unit 430 are manufac-
tured into a unity, no extra plastic supporter is needed for
fixing the radiation units 410 and 420, and thus the manufac-
ture for the short-circuited dipole antenna 40 is easier than the
prior art. Furthermore, the short-circuited dipole antenna 40
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can be disposed in a corner of the electronic device 20, and
thus the appearance of the electronic device 20 remains aes-
thetically pleasing.

For example, the minimum distance d between the radia-
tion units 410 and 420 is between 0 and 2 mm, and the
radiation units 410 and 420 respectively have feed points 419
and 429 for respectively connecting to a central conductor 92
and an external grounding conductor 94 of a coaxial trans-
mission line 90.

In more details, the radiation unit 410 includes sides 411,
412, 413 and 414. The sides 411 and 412 of the radiation unit
410 are substantially in parallel to the sides 413 and 414
respectively and the sides 411 and 413 are vertical to the sides
412 and 414 respectively to form a rectangle.

Similarly, the radiation unit 420 includes sides 421, 422,
423 and 424. The sides 421 and 422 of the radiation unit 420
are substantially in parallel to the sides 423 and 424 respec-
tively and the sides 421 and 423 are vertical to the sides 422
and 424 respectively to form another rectangle.

The length of the sides 411, 413, 421 and 423 are substan-
tially equal, and the length of the sides 412, 414, 422 and 424
are substantially equal. The sides 412, 414, 422 and 424 are
respectively longer than the sides 411, 413, 421 and 423.
Besides, the extension directions of the sides 412 and 422
form an angle 6, such as between 90 degrees and 180 degrees.

The short-circuited unit 430, such as of a strip structure, has
a first terminal 432 and a second terminal 434. The first
terminal 432 is connected to the side 411 while the second
terminal 434 is connected to the side 421. Owing to that the
short-circuited unit 430 is connected between the radiation
units 410 and 420, the central frequency of the short-circuited
dipole antenna 40 can be decreased to reduce the size of the
radiation units 410 and 420.

For example, the length of the sides 411, 413, 421 and 423
is 6 mm, the length of the sides 412, 414, 422 and 424 is 23.5
mm, and the width of the short-circuited unit 430 is 1 mm.
However, the antenna of the invention is not limited to the
above structure.

Referring to FIG. 3 and FIG. 4, a diagram of the measured
return loss and a diagram of the measured antenna gain and
radiation efficiency are shown respectively. The curve 61 of
FIG. 4 represents the antenna gain of the short-circuited
dipole antenna 40 from 2380 MHz to 2500 MHz. The curve
62 of FIG. 4 represents the radiation efficiency of the short-
circuited dipole antenna 40 from 2380 MHz to 2500 MHz.
From the measurement results in FIG. 3 and FIG. 4, it can be
known that the return loss, antenna gain and radiation effi-
ciency of the short-circuited dipole antenna 40 can meet the
expected target values.

Referring to FIG. 5, a schematic diagram of the short-
circuited dipole antenna 40 disposed on the plane x-y is
shown. According to the experiment result, when the short-
circuited dipole antenna 40 is disposed on the plane x-y and
has respectively the operating frequencies at 2400 MHz, 2442
MHz and 2484 MHz, the radiation patterns of the short-
circuited dipole antenna 40 can still meet the expected target
values although the radiation units 410 and 420 have smaller
area than that of the prior art.

Embodiment Two

Referring to FIG. 6, a schematic diagram of a short-cir-
cuited dipole antenna according to a second embodiment of
the invention is shown. The difference between the first
embodiment and the second embodiment lies on that the
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radiation units 510 and 520 of the second embodiment have
different shapes from the radiation units 410 and 420 of the
first embodiment.

The radiation unit 510 includes sides 511, 512, 513, 514,
515 and 516. For example, the side 513 is longer than the side
511, and the side 511 is longer than the side 515. The sides
511 and 513 of the radiation unit 510 are substantially in
parallel to the side 515, while the sides 512 and 514 of the
radiation 510 are substantially in parallel to the side 516. The
sides 511, 513 and 515 are substantially vertical to the sides
512, 514 and 516 respectively to form an L shape.

Similarly, the radiation unit 520 includes sides 521, 522,
523, 524, 525 and 526. For example, the side 523 is longer
than the side 521, and the side 521 is longer than the side 525.
The sides 521 and 523 of the radiation unit 520 are substan-
tially in parallel to the side 525, while the sides 522 and 524
of the radiation 520 are substantially in parallel to the side
526. The sides 521, 523 and 525 are substantially vertical to
the sides 522, 524 and 526 respectively to form another L
shape.

Embodiment Three

Referring to FIG. 7, a schematic diagram of a short-cir-
cuited dipole antenna according to a third embodiment of the
invention is shown. The difference between the third embodi-
ment and the first embodiment lies on that the radiation units
610 and 620 of the third embodiment have different shapes
from the radiation units 410 and 420 of the first embodiment.

The radiation unit 610 includes sides 611, 612, and 613.
For example, the side 613 is longer than the side 612, and the
side 612 is longer than the side 611. The sides 611 and 612 are
substantially vertical to each other, and the sides 611, 612 and
613 form a triangle.

Similarly, the radiation unit 620 includes sides 621, 622,
and 623. For example, the side 623 is longer than the side 622,
and the side 622 is longer than the side 621. The sides 621 and
622 are substantially vertical to each other, and the sides 621,
622 and 623 form another triangle.

Embodiment Four

Referring to FIG. 8, a schematic diagram of a short-cir-
cuited dipole antenna according to a fourth embodiment of
the invention is shown. The difference between the fourth
embodiment and the first embodiment lies on that the radia-
tion units 710 and 720 of the fourth embodiment have differ-
ent shapes from the radiation units 410 and 420 of the first
embodiment.

The radiation unit 710 includes sides 711, 712, and an arc
side 713. For example, the side 712 is longer than the side
711. The sides 711 and 712 and the arc side 713 form a blade
shape.

Similarly, the radiation unit 720 includes sides 721, 722,
and an arc side 723. For example, the side 722 is longer than
the side 721. The sides 721 and 722 and the arc side 723 form
another blade shape.

The electronic device and short-circuited dipole antenna
thereof disclosed by the above embodiments of the invention
have the following advantages owing to that the short-cir-
cuited unit is connected between the first radiation unit and
second radiation unit:

1. The structure of the short-circuited dipole antenna is
simpler than the prior art;

2. The manufacturing of the short-circuited dipole antenna
is easier than the prior art;





US 7,667,661 B2

5

3. The manufacturing cost of the short-circuited dipole
antenna is lower than the prior art;

4. The size of the radiation unit is smaller; and

5. The short-circuited dipole antenna can be disposed in a
corner of the electronic device to prevent deteriorating the
appearance of the electronic device.

While the invention has been described by way of example
and in terms of a preferred embodiment, it is to be understood
that the invention is not limited thereto. On the contrary, it is
intended to cover various modifications and similar arrange-
ments and procedures, and the scope of the appended claims
therefore should be accorded the broadest interpretation so as
to encompass all such modifications and similar arrange-
ments and procedures.

What is claimed is:

1. A short-circuited dipole antenna, comprising:

a first radiation unit having a first side and a second side
connected to each other, wherein the second side is
longer than the first side;

a second radiation unit having a third side and a fourth side
connected to each other, wherein the fourth side is longer
than the third side; and

a short-circuited unit, comprising:

a first terminal, connected to a part of the first side of the
first radiation unit; and

a second terminal, connected to a part of the third side of
the second radiation unit;

wherein extension directions of the second side and the
fourth side form an angle between 90 degrees and 180
degrees.

2. The short-circuited dipole antenna according to claim 1,
wherein the first side and the second side are substantially
vertical to each other, and the third side and the fourth side are
substantially vertical to each other.

3. The short-circuited dipole antenna according to claim 2,
wherein the minimum distance between the first radiation
unit and the second radiation unit is between 0 and 2 mm.

4. The short-circuited dipole antenna according to claim 2,
wherein the first radiation unit, the second radiation unit and
the short-circuited unit are manufactured into a unity.

5. The short-circuited dipole antenna according to claim 2,
wherein the first radiation unit, the second radiation unit and
the short-circuited unit are formed on a dielectric substrate by
printing.

6. The short-circuited dipole antenna according to claim 2,
wherein the first radiation unit, the second radiation unit and
the short-circuited unit are formed on a dielectric substrate by
etching.

7. The short-circuited dipole antenna according to claim 2,
wherein the first radiation unit, the second radiation unit and
the short-circuited unit are formed by cutting metal sheets.

8. The short-circuited dipole antenna according to claim 2,
wherein the first radiation unit further has a fifth side and a
sixth side, the fifth side and the sixth side are substantially in
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parallel to the first side and the second side respectively, and
the first side, the second side, the fifth side and the sixth side
form a first rectangle, the second radiation unit further has a
seventh side and an eighth side, the seventh side and the
eighth side are substantially in parallel to the third side and the
fourth side respectively, and the third side, the fourth side, the
seventh side and the eighth side form a second rectangle.

9. The short-circuited dipole antenna according to claim 8,
wherein the second side is longer than the first side and the
fourth side is longer than the third side.

10. The short-circuited dipole antenna according to claim
2, wherein the first radiation unit further has a fifth side, a
sixth side, a seventh side and an eighth side, the fitth side and
the seventh side are substantially in parallel to the first side,
the sixth side and the eighth side are substantially in parallel
to the second side, the first side, the second side, the fifth side,
the sixth side, the seven side and the eighth side form a first LL
shape, the second radiation unit further has a ninth side, a
tenth side, an eleventh side and a twelfth side, the ninth side
and the eleventh side are substantially in parallel to the third
side, the tenth side and the twelfth side are substantially in
parallel to the fourth side, and the third side, the fourth side,
the ninth side, the tenth side, the eleventh side and the twelfth
side form a second L shape.

11. The short-circuited dipole antenna according to claim
10, wherein the seventh side is longer than the first side and
the eleventh side is longer than the third side.

12. The short-circuited dipole antenna according to claim
2, wherein the first radiation unit further has a fifth side, the
first side, the second side and the fifth side form a first triangle
and the second radiation unit further has a sixth side, the third
side, the fourth side and the sixth side form a second triangle.

13. The short-circuited dipole antenna according to claim
12, wherein the fifth side is longer than the second side, the
second side is longer than the first side, the sixth side is longer
than the fourth side and the fourth side is longer than the third
side.

14. The short-circuited dipole antenna according to claim
2, wherein the first radiation unit further has a first arc side,
the first side, the second side and the first arc side form a first
blade shape, and the second radiation unit further has a sec-
ond arc side, the third side, the fourth side and the second arc
side form a second blade shape.

15. The short-circuited dipole antenna according to claim
14, wherein the second side is longer than the first side and the
fourth side is longer than the third side.

16. The short-circuited dipole antenna according to claim
1, wherein the first radiation unit and the second radiation unit
respectively have a first feed point and a second feed point for
connecting to a central conductor and an external grounding
conductor of a coaxial transmission line.

17. The short-circuited dipole antenna according to claim
1, being disposed in an electronic device.

#* #* #* #* #*
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ANTENNA CONFIGURED FOR LOW
FREQUENCY APPLICATION

FIELD OF THE INVENTION

The present invention relates generally to the field of wire-
less communications and devices, and more particularly to
the design of antennas configured for low frequency applica-
tions.

BACKGROUND

As new generations of handsets and other wireless com-
munication devices become smaller and embedded with more
and more applications, new antenna designs will be needed to
provide solutions to inherent limitations of these devices.
With classical antenna structures, a certain physical volume is
required to produce a resonant antenna structure at a particu-
lar radio frequency and with a particular bandwidth. In multi-
band applications, more than one such resonant antenna
structure may be required. With the advent of a new genera-
tion of wireless devices, such classical antenna structure will
need to take into account beam switching, beam steering,
space or polarization antenna diversity, impedance matching,
frequency switching, mode switching, etc., in order to reduce
the size of devices and improve their performance.

In addition, wireless devices are experiencing a conver-
gence with other mobile electronic devices. Due to increases
in data transfer rates and processor and memory resources, it
has become possible to offer a myriad of products and ser-
vices on wireless devices that have typically been reserved for
more traditional electronic devices. For example, modern day
mobile communications devices can be equipped to receive
broadcast television signals. These signals tend to be broad-
castat very low frequencies, 200-700 Mhz, compared to more
traditional cellular communication frequencies of, for
example, 800/900 Mhz and 1800/1900 Mhz. One problem
with existing mobile device antenna designs is that they are
not easily excited at such low frequencies. The present inven-
tion addresses the need for antenna designs equipped to be
excited at relatively low frequencies in order to support low
frequency applications.

SUMMARY OF THE INVENTION

The present invention includes one or more embodiments
of devices including an antenna equipped to support low
frequency applications. In one embodiment, the device
includes a conductive structure in an area that is intended to be
in contact with the user of the device when the user is holding
the device. The antenna is coupled to the conductive structure
such that the conductive structure and user become part of the
antenna element when the device is being used. The antenna
element can be coupled to the conductive structure by a direct
electrical connection. In one embodiment, a conductor con-
nects the conductive structure of the device to the antenna
element. The conductor can be configured in any of a number
of forms, such as a conductive wire, conductive pads, etc. The
user can be directly or indirectly coupled to the antenna
through the conductive structure. For example, the user can
directly contact the conductive structure or can be capaci-
tively coupled to the conductive structure.

Various antenna designs and configurations can be used in
embodiments of the invention. For example, the antenna ele-
ment can include a plurality of portions, the plurality of
portions coupled to define a capacitively loaded dipole
antenna. The antenna can also include at least one active
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control element, wherein the at least one control element is
electrically coupled to one or more of the portions. One or
more of the plurality of portions may define a capacitive area,
wherein at least one control element is disposed generally in
the capacitive area. One or more of the plurality of portions
may define an inductive area, wherein at least one control
element is disposed generally in the inductive area. One or
more of the plurality of portions may define a feed area,
wherein at least one control element is disposed generally in
the feed area.

The plurality of portions may comprise a top portion, a
middle portion, and a bottom portion, wherein the top portion
is coupled to the bottom portion, the bottom portion is
coupled to the middle portion, and the middle portion is
disposed generally between the top portion and the bottom
portion. The top portion and the middle portion may define a
capacitive area, and the middle portion and bottom portion
may define an inductive area. One or more control elements
may be disposed in the capacitive area, and/or the inductive
area. The control elements may be coupled to the top portion
and to the middle portion the middle portion and the bottom
portion, and/or the top portion to the bottom portion. The
control elements may comprise a switch, may exhibit active
capacitive or inductive characteristics, may comprise a tran-
sistor device, such as a FET device, or may comprise a MEMs
device. The device may further comprise a wireless commu-
nications device, a feed point, and a ground point, wherein the
wireless communications device is coupled to the antenna
through the feed point and the ground point.

In one embodiment, an antenna comprises a ground plane,
a first conductor having a first length extending generally
longitudinally above the ground plane and having a first end
electrically connected to the ground plane at a first location, a
second conductor having a second length extending generally
longitudinally above the ground plane, the second conductor
having a first end electrically connected to the ground plane at
a second location, an antenna feed coupled to the first con-
ductor, and a first active component, the first active compo-
nent comprising a control input, wherein an input to the
control input enables characteristics of the antenna to be
configured. The first and second conductors may overlap to
form a gap, wherein the first active component is disposed in
the gap. The first conductor or the second conductor may
comprise the first active component. The first active compo-
nent may be disposed between the second conductor and the
ground plane, between the first conductor and the ground
plane or between the feed and the ground plane. The antenna
may further comprise a first stub coupled to the feed. The first
stub may comprise the first active component. The first active
component may also be disposed between the first stub and
the ground plane. The antenna may further comprise a second
stub and a second active component, wherein the first stub
comprises the first active component, and wherein the second
active component is coupled between the second stub and the
ground plane.

In another embodiment, the antenna may comprise a
ground plane, having a first side and a second side, a first
capacitively loaded dipole antenna, and a second capacitively
loaded dipole antenna, wherein the first antenna is coupled to
the first side of the ground plane, and wherein the second
antenna is coupled to the second side of the ground plane. The
antenna may further comprise a first active component, the
first active component comprising a first control input,
wherein an input to the first control input enables character-
istics of the first antenna to be configured, and a second active
component, the second active component comprising a sec-
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ond control input, wherein an input to the second control
input enables characteristics of the second antenna to be
configured.

In one embodiment, a capacitively loaded dipole antenna
may comprise control means for actively controlling charac-
teristics of the antenna. One embodiment of a method for
actively controlling characteristics of a capacitively loaded
dipole antenna may comprise providing a capacitively loaded
dipole antenna, providing a control element, the control ele-
ment coupled to the antenna, providing an input to the control
element, and controlling the characteristics of the antenna
with the input.

In another embodiment, the antenna comprises one or more
antenna characteristic, a ground portion, a conductor coupled
to the ground portion, the conductor disposed in an opposing
relationship to the ground portion, and a control portion
coupled to the antenna to enable active reconfiguration of the
one or more antenna characteristic. The conductor may com-
prise a plurality of conductor portions, and the control portion
may be coupled between two of the conductor portions. The
conductor may comprise a plurality of conductor portions,
wherein one or more gap is defined by the conductor portions,
and wherein the control portion is disposed in a gap defined
by two of the conductor portions. The control portion may be
disposed in a gap defined by the ground portion and the
conductor, and the control portion may be coupled to the
ground portion and the conductor. The antenna may further
comprise a stub, wherein the stub comprises one or more stub
portion, and wherein at least one stub portion is coupled to the
conductor portion. A first end of a control portion may be
coupled to one stub portion and a second end of a control
portion maybe coupled to a second stub portion, ground por-
tion or the conductor. The conductor may comprise a plurality
of conductor portions, and a control portion may be coupled
between two of the conductor portions. The ground portion
and the plurality of conductor portions may be coupled to
define a capacitively coupled magnetic dipole antenna. The
stub may be disposed on the ground portion, or between the
ground portion and the conductor. The antenna may comprise
a multiple band antenna.

Other embodiments are also within the scope of the inven-
tion and should be limited only by the claims that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-D illustrate embodiments of a mobile device
according to the present invention.

FIGS. 2A, 2B, and 2C illustrate various couplings between
the antenna and conductive structure of the device of FIGS.
1A-D.

FIG. 3 illustrates a three-dimensional view of one embodi-
ment of a capacitively loaded magnetic dipole.

FIG. 4 illustrates a side-view of one embodiment of a
capacitively loaded magnetic dipole.

FIGS. 5A, 5B 6A, 6B, 6C, 7A and 7B illustrate side-views
of embodiments of a capacitively loaded magnetic dipole
including a control element.

FIGS. 8A and 8B illustrates three-dimensional views of
embodiments of a capacitively loaded magnetic dipole, com-
prising a capacitive area, and an inductive area on which a
stub has been added along a feed area.

FIG. 9A illustrates a three-dimensional view of one
embodiment of a capacitively loaded magnetic dipole, com-
prising a capacitive area, an inductive area, and a stub along
which is placed a control element.

FIG. 9B illustrates a three-dimensional view of one
embodiment of a capacitively loaded magnetic dipole, com-
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prising a capacitive area, an inductive area, and a stub at the
tip of which is placed a control element.

FIG. 9C illustrates a three-dimensional view of one
embodiment of a capacitively loaded magnetic dipole, com-
prising a capacitive area, an inductive area, and multiple stubs
with control elements placed on them.

FIG. 10 illustrates a view of one embodiment of a capaci-
tively loaded magnetic dipole, comprising a capacitive area,
an inductive area, and a stub.

FIG. 11A illustrates a top view of one embodiment of two
capacitively loaded magnetic dipoles flush and parallel on
both sides of a ground plane with each of the radiating ele-
ments including a control element.

FIG. 11B illustrates a top view of one embodiment of two
capacitively loaded magnetic dipoles flush back to back on
both sides of a ground plane with each of the radiating ele-
ments including a control element.

FIG. 12A illustrates one embodiment of two capacitively
loaded magnetic dipoles back to back, sharing the connection
from a top portion to a bottom portion wherein along the
shared connection is a control element.

FIG. 12B illustrates one embodiment of two capacitively
loaded magnetic dipoles sharing the connection from a top
portion to a bottom portion.

FIG. 13 illustrates a three dimensional view of one embodi-
ment of a structure comprising multiple capacitively loaded
magnetic dipoles, sharing common areas with control ele-
ments placed in different areas.

FIG. 14A illustrates a three dimensional view one embodi-
ment of an antenna.

FIG. 14B illustrates a side-view of one embodiment of an
antenna.

FIG. 14C illustrates a bottom-view of a top portion of one
embodiment of an antenna.

FIG. 15 illustrate views of one embodiment of an antenna
and a control portion.

FIGS. 16A-B illustrate views of one embodiment of an
antenna and a control portion.

FIGS. 17A-D illustrate views of an antenna and a control
portion.

FIG. 18 illustrates a view of one embodiment of an antenna
and a control portion.

FIG.19 illustrates a view of one embodiment of an antenna
and a control portion.

FIG. 20 illustrates resonant frequencies of a dual band
capacitively loaded magnetic dipole antenna.

FIGS. 21A-C illustrate views of one embodiment of an
antenna and a control portion.

FIGS. 22A-B illustrate views of one embodiment of an
antenna and a stub.

FIGS. 23A-B illustrate views of one embodiment of an
antenna, a control portion, and a stub.

FIGS. 24A-C illustrate views of one embodiment of an
antenna, a control portion, and a stub.

FIG. 25 illustrates a perspective view of one embodiment
of an antenna, control portions, and a stub.

FIG. 26 illustrates a perspective view of another embodi-
ment of an antenna with control elements.

FIGS. 27A-H illustrate various embodiments of the inven-
tion including conductive pads and traces on the printed cir-
cuit board.

FIG. 28 illustrates a partial mapping of resonant frequen-
cies of one embodiment of an antenna according to the
present invention.
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FIG. 29 illustrates another embodiment of the invention
incorporating a decorative feature of the mobile device into
the antenna.

DETAILED DESCRIPTION OF THE INVENTION

In the following description, for purposes of explanation
and not limitation, details and descriptions are set forth in
order to provide a thorough understanding of the present
invention. However, it will be apparent to those skilled in the
art that the present invention may be practiced in other
embodiments that depart from these details and descriptions.

In the embodiments of the invention shown in FIGS. 1A-D,
a mobile device (20), such as a mobile telephone, includes a
conductive structure (30), a display (32) in the form of a liquid
crystal display, a keypad (34), a microphone (36), an speaker
(38), a battery (40), an antenna (42), radio interface circuitry
(44), codec circuitry (46), a controller (48) and a memory
(50). In the embodiment shown in FIGS. 1A and 2C, the
conductive structure (30) comprises the device housing,
which, in this example, comprises a conductive material, such
as stainless steel. In this embodiment, a user of the mobile
device (20) effectively becomes coupled to the antenna (42)
by holding onto the conductive structure (30) comprising the
housing in a manner such that the user becomes part of the
antenna (42) when the device (20) is in use.

In another embodiment shown in FIG. 2B, the conductive
structure (30) can be inside the housing. For example, the
housing can comprise a plastic shell and a conductive struc-
ture, such as a metal plate, can be embedded inside the hous-
ing. Alternatively, the conductive structure (30) can be
secured on the inside surface of the housing or in another area
inside the housing. In this embodiment, the user becomes
effectively coupled to the antenna (42) through capacitive
coupling with the conductive structure (30) by holding onto
the mobile device (20) in an area near the conductive structure
(30). In this manner, the user becomes part of the antenna (42)
similar to the way a user became part of so-called “rabbit
ears” television antennas of days past.

In still another embodiment, the conductive structure (30)
can comprise conductive pads on the external surface of the
device housing. As shown in FIGS. 1C, 1D, and 2A, the
conductive pads can be positioned in a variety of locations on
the surface of the device (20). FIG. 1C shows a perspective
view of amobile device (20) wherein the conductive pads are
positioned in each side of the device (20) in an area usually
contacted by the user’s fingers when holding the device (20).
FIG. 1D shows a rear view of the mobile device (20) of FIG.
1C. As shown in FIG. 1D, a conductive pad can also be placed
on the rear surface of the device (20) in an area usually
contacted by the palm of a user’s hand when holding the
device (20). In this embodiment, the user becomes effectively
coupled to the antenna (42) by direct contact with the con-
ductive structure (30) (i.e. conductive pads) in a manner such
that the user becomes part of the antenna (42) when the device
(20) is in use. In one embodiment, the conductive pads can
comprise stickers or decals including conductive material
such as metal contact pads. In another embodiment, the con-
ductive pads can comprise exposed metal plates embedded in
the device housing.

The antenna 42 can be coupled to the conductive structure
(30) in any number of ways. For example, as shown in FIG.
2A-C, aconductor (52), in the form of a wire, can electrically
connect the antenna (42) to the conductive structure (30).

Different embodiments of antennas may be used which
may be actively changed or configured, with resultant small
or large changes in characteristics of the antenna being
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achieved. One characteristic that is configurable is resonant
frequency. In one embodiment, a frequency shift in the reso-
nant frequency of the antenna can be actively induced, for
example, to follow a spread spectrum hopping frequency
(Bluetooth, Home-RF, etc.,). In addition to providing
enhanced low frequency performance embodiments of the
present invention also provide very small and highly isolated
antennas that covers a few channels at a time, with the ability
to track hopping frequencies quickly, improving the overall
system performance.

In one embodiment, an antenna is provided with frequency
switching capability that may be linked to a particular user,
device, or system defined operating mode. Mode changes are
facilitated by active real time configuration and optimization
of'an antenna’s characteristics, for example as when switch-
ing from a 800 MHz AMPS/CDMA band to a 1900 MHz
CDMA band or from a 800/1900 MHz U.S. band to a 900/
1800 MHz GSM Europe and Asia band.

In one embodiment, the present invention comprises a
configurable antenna that provides a frequency switching
solution that is able to cover multiple frequency bands, either
independently or at the same time A software-defined antenna
for use in a software defined device is also disclosed. The
device may comprise a wireless communications device,
which may be fixed or mobile. Examples of other wireless
communications devices within the scope of the present
invention include cell phones, PDAs, and other like handheld
devices.

Communication devices and antennas operating in one or
more of frequency bands used for wireless communication
devices (450 MHz, 800 MHz, 900 MHz, 1.575 GHz, 1.8 GHz,
1.9 GHz, 2 GHz, 2.5 GHz, 5 GHz,) are also considered to be
within the scope of the invention. Other frequency bands are
also considered to be within the scope of the present inven-
tion. Embodiments of the present invention provide the abil-
ity to optimize antenna transmission characteristics in a net-
work, including radiated power and channel characteristics.

In one or more embodiments, channel optimization may be
achieved by providing a beam switching, beam steering,
space diversity, and/or multiple input-multiple output
antenna design. Channel optimization may be achieved by
either a single element antenna with configurable radiation
pattern directions or by an antenna comprising multiple ele-
ments. The independence between different received paths is
an important characteristic to be considered in antenna
design. The present invention provides reduced coupling
between multiple antennas, reducing correlation between
channels.

The antenna design embodiments of the present invention
may also be used when considering radiated power optimi-
zation. In one embodiment, an antenna is provided that may
direct the antenna near-field toward or away from distur-
bances and absorbers in real time by optimizing antenna
matching and near-field radiation characteristics. This is par-
ticularly important in handset and other handheld device
designs, which may interact with human bodies (hands,
heads, hips, . . . ). In one embodiment, wherein one antenna is
used in a communications device, input impedance may be
actively optimized (control of the reflected signal, for
example). In one embodiment where a device comprises mul-
tiple antennas, each antenna may be optimized actively and in
real time.

FIGS. 3 and 4 illustrate a respective three-dimensional
view and a side view of an embodiment of a capacitively
loaded magnetic dipole antenna (99). In one embodiment, the
antenna (99) comprises a top (1), a middle (2), and a bottom
(3) portion. The top (1) portion is coupled to bottom portion
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(3), and the bottom portion (3) is coupled to the middle
portion (2). In one embodiment, the top portion (1) is coupled
to the bottom portion (3) by a portion (11), and the bottom
portion (3) is coupled to middle portion (2) by a portion (12).
In one embodiment, the portion (11) and the portion (12) are
generally vertical portions and generally parallel to each
other, and the portions (1), (2), and (3) are generally horizon-
tal portions and generally parallel to each other. It is under-
stood, however, that the present invention is not limited to the
illustrated embodiment, as in other embodiments the portions
(D), (2), (3), (11), and/or (12) may comprise other geometries.
For example, top portion (1) may be coupled to bottom por-
tion (3) and bottom portion (3) may be coupled to middle
portion (2) such that one or more of the portions are generally
in nonparallel and non-horizontal relationships. In embodi-
ments that utilize a portion (11) and a portion (12), non-
parallel and/or non-vertical geometries of portion (11) and
(12) are also within the scope of the present invention. In one
embodiment, portions (1), (2), (3), (11), and (12) may com-
prise conductors. In another embodiment, the portions (1),
(2), (3), (11), and (12) may comprise conductive plate struc-
tures, wherein the plate structures of each portion are coupled
and disposed along one or more plane. For example, in the
embodiment of FIG. 3 and FIG. 4, plate portions are disposed
and coupled along a plane that is vertical to a grounding plane
(6). In another embodiment, plate portions may also be dis-
posed and coupled along planes that are at right angles and/or
parallel to the grounding plane (6). Thus, it is understood that
the portions of antenna (99), as well as the portions of other
antennas described herein, may comprise other geometries
and other geometric structures and yet remain within the
scope of the present invention.

In one embodiment, the bottom portion (3) is attached to a
grounding plane (6) at a grounding point (7), and bottom
portion (3) is powered through a feedline (8). The antenna
(99) of FIGS. 3 and 4 may be modeled as an L.C circuit, with
a capacitance (C) that corresponds to a fringing capacitance
that exists across the gap defined generally by top portion (1)
and middle portion (2), indicated generally as area (4), and
with an inductance (L) that corresponds to an inductance that
exists in an area indicated generally as area (5) and that is
generally bounded by the middle portion (2) and the bottom
portion (3). As will be understood with reference to the fore-
going Description and Figures, the geometrical relationships
of one or more portions in the capacitive area (4) may be
utilized to effectuate large changes in the resonant frequency
of the antenna (99), and the geometrical relationships
between one or more portions in the inductive area (5) may be
used to effectuate medium frequency changes. As well, geo-
metrical relationships between one or more portions in a feed
area (9) may be utilized to effectuate small frequency
changes. The areas (4), (5), and (9) may also be utilized for
input impedance optimization.

FIG. 5A illustrates a side-view of one embodiment of a
capacitively loaded magnetic dipole antenna (98), wherein a
control element (31) is disposed generally in area (4). In the
illustrated embodiment, control element (31) is electrically
coupled at one end to top portion (1) and at another end to
middle portion (2). In one embodiment, control element (31)
comprises a device that may exhibit ON-OFF and/or actively
controllable capacitive/inductive characteristics. In one
embodiment, control element (31) may comprise a transistor
device, a FET device, a MEMSs device, or other suitable con-
trol element or circuit capable of exhibiting ON-OFF and/or
actively controllable capacitive/inductive characteristics. It is
identified that control element (31), as well as other control
elements described further herein, may be implemented by
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those of ordinary skill in the art and, thus, control element
(31) is described herein only in the detail necessary to enable
one of such skill to implement the present invention. In one
embodiment wherein the control element (31) comprises a
switch with ON characteristics, the capacitance in area (4) is
short-circuited, and antenna (98) may be switched off, no
energy is radiated. In one embodiment, wherein the capaci-
tance of the control element (31) may be actively changed, for
example, by a control input to a connection of a FET device or
circuit connected between top portion (1) and middle portion
(2), the control element (31) will be understood by those
skilled in the art as capable of acting generally in parallel with
the fringing capacitance of area (4). It has been identified that
the resulting capacitance of the control element (31) and the
fringing capacitance may be varied to change the LC charac-
teristics of antenna (98) or, equivalently, to vary the resonant
frequency of the antenna (98) over a wide range of frequen-
cies

FIG. 5B illustrates a side view of one embodiment of a
capacitively loaded magnetic dipole antenna (97), wherein a
control element (31) is disposed generally in area (4). In the
illustrated embodiment, control element (31) is electrically
coupled at one end to top portion (1) and at another end to a tip
portion (13). In one embodiment, control dement (31) com-
prises a device that may exhibit ON-OFF and/or actively
controllable capacitive/inductive characteristics. In one
embodiment, control element (31) may comprise a transistor
device, an FET device, a MEMs device, or other suitable
control element. In one embodiment, wherein the control
element (31) electrically couples or decouples the tip portion
(13) from the top portion (1), for example as by the ON
characteristics of a switch, the length of top portion (1) of
antenna (97) may be increased or decreased such that the
capacitance in area (4) may be changed to actively change the
resonant frequency of antenna (97) from one resonant fre-
quency to another resonant frequency. In one embodiment,
wherein the capacitance of the control element (31) may be
actively changed, for example, by a control input of an FET
device or circuit, the control element (31) will be understood
by those skilled in the art as capable of acting generally in
series with the fringing capacitance of area (4). It has been
identified that the resulting capacitance may be varied to
actively change the LC characteristics of antenna (97) or,
equivalently, to vary the resonant frequency of the antenna
(98) over a wide range of frequencies.

FIG. 6A illustrates a side-view of a capacitively loaded
magnetic dipole antenna (96), wherein a control element (41)
is disposed generally in area (5). In the illustrated embodi-
ment, control element (41) is electrically coupled at one end
to bottom portion (3) and at another end to middle portion (2).
In one embodiment, control element (41) comprises a device
that may exhibit ON-OFF and/or actively controllable capaci-
tive or inductive characteristics. In one embodiment, control
element (41) may comprise a transistor device, an FET
device, a MEMs device, or other suitable control element or
circuit. In one embodiment wherein the control element (41)
exhibits ON characteristics, the inductance in area (5) is
short-circuited and antenna (96) may be switched off. In one
embodiment, the inductance of the control element (41) may
be actively changed, for example, by a control input to a
device or circuit connected between the bottom portion (3)
and the middle portion (2). An example of a device or circuit
that enables active control of inductance is presented in
“Broad band monolithic microwave active inductor and its
application to miniaturize wide band amplifiers” presented in
IEEE Trans. Microwave Theory Tech, vol. 36, pp. 1020-1924,
December 1988 by S. Hara, T. Tokumitsu, T. Tanaka, and M.
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Aikawa, which is incorporated herein by reference. Control
element (41) will be understood by those skilled in the art as
capable of acting as an inductor generally in parallel with the
inductance of area (5). It has been identified that the resulting
inductance may be varied to change the LC characteristics of
antenna (96) or, equivalently, to vary the resonant frequency
of the antenna (96) over a medium range of frequencies.

FIG. 6B illustrates a side-view of one embodiment of a
capacitively loaded magnetic dipole antenna (95), wherein a
control element (41) is disposed generally in area (5) at a
break in portion (11) and electrically coupled at one end to top
portion (1) and at another end to bottom portion (3). In one
embodiment, control element (41) comprises a device that
may exhibit ON-OFF and/or actively controllable capacitive
or inductive characteristics. In one embodiment, control ele-
ment (41) may comprise a transistor device, a FET device, a
MEMs device, or other suitable control element or circuit. In
one embodiment, where the control element (41) exhibits
OFF characteristics, it has been identified that the LC char-
acteristics of the antenna (95) may be changed such that
antenna (95) operates at a frequency 10 times higher then the
frequency at which the antenna operates with a control ele-
ment that exhibits ON characteristics. In one embodiment,
wherein the inductance of the control element (41) may be
actively controlled, it has been identified that the resonant
frequency of the antenna (95) may be varied quickly over a
narrow bandwidth.

FIG. 6C illustrates a side-view of one embodiment of a
capacitively loaded magnetic dipole antenna (94), wherein a
control element (41) is disposed generally in area (5) and
electrically coupled at a break in portion (12) at one end to a
middle portion (2) and at another end to bottom portion (3). In
one embodiment, control element (41) comprises a device
that may exhibit ON-OFF and/or actively controllable capaci-
tive or inductive characteristics. In one embodiment, control
element (41) may comprise a transistor device, an FET
device, a MEMs device, or other suitable control element or
circuit. In one embodiment, wherein the control element (41)
exhibits OFF characteristics, it has been identified that the LC
characteristics of the antenna (94) may be changed such that
antenna (94) operates at a frequency 10 times higher then the
frequency at which the antenna operates with a control ele-
ment that exhibits ON characteristics. In one embodiment,
wherein the inductance of the control element (41) may be
actively controlled, it has been identified that the resonant
frequency of the antenna (94) may be changed quickly over a
narrow bandwidth.

FIG. 7A illustrates a side-view of an embodiment of a
capacitively loaded magnetic dipole antenna (93), wherein a
control dement (51) is disposed generally in area (9) and
coupled at one end generally at feed point (8) and at another
end along the bottom portion (3) along grounding plane (6).
In one embodiment, control element (51) comprises a device
that may exhibit ON-OFF and/or actively controllable capaci-
tive or inductive characteristics. In one embodiment, control
element (51) may comprise a transistor device, an FET
device, a MEMs device, or other suitable control element or
circuit. In one embodiment, wherein the control element (51)
exhibits ON characteristics, the antenna (93) is short-cir-
cuited and no power is either radiated or received by the
antenna (93). With a control element exhibiting OFF charac-
teristics, the antenna (93) may operate normally. In one
embodiment, wherein the inductance and/or capacitance of
the control element (51) may be controlled, it has been iden-
tified that it is possible to control the input impedance of the
antenna such that the input impedance may be adjusted in

20

25

30

35

40

45

50

55

60

65

10

order to maintain the test antenna characteristics while the
antenna’s environment is changing.

FIG. 7B illustrates a side-view of an other embodiment of
capacitively loaded magnetic dipole antenna (92), wherein a
control element (51) is disposed generally in feed area (9) and
coupled at one end to bottom portion (3) and coupled at
another end at a ground point. In one embodiment, wherein
the control element exhibits ON characteristics, the antenna
(92) operates normally, whereas with OFF characteristics
exhibited by the control element, the antenna acts as an open
circuit. It is possible to control the input impedance of the
antenna controlling the inductance and capacitance of the
control element (51). In one embodiment, the input imped-
ance may thus be adjusted while the antenna environment is
changing in order to maintain the best antenna characteristics.

FIG. 8A illustrates a three-dimensional view of one
embodiment of a capacitively loaded magnetic dipole
antenna (91) comprising a capacitive (4) and an inductive (5)
area, and further including a first stub (10) electrically
coupled to a feedline (8). The first stub (10) may be used to
increase the bandwidth of the capacitively loaded magnetic
dipole antenna (91) and/or to create a second resonance to
increase the overall usable bandwidth of the antenna (91).

FIG. 8B illustrates a three-dimensional view of another
embodiment of a capacitively loaded magnetic dipole
antenna (90) comprising a capacitive (4) and an inductive (5)
area, and further including a first stub (10) coupled to a
feedline (8), and a second stub (13) electrically coupled to the
feedline (8).

FIG.9A illustrates a three-dimensional view of an embodi-
ment of a capacitively loaded magnetic dipole antenna (89)
comprising a capacitive area (4), an inductive (5) area, and a
stub (10). In one embodiment, the electrical continuity of stub
(10) is interrupted by electrical connection of a control ele-
ment (71), which as indicated in FIG. 9A is disposed along a
break in stub (10) between points (73) and (74). In one
embodiment, control element (71) comprises a device that
may exhibit ON-OFF and/or actively controllable capacitive
or inductive characteristics. In one embodiment, control ele-
ment (71) may comprise a transistor device, an FET device, a
MEMs device, or other suitable control element or circuit. In
one embodiment, with a control element (71) that exhibits
ON characteristics, the entire length of stub (10) acts to influ-
ence the antenna (89) characteristics. With the control ele-
ment (71) exhibiting OFF characteristics, only the part of the
stub (10) making electrical contact with the antenna acts to
affect the LC circuit of the antenna (89). In one embodiment,
it has been identified that by controlling the inductance and
capacitance of control element (71) it is possible to achieve a
controllable variation of frequency or bandwidth, or to effec-
tuate impedance matching of the antenna (89).

FIG. 9B illustrates a three-dimensional view of another
embodiment of a capacitively loaded magnetic dipole
antenna (88) comprising a capacitive (4) area, an inductive (5)
area, and a stub (10). As illustrated in FIG. 9B, one end of a
control element (71) is electrically coupled to stub (10) at its
end portion (72) and another end of stub (10) is coupled to a
ground point. In one embodiment, control element (71) com-
prises a device that may exhibit ON-OFF and/or actively
controllable capacitive or inductive characteristics. In one
embodiment, control element (71) may comprise a transistor
device, an FET device, a MEMs device, or other suitable
control element or circuit. In one embodiment, wherein con-
trol element (71) exhibits ON characteristics, stub (10) is
short-circuited. With the control element (71) comprising
OFF characteristics, the stub (10) may act to influence the
operating characteristics of antenna (88). In one embodiment
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wherein inductance and capacitance of the control element
(71) may be actively controlled, it has been identified that it is
possible to have a continuous variation of resonance fre-
quency or bandwidth.

FIG. 9C illustrates a three-dimensional view of still
another embodiment of a capacitively loaded magnetic dipole
antenna (87), comprising a capacitive (4) area, an inductive
(5) area, a first stub (10), and a second stub (13). In one
embodiment, stub (10) and stub (13) may incorporate respec-
tive control elements (71) as referenced in FIGS. 9A and 9B,
to effectuate changes in the LC characteristics of antenna (87)
in accordance with descriptions previously presented herein.

FIG. 10 illustrates a side view of an embodiment of a
capacitively loaded magnetic dipole antenna (86) comprising
acapacitive (4) area, an inductive area (not shown), and a stub
(not visible in side view). In one embodiment, a control
element (31) may be disposed in upper portion (1) to effec-
tuate changes in the operating frequency of the antenna (86),
for example, to effectuate changes from a 800/1900 MHz US
frequency band to a 900/1900 MHz GSM Europe and Asia
frequency band. In one embodiment, a second control ele-
ment (41) may be disposed in portion (12) to effectuate
changes in the resonant frequency of antenna (86) over a
range of frequencies. In one embodiment, a control element
(51) may be disposed between lower portion (3) and a ground
point to effectuate control of the input impedance as a func-
tion of loading of the antenna (86). A control feedback signal
for effectuating control may be obtained by monitoring the
quality of transmissions emanating from the antenna (86). In
one embodiment, a control element may be disposed in the
stub to effectuate control of a second resonance correspond-
ing to a transmitting band.

It is identified that one way to improve the transmission
quality of an antenna is to switch an antenna’s beam direction
or to steer an antenna’s beam. In one embodiment, beam
switching may be obtained with two capacitively loaded mag-
netic dipoles that are switched ON or OFF using control
elements as described herein.

FIG. 11A illustrates a top view of one embodiment of two
capacitively loaded magnetic dipole antennas (84, 85). In one
embodiment, each antenna is opposingly disposed flush and
parallel to a ground plane (6). In one embodiment, each
antenna (84, 85) may comprise respective control elements
(75, 76). By controlling each control element (75, 76) to
exhibit ON-OFF characteristics, respective radiating ele-
ments comprising a top portion (1) of arespective antenna can
be turned OFF or ON to effectuate utilization of one antenna
or the other. With both control elements (75, 76) exhibiting
OFF characteristics, both antennas (84, 85) may be utilized to
provide a wider radiation pattern.

FIG. 11B illustrates a top view of another embodiment of
two capacitively loaded magnetic dipole antennas (82, 83). In
one embodiment, each antenna is opposingly disposed flush
and back to back on both sides of a ground plane (6). In one
embodiment, each antenna comprises respective control ele-
ments (75, 76). By controlling each control element (75, 76)
to exhibit ON-OFF characteristics, respective radiating ele-
ments comprising a top portion (1) of arespective antenna can
be turned OFF or ON in order to utilize one antenna or the
other. Alternatively, if both control elements (75, 76) exhibit
OFF characteristics, both antennas (82, 83) can be utilized to
offer wider antenna coverage.

FIG. 12A illustrates one embodiment of two capacitively
loaded magnetic dipoles coupled in a back-to-back configu-
ration to comprise an antenna (81). In one embodiment, a top
portion (1) of antenna (81) is coupled to a bottom portion (3)
by a vertical portion that comprises a control element (101),
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which is electrically connected to top portion (1) at the end
and to bottom portion (3) at another end. In one embodiment,
wherein control element (101) exhibits ON characteristics,
the antenna (81) L.C characteristics are defined by parallel
capacitance and inductance generally defined by capacitive
and inductive areas (not shown). With a control element that
exhibits OFF characteristics, it has been identified that
antenna (81) resonates at a lower frequency and a wider area
of coverage and bandwidth.

FIG. 12B illustrates another configuration of two capaci-
tively loaded magnetic dipoles coupled to comprise an
antenna (80). In one embodiment, a top portion (1) of antenna
(80) is coupled to a bottom portion (3) by a vertical portion
that comprises a control element (101), which is electrically
connected to top portion (1) at one end and to bottom portion
(3) at another end. In the illustrated embodiment, top radiat-
ing portions (1) of antenna (80) are orthogonal rather than in
the same plane, which provides polarization diversity in the
radiation pattern provided by the radiating portions.

FIG. 13 illustrates a three dimensional view of one embodi-
ment of an antenna (79) which comprises multiple capaci-
tively loaded magnetic dipole antennas. In one embodiment,
individual dipole antennas share common areas with one or
more control elements placed in the capacitive area, inductive
area, matching area, and/or stub area of one or more of the
dipole structures, for example, control elements (31, 41, 51,
71). Such a complex structure effectuates coverage of mul-
tiple frequency bands and can provide an optimized solution
in terms of input impedance, radiated power and beam direc-
tion. In one embodiment, multiple capacitively magnetic
dipole antennas can be arranged to offer selection of different
configuration solutions in real time. For example, in one
embodiment, wherein the human body influences reception
or transmission of wireless communications, one or more
antenna could be actively substituted for other antennas to
improve the real time reception or transmission of a commu-
nication.

FIGS. 14a, 145, and 14c¢ illustrate respective three-dimen-
sional, side, and bottom views of one embodiment of one or
more portions of a capacitively loaded magnetic dipole
antenna (199). In one embodiment, antenna (199) comprises
a top portion (106) disposed opposite a ground plane portion
(112), with the top portion (106) coupled to the ground plane
024833-3401 portion (112) by a ground connection portion
(107). In one embodiment, a generally planar disposition of
the top portion (106) and an opposing generally planar dis-
position of the ground portion (112) define a first gap area
(117). In one embodiment, ground portion (112) is coupled to
top portion (106) by ground connection portion (107) in an
area indicated generally as feed area (113). In one embodi-
ment, ground portion (112) comprises a ground plane. In one
embodiment, within the feed area, a signal feed line portion
(105) is coupled to the top portion (106). In one embodiment,
the top portion (106) comprises a first portion (116) and a
second portion (111), with the first portion coupled to the
second portion by a connection portion (114). In one embodi-
ment, first portion (116) and second portion (111) are oppos-
ingly disposed in a plane and define a second gap area (115).
In one embodiment, one or more portion (105), (107), (111),
(112), (114), and (116) may comprise conductors. In one
embodiment, one or more portion (105), (107), (111), (112),
(114), and (116) may comprise conductive flat plate struc-
tures. It is understood, that top portion (106) and ground plane
(112) may comprise other than flat-plate structures. For
example, one or more portion, (105), (107), (111), (112),
(114), and (116) may comprise rods, cylinders, etc. It is also
understood that the present invention is not limited to the
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described geometries, as in other embodiments the top por-
tion (106), the ground plane (112), the first portion (116), and
the second portion (111) may be disposed relative to each
other in other geometries. For example, top conductor (106)
may be coupled to ground plane portion (112), and first por-
tion (116) may be coupled to second portion (111) such that
one or more of the portion are in other than parallel relation-
ships. Thus, it is understood that antenna (199), as well as
other antennas described herein, may vary in design and yet
remain within the scope of the claimed invention.

As will be understood with reference to the foregoing
Description and Figures, one or more of portions (105), (107),
(111), (112), (114), and (116), as well as other described
further herein, may be utilized to effectuate changes in the
operating characteristics of a capacitively loaded magnetic
dipole antenna. In one embodiment, one or more of portions
(105), (107), (111), (112), (114), and (116) may be utilized to
alter the capacitive and/or inductive characteristics of a
capacitively loaded magnetic dipole antenna design. For
example, one or more of portions (105), (107), (111), (112),
(114), and/or (116) may be utilized to reconfigure impedance,
frequency, and/or radiation characteristics of a capactively
loaded magnetic dipole antenna.

FIG. 15 illustrate respective side and bottom views of one
embodiment of one or more portion of a capacitively loaded
magnetic dipole antenna (198), wherein antenna (198) further
comprises a control portion (121). In one embodiment, con-
trol portion (121) is disposed generally within the feed area
(113). In one embodiment, control portion (121) is electri-
cally coupled at one end to the feed line portion (105) and at
another end to ground connection portion (107). In one
embodiment, control portion (121) comprises a device that
may exhibit ON-OFF and/or actively controllable capacitive/
inductive characteristics. In one embodiment, control portion
(121) may comprise a transistor device, an FET device, a
MEMs device, or other suitable control portion or circuit
capable of exhibiting ON-OFF and/or actively controllable
capacitive/inductive characteristics. In one embodiment
wherein the control portion (121) comprises a switch with
ON characteristics, a Smith Chart loop, as used by those
skilled in the art for impedance matching, is smaller than
when the control portion (121) exhibits OFF characteristics.
It has been identified that use of a control portion (121) with
ON characteristics in the feed area (113) may be used to
actively compensate for external influences on the antenna
(198), for example, as by a human body. In one embodiment,
wherein the capacitance/inductance of control portion (121)
may be actively changed, for example, by a control input to a
connection of an FET device or circuit connected between
feed line (105) and connector portion (107), the control por-
tion (121) may be used to effectuate changes in the inductance
or capacitance of the antenna (198). It has been identified that
the capacitance/inductance of the control portion (121) may
be varied to actively change the L.C characteristics of antenna
(198) such that the impedance and/or resonant frequency of
the antenna (198) may be actively re/configured.

FIGS. 16A, 16B, and 16C illustrate respective side sec-
tional, and bottom views of one embodiment of one or more
portions of a capactively loaded magnetic dipole antenna
(197), wherein antenna (197) further comprises a control
portion (131). In one embodiment, control portion (131) is
disposed in an area generally defined by connection portion
(114). In the one embodiment, connection portion (114) com-
prises a first part (114a) coupled to a second part (1145). In
one embodiment, first part (114a) is coupled to second part
(1145) by the control portion (131). In one embodiment,
wherein the control portion (131) comprises a switch that
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exhibits ON characteristics, it is understood that the first and
second parts of connection portion (114) may be electrically
connected to each other to effectuate a larger surface geom-
etry than in an embodiment wherein the cored portion exhib-
its OFF characteristics.

It has been identified that with a control portion (131)
coupled to connection portion (114) in a manner as generally
described herein, a connection portion (114) may comprise a
larger surface area and the resonant frequency of antenna
(197) may thus be lowered. In one embodiment, the operating
frequency of antenna (197) may be actively changed from one
frequency to another, for example, between a 800 MHz band
used in the US and a 900 MHz band used in Europe for
cell-phone transmitting and receiving applications. In one
embodiment, wherein the capacitance and/or inductance of
the control portion (131) may be actively changed, for
example, by a control input to a connection of an FET device
or circuit connected between the first part (114a) and the
second part (1144), it has also been identified that the capaci-
tance and/or inductance of the control portion (131) may be
varied to change the L.C characteristics of antenna (197) such
that the resonant frequency of the antenna (197) may be
actively re/configured.

FIGS. 17A and 17B illustrate respective bottom and front-
side-sectional views of one embodiment of one or more por-
tions of a capacitively loaded magnetic dipole antenna (196),
wherein antenna (196) further comprises a control portion
(141) disposed in the general area of the second gap area
(115). In one embodiment, control portion (141) is electri-
cally coupled at one end to first portion (116) and at another
end to second portion (111). In one embodiment, with a
control portion (141) that exhibits ON characteristics, first
portion (116) nay be electrically coupled to second portion
(111) so as to increase the frequency and the bandwidth of the
antenna (196), compared to an embodiment where the control
portion (141) exhibits OFF characteristics. In one embodi-
ment, wherein the capacitance and/or inductance of the con-
trol portion (141) may be actively charged, the electrical
coupling between the first portion (116) and the second por-
tion (111) may be continuously controlled to effectuate
changes in the inductance and/or capacitance in the second
gap area (115). It has been identified that with a control
portion (141) disposed generally in the gap (115) area, the
resonant frequency, the bandwidth, and/or the antenna
impedance characteristics may be actively re/configured.

FIG. 17C illustrates a front-side-sectional view of one
embodiment of one or more portion of a capactively loaded
magnetic dipole antenna (196), wherein antenna (196) further
comprises a bridge portion (144) and a control portion (141)
disposed in the general area of the second gap area (115). In
one embodiment, bridge portion (144) is coupled to the sec-
ond portion (111) to extend an area of the second portion over
the first portion (116). In one embodiment, the control portion
(141) is coupled at one end to the bridge portion (144) and at
another end to the first portion (116).

FIG. 17D illustrates a front-side-sectional view of one or
more portion of a capactively loaded magnetic dipole antenna
(196), wherein antenna (196) further comprises a bridge por-
tion (144) and two control portions (141) disposed in the
general area of the second gap (115). In one embodiment,
bridge portion (144) is disposed to extend over an area of the
first portion (116) and over an area of the second portion
(111). Bridge portion (144) is coupled to the first portion
(116) by a first control portion (141) and to the second portion
(111) by a second control portion (141). It has been identified
that the control portion(s) (141) of the embodiments illus-
trated by FIGS. 17C and 17D maybe disposed generally in the
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gap (115) area to effectuate active control of resonant fre-
quency, bandwidth, and impedance characteristics of antenna
(196).

FIG. 18 illustrates a bottom view of one embodiment of one
or more portion of a capacitively loaded magnetic dipole
antenna (195), wherein antenna (195) further comprises a
control portion (151) disposed in the general area of the first
portion (116). In one embodiment, first portion (116) com-
prises a first part (116a) and a second part (1165), with the
first part coupled to the second part by the control portion
(151). In one embodiments control portion (151) is coupled at
one end to first part (116a) and at another end to second part
(11654) such that when control portion (151) exhibits ON
characteristics, the area of first portion (116) may be effec-
tively increased. It has been identified that with a control
portion (151) that exhibits ON characteristics, the resonant
frequency of antenna (195) is lower than with a control por-
tion (151) that exhibits OFF characteristics, for example, 800
MHz vs. 900 MHz. It has also been identified with a control
portion (151), wherein the capacitance and/or inductance
may be changed, the resonant frequency of antenna (195)
may be actively reconfigured.

FIG. 19 illustrates a side view of one embodiment of one or
more portion of a capacitively loaded magnetic dipole
antenna (194), wherein antenna (194) further comprises a
control portion (161) disposed generally in the first gap area
(117) defined by the first portion (116) and the ground plane
(112). It has been identified, wherein control portion (161) is
coupled at one end to the first portion (116) and at another end
to the ground plane (112), that when control portion (161)
exhibits ON characteristics, the antenna (194) may be
switched off. It has also been identified, wherein the capaci-
tance and/or inductance of the control portion (161) may be
actively changed, that the resonant frequency or impedance of
antenna (194) may be actively reconfigured.

FIG. 20 illustrates resonant frequencies of a dual band
capacitively loaded magnetic dipole antenna, wherein the
antenna is provided with an additional resonant frequency by
including one or more additional portion and/or gap in a low
current density portion of the antenna. In one embodiment, a
capacitively loaded magnetic dipole antenna may be provided
with a lower resonant frequency (a) that spans a lower fre-
quency band at its 3 db point and an upper resonant frequency
(b) that spans an upper frequency band at its 3 db point, both
resonant frequencies separated in frequency by (X), and both
resonant frequencies determined by the geometry of one or
more portion and/or gap as described further herein. In dif-
ferent embodiment it is possible to actively reconfigure
antenna characteristics in either their upper frequency band or
their lower frequency band, or both, by disposing control
portions in accordance with principles set out forth in the
descriptions provided further herein.

FIG. 21A illustrates a bottom view of one or more portion
of'one embodiment of a dual band capacitively loaded magnet
dipole antenna (193), wherein antenna (193) comprises a
control portion (not shown) disposed in one or more of area
(173), area (174), area (175) and area (176), area (714), and
area (715). It is understood that although FIGS. 21A-C
describe embodiments wherein one additional portion and/or
additional gap are included to comprise a dual band antenna,
the present invention is not limited to these embodiments, as
in other embodiments more than one additional portion and/
ormore than one additional gap may be provided to effectuate
creation of one or more additional resonant frequency in a
capacitively loaded magnetic dipole antenna. In one embodi-
ment, the third portion (177) is coupled to a connection por-
tion (114), and is disposed between a first portion (116) and a
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second portion (111). The third portion (177) enables antenna
(193) to operate at two different resonant frequencies sepa-
rated in frequency by (X). It is understood that when (X)
approaches zero, changes made to affect antenna character-
istics at one resonant frequency may affect characteristics at
another resonant frequency. It has been identified that a con-
trol portion used in area (173) may be used to control the
impedance of the antenna (193) in both resonant frequency
bands. The areas (174, 175) provide similar function to that of
the respective portion and gap of a single band antenna for a
lower resonant frequency band. A control portion coupled to
antenna (193) in area (176) may be used to affect character-
istics of the antenna (193) in both lower and upper resonant
frequency bands. Finally, it has been identified that the areas
(714, 715) act to affect an upper resonant frequency band in a
manner similar to the portion and gap of a single band
antenna.

FIG. 21B illustrates a bottom view of one or one portion of
a dual band capacitively loaded magnetic dipole antenna
(192), wherein antenna (192) comprises a control portion (not
shown) disposed in one or more of area (173), area (174), area
(175), area (176), area (715), and area (716). In one embodi-
ment, the third portion (177) is coupled to the first portion
(116), and is disposed between first portion (116) and second
portion (111). The third portion (177) enables antenna (192)
to operate at one or both of an upper and lower resonant
frequency. It has been identified that a control portion may be
used in area (173) to control the impedance of the antenna
(192) in either the lower or the upper frequency band. The
areas (174, 175, 176) provide similar function to that of
respective gap and portions of a single band antenna for a
lower frequency band. It has been identified that the influence
of'area (176) over an upper frequency band is reduced. It has
also been identified that the areas (715, 716) act to affect an
upper frequency band in a manner similar to the gap and
portion of a single band antenna. Finally, it has also been
identified that characteristics of the antenna (192) may be
altered in a lower frequency band independent of the charac-
teristics in an upper frequency band.

FIG. 21C illustrates a bottom view of one or more portion
of a dual band capacitively loaded magnetic dipole antenna
(191), wherein antenna (191) comprises a control portion (not
shown) disposed in one or more of area (173), area (174), area
(175), area (176), area (715), and area (716). In one embodi-
ment, the third portion (177) is disposed between a first por-
tion (116) and a second portion (111). Third portion (177) is
coupled at one end to the first portion (116) by a first connec-
tion portion and at a second end to the second portion (111) by
a second connection portion. The third portion (177) enables
antenna (191) to operate in one or both of two different
resonant frequency bands. It has been identified that a control
portion may be used in area (173) to control the impedance of
the antenna (191) in either a lower or upper frequency band.
The areas (174, 175, 176) provide similar function to that of
respective gap and portions of a single band antenna for a
lower frequency band. It has been identified that the influence
of'area (176) over an upper frequency band is reduced. It has
also been identified that the areas (715, 716) act to affect an
upper frequency band in a manner similar to the gap and
portion of a single band antenna. Finally, it has also been
identified that characteristics of the antenna (191) may be
altered in a lower frequency band independent of the charac-
teristics in an upper frequency band.

FIG. 22A illustrates a three-dimensional view of one or
more portion of one embodiment of a capacitively loaded
magnetic dipole antenna (190), wherein antenna (190) further
comprises a stub (181). It has been identified that with a stub
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(181) coupled to an antenna in the feed area, for example, to
a ground connection portion (107) or to a feed line (105), a
gap may be defined between the stub and a portion of the
antenna such that an additional lower or upper antenna reso-
nant frequency is created. By changing characteristics of the
stub as described herein, it is possible to control an antenna’s
characteristics, for example, its impedance and lower/upper
resonant frequency. In one embodiment, stub (El) comprises
a printed line disposed on ground plane portion (112) and
defines a gap between the stub and one or more portion of
antenna (190). In one embodiment, stub (181) comprises a
right angle geometry, but it is understood that stub (181) may
comprise other geometries, for example straight, curved, etc.
In one embodiment, stub (181) may be implemented with
various technologies, for example, technologies used to cre-
ate micro-strip lines or coplanar-waveguides as practiced by
those skilled in the art. In one embodiment, stub (181) imped-
ance measures 50 ohms, but other impedances are also within
the scope of the present invention.

FIG. 22B illustrates a three-dimensional view of one or
more portion of one embodiment of a capacitively loaded
magnetic dipole antenna (189), wherein antenna (189) further
comprises a stub (182) coupled to a ground connection por-
tion (107) or to a feed line (105). In one embodiment, stub
(182) is disposed above the ground plane portion (112) and
below one or more portions of antenna (189). In one embodi-
ment, stub (182) may be disposed in such a way to couple
directly to portion (111). In one embodiment, stub (182)
comprises a right angle geometry, but it is understood that
stub (182) may comprise other geometries, for example
straight or curved.

FIG. 23A illustrates a three-dimensional view of one or
more portion of one embodiment of a capacitively loaded
magnetic dipole antenna (188) similar to that illustrated by
FIG. 214, wherein antenna (188) comprises a stub (181) and
a control portion (191). In one embodiment, control portion
(191) is disposed to couple a first portion (181a) to a second
portion (1815) of stub (181). In has been identified that a
control portion (191) that exhibits ON characteristics may be
utilized to increase the length of stub (181), as compared to a
control portion that exhibits OFF characteristics. It is identi-
fied that control portion (191) may thus enable control of an
antenna resonant frequency created by the stub. It has also
been identified that if the resonant frequency created by stub
(181) is sufficiently close to the resonant frequency created by
the top portion (106), control portion (191) may be used to
effectuate changes in the resonant frequency or antenna char-
acteristics created by the top portion.

FIG. 23B illustrates a three-dimensional view of one or
more portion of one embodiment of a capacitively loaded
magnetic dipole antenna (187), wherein antenna (187) com-
prises a stub (181) and control portion (191). In one embodi-
ment, control portion (191) is disposed to couple stub (181) to
the ground plane (112). It is identified that use of control
portion (191) may thus enable control of an antenna resonant
frequency created by the stub. It has also been identified that
if the resonant frequency created by stub (181) is sufficiently
close to the resonant frequency created by the top portion
(106), control portion (191) may be used to effectuate
changes in the resonant frequency or antenna characteristics
created by the top portion.

FIG. 24A illustrates a three-dimensional view of one or
more portion of one embodiment of a capacitively loaded
magnetic dipole antenna (186) wherein the antenna com-
prises a stub (182) and further comprises a control portion
(201) disposed to couple one part of the stub to another part of
the stub. It has been identified that control portion (201) may
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be used to effectuate changes in the electrical length of a stub
(182). It is identified that use of a control portion (201) may
thus enable control of an antenna resonant frequency created
by the stub. It has also been identified that if the resonant
frequency created by stub (201) is sufficiently close to the
resonant frequency created by the top portion (106), control
portion (201) may be used to effectuate changes in the reso-
nant frequency or antenna characteristics created by the top
portion.

FIG. 24B illustrates a three-dimensional view of one or
more portion of one embodiment of a capacitively loaded
magnetic dipole antenna (185), wherein the antenna com-
prises a stub (182) and further comprises a control portion
(201) coupled to connect the stub (182) to portion (106) of
antenna (185). Itis identified that control portion (201) maybe
used to effectuate active control of characteristics of antenna
(185).

FIG. 24C illustrates a three-dimensional view of one or
more portion of a capacitively loaded magnetic dipole
antenna (184), wherein the antenna comprises a stub (184)
and a control portion (201) connected between the stub and a
ground point (202) on the ground plane portion (112). It has
been identified that the influence of the stub on the character-
istics of the antenna is more drastic when the control portion
(201) exhibits ON characteristics than when the control por-
tion exhibits OFF characteristics.

It is identified that capacitively loaded magnetic dipole
antennas may comprise more than one control portion to
effectuate independent control of one or more characteristics
of'acapacitively loaded magnetic dipole antenna, for example
independent control of multiple resonant frequencies of a
multiple band antenna.

FIG. 25 illustrates a three-dimensional view of one or more
portion of one embodiment of a dual band capacitively loaded
magnetic dipole antenna (183), comprising a control portion
(211), a control portion (212), a reconfigurable area (114),
and a third portion (213). In one embodiment, antenna (183)
may further comprise a reconfigurable stub (182). It has been
identified that control portion (211) has influence over a lower
resonant frequency band. For example, by controlling the
characteristics of control portion (211) it is possible to switch
the antenna (183) from 800 MHz to 900 MHz. It has also been
identified that control portion (212) on the stub (182) may be
used to influence an upper resonant frequency band. For
example, it is possible to switch antenna (183) from 1800
MHz to 1900 MHz.

FIG. 26 illustrates another embodiment of an antenna (299)
according to one aspect of the present invention. In this
embodiment, multiple control elements (231) can be electri-
cally coupled to the antenna (299). These control elements
(231) can comprise devices that may exhibit ON-OFF and/or
actively controllable capacitive/inductive characteristics. In
one embodiment, control elements (231) may comprise tran-
sistor devices, FET devices, MEMs devices, or other suitable
control elements or circuits capable of exhibiting ON-OFF
and/or actively controllable capacitive inductive characteris-
tics. These control elements (231) may be switched ON or
OFF or the capacitance or inductance may be changed to
actively control the resonant frequency of the antenna (299).
In this manner, it is possible to construct an antenna (299) that
can resonate an multiple frequencies, such as 200 MHz, 400
MHz, 700 MHz, 800 MHz, 900 MHz, 1800 MHz, 1900 MHz,
etc. As such, the antenna (299) can be configured to support
low frequency applications, such as broadcast television, as
well as higher frequency applications such as cellular com-
munications.
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FIGS. 27A-H illustrate various embodiments of the inven-
tion in which conductive pads (350) and traces (360) on the
printed circuit board (330) are used for connecting the
antenna (310) with the conductive structure (320) in an elec-
tronic device (300). As shown in FIG. 27A, an electronic
device (300) according to one embodiment of the invention
can comprise a so-called “flip-phone” type mobile telephone.
The sections of the device (300) can each include a printed
circuit board (330) having conductive traces (360) connected
by a flexible conductive connector (340) in the hinge area of
the device (300). The conductive traces (360) can be used to
connect the antenna (310) to conductive pads (350) on the
printed circuit board (330).

The antenna (310) can include a main radiating portion
(306) connected to ground and a feed by ground and feed legs
(307 and 305, respectively). Conductive connecting pads
(355) can connect the ground leg (307) and feed leg (305) to
the printed circuit board (330). In one embodiment, as shown
in FIG. 27B, the ground leg (307) can be connected to a
conductive pad (350) by a conductive trace (360) between
conductive pad (350) and connecting pad (355). In another
embodiment, shown in FIG. 27C, the feed leg (305) can be
connected to the conductive pad (350) by a conductive trace
(360).

As shown in FIGS. 27 D-F, the conductive structure (320)
can be connected to the antenna (310) via the conductive pad
(350) and conductive trace (360). A connecting leg (325) can
be used to connect the conductive structure (320) to the con-
ductive pad (350). As described above, in one embodiment,
such as the one shown in FIG. 27E, the conductive structure
(320) can comprise a conductive pad positioned in an area on
or near the outer surface of the device (300) such that the
device user becomes coupled to the conductive structure
(320) either directly or capacitively when the user holds the
device (300). In another embodiment, as shown in FIG. 27F,
the conductive structure (320) can comprise a conductive
wheel or other control mechanism for the device. In this
embodiment, the device user becomes coupled to the antenna
(310) when the user uses the control mechanism.

In other embodiments of the invention, the antenna (310)
can include additional connection legs (309, 311). For
example, in the embodiment shown in FIG. 27G, a third
connection leg (309) can be added for altering the frequency
response of the antenna (310). The third connection leg (309)
can be connected to the printed circuit board (330) by con-
ductive connecting pad (355) and to connection pad (350) by
conductive trace (360). In the embodiment shown in FIG.
27H, a fourth connection leg (311) can be added and a control
element (313) can be included to couple the fourth connection
leg (311) with connection pad (350). The fourth connection
leg (311) can be connected to conductive connecting pad
(355) and to connection pad (350) by conductive trace (360)
and control element (313).

In one embodiment, control element (313) can be used to
enable control of the antenna resonant frequency. The control
element can comprise a device that may exhibit ON-OFF
and/or actively controllable capacitive/inductive characteris-
tics. In one embodiment, the control element (313) may com-
prise transistor devices, FED devices, MEMs devices, or
other suitable control element or circuits capable of exhibit-
ing ON-OFF and/or actively controllable capacitive inductive
characteristics. The control element may be switched ON or
OFF or the capacitance or inductance may be changed to
actively control the resonant frequency of the antenna (310).
In this manner, it is possible to construct an antenna (310) that
can resonate a multiple frequencies, such as 200 MHz, 400
MHz, 700 MHz, 800 MHz, 900 MHz, 1800 MHz, 1900 MHz,
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etc. As such, the antenna (310) can be configured to support
low frequency application, such as broadcast television, as
well as higher frequency application such as cellular commu-
nications. FIG. 28 illustrates one possible partial mapping of
the resonant frequencies of an antenna according to this
embodiment of the invention.

In another embodiment of the invention, the conductive
structure (430) can comprise a decorative feature on the outer
surface of the mobile device (420). For example, in the
embodiment shown in FIG. 29, the feature is a metallic disc
shaped decoration. As in other embodiments, the conductive
structure (430) is made of a conductive material and is
coupled to the antenna (442) by a conductor (452), which in
this case is a conductive screw, and a conductive trace (460).
The decorative feature is positioned on the device (420) in an
area usually contacted by the user’s hand when holding the
device (420). In this manner, the user become effectively
coupled of the antenna (442) by direct contact with the con-
ductive structure (430) such that the user becomes part of the
antenna (442) when the device (420) is in use.

Thus, it will be recognized that the preceding description
embodies one or more invention that may be practiced in
other specific forms without departing from the spirit and
essential characteristics of the disclosure and that the inven-
tion is not to be limited by the foregoing illustrative details,
but rather is to be defined by the appended claims.

What is claimed is:

1. An antenna configured for low frequency application on
a mobile device held by a user of the device, the antenna
comprising:

an antenna element;

a conductive structure electrically coupled to the antenna
element, wherein the conductive structure is positioned
such that the user becomes effectively coupled to the
antenna through the conductive structure when the user
holds the device; and

a control element coupled to the antenna element, the con-
trol element being configured for actively reconfiguring
the resonant frequency of the antenna to form a multiple
band antenna.

2. The antenna of claim 1 wherein the conductive structure

is electrically coupled to the antenna element by a conductor.

3. The antenna of claim 2, wherein the conductor is a wire.

4. The antenna of claim 1, wherein the conductive structure
comprises a housing of the device.

5. The antenna of claim 1, wherein the conductive structure
comprises a piece of conductive material embedded into a
housing of the device.

6. The antenna of claim 1, wherein the conductive structure
comprises a conductive pad exposed on an outer surface of the
device.

7. The antenna of claim 6, wherein the conductive pad
comprises a decal including conductive material.

8. The antenna of claim 6, wherein the conductive pad
comprises an exposed conductive material embedded into a
housing of the device.

9. The antenna of claim 1, wherein the user is coupled to the
antenna through direct contact with the conductive structure.

10. The antenna of claim 1, wherein the conductive struc-
ture is positioned in an area near enough to a portion of the
device onto which the user holds such that the user can be
coupled to the antenna through capacitive coupling.

11. The antenna of claim 1, wherein the antenna element
further comprises a capacitively loaded dipole antenna ele-
ment.

12. The antenna of claim 1, further comprising a plurality
of control elements coupled to the antenna element, the plu-
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rality of control elements being configured for actively recon-
figuring the resonant frequency of the antenna to form a
multiple band antenna.

13. The antenna of claim 12, wherein the antenna element
further comprises a capacitively loaded dipole antenna ele-
ment.

14. A multiband antenna configured for improved low fre-
quency response for use in a mobile device held by a user, the
antenna comprising:

a plurality of portions, the plurality of portions coupled to

define a capacitively loaded dipole antenna element;

at least one control element connected between two of the

plurality of portions such that activation of the control
element electrically connects the two portions to effec-
tuate a change in surface geometry of antenna element
and deactivation of the control element electrically dis-
connects the two portions to effectuate a change in sur-
face geometry of the antenna element, the change in
geometry causing the antenna element to be actively
reconfigured; and

a conductive structure electrically coupled to the antenna

element, wherein the conductive structure is positioned
such that the user becomes effectively coupled to the
antenna through the conductive structure when the user
holds the device.

15. The antenna of claim 14, further comprising a ground
plane disposed opposition the antenna element and a stub
connected to the ground plane creating a gap between the
antenna element and the stub for generating an additional
resonant frequency for the antenna.

16. The antenna of claim 15, wherein the stub further
comprises a first stub part and a second stub part connected by
a stub control portion for enabling active reconfiguration of
the antenna.
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17. The antenna of claim 14, wherein the antenna further
comprises a plurality of antenna elements.

18. A multiband capacitively loaded dipole antenna with
enhanced low frequency characteristics for use in a mobile
device held by a user, the antenna comprising:

a conductive top portion including a first portion coupled to

a second portion by a connection section;

a ground plane portion disposed opposite to the conductive
top portion;

a control portion for enabling active reconfiguration of the
antenna, wherein the control portion is connected
between two of the first portion, second portion, or con-
nection section such that activation of the control portion
electrically connects the two of the first portion, second
portion or connection section to effectuate a change in
surface geometry of conductive top portion and deacti-
vation of the control portion electrically disconnects the
two of the first portion, second portion or connection
section to effectuate a change in surface geometry of the
conductive top portion, the change in geometry causing
the antenna to be actively reconfigured; and

a conductive structure electrically coupled to the antenna,
wherein the conductive structure is positioned such that
the user becomes effectively coupled to the antenna
through the conductive structure when the user holds the
device.

19. The antenna of claim 18, further comprising a plurality
of control portions, each of the plurality of control portion
connected between two of the first portion, second portion or
connection section, such that activation or deactivation of any
of the plurality of control portions effectuates a change in
surface geometry of the conductive top portion causing the
antenna to be actively reconfigured.

#* #* #* #* #*






_1328548921.pdf
a2 United States Patent

Hsiao et al.

US007667663B2

US 7,667,663 B2
Feb. 23, 2010

(10) Patent No.:
(45) Date of Patent:

(54)

(735)

(73)

")

@

(22)

(65)

(30)

Feb. 15, 2007

(1)

(52)
(58)

COUPLING ANTENNA

Inventors: Chih-Jen Hsiao, Hsin-Tien (TW);
Po-Yuan Liao, Hsin-Tien (TW);
Tsung-Wen Chiu, Hsin-Tien (TW);
Fu-Ren Hsiao, Hsin-Tien (TW)

Assignee: Advanced Connectek, Inc., Taipei (TW)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by O days.

Appl. No.: 12/069,145

Filed: Feb. 7,2008

Prior Publication Data

US 2008/0198089 A1l Aug. 21, 2008

Foreign Application Priority Data
(TW) e 96105853 A

Int. CI.

HO01Q 1/50 (2006.01)

US.CL e 343/850; 343/700 MS
Field of Classification Search .......... 343/700 MS,

343/846, 829, 850
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
4,453,269 A *  6/1984 Skar .....ccceeveininnennene 455/129
4,777,490 A * 10/1988 Sharmaetal. .............. 343/754
6,081,242 A 6/2000 Wingo
6,677,901 B1* 1/2004 Nalbandian .......... 343/700 MS
7.423,598 B2* 9/2008 Bit-Babik et al. ........... 343/702

* cited by examiner

Primary Examiner—Tho G Phan

(74) Attorney, Agent, or Firm—Schmeiser, Olsen & Watts
LLP
57 ABSTRACT

A coupling antenna has a substrate, an inducting conductor, a
ground plane, a first coupling member and a second coupling
member. The inducting conductor is mounted on the sub-
strate. The ground plane is formed on and protrudes from the
inducting conductor and is mounted on the substrate. The first
coupling member is mounted on the substrate and is con-
nected to a feeding cable. The second coupling member is
mounted on the substrate and is connected to the first coupling
member. The coupling antenna with the first coupling mem-
ber, the second coupling member and the inducting conductor
has a wide bandwidth and a small size.

4 Claims, 6 Drawing Sheets

241
24





U.S. Patent Feb. 23,2010 Sheet 1 of 6 US 7,667,663 B2

FIG.1
PRIOR ART






U.S. Patent Feb. 23, 2010 Sheet 2 of 6

FIG.2






U.S. Patent Feb. 23,2010 Sheet 3 of 6 US 7,667,663 B2

FIG.3





U.S. Patent Feb. 23,2010 Sheet 4 of 6 US 7,667,663 B2

=)
i -12 \\ x —_
aEvasans:
" |
\ _J
40
50

Start 0.3 037 044 051 058 065 072 079 086 093 Stopl0

(Frequency GHz)

FIG.4





U.S. Patent Feb. 23,2010 Sheet 5 of 6 US 7,667,663 B2

FIG.5






U.S. Patent Feb. 23, 2010 Sheet 6 of 6

FIG.6






US 7,667,663 B2

1
COUPLING ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna, and more par-
ticularly to a coupling antenna that has a substrate, a first
coupling member, a second coupling member and an induct-
ing conductor so that the coupling antenna has a wide band-
width and a small size.

2. Description of Related Art

Wireless telecommunication technologies have greatly
developed to be mature, reliable and marketable so that the
market demand for the wireless products greatly increases in
the recent years.

With reference to FIG. 1, U.S. Pat. No. 6,081,242 discloses
an “antenna matching circuit” that has a printed circuit board
(PCB) (24a), a connection pad (40), a first inductor (34), a
second inductor (38) and a ground plane (42). The PCB (244a)
has a top surface. The connection pad (40) is mounted on the
top surface of the PCB (24a). The first inductor (34) is zigzag,
is mounted on the PCB (24a), is coupled to the connection
pad (24a) and has an inside end. The second inductor (38) is
zigzag, is mounted on the top surface of the PCB (24a) and
has an inside end. The inside ends of the first and second
inductors (34, 38) cooperate to form a capacitor (26a). The
ground plane (42) is mounted on the top surface of the PCB
(24a) and is coupled to the second inductor (38). The zigzag
first and second inductors (34, 38) improve the inductance
effect and the electronic coupling efficiency and reduce the
size of the antenna to achieve multi-band operation. However,
an area of the antenna generating capacitive coupling effect is
small. Therefore, the operating bandwidth of the antenna is
narrow so that the practical application of the antenna is
limited.

To overcome the shortcomings, the present invention pro-
vides a coupling antenna to mitigate or obviate the aforemen-
tioned problems.

SUMMARY OF THE INVENTION

The main objective of the invention is to provide a coupling
antenna that has a substrate, a first coupling member, a second
coupling member and an inducting conductor so that the
coupling antenna has a wide bandwidth and a small size.

A coupling antenna has a substrate, an inducting conduc-
tor, a ground plane, a first coupling member and a second
coupling member. The inducting conductor is mounted on the
substrate. The ground plane is formed on and protrudes from
the inducting conductor and is mounted on the substrate. The
first coupling member is mounted on the substrate and is
connected to a feeding cable. The second coupling member is
mounted on the substrate and is connected to the first coupling
member. The coupling antenna with the first coupling mem-
ber, the second coupling member and the inducting conductor
has a wide bandwidth and a small size.

Other objectives, advantages and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an antenna matching circuit
in accordance with the prior art;

FIG. 2 is a perspective view of a first embodiment of a
coupling antenna in accordance with the present invention;
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FIG. 3 is a circuit diagram of the coupling antenna in FIG.
1

FIG. 4 is a diagram of return loss vs. frequency of the
coupling antenna in FIG. 1;

FIG. 5 is a perspective view of a second embodiment of a
coupling antenna in accordance with the present invention;
and

FIG. 6 is a perspective view of a third embodiment of a
coupling antenna in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

With reference to FIGS. 2 and 3, a first embodiment of a
coupling antenna in accordance with the present invention is
connected to a feeding cable (21) and comprises a substrate
(22), a feeding conductor (231), a coupling conductor (232),
a mating conductor (241), an extension conductor (242), an
inducting conductor (25), a ground plane (26), a first coupling
member (23) and a second coupling member (24).

The substrate (22) is made of dielectric material and has a
top surface (221) and a bottom surface (222). The dimension
of'the substrate (22) has the length of about 76 mm, the width
of about 9 mm and the thickness of about 0.2 mm.

The feeding conductor (231) is made of metal, is mounted
on the top surface of the substrate (22) and is connected to the
feeding cable (21) to receive signals from the feeding cable
(21). The dimension of the feeding conductor (231) has the
length of about 15 mm and the width of about 1 mm.

The coupling conductor (232) is made of metal, is mounted
on the top surface (221) of the substrate (22), is separated
from the feeding conductor (231) and has a first coupling
section (232a) and a second coupling second (23256).

The first coupling section (232a) is mounted on the top
surface (221) of the substrate (22) at a longitudinal gap (233)
from the feeding conductor (231) and receives the signals
from the feeding conductor (231) by a capacitive coupling
means. The width of the longitudinal gap (233) is at most 1
mm. The dimension of the first coupling section (232a) has
the length of about 15 mm and the width of about 1 mm.

The second coupling section (2325) is connected to the first
coupling section (232a), may be formed on and protrude
longitudinally from the first coupling section (2324a) and is
mounted on the top surface (221) of the substrate (22). The
signals in the coupling conductor (232) are transmitted from
the first coupling section (232a) to the second coupling sec-
tion (2325). The dimension of the second coupling section
(2325) has the length of about 55 mm and the width of about
2 mm.

The mating conductor (241) is zigzag, is mounted on the
top surface (221) of the substrate (22) near the second cou-
pling section (2325) of the coupling conductor (232) at an
interval from the second coupling section (2325) and receives
the signals from the second coupling section (2326) by a
capacitive coupling means. The mating conductor (241) has a
rear end and a front end. The width of the interval is about 0.5
mm. The stretched length of the mating conductor (241) is
about 21 mm.

The extension conductor (242) is rectangular, is formed on
and protrudes from the front end of the mating conductor
(241), is mounted on the top surface (221) of the substrate
(22) and has a rear end and a front end (243). The dimension
of'the extension conductor (242) has the length of about 44 m
and the width of about 7 mm.

The inducting conductor (25) is zigzag, is formed on and
protrudes from the front end of the extension conductor (242),
is mounted on the top surface of the substrate (20) and has a
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front end and a rear end. The stretched length of the inducting
conductor (25) is about 63 mm. The signals from the second-
ary conductor (242) are transmitted to the inducting conduc-
tor through the extension conductor (241).

The ground plane (26) is formed on and protrudes from the
front end of the inducting conductor (25), is mounted on the
top surface (221) of the substrate (22) and receives the signals
from the inducting conductor (25) by inductive effect. The
length of the ground plane (26) is about 10 mm.

The first coupling member (23) is defined by the feeding
conductor (231), the first coupling section (232a) of the cou-
pling conductor (232) and the longitudinal gap (233), serves
as a capacitor, is mounted on the substrate (22) and is con-
nected to the feeding cable (21). The longitudinal gap (233)
has a sufficient capacitive coupling area so capacitive cou-
pling effect is strong enough to cause the coupling antenna to
have a fine impedance variation. Therefore, the first coupling
member (23) improves the impedance matching and
increases the bandwidth of the coupling antenna when com-
pared to conventional antennas.

The second coupling member (24) is defined by the second
coupling section (23254), the mating conductor (241) and the
interval, serves as a capacitor, is mounted on the substrate
(22) and is connected to the first coupling member (23) and
the inducting conductor (25). The second coupling member
(24) strengthens the capacitive coupling effect and reduces
the resonance frequency of the coupling antenna. Therefore,
a resonant length of the coupling antenna is reduced to half a
wavelength of a central frequency from an operating band-
width of the coupling antenna to effectively decrease the size
of the coupling antenna.

With further reference to FIG. 3 showing a circuit corre-
sponding to the coupling antenna. The circuit is connected to
the ground plane (26) and has a signal source (31), a first
capacitor (C1), a second capacitor (C2), an inductor (L.1).

The first capacitor (C1) corresponding to the first coupling
member (23) transmits signals from the signal source (31) to
the first coupling section (232a) of the coupling conductor
(232). The signals are transmitted from the first coupling
section (232a) to the second coupling section (2325). The
second capacitor (C2) corresponding to the second coupling
member (24) transmits the signals from the second coupling
section (232b) to the mating conductor (241). The inductor
(L1) corresponding to the inductor conductor (25) transmit-
ted the signals from the mating conductor (241) to the ground
plane (26). Furthermore, the first capacitor (C1) and the
inductor (I.1) adjust the impedance matching to increase the
bandwidth of the coupling antenna. Moreover, the second
capacitor (C2) greatly reduces the resonant length to half the
wavelength of the central frequency from the operating band-
width of the coupling antenna to effectively decrease the size
of the coupling antenna.

With further reference to FIG. 4 showing a diagram of
return loss vs. central frequency of the coupling antenna, the
operating bandwidth of the coupling antenna under a voltage
standing wave ratio (VSWR) of 2:1 achieves 430 MHz (445-
875 MHz), which contains the ultra high frequency (UHF)
system bandwidth (470-870 MHz). The operating bandwidth
shows that the coupling antenna has low return loss and large
bandwidth.

With further reference to FIG. 5, a second embodiment of
a coupling antenna in accordance with the present invention is
similar to the first embodiment and further has an intermedi-
ate capacitor (234). The intermediate capacitor (234) may be
a ceramic capacitor, a tantalum capacitor, a porcelain capaci-
tor or the like, is soldered between and connected to the
feeding conductor (231) and the first coupling section (232a)
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of the coupling conductor (232). The intermediate capacitor
greatly increases the capacitive coupling effect of the first
coupling member (23).

With further reference to FIG. 6, a third embodiment of a
coupling antenna in accordance with the present invention is
similar to the first embodiment and has the first coupling
section (232a) of the coupling conductor (232) mounted on
the bottom surface (222) of the substrate (22) and further has
two ends and a connecting section (235). The connecting
section (235) is formed on and protrudes perpendicularly
from one end of the first coupling section (2324), is connected
to the second coupling section (2325) and is separated from
the feeding conductor (231) to further extend the longitudinal
gap (233) into an L-shaped gap. The L-shaped gap increases
the capacitive coupling area so that the capacitive coupling
effect of the first coupling member (23) is strengthened.

Consequently, the coupling antenna with the first coupling
member (23), the second coupling member (24) and the
inducting conductor (25) has a wide bandwidth and a small
size.

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. Changes
may be made in the details, 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 coupling antenna comprising:

a substrate made of dielectric material;

an inducting conductor mounted on the substrate;

a ground plane formed on and protruding from the induct-
ing conductor and mounted on the substrate;

a first coupling member mounted on the substrate, serving
as a capacitor and adapted to be connected to a feeding
cable;

a second coupling member mounted on the substrate and
connected to the first coupling member, wherein the
second coupling member serves as a capacitor;

wherein:

the substrate has a top surface and a bottom surface;

a feeding conductor is mounted on the top surface of the
substrate and is adapted to be connected to the feeding
cable;

a coupling conductor is mounted on the substrate, is sepa-
rated from the feeding conductor and has a first coupling
section mounted on the substrate at a gap from the feed-
ing conductor; and

a second coupling section connected to the first coupling
section and mounted on the substrate;

amating conductor is zigzag, is mounted on the top surface
of the substrate near the second coupling section of the
coupling conductor at an interval from the second cou-
pling section and has a rear end and a front end;

an extension conductor is rectangular, is formed on and
protrudes from the front end of the mating conductor, is
mounted on the top surface of the substrate and has a rear
end and a front end;

the inducting conductor is zigzag, is formed on and pro-
trudes from the front end of the extension conductor and
has a front end and a rear end;

the ground plane is mounted on the top surf ace of the
substrate;
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the first coupling conductor is defined by the feeding con- 3. The coupling antenna as claimed in claim 2 further
ductor, the first coupling section, of the coupling con- having an intermediate capacitor soldered between and con-
ductor and the gap; and nected to the feeding conductor and the first coupling section

of the coupling conductor
5 4. The coupling antenna as claimed in claim 1, wherein:
the first coupling section of the coupling conductor is
mounted on the bottom surface of the substrate and

the second coupling member is defined by the second cou-
pling section, the mating conductor and the interval.

2. The coupling antenna as claimed in claim 1, wherein:

the first coupling section of the coupling conductor is further has two ends and a connecting section formed on
mounted on the top surface of the substrate; and protruding perpendicularly from one end of the first
the second coupling section of the coupling conductor is 10 coupling section, connected to the second coupling sec-
formed on and protrudes longitudinally from the first tion and separated from the feeding conductor and

coupling section; and extending the gap into an L-shaped gap.

the gap is a longitudinal gap. I T S
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1
ANTENNA

CROSS REFERENCE TO RELATED
APPLICATIONS

This Application claims priority of Taiwan Patent Appli-
cation No. 97202097, filed on Jan. 31, 2008, the entirety of
which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an antenna, and more particularly
to an antenna with increased bandwidth.

2. Description of the Related Art

U.S. Pat. No. 6,812,892, U.S. Pat. No. 7,161,543 and U.S.
Pat. No. 6.891.504 disclose three conventional antennas,
wherein the conventional antennas have narrow bandwidths,
and cannot satisfy present transmission requirements. For
example, FIG. 1a shows a conventional antenna 1 disclosed in
U.S. Pat. No. 6,812,892, which has a ground element 10, a
conductive element 20 and a radiator 30. The conductive
element 20 is connected to the ground element 10. The radia-
tor 30 is connected to the conductive element 20. A coaxial
cable 40 is electrically connected to the ground element 10
and the conductive element 20. The radiator 30 has a first
section 31 and a second section 32. The first section 31
transmits a high frequency signal, and the second section 32
transmits a low frequency signal.

FIG. 15 shows signal transmission of the conventional
antenna 1, wherein the bandwidth of the antenna 1 (band-
width is defined as signals having voltage standing wave ratio
less than 2) is between about 2.39 GHz to 2.53 GHz and
between 4.84 GHz to 5.80 GHz. The conventional antennas
have narrow bandwidth, and cannot satisfy present transmis-
sion requirements.

BRIEF SUMMARY OF THE INVENTION

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

An antenna is provided. The antenna has a ground element,
a radiator and a conductive element. The radiator has a body,
wherein the body has a first edge, a second edge, a third edge
and a fourth edge, the first edge is parallel to the third edge, a
length of the first edge is shorter than a length of the third
edge, the first edge is close to the ground element, the second
edge connects the first edge and the third edge, a fourth edge
connects the first edge and the third edge, and a first slot is
formed on the radiator. The second edge and the fourth edge
extend separately from the first edge to the third edge. The
conductive element connects the ground element and the
radiator.

The antennas of the embodiments of the invention provide
wider bandwidth and improved transmission with decreased
antenna dimension.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
subsequent detailed description and examples with refer-
ences made to the accompanying drawings, wherein:

FIG. 1a shows a conventional antenna disclosed in U.S.
Pat. No. 6,812,892;

FIG. 15 shows signal transmission of the conventional
antenna in FIG. 1a;
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FIG. 2a is a perspective view of an antenna of a first
embodiment of the invention;

FIG. 2b is a front view of the antenna of the first embodi-
ment of the invention;

FIG. 3 shows signal transmission of the antenna of the first
embodiment of the invention;

FIG. 4a shows signal transmission path of a first wireless
signal (2.55 GHz);

FIG. 4b shows signal transmission path of a second wire-
less signal (4 GHz);

FIG. 4¢ shows signal transmission path of a third wireless
signal (5.05 GHz);

FIG. 4d shows signal transmission path of a first wireless
signal (6.75 GHz);

FIG. 5 shows an antenna of a second embodiment of the
invention;

FIG. 6 shows an antenna of a third embodiment of the
invention;

FIG. 7a shows an antenna of a fourth embodiment of the
invention;

FIG. 7b shows an antenna of a modified example of the
fourth embodiment of the invention; and

FIG. 8 shows an antenna of a fifth embodiment of the
invention.

DETAILED DESCRIPTION OF THE INVENTION

The following description is of the best-contemplated
mode of carrying out the invention. This description is made
for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

FIG. 2a is a perspective view of an antenna 100 of a first
embodiment of the invention, and FIG. 25 is a front view of
the antenna 100 of'the first embodiment of the invention. With
reference to FIG. 2a and 24, the antenna 100 has a ground
element 110, a conductive element 120 and a radiator 160.
The conductive element 120 is connected to the ground ele-
ment 110 and the radiator 160. The radiator 160 has a body
130, a first slot 141, a second slot 142 and an extending
portion 150. The body 130 has a first edge 131, a second edge
132, athird edge 133 and a fourth edge 134. The first edge 131
is parallel to the third edge 133. The length of the first edge
131 is shorter than the length of the third edge 133. The first
edge 131 is close to the ground element 110. The second edge
132 connects the first edge 131 and the third edge 133. The
fourth edge 134 connects the first edge 131 and the third edge
133. The second edge 132 and the fourth edge 134 extend
separately from the first edge 131 to the third edge 133.

The first slot 141 is formed on the second edge 132. The
first slot 141 extends parallel to the first edge 131. The
antenna 100 further has a first datum line 101. The first datum
line 101 extends from the second edge 132 to the fourth edge
134. The first datum line 101 is parallel to the first edge 131.
The first slot 141 extends along the first datum line 101. The
length of the first slot 141 is not longer than half'the length d2
of the first datum line 101.

The second slot 142 is formed on the fourth edge 134. The
second slot 142 extends parallel to the first edge 131. The
antenna 100 further has a second datum line 102. The second
datum line 102 extends from the second edge 132 to the fourth
edge 134. The second datum line 102 is parallel to the first
edge 131. The second slot 142 extends along the second
datum line 102. The length of the second slot 142 is not longer
than half the length d1 of the second datum line 102.
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The conductive element 120 is connected to the fourth edge
134. The antenna 100 further has a feed point 170. The feed
point 170 is located on the first edge 131. A coaxial cable 180
feeds the radiator 160 at the feed point 170. The distance
between the feed point 170 and the second edge 132 is not
longer than half the length d3 of the first edge 131.

With reference to FIG. 2a and 25, the extending portion
150 is connected to the third edge 133. The extending portion
150 has a first section 151 and a second section 152. The first
section 151 is perpendicular to the second section 152. The
first section 151 is connected to the body 130 and perpendicu-
lar thereto. The second section 152 is connected to the first
section 151 and parallel to the body 130.

In the first embodiment, a width of the first slot 141 is about
1.5 mm, and a width of the second slot 142 is about 1 mm.
However, the dimensional description does not limit the
scope of the invention.

FIG. 3 shows signal transmission of the antenna 100 of the
first embodiment of the invention, wherein the bandwidth of
the antenna 100 (bandwidth is defined as signals having volt-
age standing wave ratio less than 2) is between 2.45 GHz to 7
GHz. Therefore, the antenna 100 of the embodiment provides
wider bandwidth and improved transmission with decreased
antenna dimension.

FIGS. 4a to 4d shows signal transmission path in the first
embodiment of the invention. FIG. 4a shows signal transmis-
sion path of a first wireless signal (2.55 GHz). FIG. 45 shows
signal transmission path of a second wireless signal (4 GHz).
FIG. 4c¢ shows signal transmission path of a third wireless
signal (5.05 GHz). F1G. 4d shows signal transmission path of
a first wireless signal (6.75 GHz).

FIG. 5 shows an antenna 201 of a second embodiment of
the invention, wherein the second slot further has an L.-shaped
section 1421 and a straight section 1422. The L-shaped sec-
tion 1421 is connected to the straight section 1422. In a
modified example, the first slot can further have an L-shaped
section and a straight section, and the L-shaped section is
connected to the straight section.

FIG. 6 shows an antenna 202 of a third embodiment of the
invention, wherein the extending portion is omitted, and the
radiator 202 transmits wireless signals simply via the body
130.

FIG. 7a shows an antenna 203 of a fourth embodiment of
the invention, wherein a notch 211 is formed on the radiator.
The notch 211 is located on the second edge 132, and con-
nected to the first slot 141. The notch 211 is substantially
triangular shaped. FIG. 75 shows an antenna 203' of a modi-
fied example of the fourth embodiment of the invention,
wherein a notch 212 and a notch 213 are formed on the
radiator. The notch 212 is trapezoid and connected to the first
slot 141. The notch 213 is parallelogram shaped and con-
nected to the second slot 142. In the embodiments of the
invention, the shape of the notches can be modified.

FIG. 8 shows an antenna 204 of a fifth embodiment of the
invention, wherein locations of the first groove 141 and the
second groove 142 can be modified to satisfy various signal
transmission requirements.

In the embodiments of the invention, the second edge 132
is perpendicular to the first edge 131. However, the invention
is not limited thereby. Additionally, the body can be various
polygon shapes, and is not limited to be a trapezoid shape.

While the invention has been described by way of example
and in terms of preferred embodiment, it is to be understood
that the invention is not limited thereto. To the contrary, it is
intended to cover various modifications and similar arrange-
ments (as would be apparent to those skilled in the art).
Therefore, the scope of the appended claims should be
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4

accorded the broadest interpretation so as to encompass all
such modifications and similar arrangements.

What is claimed is:

1. An antenna, comprising:

a ground element;

a radiator, having a body, wherein the body has a first edge,

a second edge, a third edge and a fourth edge, and the
first edge is parallel to the third edge, a length of the first
edge is shorter than a length of the third edge, the first
edge is close to the ground element, the second edge
connects the first edge and the third edge, a fourth edge
connects the first edge and the third edge, and a first slot
is formed on the radiator; and

a conductive element, connecting the ground element and

the radiator.

2. The antenna as claimed in claim 1, wherein the first slot
is formed on the second edge, and the first slot extends par-
allel to the first edge.

3. The antenna as claimed in claim 2, further having a first
datum line extending from the second edge to the fourth edge
and parallel to the first edge, wherein the first slot extends
along the first datum line, and a length of the first slot equals
to half the length of the first datum line.

4. The antenna as claimed in claim 2, further having a first
datum line extending from the second edge to the fourth edge
and parallel to the first edge, wherein the first slot extends
along the first datum line, and a length of the first slot is
shorter than half the length of the first datum line.

5. The antenna as claimed in claim 2, wherein a second slot
is formed on the fourth edge of the radiator, and the second
slot extends parallel to the first edge.

6. The antenna as claimed in claim 5, further having a
second datum line extending from the second edge to the
fourth edge and parallel to the first edge, wherein the second
slot extends along the second datum line, and a length of the
second slot equals to halfthe length of'the second datum line.

7. The antenna as claimed in claim 5, further having a
second datum line extending from the second edge to the
fourth edge and parallel to the first edge, wherein the second
slot extends along the second datum line, and a length of the
second slot is shorter than half the length of the second datum
line.

8. The antenna as claimed in claim 1, further having a feed
point located on the first edge.

9. The antenna as claimed in claim 8, wherein the conduc-
tive element is connected to the fourth edge, and a distance
between the feed point and the second edge equals to half the
length of the first edge.

10. The antenna as claimed in claim 8, wherein the con-
ductive element is connected to the fourth edge, and a dis-
tance between the feed point and the second edge is shorter
than half the length of the first edge.

11. The antenna as claimed in claim 1, wherein the second
edge is perpendicular to the first edge.

12. The antenna as claimed in claim 1, wherein a notch is
formed on the second edge of the radiator connected to the
first slot.

13. The antenna as claimed in claim 12, wherein the notch
is triangular shaped.

14. The antenna as claimed in claim 12, wherein the notch
is trapezoid shaped.

15. The antenna as claimed in claim 1, wherein the radiator
further has an extending portion connected to the third edge,
the extending portion has a first section and a second section,
the first section is perpendicular to the second section, the first
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section is connected to the body and perpendicular thereto,
and the second section is connected to the first section and
parallel to the body.

16. The antenna as claimed in claim 1, wherein the first slot
has an L-shaped section and a straight section, and the
L-shaped section is connected to the straight section.

17. An antenna, comprising:

a ground element;

aradiator, having a body, wherein the body has a first edge,

a second edge, a third edge and a fourth edge, and the
first edge is parallel to the third edge, a length of the first
edge is shorter than a length of the third edge, a first edge
is close to the ground element, the second edge and the
fourth edge extend separately from the first edge to the
third edge, and a first slot is formed on the radiator; and

a conductive element, connecting the ground element and

the radiator.

18. The antenna as claimed in claim 17, wherein the body
is polygon shaped.

19. The antenna as claimed in claim 17, wherein the first
slot is formed on the second edge, and the first slot extends
parallel to the first edge.

20. The antenna as claimed in claim 19, further having a
first datum line extending from the second edge to the fourth
edge and parallel to the first edge, wherein the first slot
extends along the first datum line, and a length of the first slot
equals to half the length of the first datum line.

21. The antenna as claimed in claim 19, further having a
first datum line extending from the second edge to the fourth
edge and parallel to the first edge, wherein the first slot
extends along the first datum line, and a length of the first slot
is shorter than half the length of the first datum line.

22. The antenna as claimed in claim 19, wherein a second
slot is formed on the fourth edge of the radiator, and the
second slot extends parallel to the first edge.

23. The antenna as claimed in claim 22, further having a
second datum line extending from the second edge to the

15

20

25

30

35

6

fourth edge and parallel to the first edge, wherein the second
slot extends along the second datum line, and a length of the
second slot equals to halfthe length of'the second datum line.

24. The antenna as claimed in claim 22, further having a
second datum line extending from the second edge to the
fourth edge and parallel to the first edge, wherein the second
slot extends along the second datum line, and a length of the
second slot is shorter than half the length of the second datum
line.

25. The antenna as claimed in claim 17, further having a
feed point located on the first edge.

26. The antenna as claimed in claim 25, wherein the con-
ductive element is connected to the fourth edge, and a dis-
tance between the feed point and the second edge equals to
half the length of the first edge.

27. The antenna as claimed in claim 25, wherein the con-
ductive element is connected to the fourth edge, and a dis-
tance between the feed point and the second edge is shorter
than half the length of the first edge.

28. The antenna as claimed in claim 17, wherein a notch is
formed on the second edge of the radiator connected to the
first slot.

29. The antenna as claimed in claim 28, wherein the notch
is triangular shaped.

30. The antenna as claimed in claim 28, wherein the notch
is trapezoid shaped.

31. The antenna as claimed in claim 17, wherein the radia-
tor further has an extending portion connected to the third
edge, the extending portion has a first section and a second
section, the first section is perpendicular to the second sec-
tion, the first section is connected to the body and perpen-
dicular thereto, and the second section is connected to the first
section and parallel to the body.

32. The antenna as claimed in claim 17, wherein the first
slot has an L-shaped section and a straight section, and the
L-shaped section is connected to the straight section.

#* #* #* #* #*
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DIELECTRIC RESONATOR ANTENNA (DRA)
WITH A TRANSVERSE-RECTANGLE WELL

FIELD OF THE INVENTION

The present invention is related to dielectric resonator
antenna, and more particularly, to a dielectric resonator
antenna with transverse-rectangle well.

BACKGROUND OF THE INVENTION

The prior rectangle DRA is usually operated in a TE,
mode, and the mode has a linearly-polarized radiation pattern
with a wide beam and a bandwidth of approximately 6-10%,
and having advantages of low loss and high radiation effi-
ciency, and could be increased to more than 10% by using
low-permittivity material with €,=10.

The beamwidth of the broadside radiation for a typical
sectorial antenna is about 120°, and the half power beam-
width (HPBW) of vertical polarization on H-plane is only
about 80°, can not fulfill the requirement of the sectorial
antenna.

As known, the quality factor is an important parameter to
affect the antenna bandwidth. Besides, various radiation pat-
terns can be obtained by choosing proper resonator shapes
and exciting proper resonant modes, and the radiation effi-
ciency is affected by the shape of the ground plane, for
example, a W-shaped or a V-shaped ground plane is used to
lower the cross-polarization level or to increase the gain of
antenna. Bigger ground plane can be used to increase the gain
and to decrease the backward radiation of antennas. A ground
plane of pyramidal-horn shape has also been used to increase
the gain of antenna.

U.S. Pat. No. 6,995,713 published on Feb. 7, 2006, entitled
“Dielectric resonator wideband antennas * discloses a wide-
band antenna consisting of a dielectric resonator or DRA
mounted on a substrate with an earth plane. The resonator is
positioned at a distance x from at least one of the edges of the
earth plane, x being chosen such that 0=x=h /2, with A .,
the wavelength in the dielectric of the resonator. This inven-
tion applies to wireless networks.

U.S. Pat. No. 7,196,663 published on Mar. 27, 2007
entitled “Dielectric resonator type antennas” relates to a
dielectric resonator antenna comprising a block of dielectric
material of which a first face intended to be mounted on an
earth plane is covered with a metallic layer. According to the
invention, at least one second face perpendicular to the first
face is covered with a partial metallic layer having a width
less than the width of this second face. The invention applies
in particular to DRA antennas for domestic wireless net-
works.

JP Pub. No. 2005142864 published on Jun. 2nd, 2005
entitled “Dielectric resonator antenna” provides a dielectric
resonant antenna whose band is widened. The resonant
antenna has a dielectric resonator in a specified shape, a
mount substrate where a feeder and ground electrodes are
formed and the dielectric resonator is mounted, a loop as a
conductor line which is formed on a flank of the dielectric
resonator and annularly bent while having one end as a first
connection point connected to the feeder and the other end as
a second connection point connected to the ground elec-
trodes, and a stub which is formed of a conductor extending
from the loop of the dielectric resonator separately from the
mount substrate. The first connection point is formed closer to
the side of the stub than the second connection point and a
patch is formed on the top surface of the dielectric resonator
by patterning a metal conductor in a specified shape.
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The above patents disclose DR As having rectangular reso-
nator. Also, there are different ways to increase the band-
width, for example, stacking different sizes of resonators or
shaping resonators to merge their frequency bands, coupling
and combining the aperture of the slot antenna with a DRA, or
sticking a metallic slice to the DRA to provide extra resonant
mode and to change the distribution of electric field. How-
ever, the prior techniques will make the process more com-
plex, and increase cost and size of the antenna. Moreover, the
metallic slice will lower the radiation efficiency due to ohmic
loss at high frequency.

SUMMARY OF THE INVENTION

Accordingly, the main objective of present invention is to
provide a wideband dielectric resonator antenna (DRA) with
wide-beam linearly polarized radiation pattern.

Furthermore, another objective of the present invention is
to increase bandwidth by providing a DRA with a caved
transverse-rectangle well. The DRA is small and has the
characteristics of low metallic loss to achieve low enough Q
factor and to provide linearly polarized radiation pattern.

An embodiment of the dielectric resonator antenna com-
prising a rectangle substrate, a feed conductor, a ground
plane, and a resonator. The substrate has a first surface and a
second surface. The ground plane has a hollow portion and
formed on the first surface, besides, the feed conductor
formed on the second surface. The dielectric resonator is
located on the ground plane, further including a main body
and a well. The main body has a first side and a second side,
wherein the first side and the second side are vertical to the
ground, and the well transversely penetrates through the first
side and the second side.

The material of the dielectric resonator is low-temperature
co-fired ceramic (LTCC) with a dielectric constant ranging
from 10 to 100. The main body and the well are both shaped
as rectangle, and the well transversely penetrates through the
main body to enhance the electric field induced to the DRA,
to increase the radiation efficiency, and to decrease the Q
factor for broadening the bandwidth of the antenna. As is
clearly illustrated in FIGS. 1, 2, 3A and 3B, the well 402 is
formed in the main body 401. A portion of the main body that
is in contact with the around plane 20 becomes a lower wall
that defines the well 402. A distance from the lower side ofthe
well 402 to the base of the main body 401, i.e. the thickness of
the lower wall defining the well 402, is S (S>0). Thus, the
TE”|,, mode of the DRA is changed by the caved well to form
a similar resonant mode to the TE”, ; ; mode. The DRA has the
radiation pattern of a broad beam width with a vertical polar-
ization. The size and the relative position of the main body
and the well can be adjusted to merge different frequency
bands to provide a wideband DRA.

Accordingly, the longer side of the feed conductor is
orthogonal to the longer side of the hollow portion, and the
feed conductor extends and passes through the central part of
the hollow portion. The main body is attached to the ground
plane over a contact area, and the feed conductor extends and
passes through the central part of the hollow portion. When
the return loss is 10 dB, the radiation band ranges from 4.76
to 5.86 GHz.

The other objective of the present invention is to provide a
design method of the DRA. The size of the main body is
adjusted to change the resonant frequency of the DRA. Then
the size and the relative position of the well are adjusted to
increase the radiation bandwidth of the DRA. Finally, the size
and the relative position of the hollow portion and the feed
conductor are adjusted to match the impedance.





US 7,663,553 B2

3
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects, as well as many of the attendant
advantages and features of this invention will become more
apparent by reference to the following detailed description,
when taken in conjunction with the accompanying drawings:

FIG. 1 is a perspective view in accordance with the present
invention;

FIG. 2 is a diagram illustrating the size of different parts of
the present invention;

FIG. 3A and the FIG. 3B show the field distributions inside
the DRA of the present invention;

FIG. 4 shows the diagram of the return loss of the present
invention; and

FIG. 5A and FIG. 5B show radiation patterns of the
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, illustrating the perspective view in
accordance with the present invention. The present invention
of the dielectric resonator antenna with transverse-rectangle
well comprising:

a dielectric substrate 10 of plate shape including a first
surface 101 and a second surface 102, which is a printed
circuit board made of a material having a dielectric constant
of 2-13, for example, an FR4 substrate with the dielectric
constant of 4.4;

a ground plane 20 of metallic material forming on the first
surface 101, and further including a rectangular hollow por-
tion 201, of which the longer side extends along a first axis
Al;

a feed conductor 30 formed on the second surface 102,
according to an embodiment of the present invention, the feed
conductor 30 extends along a second axis A2 and passes
through the central part of the hollow portion 201, wherein the
first axis Al is perpendicular to the second axis A2.

aresonator 40 of dielectric material mounted on the ground
plane 20, further including a main body 401 and a caved well
402 both shaped as rectangle. The main body 401 having a
first side 4011 and a second side 4012, which are vertical to
the ground plane 20. The well 402 penetrates through the first
side 4011 and the second side 4012. The material of resonator
40 provides the characteristics with high dielectric constant
between 10 to 100 and low loss tangent of about 0.002 to
provide high radiation efficiency. The main body 401 par-
tially overlaps with the hollow portion 201. Besides, the well
402 could be chosen to overlap with the hollow portion 201 or
lapse from the hollow portion 201. The direction of longer
side of the main body 401 is the same as the second axis A,.
The main body 401 is mounted on the ground plane 20 over a
contact area Ac, and the second axis passes through the cen-
tral part of the contact area.

FIG. 2 is a plan diagram illustrating the size of different
parts of the present invention. Furthermore, sizes of different
parts of the DRA 1 of the preferred embodiment are given as
follows, in which the main body 401 has a length a, awidth b,
and a heightd, the well 402 has a length al, a width b, a height
d,, and the distance from the lower side of the well 402 to the
base of the main body 401 is S, wherein a=21.2 mm, b=7.7
mm, d=7.25 mm, d,=2.9 mm, and S=3.3 mm. The hollow
portion 201 has a length W, and a width L, wherein Wa=2
mm, and [.,=13 mm. Both of the substrate 10 and the ground
plane 20 have a length W, and a width L, and the thickness
of the substrate 10 is t, in which W= ,.=60 mm, t=0.6 mm,
and the dielectric constant of the substrate is €,=4.4. The
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dielectric constant €, of the dielectric resonator 40 is 20.
Moreover, the relative distance between the edge of the main
body 401 and the hollow portion 201 is d,, wherein d =7.2
mm. The length of the feed conductor 30 extending over the
hollow portion 201 is Ls, wherein [s=8 mm.

FIG. 3A and FIG. 3B show the field distributions of the
present invention at frequency 4.89 GHz and 5.725 GHz,
respectively. While radiating the wireless signal, the elec-
tronic signal is fed into the feed conductor 30 and the hollow
portion 201 then coupled to the dielectric resonator 40. The
electric field is enhanced because of the electric field line
passing through the well 402 of the dielectric resonator 40.
Therefore, the electric field of TE | ; , mode is redistributed to
increase the bandwidth of the radiation signal.

FIG. 4 shows the return loss of the present invention illus-
trating the radiation efficiency of the DRA 1. Solid line is the
measured return loss, and the dash line is the simulated return
loss. The radiation frequency band having a low return loss of
lower than -10 dB is between 4.76 GHz and 5.86 GHz.

FIG. 5A and FIG. 5B show the radiation patterns of the
embodiment of the present invention on the xy-plane at fre-
quencies of 4.89 GHz, and 5.73 GHz respectively, in which
the line a is the measurement of the vertical polarization, and
the line b is the measurement of the horizontal polarization.
The gains of the vertical polarization are 5.6 dBi and 3.6 dBi
at 4.89 GHz and 5.73 GHz, respectively.

Inaddition, it should be noted that some performance of the
DRA 1 provided by the present invention can be controlled by
adjusting related elements. For example, (1) the size of the
main body 401 of the dielectric resonator 40 is fine-adjusted
to adjust the resonant frequency of the DRA 1, and/or (2) the
size and the relative position of the well 402 is adjusted to
adjust the frequency of the TE”, ;, mode and to increase the
bandwidth, moreover, to form the wideband by merging the
frequency bands, and/or (3) the size and the relative position
of the hollow portion 201 and the feed conductor 30 is fine-
adjusted to match the impedance of the DRA 1.

Therefore, the present invention of the DRA radiates the
electromagnetic wave efficiently by caving a well to lower the
antenna quality factor (Q factor), and the bandwidth of the
DRA cover 4.76-5.86 GHz frequency band corresponding to
the requirement of the wireless local area network (WLAN)
802.11a equipments. Furthermore, the electric field of TE”, |,
is changed by the well to form a new resonate mode, and is
merged with the frequency band of the higher resonant mode.
Thus, impedance bandwidth is increased to 20%. The DRA of
the present invention has vertically polarized radiation pat-
tern and is easy to integrate with a circuit board.

While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, these are, of course, merely examples to help clarify
the invention and are not intended to limit the invention. It
will be understood by those skilled in the art that various
changes, modifications, and alterations in form and details
may be made therein without departing from the spirit and
scope of the invention, as set forth in the following claims.

What is claimed is:

1. A dielectric resonator antenna, comprising:

a substrate, having a first surface and a second surface;

a ground plane, having a hollow portion and being formed
on the first surface;

a feed conductor, formed on the second surface; and

a resonator of a dielectric material mounted on the ground
plane, and further including:
a main body having a first side and a second side both

vertical to the ground plane, and,
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a transverse-rectangular well formed in the main body,
the well transversely penetrating through the first side
and the second side, so that a portion of the main body
becomes a lower horizontal wall defining the well,
formed in between the well and the ground plane.

2. The dielectric resonator antenna as claimed in claim 1,
wherein the main body of the dielectric resonator is of a
rectangle shape.

3. The dielectric resonator antenna as claimed in claim 1,
wherein the well of the dielectric resonator is rectangle shape.

4. The dielectric resonator antenna as claimed in claim 1,
wherein the dielectric constant of the dielectric resonator is
between 10 to 100.

5. The dielectric resonator antenna as claimed in claim 1,
wherein a longer side of the feed conductor is orthogonal to a
longer side of the hollow portion.

15
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6. The dielectric resonator antenna as claimed in claim 1,
wherein the feed conductor extends and passes through a
central part of the hollow portion.

7. The dielectric resonator antenna as claimed in claim 1,
wherein the main body is mounted on the ground plane over
a contact area, and the feed conductor extends and passes
through a central part of the hollow portion.

8. The dielectric resonator antenna as claimed in claim 1,
wherein the dielectric resonator antenna is adapted to radiate
aradiation frequency between 4.76 to 5.86 GHz with a return
loss lower than —10 dB.

9. The dielectric resonator antenna of claim 1, wherein the
well contains therein an empty space that is free of an object
of another dielectric material.
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1
EMBEDDED ANTENNA

FIELD OF THE INVENTION

This invention relates to designs for antenna structures, and
more particularly to embedded antennas.

DESCRIPTION OF THE PRIOR ART

Currently, the communication technology in a great devel-
opment, many information processing systems, in particular
to, laptops, personal digital assistants (PDA), cellular mobile
phones and portable devices for game/entertainment, typi-
cally employs wireless communication peripherals to com-
municate with external world without the wired connection.

A conventional personal computer or laptop must has an
antenna to transmit or receive a radio frequency (RF) signal
for performing wireless communication if it desires to com-
municate with external devices by wireless network connec-
tivity.

A wireless communication device generally includes one
or more antennas which transmit or receive RF signals. The
specific antennas disposed in the device may be customized to
adapt various wireless communication applications. Antenna
design is primarily determined by some factor, e.g. commu-
nication protocol, frequency range, data flux, distance, power
level, quality of service (Qos) and other factors.

FIG. 1 is a diagram illustrating a conventional laptop 10.
The laptop 10 includes a host 12 and a display 14. An antenna
16 is mounted on the host 12 to transmit or receive RF signal.
The disadvantage of this configuration is that the antenna 16
is disposed outside the host 12, the size is huge and the
antenna 16 is likely to be damage by external environment or
force.

In another conventional design, an antenna 18 is embedded
within the housing of the laptop 10, and covered within the
laptop 10 to reduce possibility of damage. The space among
the components within the laptop is very tight to achieve the
purpose of minimizing its size for portability. The perfor-
mance of an embedded antenna is readily interference by
external environment, such as, the electromagnetic field
caused by the circuit in a laptop can affect the performance. In
addition, each type laptop has different configuration, and an
improper configuration can affect the orientation of an
embedded antenna within the laptop so that the performance
will be downgrade. Moreover, each laptop with different con-
figuration must customize antennas therein to achieve the
optimum wireless connectivity performance.

However, the customized antenna design may cause a high
manufacture cost. The current antenna designs must allow for
various applications in a different communication protocol,
such as AMPS (824-894 MHz), IEEE 802.11b/g (2.4-2.5
GHz), IEEE 802.11a (4.9-5.85 GHz), and other case with
specific frequency bands. Therefore, there is a need to
improve the operation bandwidth and the efficiency of an
antenna for accommodating various devices with different
configurations and communication protocols.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a multi-
band PIFA antenna that has a specific design to extend the low
and high band and to improve the performance thereof'so that
it can be broadly operated in various protocols and configu-
rations

In one aspect of the present invention, the antenna includes
specific grooves (meanders) on a radiating element of the
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embedded antenna thereby dividing the resonant length of the
embedded antenna into multiple resonant lengths for extend
the frequency range of the embedded antenna. Additionally, a
wide meander is formed on the radiating element to extend
the resonant length, which reduces the size of the embedded
antenna and achieves a better frequency range and perfor-
mance than the conventional one with same sizes.

For the aforementioned, the present invention discloses an
embedded antenna, comprising: a grounding element having
a first ground plane and a second ground plane; a first radiat-
ing element connected to the grounding element, operating at
a first frequency band and having a fist resonant length,
wherein a first meander is formed on a plane of the first
radiating element, wherein the radiating element has a first
plane stretched from the second grounding element; a second
radiating element connected to the grounding element, oper-
ating at a second frequency band and having a second reso-
nant length; and a feeding point connected to the first radiat-
ing element and the second radiating element.

Moreover, the present invention also discloses an embed-
ded antenna, comprising: a grounding element having a first
ground plane and a second ground plane; a first radiating
element connected to the grounding element, operating at a
first frequency band and having a fist resonant length, wherein
a meander is formed on a plane of the first radiating element,
wherein the radiating element has a first plane stretched from
the second grounding element; a second radiating element
connected to the grounding element, operating at a second
frequency band and having a second resonant length, wherein
the second radiating element has a second meander thereby
extending a resonant length of the second radiating element;
and a feeding point connected to the first radiating element
and second radiating element.

These and other aspects, objects, features and advantages
of'the present invention will be described or become apparent
from the following detailed description of preferred embodi-
ments, which is to be read in connection with the accompa-
nying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing, features and advantage of the present inven-
tion will become fully understanding through the detailed
description with the accompany drawing:

FIG.1is adiagram illustrating a conventional embodiment
of antennas configuration for a laptop.

FIG. 2 is a diagram illustrating a perspective view of an
embedded antenna according to the present invention.

FIG. 3 is a diagram illustrating a front view of the embed-
ded antenna according to the present invention.

FIG. 4 is a diagram illustrating a perspective view of the
embedded antenna according to another embodiment of
present invention.

FIG. 5 is a diagram illustrating a front view of the embed-
ded antenna according to another embodiment of the present
invention.

FIG. 6 illustrates the measured SWR (standing wave ratio)
of'the embedded antenna of FIG. 2 as a function of frequency
in two frequency bands.

FIG. 7 illustrates the measured SWR (standing wave ratio)
of'the embedded antenna of FIG. 4 as a function of frequency
in two frequency bands.

FIG. 8 is graphical diagrams illustrating the measured
radiation pattern of the embedded antenna of FI1G. 2 at various
frequencies.
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FIG. 9 is graphical diagrams illustrating the measured
radiation pattern of the embedded antenna of F1G. 4 at various
frequencies.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The invention will now be described in greater detail with
preferred embodiments of the invention and illustrations
attached. Nevertheless, it should be recognized that the pre-
ferred embodiments of the invention is only for illustrating.
Besides the preferred embodiment mentioned here, present
invention can be practiced in a wide range of other embodi-
ments besides those explicitly described, and the scope of the
present invention is expressly not limited expect as specified
in the accompanying claims.

FIG. 2 illustrates a perspective view of an embedded
antenna in accordance with one embodiment of the present
invention. The embedded antenna of the present invention is
a planar inverted F antenna (PIFA) that has a specific design
to extend the low and high band for improving the perfor-
mance of the antenna so that the present invention can be
broadly operated in various protocols and configurations. As
shown in FIG. 2, the embedded antenna 200 of the present
invention comprises a radiating element 20, a feeding point
21, and a grounding element 22. The radiating element 20
includes a first radiating element 202, a second radiating
element 204, wherein the two elements may be operated at a
different frequency band respectively. The radiating element
20 may emit radiation when current is fed into the embedded
antenna 200 through the feeding point 21. The grounding
element 22 includes a first grounding plane 222 and a second
grounding plane 224, wherein the first grounding plane 222 is
orthogonal to the second grounding plane as shown in FIG. 2.

Referring to FIG. 2 and FIG. 3, the grounding element 22
extends upwardly to electrically connect with the radiating
element 20. A feeding point 21 also extends upwardly to
electrically connect to the radiating element 20. A feed line
(not shown) electrically connects to the feeding point 21 for
feeding current into the embedded antenna 200. By the usage
of the feeding point 21, the current from the feed-line may
cause the radiation emitted from the radiating elements, for
instant, to receive or transmit the RF signal in IEEE 802.11b/g
(2.4-2.5 GHz) or IEEE 802.11a (4.9-5.85 GHz). The table 1
shows the average gains at different corresponding frequen-
cies of the embedded antenna 200.

TABLE 1
Frequency (Hz) Average Gain (dBi) Peak Gain (dBi)
2400 -2.79 2.34
2450 -2.69 1.57
2500 -3.46 1.77
4900 -3.49 1.15
5150 -4.23 -0.28
5350 -2.43 2.55
5470 -3.08 1.48
5650 -4.40 -1.03
5730 -3.71 0.51
5750 -3.72 0.23
5830 -3.81 0.69
5900 -3.72 -0.49

Preferably, the cross-section of the radiating element 20
shows an inverted U-shaped section having a feeding point 21
that is formed on the upper plane of the inverted U-shaped
structure thereby defining or forming the first radiating ele-
ment 202 and the second radiating element 204. The first
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radiating element 202 stands for the high-band radiating ele-
ment in the embedded antenna 200, preferably, the frequency
band is correspondent to IEEE 802.11a (4.9-5.85 GHz).
Accordingly, the second radiating element 204 indicates the
low-band radiating element, the band of which is correspond-
ing to IEEE 802.11b/g (2.4-2.5 GHz). The first radiating
element 202 and the second radiating element 204 have a first
resonant length and a second resonant length respectively,
used for determining the band at which the radiating element
operates, and the second resonant length is longer than the
first resonant length.

The meander groove 23, especially to be U-shaped groove,
divides the high-band radiating element 202 of the radiating
element 20 into two smaller areas 202 A and 202B, therefore,
the resonant length (the first resonant length) of high fre-
quency band is divided into two smaller paths. Additionally, a
meander groove 24 is formed on low-band radiating element
204. The area 202B is extended upwardly and perpendicular
to the second grounding plane 224. The bandwidth at which
embedded antenna 200 operates in high frequency band is
respectively divided into two part correspond to the areas
202A and 202B because the resonant length of the first radi-
ating element 202 is divided. The bandwidths corresponding
to the areas 202A and 202B are partially overlapped to gen-
erate wider bandwidth of the radiating element 20 compare
with the bandwidth of a conventional antenna.

Preferably, the physical length of the radiating element 204
(the low-band radiating element) of the radiating element 20
is extended by the meander groove 24 to achieve the purpose.
When the physical length is increased, the resonant length of
the radiating element 204 is increased accordingly so that the
bandwidth of the low band is wider. For the foregoing, the
design of the embedded antenna 200 could extend high-band
and low-band bandwidths, and it has more excellent perfor-
mance to accommodate with various communication proto-
cols and configurations. Preferably, the embedded antenna of
the present invention is mounted on an electronic device
through the first grounding plane, wherein the electronic
device includes a personal computer, a cellular telephone, a
portable computer, a PDA or a similar device. FIG. 6 illus-
trates the measured SWR (standing wave ratio) of the embed-
ded antenna 200 as a function of frequency in two frequency
bands.

In another embodiment, FIG. 4 illustrates a perspective
view of the embedded antenna 400 according to the present
invention. Referring to FIG. 4 and FIG. 5, the embedded
antenna 400 of the present invention comprises a radiating
element 40, a feeding point 41, and a grounding element 42.
The radiating element 40 includes a first radiating element
202, a second radiating element 204, wherein the two ele-
ments have a different frequency band respectively. The first
radiating element 402 stands for the high-band radiating ele-
ment in the embedded antenna 400, preferably, the band is
corresponding to IEEE 802.11a (4.9-5.85 GHz). Accord-
ingly, the second radiating element 404 stands for the low-
band radiating element the band of which corresponding
IEEE 802.11b/g (2.4-2.5 GHz). When current is fed into the
embedded antenna 400 through the feeding point 41, the
radiating element 40 may emit radiation due to the EM oscil-
lation. As aforementioned, the first grounding plane 422 is
orthogonal with the second grounding plane 424.

The structure of the embedded antenna 400 is similar to the
structure of the embedded antenna 200, therefore, the similar
portion, such as the description of meander groove 44 is
omitted. Table 2 shows the average gains at diftferent frequen-
cies.
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TABLE 2
Frequency (Hz) Average Gain (dBi) Peak Gain (dBi)
2400 -4.65 0.35
2450 -4.50 -0.33
2500 -4.98 -0.84
4900 -4.34 -0.23
5150 -4.18 1.00
5350 -4.02 0.57
5470 -3.82 0.06
5650 -4.18 0.29
5730 -4.00 -0.06
5750 -3.98 -0.29
5830 -4.30 -0.41
5900 -5.31 -1.11

Preferably, ameander groove 43, especially to be U-shaped
groove, which extends the resonant length of the high-band/
low-band radiating element of radiating element 40 is formed
at the first/second radiating element 402/404. This decreases
the size of the embedded antenna 400 and achieves a broader
bandwidth at low band.

For the above-mentioned, the embedded antenna 400 of the
present invention broadens the bandwidths of the high band
and the low band, which has more excellent performance and
smaller size to accommodate with various communication
protocols and configurations.

FIG. 7 illustrates the measured SWR (standing wave ratio)
of the embedded antenna 400 as a function of frequency at
two frequency bands. Thus, the embedded antenna has good
performance than the conventional antenna. Additionally,
FIG. 8 and FIG. 9 illustrate respectively the measured radia-
tion patterns of the embedded antennas 200 and 400 at various
frequencies.

Although preferred embodiments of the present invention
have been described, it will be understood by those skilled in
the art that the present invention should not be limited to the
described preferred embodiments. Rather, various changes
and modifications can be made within the spirit and scope of
the present invention, as defined by the following claims.

Having described the invention, the following is claimed:

1. An embedded antenna, comprising:

a grounding element having a first ground plane and a
second ground plane;

a first radiating element connected to said grounding ele-
ment, operating at a first frequency band and having a
first resonant length, wherein said first radiating element
having a first meander formed thereon dividing the first
resonant length into at least two resonant lengths thereby
extending the first frequency band, wherein said radiat-
ing element has a first plane extended from said second
grounding plane;

a second radiating element connected to said grounding
element, operating at a second frequency band and hav-
ing a second resonant length; and
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a feeding point connected to said first radiating element
and said second radiating element.

2. The antenna of claim 1, wherein said first grounding
plane and said second grounding plane are in a perpendicular
position.

3. The antenna of claim 1, wherein said second resonant
length is longer than said first resonant length.

4. The antenna of claim 1, wherein said first frequency
band is about 4.9 GHz to 5.85 GHz.

5. The antenna of claim 1, wherein said second frequency
band is about 2.4 GHz to 2.5 GHz.

6. The antenna of claim 1, wherein said embedded antenna
includes a planar inverted F antenna (PIFA).

7. The antenna of claim 1, wherein said embedded antenna
is mounted on an electronic device through said first ground-
ing plane.

8. The antenna of claim 7, wherein said electronic device
includes a personal computer, a cellular telephone, a portable
computer, a PDA or a similar device.

9. An embedded antenna, comprising:

a grounding element having a first ground plane and a

second ground plane;

a first radiating element connected to said grounding ele-
ment, operating at a first frequency band and having a
first resonant length, wherein said first radiating element
having a first meander formed thereon dividing the first
resonant length into at least two resonant lengths thereby
extending the first frequency band, wherein said radiat-
ing element has a first plane extended from said second
grounding plane;

a second radiating element connected to said grounding
element, operating at a second frequency band and hav-
ing a second resonant length, wherein said second radi-
ating element has a second meander thereby extending
the second resonant length; and

a feeding point connected to said first radiating element
and said second radiating element.

10. The antenna of claim 9, wherein said first grounding
plane and said second grounding plane are in a perpendicular
position.

11. The antenna of claim 9, wherein said second resonant
length is longer than said first resonant length.

12. The antenna of claim 9, wherein said first frequency
band is about 4.9 GHz to 5.85 GHz.

13. The antenna of claim 9, wherein said second frequency
band is about 2.4 GHz to 2.5 GHz.

14. The antenna of claim 9, wherein said embedded
antenna includes a planar inverted F antenna.

15. The antenna of claim 9, wherein said embedded
antenna is mounted on an electronic device through said first
grounding plane.

16. The antenna of claim 15, wherein said electronic device
includes a personal computer, cellular telephone, portable
computer, PDA or similar device.
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1
MULTIPLE FREQUENCY BAND ANTENNA

FIELD OF THE INVENTION

The present invention relates to an antenna, and more par-
ticularly to a multiple frequency band antenna for use in a
wireless communication device.

BACKGROUND OF THE INVENTION

In recent years, the development of the wireless commu-
nication industry is vigorous. The wireless communication
devices, for example, cell phones or PDAs, have become
indispensable commodities for people. An antenna generally
plays an important role for transmitting and receiving wire-
less signals in a wireless communication device. Therefore,
the operating characteristics of the antenna have a direct
impact on the transmission and receiving quality for the wire-
less communication device.

Generally, the antenna of the portable wireless communi-
cation device is roughly classified into two categories, includ-
ing the external type antenna and embedded type antenna.
The external type antenna is commonly shaped as a helical
antenna, and the embedded type antenna is commonly shaped
as a planar inverted-F antenna (PIFA). The helical antenna is
exposed to the exterior of the casing of the wireless commu-
nication device and is prone to be damaged. Thus, the helical
antenna usually bears a poor communication quality. A planar
inverted-F antenna has a simple structure and a small size and
is easily integrated with electronic circuits. Nowadays, planar
inverted-F antenna has been widely employed in a variety of
electronic devices.

Typically, a well-designed antenna is required to have a low
return loss and a high operating bandwidth. In order to allow
the user of the wireless communication device to receive
wireless signals with great convenience and high quality, the
current wireless communication devices have been enhanced
by increasing the number of antennas or enlarge the antenna
to allow the wireless communication device to transmit and
receive wireless signals with a larger bandwidth or multiple
frequency bands. However, with the integration of circuit
elements and the miniaturization of the wireless communica-
tion device, the conventional design method has been out-
dated.

For allowing the wireless communication device to
increase the number of antennas in the limited receiving space
s0 as to transmit and receive wireless signals with a larger
bandwidth and a better transmission quality and perfor-
mance, the structure of the antenna has been modified. Refer-
ring to FIG. 1, the structure of a conventional multiple fre-
quency band antenna is shown. As shown in FIG. 1, the
conventional multiple frequency band antenna 1 is a planar
inverted-F antenna, which includes a first radiating element
11 and a second radiating element 12. Moreover, a feeding
point 13 and a first ground terminal 14 are disposed at one side
of the distal region of the second radiating element 12. The
distal region of the first radiating element 11 and the distal
region of the second radiating element 12 are connected with
each other. The first radiating element 11 is bent for two times
to partially enclose the turning part of the second radiating
element 12 but separated from the second radiating element
12. The multiple frequency band antenna 1 is adapted for dual
frequency band applications, where the low frequency band is
the frequency band located at 880~960 MHz of the GSM900
(Global System for Mobile Communications 900), and the
high frequency band is the frequency band located at
1710~1880 MHz of a digital communication system (DCS).

20

25

30

35

40

45

50

55

60

65

2

Please refer to FIG. 1 again. Via the feeding point 13, RF
signals to be transmitted by RF circuits (not shown) may be
fed to the multiple frequency band antenna 1. Furthermore,
the RF signal sensed by the multiple frequency band antenna
1 to the RF circuits via the feeding point 13. The first radiating
element 11 is shaped like a right hand square bracket “]” and
has a longer path length compared with the second radiating
element 12, thereby forming a resonant mode to transmit and
receive wireless signals in a low frequency band located at,
for example, 880~960 MHz of the GSM900 system. The
second radiating element 12 is shaped like the character “L”,
and the linear segment 124 of the second radiating element 12
that is not connected with the first radiating element 11 is
located in the gap between two opposing linear segments 11a
and 115 of the first radiating element 11. Consequently, the
second radiating element 12 has a shorter path length com-
pared with the first radiating element 11, and thus the second
radiating element 12 can form a resonant mode to transmit
and receive wireless signals in a high frequency band located
at, for example, 1710~1880 MHz of the DCS system.

Referring to FIG. 2, the standing-wave ratio versus fre-
quency relationship of the multiple frequency band antenna
of FIG. 1 is shown. As shown in FIG. 2, the longitudinal axis
represents the standing-wave ratio (SWR) of the multiple
frequency band antenna 1 that shows a linear relationship
with the gain value of the return loss. In addition, the stand-
ing-wave ratio can be converted into the gain value of the
return loss through computations. Itis noted that the standing-
wave ratio will vary with the frequency. Generally, if the
antenna 1 has a standing-wave ratio below 3 under a fre-
quency band, it indicates that the antenna performs well under
that frequency band. Hence, it can be understood from FIG. 2
that the multiple frequency band antenna 1 of FIG. 1 is
adapted for the low frequency band located at 880~960 MHz
of the GSM900 system, and for the high-frequency band
located at 1710~1880 MHz of the DCS system.

However, the contemporary wireless communication sys-
tem not only supports the GSM900 system and the digital
communication system (DCS) system, but also supports the
GSMB850 system (Global System for Mobile Communica-
tions 850), the personal communication services (PCS) sys-
tem, and the WCDMA (Wideband Code Division Multiple
Access) system. The frequency bands of the GSM850 system,
the PCS system and the WCDMA system are located at
824~895 MHz, 1850~1990 MHz, and 1920~2170 MHz,
respectively. Since the conventional antenna is only adapted
for single frequency band application or dual frequency band
applications, it is obvious that the limited frequency band-
width of the conventional antenna can not be simultaneously
adapted for the GSM850 system, the GSM900 system, the
DCS system, the PCS system, and the WCDMA system.

Therefore, there is a need of developing a multiple fre-
quency band antenna with a larger frequency bandwidth for
obviating the drawbacks encountered by the prior art.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a multiple
frequency band antenna having a plurality of radiating ele-
ments, a common feeding point and a common ground ter-
minal for increasing the bandwidth of the antenna. The mul-
tiple frequency band antenna of the present invention is
adapted for the GSM850 system, the GSM900 system, the
DCS system, the PCS system, and the WCDMA system.

Another object of the present invention is to provide a
multiple frequency band antenna that can increase its band-
width without increasing dimension and size of the antenna,
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thereby improving the efficiency of antenna and reducing the
power consumption of antenna.

In accordance with an aspect of the present invention, there
is provided a multiple frequency band antenna for a wireless
communication device. The multiple frequency band antenna
includes a common connecting element, a first radiating ele-
ment, a second radiating element, a common feeding point
and a common ground terminal. The common connecting
element includes a connecting part and a turning part, which
are arranged in different planes. The first radiating element is
connected with the connecting part of the common connect-
ing element. The second radiating element is connected with
the turning part of the common connecting element. The
second radiating element has a longer path length compared
with the first radiating element. The common feeding point is
connected with the common connecting element. The com-
mon ground terminal is connected with the first radiating
element. A combination of the common connecting element
and the first radiating element is configured to transmit and
receive wireless signals in a first frequency band. A combi-
nation of the common connecting element and the second
radiating element is configured to transmit and receive wire-
less signals in a second frequency band.

The above contents of the present invention will become
more readily apparent to those ordinarily skilled in the art
after reviewing the following detailed description and accom-
panying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view showing the structure of a conven-
tional multiple frequency band antenna;

FIG. 2 is a characteristic plot showing the standing-wave
ratio versus frequency relationship of the multiple frequency
band antenna;

FIG. 3 is a schematic perspective view of a multiple fre-
quency band antenna according to a preferred embodiment of
the present invention;

FIGS. 4A, 4B and 4C schematically illustrate three pos-
sible applications of the multiple frequency band antenna of
the present invention;

FIG. 5 is the comparison between the standing-wave ratio
versus frequency relationship of the multiple frequency band
antenna of FIG. 3 and the standing-wave ratio versus fre-
quency relationship of the conventional multiple frequency
band antenna.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention will now be described more specifi-
cally with reference to the following embodiments. It is to be
noted that the following descriptions of preferred embodi-
ments of this invention are presented herein for purpose of
illustration and description only. It is not intended to be
exhaustive or to be limited to the precise form disclosed.

Referring to FIG. 3, a schematic perspective view of a
multiple frequency band antenna according to a preferred
embodiment of the present invention is illustrated. As shown
in FIG. 3, the multiple frequency band antenna 3 of the
present invention is a planar inverted-F antenna. The multiple
frequency band antenna 3 comprises a common connecting
element 30, a first radiating element 31, a second radiating
element 32, a common feeding point 33 and a common
ground terminal 34. The multiple frequency band antenna 3
has a three-dimensional structure. The multiple frequency
band antenna 3 may be mounted on a flexible printed circuit
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board (FPCB) (not shown). Due to the flexibility of the flex-
ible printed circuit board, the multiple frequency band
antenna 3 may be securely mounted in the receiving space
inside the casing of a wireless communication device without
the need of bending the inner wall of the receiving space.

Please refer to FIG. 3 again. The common connecting
element 30 comprises a first end part 301, a second end part
302, a connecting part 303 and a turning part 304. The first
radiating element 31 comprises a first end part 311 and a
second end part 312. The second radiating element 32 com-
prises a first end part 321, a second end part 322, a first
connecting part 323, a second connecting part 324, a third
connecting part 325, a first linear segment 326, a second
linear segment 327, a third linear segment 328 and a turning
part 329.

In the three-dimensional space, the first end part 311 of the
first radiating element 31 is connected with one side of the
connecting part 303 of the common connecting element 30
such that the first radiating element 31 and the connecting part
303 are in the same plane or curve. In this embodiment, the
first radiating element 31 and the connecting part 303 are in
the same plane. Another side of the connecting part 303 of the
common connecting element 30 is connected with the turning
part 304 but the turning part 304 and the connecting part 303
of the common connecting element 30 are not in the same
plane or curve. In this embodiment, the turning part 304 is
substantially perpendicular to the connecting part 303 of the
common connecting element 30. The first end part 321 of the
second radiating element 32 is connected with the turning
part 304 of the common connecting element 30. The first
connecting part 323, the second connecting part 324, the third
connecting part 325, the first linear segment 326, the second
linear segment 327 and the third linear segment 328 of the
second radiating element 32 are in the same plane or curve as
the turning part 304 of the common connecting element 30. In
some embodiments, the second end part 322 and the turning
part 329 of the second radiating element 32 are not in the same
plane or curve as the turning part 304 of the common con-
necting element 30. The turning part 329 of the second radi-
ating element 32 is connected with the third linear segment
328 of the second radiating element 32. In this embodiment,
the turning part 329 of the second radiating element 32 is
substantially perpendicular to the turning part 304 of the
common connecting element 30. That is, the turning part 329
of the second radiating element 32 is substantially perpen-
dicular to the third linear segment 328 of the second radiating
element 32. In addition, the turning part 329 of the second
radiating element 32 is substantially perpendicular to the first
radiating element 31.

One side of the first connecting part 323 of the second
radiating element 32 is connected with the turning part 304 of
the common connecting element 30. Another side of the first
connecting part 323 of the second radiating element 32 is
connected with one side of the first linear segment 326 of the
second radiating element 32. Another side of the first linear
segment 326 is connected with one side of the second con-
necting part 324 of the second radiating element 32. Another
side of the second connecting part 324 is connected with one
side of the second linear segment 327. Another side of the
second linear segment 327 is connected with one side of the
third connecting part 325 of the second radiating element 32.
Another side of the connecting part 325 of the second radiat-
ing element 32 is connected with one side of the third linear
segment 328 of the second radiating element 32. Another side
of the third linear segment 328 is connected with one side of
the turning part 329 of the second radiating element 32. From
the first end part 321 to the second end part 322 of the second
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radiating element 32, the first connecting part 323, the first
linear segment 326, the second connecting part 324, the sec-
ond linear segment 327, the third connecting part 325, the
third linear segment 328 and the turning part 329 are arranged
in sequence. Consequently, the second radiating element 32
has a longer path length compared with the first radiating
element 31. The first linear segment 326, the second linear
segment 327 and the third linear segment 328 are substan-
tially parallel with each other. The first linear segment 326 is
separated from the second linear segment 327 by a first gap
35. The second linear segment 327 is separated from the third
linear segment 328 by a second gap 36. In this embodiment,
the widths of the first connecting part 323, the second con-
necting part 324, the third connecting part 325, the first linear
segment 326, the second linear segment 327, the third linear
segment 328 and the turning part 329 are substantially equal.
The second linear segment 327 and the third linear segment
328 have substantially equal lengths but are shorter than the
first linear segment 326. For example, the length of the first
linear segment 326 of the second radiating element 32 is 32.2
mm, the length of the connecting part 303 of the common
connecting element 30 is 14.75 mm, and the total length of the
turning part 304 of the common connecting element 30 and
the first connecting part 323 of the second radiating element
32is 7.22 mm.

The common feeding point 33 is connected with another
side of the connecting part 303 of the common connecting
element 30. The common ground terminal 34 is connected
with one side of the first radiating element 31 except the first
end part 311 and the second end part 312. Via the common
feeding point 33, RF signals to be transmitted by RF circuits
(not shown) may be fed to the multiple frequency band
antenna 3. Furthermore, the RF signal sensed by the multiple
frequency band antenna 3 to the RF circuits via the common
feeding point 33.

FIGS. 4A, 4B and 4C schematically illustrate three pos-
sible applications of the multiple frequency band antenna of
the present invention. As shown in FIG. 4A, the combination
of'the common connecting element 30 and the first radiating
element 31 has a relatively shorter path length, thereby form-
ing a resonant mode to transmit and receive wireless signals
in a first frequency band (e.g. a relatively higher frequency
band). The first frequency band is for example located at
1710~2170 MHz. In this embodiment, the first frequency
band is located at the frequency band of a digital communi-
cation system (DCS) system, a personal communication ser-
vices (PCS) system, and a WCDMA system. The frequency
bands of the DCS system, the PCS system and the WCDMA
system are located at 1710~1880 MHz, 1850~1990 MHz and
1920~2170 MHz, respectively. As shown in FIG. 4B, the
combination of the common connecting element 30 and the
second radiating element 32 has a relatively shorter path
length, thereby forming a resonant mode to transmit and
receive wireless signals in a second frequency band (e.g. a
relatively lower frequency band). The second frequency band
is for example located at 824~960 MHz. In this embodiment,
the second frequency band is located at the frequency band of
a GSMS850 system and a GSM900 system. The frequency
bands of the GSM850 system and the GSM900 system are
located at 824~894 MHz and 886~960 MHz, respectively. As
shown in FIG. 4C, in the combination of the common con-
necting element 30 and the first connecting part 323, the first
linear segment 326, the second connecting part 324, the sec-
ond linear segment 327 of the second radiating element 32,
the first gap 35 defined between the first linear segment 326,
the second connecting part 324 and the second linear segment
327 (also referred as a slot mode) may facilitate the effect of
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transmitting and receiving RF signals in a first frequency
band, thereby broadening the bandwidth of the multiple fre-
quency band antenna 3. In this embodiment, the first fre-
quency band is located at the frequency band of a digital
communication system (DCS) system, a personal communi-
cation services (PCS) system, and a WCDMA system. The
frequency bands of the DCS system, the PCS system and the
WCDMA system are located at 1710~1880 MHz,
1850~1990 MHz and 1920~2170 MHz, respectively.

Referring to FIG. 5, the comparison between the standing-
wave ratio versus frequency relationship of the multiple fre-
quency band antenna of FIG. 3 and the standing-wave ratio
versus frequency relationship of the conventional multiple
frequency band antenna is depicted. As shown in FIG. 5, the
longitude axis represents the standing-wave ratio (SWR) of
the multiple frequency band antenna that shows a linear rela-
tionship with the gain value of the return loss and can be
converted into the gain value of the return loss through com-
putations. It is noted that the standing-wave ratio will vary
with the frequency. Generally, if the antenna has a standing-
wave ratio below 3 under a frequency band, it indicates that
the antenna performs well under that frequency band.

It is found from FIG. 5 that the conventional antenna 1 as
shown in FIG. 1 is adapted for dual frequency band applica-
tion where the first frequency band and the second frequency
band are located at 1710~1880 MHz and 880~960 MHz,
respectively. That is, the conventional antenna 1 is adapter for
the frequency band located at 1710~1880 MHz for the DCS
system and 880~960 MHz for the GSM900 system.

However, the multiple frequency band antenna of the
present invention is adapter for the first frequency band
located at 1710~2170 MHz, for example at 1710~1880 MHz
for the DCS system, 1850~1990 MHz for the PCS system,
and 1920~2170 MHz for the WCDMA system. Moreover, the
multiple frequency band antenna of the present invention is
adapter for the second frequency band located at 824~960
MHz, for example at 824~894 MHz for the GSM850 system
and 886~960 MHz for the GSM900 system. Since the first
frequency band and the second frequency band for the mul-
tiple frequency band antenna of the present invention are both
broader than those for the conventional antenna, the multiple
frequency band antenna of the present invention may be
simultaneously adapted for the GSM850 system, the
GSMI00 system, the DCS system, the PCS system, and the
WCDMA system.

Table 1 demonstrates the gain values and the efficiencies in
various frequencies for the multiple frequency band antenna
of FIG. 3. Generally, the gain values above -3 and the effi-
ciencies above 50% indicate desirable multiple frequency
band antenna in terms of performance and physical charac-
teristics. It can be understood from table 1 that the multiple
frequency band antenna 3 of the present invention has a
broader bandwidth to be used in the high frequency band and
the low frequency band. As a consequence, the multiple fre-
quency band antenna of the present invention may achieve
good performance in the frequency bands of the GSM850
system, the PCS system, and the WCDMA system. In other
words, the use of the conventional multiple frequency band
antenna fails to attain the performance of the multiple fre-
quency band antenna of the present invention. Besides, the
volume and size of the multiple frequency band antenna 3 of
the present invention are not considerably increased when
compared with the conventional multiple frequency band
antenna. Therefore, the multiple frequency band antenna of
the present invention may be further developed toward mini-
mization in its structure. As previously described, the con-
ventional multiple frequency band antenna requires one or
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more feeding points and two or more ground terminals.
Whereas, the multiple frequency band antenna of the present
invention only requires a common feeding point and a com-
mon ground terminal, thereby simplifying the structure of the
antenna.

TABLE 1

The gain values and the efficiencies in various frequencies for the
multiple frequency band antenna

Frequency band Frequency (MHz) Gain (dBi) Efficiency (%)
GSM850 824.6 -3.00 50.10
848.8 -2.90 50.97
869.2 -2.27 59.25
893.8 -0.94 80.44
GSM900 880.2 -1.52 70.36
914.8 -0.96 80.06
925.2 -1.53 70.21
959.8 -3.00 50.23
DCS 1710.2 -2.80 52.37
1784.8 -3.00 50.09
1805.2 -2.70 53.59
1879.8 =271 53.54
PCS 1850.2 -2.70 53.61
1909.8 -2.40 57.48
1930.2 -2.13 61.12
1989.8 -2.52 5591
WCDMA 1922.4 -2.93 57.58
1977.6 -2.32 58.60
21124 -2.32 58.57
2167.6 -3.00 50.88

In conclusion, the present invention provides a multiple
frequency band antenna by configuring and connecting a
plurality of radiating elements and a common feeding point
and a common ground terminal, so as to increase the band-
width of the antenna. Thus, the multiple frequency band
antenna of the present invention can be simultaneously
applied to the GSMS850 system, the system, the DCS system,
the PCS system and the WCDMA system. On the other hand,
the multiple frequency band antenna of the present invention
can increase the bandwidth of the antenna, improve the
antenna efficiency, reduce the power consumption of the
antenna without considerably increasing dimension and size
of the antenna.

While the invention has been described in terms of what is
presently considered to be the most practical and preferred
embodiments, it is to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:

1. A multiple frequency band antenna for a wireless com-
munication device, said multiple frequency band antenna
comprising:

acommon connecting element including a connecting part
and a turning part, which are arranged in different
planes;

a first radiating element connected with said connecting
part of said common connecting element;

a second radiating element connected with said turning
part of said common connecting element, wherein said
second radiating element has a longer path length com-
pared with said first radiating element;

a common feeding point connected with said common
connecting element; and
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a common ground terminal connected with said first radi-
ating element,

wherein a combination of said common connecting ele-
ment and said first radiating element is configured to
transmit and receive wireless signals in a first frequency
band, and a combination of said common connecting
element and said second radiating element is configured
to transmit and receive wireless signals in a second fre-
quency band.

2. The multiple frequency band antenna according to claim
1 wherein said first frequency band includes the frequency
bands of a digital communication (DCS) system, a personal
communication services (PCS) system and a wideband code
division multiple access (WCDMA) system.

3. The multiple frequency band antenna according to claim
1 wherein said second frequency band includes the frequency
bands of a GSMS850 system and a GSM900 system.

4. The multiple frequency band antenna according to claim
1 wherein said multiple frequency band antenna is mounted
on a flexible printed circuit board.

5. The multiple frequency band antenna according to claim
1 wherein said first radiating element comprises a first end
part and a second end part, and said second radiating element
comprises a first end part, a first connecting part, a second
connecting part, a third connecting part, a first linear segment,
a second linear segment and a third linear segment, wherein
said first connecting part, said second connecting part, said
third connecting part, said first linear segment, said second
linear segment and said third linear segment of said second
radiating element and said turning part of said common con-
necting element are in the same plane or curve.

6. The multiple frequency band antenna according to claim
5 wherein said first end part of said first radiating element is
connected with one side of said connecting part of said com-
mon connecting element such that said first radiating element
and the connecting part are in the same plane or curve.

7. The multiple frequency band antenna according to claim
5 wherein said first end part of said second radiating element
is connected with said turning part of said common connect-
ing element.

8. The multiple frequency band antenna according to claim
5 wherein from said first end part of said second radiating
element, said first connecting part, said first linear segment,
said second connecting part, said second linear segment, said
third connecting part and said third linear segment are
arranged in sequence.

9. The multiple frequency band antenna according to claim
5 wherein said first linear segment, said second linear seg-
ment and said third linear segment of said second radiating
element are substantially parallel with each other, said first
linear segment is separated from said second linear segment
by a first gap, and said second linear segment is separated
from said third linear segment by a second gap.

10. The multiple frequency band antenna according to
claim 5 wherein said first connecting part, said second con-
necting part, said third connecting part, said first linear seg-
ment, said second linear segment and said third linear seg-
ment of said second radiating element have substantially
equal widths.

11. The multiple frequency band antenna according to
claim 5 wherein said second linear segment and said third
linear segment of said second radiating element have substan-
tially equal lengths but are shorter than said first linear seg-
ment.
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12. The multiple frequency band antenna according to
claim 5 wherein said first linear segment of said second radi-
ating element has a length of 32.2 mm.

13. The multiple frequency band antenna according to
claim 5 wherein said turning part of the common connecting
element and said first connecting part of said second radiating
element has a total length of 7.22 mm.

14. The multiple frequency band antenna according to
claim 5 wherein said second radiating element further com-
prises a turning part connected with said third linear segment
of'said second radiating element, and said turning part of said
second radiating element and said turning part of said com-
mon connecting element are arranged in different planes.

15. The multiple frequency band antenna according to
claim 14 wherein said turning part of said second radiating
element is substantially perpendicular to said turning part of
said common connecting element.

10

16. The multiple frequency band antenna according to
claim 14 wherein said turning part of said second radiating
element is substantially perpendicular to said first radiating
element.

17. The multiple frequency band antenna according to
claim 5 wherein said common feeding point is connected with
one side of said common connecting element, and said com-
mon ground terminal is connected with one side of the first
radiating element except said first end part and said second
end part of said first radiating element.

18. The multiple frequency band antenna according to
claim 1 wherein said connecting part of said common con-
necting element has a length of 14.75 mm.

19. The multiple frequency band antenna according to
claim 1 wherein said turning part of said common connecting
element is substantially perpendicular to said connecting part
of said common connecting element.

#* #* #* #* #*
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MULTIBAND ANTENNA APPARATUS AND
METHODS

PRIORITY AND RELATED APPLICATIONS

This application claims priority to Finland Patent Applica-
tion No. 20055621 filed Nov. 24, 2005 and entitled “Multi-
band Antenna Component”, which is incorporated herein by
reference in its entirety.

This application is related to co-owned and co-pending
U.S. patent application Ser. No. 11/544,173 filed Oct. 5, 2006
and entitled “Multi-Band Antenna With a Common Resonant
Feed Structure and Methods™, also incorporated herein by
reference in its entirety.

COPYRIGHT

A portion of the disclosure of this patent document con-
tains material that is subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as it appears in the Patent and Trademark Office patent
files or records, but otherwise reserves all copyright rights
whatsoever.

BACKGROUND OF THE INVENTION

1. Field of Invention

The invention relates to a dielectric antenna component, in
one embodiment by which an internal multiband antenna of a
small-sized radio device can be implemented. The invention
also pertains to such an entire antenna.

2. Description of Related Technology

In many small-sized radio devices, such as most models of
mobile phones, the antenna is placed inside the casing of the
device for convenience. A very common internal antenna type
is the planar antenna, which has a radiating plane and a
ground plane, isolated from each other by air. Efforts are
naturally made to make the internal antenna as small as pos-
sible. The size compared to an air-insulated antenna can be
reduced by using dielectric material under the radiating plane.
The central part of the antenna is then a chip component partly
coated with conductive material, which can be mounted on
the circuit board of a radio device. The higher the permittivity
of the material is, the smaller the antenna element having a
certain electrical size is physically.

When a radio device must operate in at least two systems,
the frequency bands of which are relatively far from each
other, the antenna structure becomes more complicated in
comparison to a single-band antenna. One solution is to use
two separate antennas for example in such a way that there is
one chip-type antenna component for each band, in which
case the bands can be formed and tuned independently of each
other. However, the additional space required by the other
antenna on the circuit board of the device is a drawback. In
addition, the feed of the antennas from a shared antenna port
requires additional components, which take their space and
increase the costs.

FIG. 1 shows a typical prior art dielectric antenna (from the
publication JP 200121763 1), which can be implemented as a
dual-band antenna. The antenna component is on the circuit
board PCB of aradio device with its lower surface against the
ground plane GND belonging to the circuit board. The com-
ponent comprises a dielectric substrate 110 and two radiating
antenna elements on its surface. The main element 120 covers
part of the upper surface of the substrate 110. The feed con-
ductor 111 of the antenna runs on a side surface of the sub-

20

25

30

35

40

45

50

55

60

65

2

strate and joins galvanically the main element at its one end.
The other antenna element 130 is parasitic. It covers another
part of the upper surface of the substrate and is galvanically
coupled to the ground plane by a short-circuit conductor 112
running beside the feed conductor. In addition, the main ele-
ment extends to the end surface of the substrate, and the
parasitic element to the opposite end surface, on which end
surfaces they have a capacitive coupling to the ground GND
for increasing the electrical size of the element. Between the
main and the parasitic element there is a slot on the upper
surface of the substrate, over which the parasitic element
obtains its feed electromagnetically.

The lower operating band of the antenna is based on the
resonance of the main element 120, and the upper operating
band is based on the resonance of the smaller parasitic ele-
ment 130. In addition, the harmonic frequency of the main
element can be utilized in certain cases by arranging it in the
range of the upper operating band for widening it. The har-
monic ratio can be adjusted by means of perforation provided
in the basic element. The parasitic element is also perforated,
which provides one possibility for tuning the resonance fre-
quency of the parasitic element.

The component included in the solution according to FIG.
1 has the drawback that for a dielectric antenna component, it
is relatively large-sized and hence consumes considerable
space (and may have appreciable weight). Furthermore, the
tunings of the antenna elements have an eftect on each other,
which makes tuning more difficult and increases production
costs.

Accordingly, it would be desirable to provide an improved
antenna component (and antenna) solution that is space effi-
cient, and which substantially decouples the antenna ele-
ments in order to facilitate easier tuning and matching.

SUMMARY OF THE INVENTION

The present invention addresses the foregoing needs by
disclosing apparatus and methods for a multiband antenna,
including an antenna component.

In a first aspect of the invention, an antenna is disclosed. In
one embodiment, the antenna comprises a multi-band
antenna comprising: a dielectric element having a longitudi-
nal direction and a transverse direction, said element being
deposited at least partially on a ground plane; a conductive
coating deposited on the dielectric element, the conductive
coating having a first portion and a second portion; a feed
structure coupled to the conductive coating; and a resonant
structure formed between the first portion and the second
portion to electrically isolate the first portion and the second
portion at a first frequency, and to form first and second
resonators. In one variant, said first resonator is formed
between the first portion and the ground plane, and is struc-
tured so as to operate within the first frequency band, while
the second resonator is formed between the first portion and
the second portion and the ground plane, and is structured so
as to operate within a second frequency band.

In another variant, the resonant structure comprises: a con-
ductive element that connects the first portion to the second
portion along at least one adjacent edge of the first and second
portions; and a capacitive element to at least partly resonate
with the conductive element.

In another embodiment, the antenna comprises: an antenna
component having a dielectric substrate and a conductive
layer, the conductive layer forming a radiating element hav-
ing at least first and second resonances for implementing at
least first and second operating bands respectively; wherein
the first resonance is based on substantially all of the radiating
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element; and wherein the second resonance is based on only
a portion of the radiating element.

In a second aspect of the invention, a radio frequency
device is disclosed. In one embodiment, the device com-
prises: a multi-band antenna deposited on a dielectric sub-
strate, the multi-band antenna comprising a first portion and a
second portion; a feed structure coupled to the at least one of
the first portion and the second portion; and a resonant struc-
ture formed between the first portion and the second portion
to electrically isolate the first portion and the second portion
within a first frequency band, and to form a first resonator and
a second resonator. The first resonator and the second reso-
nator are substantially electrically isolated from each another
with respect to at least frequency tuning.

In a third aspect of the invention, a multi-band antenna is
disclosed. The antenna is manufactured according to the
method comprising: mounting a dielectric substrate at least
partially on a ground plane; disposing conductive material as
afirst portion and a second portion on the dielectric substrate;
disposing a resonant structure between the first portion and
the second portion to produce a first resonator and a second
resonator; and disposing a feed structure on at least one of the
first portion and the second portion.

In a fourth aspect of the invention, a mobile radio fre-
quency device is disclosed. In one embodiment, the device
comprises: a transceiver; and an antenna in signal communi-
cation with said transceiver, said antenna having: a first con-
ductive portion deposited on a dielectric substrate; a second
conductive portion deposited on the dielectric substrate; and
a resonant structure formed between the first conductive por-
tion and the second conductive portion; wherein the first
conductive portion forms, with the dielectric substrate, a first
resonator that resonates within a first frequency band.

In a fifth aspect of the invention, a method of tuning a
multiband antenna having at least first and second operating
frequency bands is disclosed. In one embodiment, the
antenna comprises first and second portions of a radiating
element, and the method comprises: varying the electrical
size of the first portion of the radiating element to achieve
tuning of the first operating band; varying the electrical size of
the second portion of the radiating element to achieve tuning
of'the second operating band. Varying the electrical size of the
second portion does not significantly aftect the tuning of the
first operating band.

In asixth aspect of the invention, an antenna component for
implementing an antenna of a radio device is disclosed. In one
embodiment, the antenna has at least a lower and an upper
operating band, and the component comprises: a dielectric
substrate with a longitudinal and a transverse direction; and a
conductive coating of the substrate forming a radiating ele-
ment having a feed end for signal communication with a feed
conductor of the antenna. The radiating element is formed
into at least a head part and a tail part, said head part proxi-
mate said feed end, said head and tail parts being coupled to
each other only through at least one interconnecting conduc-
tor formed from the conductive coating of the substrate, said
at least one conductor providing an inductance between the
head part and the tail part, said head and tail parts further
being capacitively coupled to each other via at least one
non-conductive slot on the substrate.

In a seventh aspect of the invention, a radio device is
disclosed. In one embodiment, the device comprises a circuit
board, a conductive surface of which functions as a ground
plane, and an antenna, the antenna comprising an antenna
component having at least a lower and an upper operating
band, said component comprising: a dielectric substrate with
a longitudinal and a transverse direction; and a conductive
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coating of the substrate forming a radiating element having a
feed end for signal communication with a feed conductor of
the antenna. The radiating element is formed into at least a
head part and a tail part, said head part proximate said feed
end, said head and tail parts being coupled to each other only
through at least one interconnecting conductor formed from
the conductive coating of the substrate, said at least one
conductor providing an inductance between the head part and
the tail part, said head and tail parts further being capacitively
coupled to each other via at least one non-conductive slot on
the substrate. The antenna component is disposed substan-
tially on the circuit board with its lower surface against the
circuit board and with the feed end of the radiating element is
connected to the feed conductor of the antenna.

In another aspect of the invention, an improved mobile
communication device is disclosed. In one embodiment, the
device comprises a cellular telephone or personal communi-
cation device comprising the aforementioned multiband
antenna (with antenna component).

In another aspect of the invention, a method of operating a
multiband antenna is disclosed. In one variant, the method
comprises disposing said antenna within a mobile communi-
cation device; and performing at least one of transmitting or
receiving a signal within one or more of the multiple fre-
quency bands associated with the antenna.

These and other aspects of the invention shall become
apparent when considered in light of the disclosure provided
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be described in detail.
Reference will be made to the accompanying drawings, in
which:

FIG. 1 is a perspective view of an example of a prior art
multiband antenna.

FIG. 2 is a perspective view illustrating one exemplary
embodiment of an antenna component and a multiband
antenna according to the invention.

FIG. 3 is bottom elevational view of the antenna compo-
nent according to FIG. 2.

FIG. 4 shows another exemplary embodiment of the shap-
ing of a radiating element in the antenna component accord-
ing to the invention.

FIG. 5 shows a third exemplary embodiment of the shaping
of' the radiating element in the antenna component according
to the invention.

FIG. 6 shows a fourth exemplary embodiment of the shap-
ing of the radiating element in the antenna component accord-
ing to the invention.

FIG. 7 is a graph showing an exemplary matching plot
(reflectivity versus frequency) for one embodiment of the
antenna according to the invention.

FIG. 8 is a graph showing an exemplary efficiency plot
(efficiency versus frequency) for one embodiment of the
antenna according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference is now made to the drawings wherein like
numerals refer to like parts throughout.

As used herein, the terms “wireless”, “radio” and “radio
frequency” refer without limitation to any wireless signal,
data, communication, or other interface or radiating compo-
nent including without limitation Wi-Fi, Bluetooth, 3G
(BGPP/3GPPS), HSDPA/HSUPA, TDMA, CDMA (e.g.,

IS-95A, WCDMA, etc.), FHSS, DSSS, GSM, UMTS, PAN/
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802.15, WiNMAX (802.16), 802.20, narrowband/FDMA,
OFDM, PCS/DCS, analog cellular, CDPD, satellite systems,
millimeter wave, or microwave systems.

Overview

In one salient aspect, the present invention discloses an
improved multiband antenna configuration that provides sev-
eral advantages over prior art approaches. In the exemplary
embodiment of this antenna, the central part of the antenna
comprises an antenna component having a dielectric sub-
strate. The conductive coating of the substrate forms a radi-
ating element, which has two resonances for implementing
two separate operating bands. The lower resonance is based
onthe entire element and the upper resonance on the head part
of the element as seen from the feed end. The conductive
coating has a pattern, which functions as a parallel resonance
circuit between the head and tail part of the element. The
natural frequency of this parallel resonance circuit is in the
range of the upper operating band of the antenna.

The exemplary embodiment has the advantage that, inter
alia, only one radiating element and one feed is needed in a
multiband antenna. In addition, the resonance frequencies of
the antenna (and thus its operating bands) can be tuned to the
desired values independently of each other so that the tuning
cycle need not be repeated. This is due to the fact that because
of the parallel resonance circuit, the tail part of the element
becomes electrically isolated from the head part at the fre-
quencies of the upper operating band. The upper operating
band can then be tuned first by influencing the resonance
frequency of the head part of the radiating element, and the
lower operating band then by influencing the tail part of the
radiating element.

Furthermore, the invention has the advantage that the space
required by the antenna is relatively small because of the
small size of the antenna component. This again is due to the
fact that the radiating element is partly shared between the
operating bands, and the permittivity of the substrate can be
chosen as relatively high.

Yet another advantage of the invention is the fact that the
structure according to it is comparatively simple and reliable.

Description of Exemplary Embodiments

Detailed discussions of various exemplary embodiments
of the invention are now provided. It will be recognized that
while described in terms of particular applications (e.g.,
mobile devices including for example cellular telephones),
materials, components, and operating parameters (e.g., fre-
quency bands), the various aspects of the invention may be
practiced with respect to literally any wireless or radio fre-
quency application.

FIG. 2 presents a first exemplary embodiment of an
antenna component and a multiband antenna configured
according to the invention. A part of the circuit board PCB of
a radio device and an antenna component 200 on its surface
are seen as enlarged in the figure. The antenna component
comprises an elongated dielectric substrate 210 and its con-
ductive coating 220, which functions as a radiating antenna
element. It is for the most part located on the upper surface of
the substrate, but extends by way of one end of the substrate
to its lower surface, where the conductive coating forms a
contact for connecting the antenna element electrically to the
feed conductor 215 of the antenna. The end of the antenna
element to be connected to the feed conductor is called the
feed end.

The antenna of the example has two operating bands, the
lower and the upper. In order to form these, it naturally has
two significant resonances. It is substantial for the invention
that these resonances, which are the basis of the radiation, are
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6

relatively independent of each other, although there is only
one antenna element. The antenna element 220 is shaped so
that as viewed from its feed end, it is “seen’ as smaller at the
frequencies of the upper operating band than on the lower
frequencies. The pattern of the antenna element divides it,
starting from its feed end, to the head part 221 and the tail part
222 in a way that there is inductance and capacitance paral-
lelly disposed between these parts. The inductance is caused
by a narrow interconnecting conductor 223, through which
only the head part and the tail part are galvanically connected
to each other. In this example, the interconnecting conductor
is straight and follows the longitudinal direction of the sub-
strate on the central area of its upper surface as viewed in the
transverse direction.

The capacitance is caused by the head part and the tail part
extending close to each other at the interconnecting conduc-
tor on both sides thereof. Because of the inductance and the
capacitance, there is functionally a parallel resonance circuit
between the head part and the tail part of the antenna element.
The pattern of the element has been designed such that the
resonance frequency of this parallel resonance circuit is in the
range of the upper operating band of the antenna. It follows
from this that at the frequencies of the upper operating band,
there is a high impedance between the head part and the tail
part, and consequently the tail part is electrically isolated
from the head part and the antenna feed. Together with the
substrate and the ground plane, the head part forms a quarter-
wave resonator, which is in resonance in the upper operating
band.

The equivalent circuit of the antenna is formed by the
impedance in resonance of the resonator based on the head
part only, or by the radiation resistance of the corresponding
radiator in an ideal case. At the frequencies of the lower
operating band, the impedance of the paralleled resonance
circuit is low, in which case the head part and the end part
form a functionally united radiator. Together with the sub-
strate and the ground plane, the whole radiator 220 forms a
quarter-wave resonator, which is in resonance in the lower
operating band. The lower operating band is then based on the
resonance of the whole radiating element.

On grounds of the above, the tuning of the antenna does not
require repeated tuning steps in the nature of iteration. First is
tuned the upper operating band by influencing the electrical
size of the head part of the radiating element in some way.
Then the lower operating band is tuned by influencing the
electrical size of the end part of the radiating element in some
way. The latter tuning does not have an effect on the former.

In addition, a separate coil 216 connected between the feed
conductor 215 and the ground near the feed end of the radi-
ating element 220 is seen in FIG. 2. The purpose of the coil is
to optimize the matching of the antenna, and it is not needed
at all in every case. In the example of FIG. 2, the antenna has
also been matched by removing the ground plane from an area
under and beside the antenna component up to a certain
distance s. In this way, the bandwidths of the antenna can be
increased. The ground plane can also be extended below the
antenna component, the result being an antenna with a rela-
tively narrow band but a good matching. The shaping of the
ground plane naturally also has an effect on the resonance
frequencies of the antenna; the longer the distance s, the
higher the resonance frequencies.

FIG. 3 shows an antenna component 200 according to FI1G.
2 as seen from below. On the lower surface of the substrate
210, at its each end, there is a conductive area. One 225 of
them is the extension of the radiating element described
above for connecting the element to the feed conductor. The
other conductive area 226 at the opposite end is for fastening





US 7,663,551 B2

7

the antenna component to the circuit board by soldering.
Naturally, the conductive area at the feed end serves also this
purpose.

In FIG. 4 there is shown another example of the shaping of
the radiating element in the antenna component according to
the invention. The component is seen from above in the draw-
ing. The interconnecting conductor 423 between the head part
421 and the end part 422 of the radiating element is straight
and runs in the longitudinal direction of the component, and is
located on the edge of the upper surface of the substrate. The
interconnecting conductor has a certain inductance L. A rela-
tively narrow non-conductive slot 431 extends transversely to
the opposite edge of the upper surface of the substrate from
the non-conductive area, which separates the interconnecting
conductor from the rest of the element. Between the head part
and the tail part, there is a certain capacitance C over that slot.
In addition, on the upper surface of the substrate there is a
transverse non-conductive area 432 on the side of the head
part 421 and shaping it, as an extension of the area which
separates the interconnecting conductor from the rest of the
element. The electrical size of the head part is increased by
means of such shapings, in which case the corresponding
operating band shifts downwards.

In FIG. 5 there is shown a third example of the shaping of
the radiating element in the antenna component according to
the invention. Also in this example, the interconnecting con-
ductor 523 between the head part 521 and the end part 522 of
the radiating element is straight and runs in the longitudinal
direction of the component, and is located on the edge of the
upper surface of the substrate. To form a capacitance, a rela-
tively narrow non-conductive slot 531 extends again to the
opposite edge of the upper surface of the substrate from the
non-conductive area, which separates the interconnecting
conductor from the rest of the element. In this example, this
slot makes a relatively long diversion to the side of the head
part 521 so that a finger-like projection extends from the tail
part 522 between the areas belonging to the head part. A
shaping like this increases the capacitance between the head
part and the end part.

In FIG. 6 there is a fourth example of the shaping of the
radiating element in the antenna component according to the
invention. In the interconnecting conductor 623 between the
head part 621 and the end part 622 of the radiating element
there are bends shaped like a meander pattern in this example,
and it is located in the central area of the upper surface of the
substrate. That kind of a shaping increases the inductance
between the head part and the end part. From the non-con-
ductive area, which separates the interconnecting conductor
from the rest of the element, a relatively narrow and short
non-conductive slot extends to each longitudinal edge of the
upper surface of the substrate at the interconnecting conduc-
tor to form a capacitance.

FIG. 7 presents an example of the matching of an antenna
according to the invention. It shows the curve of the reflection
coefficient S11 as a function of frequency. The curve is mea-
sured from an antenna according to FIG. 2, in which the
substrate of the antenna component is of a ceramic material
and sized 10-3-1.5 mm®. The component is located at the edge
of acircuitboard sized 3.7-9 cm® approximately in the middle
of'one ofthe long sides. The distance s seen in FIG. 2 from the
side of the component to the edge of the ground plane is
approximately 2 mm. The inductance of a separate matching
coil is 2.2 nH. The antenna is dimensioned for the purposes of
the WL AN (Wireless Local Area Network). The lower oper-
ating band is about 2.35-2.55 GHz, and the reflection coeffi-
cient in the middle of the operating band is about —13 dB. The
upper operating band is even relatively very wide, approxi-
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mately 5.1-6.3 GHz, and the reflection coefficient is better
than -10 dB in a range having the width of one gigahertz.

FIG. 8 presents an example of the efficiency of an antenna
according to the invention. The efficiency curve is measured
from the same antenna as the curve of the reflection coeffi-
cient in FIG. 7 It is seen that in the lower operating band the
efficiency is better than 0.5 and in the upper operating band
better than 0.6. These are considerably high values for an
antenna using a dielectric substrate.

Ithas been found be the Assignee hereof that by placing the
antenna on the circuit board at the end of the board instead of
the long side, its characteristics are slightly deteriorated in the
lower operating band and remain the same in the upper oper-
ating band.

In this description and the claims, the qualifiers “lower”,
“upper” and “from above” refer to a relative position of the
device, in which the antenna component is on top of a hori-
zontal circuit board. Naturally, the antenna can be in any
relative or absolute position when used.

An antenna component and an antenna according to the
invention have been described above. Their structural parts
may differ in the details from those presented. For example,
the shape of the antenna element can vary greatly.

While the above detailed description has shown, described,
and pointed out novel features of the invention as applied to
various embodiments, it will be understood that various omis-
sions, substitutions, and changes in the form and details of the
device or process illustrated may be made by those skilled in
the art without departing from the invention. The foregoing
description is of the best mode presently contemplated of
carrying out the invention. This description is in no way
meant to be limiting, but rather should be taken as illustrative
of the general principles of the invention. The scope of the
invention should be determined with reference to the claims.

What is claimed is:

1. An antenna comprising:

a dielectric element having a longitudinal direction and a
transverse direction, said element being deposited at
least partially on a ground plane;

a conductive coating deposited on the dielectric element,
the conductive coating having a first portion and a sec-
ond portion, wherein all of said second portion and at
least a radiating part of said first portion are disposed
substantially within the same plane;

a feed structure coupled to the conductive coating; and

a resonant structure formed between the first portion and
the second portion to electrically isolate the first portion
and the second portion at a first frequency, and to form
first and second resonators.

2. The antenna of claim 1, wherein said first resonator is
formed between the first portion and the ground plane, and is
structured so as to operate within the first frequency band.

3. The antenna of claim 2, wherein said second resonator is
formed between the first portion and the second portion and
the ground plane, and is structured so as to operate within a
second frequency band.

4. The antenna according to claim 3, wherein an edge of the
ground plane disposed at a specified distance from the
antenna is used to at least one of match and tune the antenna
within at least one of the first frequency band and the second
frequency band.

5. The antenna of claim 3, wherein the first resonator com-
prises a quarter-wave resonator resonant within the first fre-
quency band and the second resonator comprises a quarter-
wave resonator resonant within the second frequency band.
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6. The antenna of claim 1, wherein the resonant structure
comprises:

a conductive element that connects the first portion to the
second portion along at least one adjacent edge of the
first and second portions; and

a capacitive element to at least partly resonate with the
conductive element.

7. The antenna of claim 6, wherein the capacitive element
is disposed substantially between edges of the first and the
second portions that are adjacent to the conductive element.

8. The antenna of claim 6, wherein the conductive element
comprises a meandered conductive trace adapted to produce
a selected inductance value.

9. The antenna of claim 6, wherein the capacitive element
comprises a non-conductive slot having at least one bend to
increase a capacitance value between the first portion and the
second portion.

10. The antenna of claim 1, wherein the dielectric element
comprises a substrate comprising a ceramic material.

11. The antenna of claim 1, wherein the first resonator
comprises a quarter-wave resonator resonant within a first
frequency band and the second resonator comprises a quarter-
wave resonator resonant within a second frequency band.

12. The antenna of claim 1, further comprising a coil elec-
trically disposed between the feed structure and the ground
plane to provide frequency tuning of the antenna.

13. A radio frequency device comprising:

a multi-band antenna deposited on a dielectric substrate,
the multi-band antenna comprising a first portion and a
second portion;

a ground structure;

a feed structure coupled to at least one of the first portion
and the second portion, said feed structure and said
ground structure forming a single connection; and

a resonant structure formed between the first portion and
the second portion to electrically isolate the first portion
and the second portion within a first frequency band, and
to form a first resonator and a second resonator;

wherein the first resonator and the second resonator are
substantially electrically isolated from each another
with respect to at least frequency tuning.

14. The device of claim 13, wherein said first resonator is
formed between the first portion and the ground plane, and
configured to operate within the first frequency band.

15. The device of claim 14, wherein said second resonator
is formed between at least one of the first portion and the
second portion and the ground plane, and configured to oper-
ate within a second frequency band lower in frequency than
that of said first frequency band.

16. The device of claim 13, wherein the resonant structure
comprises:

at least one conductive element connected to the first por-
tion and the second portion along at least one contiguous
edge of the first and the second portions; and

at least one capacitive element resonant with the at least
one conductive element.

17. The device of claim 13, wherein the resonant structure
comprises at least one capacitive element formed between
edges of the first and the second portions.

18. The device of claim 13, wherein the resonant structure
comprises:

an interconnecting conductor extended along a longitudi-
nal direction of the dielectric substrate, and

a non-conductive slot formed on at least one side of the
interconnecting conductor.
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19. A multi-band antenna manufactured according to the
method comprising:

mounting a dielectric substrate at least partially on a

ground plane, wherein said ground plane is arranged a

certain distance away from said dielectric substrate at

least on one side;

disposing conductive material as a first portion and a sec-

ond portion on the dielectric substrate;

disposing a resonant structure between the first portion and

the second portion to produce a first resonator and a

second resonator; wherein

said first portion and said second portion are arranged to

create inductance and capacitance parallelly disposed in

between said first and second portions; and

disposing a feed structure on at least one of the first portion

and the second portion.

20. The antenna of claim 19, wherein the resonant structure
substantially isolates at least one of (i) frequency response,
and (ii) tuning, of the first resonator from that of the second
resonator.

21. The antenna of claim 20, wherein the act of disposing a
resonant structure comprises disposing said resonant struc-
ture:

to form said first resonator between the first portion and the

ground plane, said first resonator being adapted to oper-

ate within a first frequency band; and

to form said second resonator between both the first portion

and the second portion and the ground plane, said second

resonator being adapted to operate within a second fre-
quency band.

22. The antenna of claim 21, wherein said disposing a
resonant structure comprises disposing a conductive element
coupling the first portion and the second portion;

wherein the conductive element and adjacent edges of the

first and the second portions form a capacitive element

that resonates within said first frequency band.

23. The antenna of claim 19, wherein said disposing a
resonant structure comprises forming a conductive element
that connects the first portion to the second portion along at
least one adjacent edge of the first and the second portions.

24. The antenna of claim 19, wherein said disposing a
resonant structure comprises disposing a conductive element
coupling the first portion and the second portion;

wherein the conductive element and adjacent edges of the

first and the second portions form a capacitive element

that resonates within a first frequency band.

25. A mobile radio frequency device comprising:

a transceiver; and

an antenna in signal communication with said transceiver,

said antenna having:

a first conductive portion deposited on a dielectric sub-
strate;

a second conductive portion deposited on the dielectric
substrate, wherein all of said second portion and at
least the radiating part of said first portion are dis-
posed substantially within the same plane; and

a resonant structure formed between the first conductive

portion and the second conductive portion;

wherein the first conductive portion forms, with the dielec-

tric substrate, a first resonator that resonates within a first

frequency band.

26. The device of claim 25, wherein the first and the second
conductive portions together form, with the dielectric sub-
strate, a second resonator that resonates within a second fre-
quency band lower than said first band.
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27. The device of claim 26, wherein at least a portion of the
first resonator is substantially electrically isolated from the
second resonator.

28. The device of claim 27, further comprising a ground
plane;

wherein an edge of said ground plane is disposed at a

specified distance from the antenna to tune a frequency
response of the antenna within at least one of the first
frequency band and the second frequency band.

29. The device of claim 27, wherein the first resonator
comprises a quarter-wave resonator resonant within the first
frequency band, and the second resonator comprises a quar-
ter-wave resonator resonant within the second frequency
band.

30. The device of claim 27, further comprising a feed
conductor and a coil;

wherein the coil is connected between the feed conductor

and a ground plane to tune a frequency response of the
antenna within at least one of the first frequency band
and the second frequency band.

31. An antenna component for implementing an antenna of
a radio device, the antenna having at least a lower and an
upper operating band, said component comprising:

a dielectric substrate with a longitudinal and a transverse

direction; and

a conductive coating of the substrate forming a radiating

element having a feed end for signal communication
with a feed conductor of the antenna;
wherein the radiating element is formed into at least a head
part and a tail part, said head part proximate said feed
end, said head and tail parts being coupled to each other
only through at least one interconnecting conductor
formed from the conductive coating of the substrate,
said at least one conductor providing an inductance
between the head part and the tail part, said head and tail
parts further being capacitively coupled to each other via
at least one non-conductive slot on the substrate;

wherein a resonance frequency of a parallel resonance
circuit formed by said at least one conductor and said
capacitive coupling is disposed in the range of said upper
operating band so as to substantially separate the tail part
electrically from the head part at the upper operating
band.

32. The antenna component of claim 31, wherein the upper
operating band is based at least in part on a resonance of the
head part, and the lower operating band is based at least in part
on a resonance of the entirety of said radiating element.

33. The antenna component of claim 31, wherein said at
least one conductor is substantially straight and runs in said
longitudinal direction of the substrate in substantially central
area of its upper surface, said at least one non-conductive slot
comprising two slots each being disposed lateral to the at least
one conductor on a different side thereof.

34. The antenna component of claim 31, wherein said at
least one conductor is straight and runs in the longitudinal
direction ofthe substrate substantially on the edge of'its upper
surface, and said non-conductive slot is disposed only on one
side of the at least one conductor.

35. The antenna component of claim 31, wherein said
interconnecting conductor comprises at least one adapted to
increase said conductor’s inductance.

36. The antenna component of claim 31, further compris-
ing at least one bend in said non-conductive slot adapted to
increase the capacitance between the head part and the tail
part.

37. An antenna component of claim 31, wherein said
dielectric substrate comprises a ceramic material.
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38. A radio device, said device comprising a circuit board,
a conductive surface of which functions as a ground plane,
and an antenna, the antenna comprising an antenna compo-
nent having at least a lower and an upper operating band, said
component comprising:
a dielectric substrate with a longitudinal and a transverse
direction; and

a conductive coating of the substrate forming a radiating
element having a feed end for signal communication
with a feed conductor of the antenna;

wherein the radiating element is formed into at least a head
part and a tail part, said head part proximate said feed
end, said head and tail parts being coupled to each other
only through at least one interconnecting conductor
formed from the conductive coating of the substrate,
said at least one conductor providing an inductance
between the head part and the tail part, said head and tail
parts further being capacitively coupled to each other via
at least one non-conductive slot on the substrate;

wherein said antenna component is disposed substantially
on the circuit board with its lower surface against the
circuit board and with the feed end of the radiating
element is connected to the feed conductor of the
antenna; and

wherein said ground plane is arranged a prescribed dis-
tance away from said dielectric element at least on one
side.

39. The device of claim 38, wherein an edge of the ground
plane is disposed at a prescribed distance from the antenna
component in the direction of the normal of'its side in order to
match and tune the antenna.

40. The device of claim 38, wherein the head part forms,
together with the substrate and the ground plane, a quarter
wave resonator, which has a resonance in the upper operating
band, and the whole radiator forming, together with the sub-
strate and the ground plane, a quarter wave resonator, which
has a resonance in the lower operating band.

41. The device of claim 38, further comprising a coil con-
nected between the feed conductor and the ground plane to
match the antenna.

42. An antenna component for implementing an antenna of
a radio device, the antenna having at least a lower and an
upper operating band, said component comprising:
a dielectric substrate with a longitudinal and a transverse
direction; and
a conductive coating of the substrate forming a radiating
element having a feed end for signal communication
with a feed conductor of the antenna;

wherein the radiating element is formed into at least a head
part and a tail part, said head part proximate said feed
end, said head and tail parts being coupled to each other
only through at least one interconnecting conductor
formed from the conductive coating of the substrate,
said at least one conductor providing an inductance
between the head part and the tail part, said head and tail
parts further being capacitively coupled to each other via
at least one non-conductive slot on the substrate;

wherein said at least one conductor is substantially straight
and runs in said longitudinal direction of the substrate in
substantially central area of its upper surface, said at
least one non-conductive slot comprising two slots each
being disposed lateral to the at least one conductor on a
different side thereof.
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43. An antenna component for implementing an antenna of
a radio device, the antenna having at least a lower and an
upper operating band, said component comprising:

a dielectric substrate with a longitudinal and a transverse

direction; and

a conductive coating of the substrate forming a radiating

element having a feed end for signal communication
with a feed conductor of the antenna;
wherein the radiating element is formed into at least a head
part and a tail part, said head part proximate said feed
end, said head and tail parts being coupled to each other
only through at least one interconnecting conductor
formed from the conductive coating of the substrate,
said at least one conductor providing an inductance
between the head part and the tail part, said head and tail
parts further being capacitively coupled to each other via
at least one non-conductive slot on the substrate;

wherein said at least one conductor is straight and runs in
the longitudinal direction of the substrate substantially
onthe edge of’its upper surface, and said non-conductive
slot is disposed only on one side of the at least one
conductor.

44. An antenna comprising:

a dielectric element having a longitudinal direction and a
transverse direction, said element being deposited at
least partially on a ground plane; wherein said ground
plane is arranged a distance away from said dielectric
element at least on one side;

25
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a conductive coating deposited on the dielectric element,
the conductive coating having a first portion and a sec-
ond portion;

a ground structure;

a feed structure coupled to at least one of the first portion
and the second portion, wherein said feed structure and
said ground structure forming a single connection; and

a resonant structure formed between the first portion and
the second portion to electrically isolate the first portion
and the second portion at a first frequency, and to form
first and second resonators.

45. A radio frequency device comprising:

a multi-band antenna deposited on a dielectric substrate,
the multi-band antenna comprising a first portion and a
second portion;

wherein all of said second portion and at least the radiating
part of said first portion are disposed substantially on the
same plane and said first portion and said second portion
are arranged to cause inductance and capacitance dis-
posed in parallel between said first and second portions;

a resonant structure formed between the first portion and
the second portion to electrically isolate the first portion
and the second portion within a first frequency band, and
to form a first resonator and a second resonator;

wherein the first resonator and the second resonator are
substantially electrically isolated from each another
with respect to at least frequency tuning.

#* #* #* #* #*
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A broadband antenna has a substrate, a coupling conductor, a
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coupling conductor has a first coupling member and a second
coupling member being separated from each other. The con-
ductor string and the ground conductor are connected to the
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ground conductor is connected to the ground plane. The
broadband antenna uses the coupling conductor and the
ground conductor to adjust input impedance for impedance
match. The conductor string functions as a multi level reso-
nance circuit to increase impedance bandwidth.
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1
BROADBAND ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna, and more par-
ticularly to a broadband antenna that has multiple radiation
conductors connected in series as a conductor string.

2. Description of Related Art

Wireless Communication technologies develop rapidly in
recently years and various wireless products are marketed
popularly. One of most important components in wireless
product is an antenna. The design of the antenna requires
stricter criteria than the past in size and performance aspects.
Taking account of the appearance and size of wireless prod-
ucts, miniature antennas for those products are necessary.
Accordingly, the monopole antenna utilizing a metallic
ground plane to replace a negative radiator is developed. The
monopoly antenna achieves superior radiation effects with a
shorter length, i.e. a half of that of a dipole antenna. Subse-
quent to the monopole antenna, fabricators develop a folded
monopole antenna with bent metallic strips to further minia-
ture the size of the antenna and solve the problem of blind
area.

With reference to FIG. 1, an antenna matching circuit is
disclosed in U.S. Pat. No. 6,081,242 and comprises a printed
circuit board (10) with a surface (101), a first inductor (102),
a capacitor (103), a second inductor (104), a connection pad
(105) and a ground plane (106). The connection pad (105) is
formed on the surface of the printed circuit board (10) and
coupled to the first inductor (102). The capacitor (103) is
formed between the first inductor (102) and the second induc-
tor (104). The second inductor (104) is further coupled to the
ground plane (106). With zigzag traces constituting the induc-
tors (102)(104), the antenna matching circuit has higher cou-
pling efficiency and a shorter length. However, such an
antenna matching circuit does not support multi level reso-
nance and its impedance bandwidth is also limited. Further,
the input impedance of the antenna matching circuit cannot
be adjusted to achieve required impedance match.

To overcome the shortcomings, the present invention pro-
vides a broadband antenna to mitigate or obviate the afore-
mentioned problems.

SUMMARY OF THE INVENTION

The main objective of the invention is to provide a broad-
band antenna that uses a coupling conductor and a ground
conductor to adjust input impedance of the antenna, whereby
the impedance variation of the antenna is smoother and supe-
rior antenna characteristics including impedance match and
operating bandwidth are achieved.

Another objective of the invention is to provide a broad-
band antenna that has multiple radiation conductors con-
nected in series as a multi level resonance circuit to increase
impedance bandwidth of the antenna.

Another yet objective of the invention is to a broadband
antenna that has a ground conductor in a zigzag pattern to
have a long effective resonance length, decrease resonance
frequency and reduce the size of the antenna.

To accomplish the objectives, the broadband antenna has a
substrate, a coupling conductor, a conductor string, a ground
conductor and a ground plane. The coupling conductor has a
first coupling member and a second coupling member being
separated from each other. The conductor string and the
ground conductor are connected to the second coupling mem-
ber. The conductor string extends along a direction opposite
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to the second coupling member. The ground conductor is
connected to the ground plane.

Other objectives, advantages and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective view of an antenna matching circuit
in accordance with the prior art;

FIG. 2A is a perspective view of a first embodiment of a
broadband antenna with annular conductors connected in
series in accordance with the present invention;

FIG. 2B is a perspective view of a second embodiment of a
broadband antenna with rectangular ring-shaped conductors
connected in series in accordance with the present invention;

FIG. 2C is a perspective view of a third embodiment of a
broadband antenna with annular and rectangular ring-shaped
conductors connected in series in accordance with the present
invention;

FIG. 3 is an equivalent circuit of the broadband antennas in
FIGS. 2A to0 2C;

FIG. 4 is a diagram showing return loss characteristics of
the broadband antenna in FIGS. 2A-2C;

FIG. 5 is a perspective view of a fourth embodiment of a
broadband antenna in accordance with the present invention;

FIG. 6 is a perspective view of a fifth embodiment of a
broadband antenna in accordance with the present invention;
and

FIG. 7 is an operation view of the broadband antenna in
FIG. 6 being applied in an electronic device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

With reference to FIGS. 2A to 2C, a broadband antenna in
accordance with the present invention comprises a substrate
(21), a coupling conductor (23), a conductor string, a ground
conductor (25) and a ground plane (26).

The substrate (21) has a top surface (211) and a bottom
surface (212) with a thickness, a length and a width. The
thickness is about 0.5 millimeter (mm), the length is about
109 mm and the width is about 10 mm.

The coupling conductor (23) is equivalent to a capacitive
element and has a first coupling member (231) and a second
coupling member (232) being separated by a distance.

The first coupling member (231) is formed on the bottom
surface (212) ofthe substrate (21) and has alength and a width
being approximately 19 mm and 1 mm respectively. The
second coupling member (232) is formed on the top surface
(211) of the substrate (21) and has a length and a width being
approximately 17 mm and 1 mm respectively. The distance
between the first coupling member (231) and the second
coupling member (232) is equal to the thickness of the sub-
strate (21).

The conductor string is formed by multiple conductors (24)
connected in series. The conductor string has one end con-
nected to the second coupling member (232) and extends
along a direction opposite to the second coupling member
(232). The conductor string has a length about 89 mm and a
width about 9.5 mm. The multiple conductors (24) may be
annular or rectangular ring-shaped. Alternatively, a part of the
multiple conductors (24) may be annular and remains of the
multiple conductors (24) may be rectangular ring-shaped.
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Each of the annular conductors (24) has a diameter about 9.5
mm. Each of the rectangular ring-shaped conductors (24) has
a length about 9.5 mm and a width about 8 mm.

The ground conductor (25) has a firstend a second end. The
first end is connected to the conductor string and the second
coupling member (232) of the coupling conductor (23). The
ground conductor (25) is formed by a longitudinal conductive
strip with a total length about 45 mm and is arranged on the
substrate (21) in a zigzag pattern. The zigzag pattern has a
length about 18 mm and a width about 7.5 mm.

The ground plane (26) is connected to the second end of the
ground conductor (25) and has a length about 2 mm and a
width about 7.5 mm.

With reference to FIG. 3, an equivalent circuit of the broad-
band antenna in FIGS. 2A to 2C comprises multiple a signal
feeding port (31), a ground (36) and multiple resonance units
(32-35).

The multiple conductors (24) as a whole function as a
multi-order resonance circuit to increase the impedance
bandwidth of the antenna. Each of the conductors (24) is
equivalent to a resonance units (32-35) composed of a capaci-
tor unit (C2-C5) and an inductor units (L.2-L5). The first level
resonance unit (32) comprises a second capacitor unit (C2)
and a second inductor unit (I.2). The second level resonance
unit (33) comprises a third capacitor unit (C3) and a third
inductor unit (I.3). The third level resonance unit (34) com-
prises a fourth capacitor unit (C4) and a fourth inductor unit
(L4). The fourth level resonance unit (35) comprises a fifth
capacitor unit (C5) and a fifth inductor unit (L5).

The coupling conductor (23) and the ground conductor
(25) are respectively equivalent to a first capacitor unit (C1)
and a first inductor unit (L.1).

The signals are received by the signal feeding port (31),
transmitted to the multi-level resonance circuit through the
first capacitor unit (C1) and also transmitted to the ground
(36) through the first inductor unit (L1). The capacitor unit
(C1) and the first inductor unit (L1) are used to adjust imped-
ance match of the broadband antenna thus obtaining a satis-
factory operating bandwidth.

With reference to FIG. 4 when the broadband antenna in
accordance with the present invention is operated in a with the
return loss 10 dB, the antenna has an operating bandwidth S1
about 420 MHz (from 450 MHz to 870 MHz). The operating
bandwidth S1 is wide enough and applicable to many wireless
systems such as an ultra high frequency (UHF) system. Add-
ing the multiple conductors (24) as the multi level resonance
circuit in the antenna effectively broadens the operating band-
width S1. Further, using the capacitor unit (C1) and the first
inductor unit (I.1) to adjust the input impedance, the antenna
characteristics such as impedance match and operating band-
width are more satisfactory.

With reference to FIG. 5, the fourth embodiment is sub-
stantially the same as the foregoing embodiments, but differs
in the coupling conductor (23). The first coupling member
(231) and the second coupling member (232) are all formed
on the top surface (211) of the substrate (21). The second
coupling member (232) is apart from the first coupling mem-
ber (231) by a distance. The modification of the coupling
conductor (23) in this embodiment increases an effective
coupling area to enhance capacitive coupling effects and
improve impedance match.

With reference to FIG. 6, the fifth embodiment is similar to
the fourth embodiment but further comprises a capacitor
(233) electrically mounted between the first coupling mem-
ber (231) and the second coupling member (232). The capaci-
tor (233) may be mounted on the substrate (21) by soldering.
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The signal is transmitted from the first coupling member
(231) to the second coupling member (232) through the
capacitor (233). With the capacitor (233), the capacitance of
the coupling conductor (23) is adjusted to have a larger
capacitive coupling factor and a lower resonance frequency.

Withreference to FIG. 7, the broadband antenna (2) of FIG.
6 is applied to an electrical device (4) having a top surface
(41) and a ground terminal (43). A feed cable (22) with a
positive segment (221) and a negative segment (222) may be
used to connect the broadband antenna (2) to the electrical
device. When the broadband antenna (2) is mounted on the
electrical device (4), the ground plane (26) is correspondingly
connected to the ground terminal (43) and the conductor (23)
keeps apart from the electrical device (4). The positive seg-
ment (221) is electrically connected to the first coupling
member (231) while the negative segment (222) is electri-
cally connected to the ground terminal (43). The electrical
device may be a notebook computer, a vehicle GPS receiver
and other digital products.

The signal is transmitted from the positive segment (221)
to the first coupling member (231), coupled to the second
coupling member (232) and further transmitted to the mul-
tiple conductors (24) and the ground conductor (25). The
multiple conductors (24) connected in series functions as a
multi level resonance circuit to process the signal. The ground
conductor (25) provides inductive effects to conduct the sig-
nal to the ground plane (26).

In short, using the coupling conductor (23) to couple signal
and using the ground conductor (23) to conduct signal, the
input impedance of the antenna is adjusted to have better
impedance match characteristics and a wider operating band-
width. The multiple conductors (24) as the multi level reso-
nance circuit increases impedance bandwidth of the antenna.
Because the ground conductor (25) is formed as a zigzag trace
with inductor characteristics, the impedance bandwidth of the
antenna also can be adjusted by changing the inductance
value through controlling the gap, the width or the total length
of the zigzag trace. The inductor characteristics and the
capacitive coupling effect provided by the coupling conduc-
tor (23) make the antenna have good impedance match.

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. Changes
may be made in the details, 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 broadband antenna comprising:

a substrate having a top surface and a bottom surface;

a coupling conductor having a first coupling member and a
second coupling member being opposite to and sepa-
rated from the first coupling member by a distance;

a conductor string formed by multiple conductors con-
nected in series, connected to the second coupling mem-
ber and extending along a direction opposite to the sec-
ond coupling member;

a ground conductor having a first end and a second end, the
first end being connected to the second coupling mem-
ber and the conductor string; and

a ground plane connected to the second end.

2. The broadband antenna as claimed in claim 1, wherein

the coupling conductor is a capacitive element.
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3. The broadband antenna as claimed in claim 1, wherein
the first coupling member is formed on the top surface of the
substrate.

4. The broadband antenna as claimed in claim 1, wherein
the second coupling member is formed on the bottom surface
of the substrate.

5. The broadband antenna as claimed in claim 1, wherein
each of the multiple conductors is annular.

6. The broadband antenna as claimed in claim 1, wherein
each of the multiple conductors is rectangular ring-shaped.

7. The broadband antenna as claimed in claim 1, wherein a
part of the multiple conductors is annular and remains of the
multiple conductors are rectangular ring-shaped.

8. The broadband antenna as claimed in claim 1, wherein
the ground conductor is an inductive element.

9. The broadband antenna as claimed in claim 1, wherein
the broadband antenna further comprises a feed wire having a
negative segment and a positive segment, and the positive
segment being connected to the first coupling member.

10. The broadband antenna as claimed in claim 1, wherein
the ground conductor is formed by a longitudinal conductive
strip arranged in a zigzag pattern.

20
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11. The broadband antenna as claimed in claim 1, wherein

the first coupling member is formed on the top surface of

the substrate; and

the second coupling member is formed on the bottom sur-

face of the substrate.

12. The broadband antenna as claimed in claim 1, wherein
the first coupling member and the second coupling member
are formed on the top surface of the substrate and separated
from each other by the distance.

13. The broadband antenna as claimed in claim 11, wherein
the conductor string is formed on the top surface of the sub-
strate.

14. The broadband antenna as claimed in claim 12, wherein
the conductor string is formed on the top surface of the sub-
strate.

15. The broadband antenna as claimed in claim 14, wherein
the broadband antenna further comprises a capacitor mounted
on the top surface of the substrate and connected between the
first coupling member and the second coupling member.
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(57) ABSTRACT

Disclosed is an antenna apparatus for a portable terminal
which includes radiation elements received in a housing of
the portable terminal; contact arms formed on the radiation
elements; and feeding pads disposed on both surfaces of a
printed circuit board, wherein the contact arms are in contact
with the feeding pads. The contact arms respectively come in
contact with each feeding pad. The pair of feeding pads is
attached to the printed circuit board while the contact arms are
provided on the radiation elements so as to come in contact
with the each feeding pad, so that the antenna apparatus may
satisfy operation criteria of wide and multi bands. In addition,
the radiation elements are formed as a pair, one of which
satisfies the operation criteria of double and triple bands and
the other of which has resonance frequency of other bands, so
that the operation criteria of the multi bands can be effectively
achieved.

11 Claims, 5 Drawing Sheets
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ANTENNA APPARATUS FOR PORTABLE
TERMINAL

PRIORITY

This application claims priority to an application entitled
“Antenna Apparatus for Portable Terminal” filed with the
Korean Intellectual Property Office on Jun. 15, 2005 and
assigned Serial No. 2005-51511, the contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a portable terminal, and
more particularly to a power feed structure for an interior
antenna for a portable terminal.

2. Description of the Related Art

In general, the term “portable terminal” refers to a com-
munication device which provides an electronic communi-
cating function for a user to wirelessly communicate with
another user or a service provider by way of relay stations.
The user can carry the portable terminal with him/her while
using various services such as voice communication, short
message sending, and mobile banking services, as well as
various contents such as TV programs, online games, video
on demand (hereinafter, referred to as VOD) and the like.

Conventional portable terminals may be classified into
various types according to their appearance, such a bar-type
portable terminal which has a communication circuit, a trans-
mitter, a receiver and data input/output unit in a housing, a
flip-type portable terminal which has a transmitter, a receiver
and data input/output unit installed on a housing similar to the
bar-type portable terminal and in which the data input/output
unit, such as akeypad, is opened and closed by means of a flip
panel, and a folder-type portable terminal which has a pair of
housings which include a transmitter, a receiver and data
input/output unit separately disposed therein and one of
which can be folded towards the other. Recently, a sliding-
type portable terminal and the like have become commer-
cially available together with the folder-type portable termi-
nal to satisfy various consumer demands and to improve
portability and convenient use.

In addition, the user can use various mobile communica-
tion services, such as game, moving picture file transmitting,
mobile banking, VOD, digital multimedia broadcasting and
the like services, on line by using the portable terminals. As
the use of the portable terminal is universal while various
consumer demands are increased, it is possible to provide a
variety of mobile communication services because the envi-
ronment of commercially providing the service to use various
contents exists.

The portable terminal is provided with an antenna appara-
tus in order to secure reception and communication quality
above a certain level even in a changing wave environment
according to surrounding conditions. The antenna apparatus
provided on the portable terminal has different standards, for
example, length, according to an available frequency band of
the service provider.

These antenna apparatuses can be classified into an interior
antenna installed in the housing of the portable terminal and
an exterior antenna extending out of the housing of the por-
table terminal. The interior antenna includes a loop antenna,
an inverted L-shaped antenna, a planar inverted F-shaped
antenna and the like. The exterior antenna may be a helical
antenna in an antenna housing and a telescopic antenna appa-
ratus which is extracted from and retracted into the housing of
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the portable terminal, of which the antenna housing is
exposed or projected out of the housing of the portable ter-
minal.

Recently, the use of an interior antenna apparatus has
gradually increased to improve the portability of the portable
terminal, to prevent damage to the portable terminal due to
external impact and to facilitate various designs of the por-
table terminal. Wide and multiple bands of the interior
antenna can be achieved by branching away a part of antenna
pattern which extends from a power supplying portion
according to the diversification of the mobile communication
service. However, there is a problem in that the conventional
interior antenna apparatus cannot sufficiently receive many of
the mobile communication services. In the conventional inte-
rior antenna, that is, it is emphasized that the antenna appa-
ratus is mounted in the housing of the portable terminal and is
not projected outside the housing, which limits the establish-
ment of wide and multi bands of the antenna apparatus.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made to solve
the above-mentioned problems occurring in the prior art, and
an object of the present invention is to provide an antenna
apparatus for a portable terminal which can satisfy the criteria
of wide and multi bands of the antenna apparatus.

Another object of the present invention is to provide an
antenna apparatus for a portable terminal which can stably
connect an interior antenna to the feeding pad of a printed
circuit board.

In order to accomplish these objects, there is provided an
antenna apparatus for a portable terminal, including radiation
elements received in a housing of the portable terminal; con-
tact arms formed on the radiation elements; and feeding pads
disposed on both surfaces of a printed circuit board, wherein
the contact arms are in contact with the feeding pad.

In order to accomplish these objects, there is provided an
antenna apparatus for the portable terminal, including radia-
tion elements received in a housing of the portable terminal;
contact arms formed on the radiation elements; and feeding
pads disposed on both surfaces of a printed circuit board,
wherein the contact arms are formed as a pair which extend
from an edge of each radiation element while facing each
other and are in contact with the feeding pads disposed on
both surfaces of the printed circuit board.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features, and advantages of
the present invention will be more apparent from the follow-
ing detailed description taken in conjunction with the accom-
panying drawings, in which:

FIG. 1is a perspective view showing an antenna apparatus
for a portable terminal according to a preferred embodiment
of the present invention;

FIG. 2 is a perspective view showing a structure of a radia-
tion element according to an embodiment of the present
invention, which can be employed in the antenna apparatus
shown in FIG. 1;

FIG. 3 is a perspective view showing a structure of a radia-
tion element according to another embodiment of the present
invention, which can be employed in the antenna apparatus
shown in FIG. 1;

FIG. 4 is a side view in partial cut-away of the radiation
element shown in FIG. 2, in which contact arms of the radia-
tion element are in contact with a feeding pad; and
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FIG. 5 is a side view in partial cut-away of the radiation
element shown in FIG. 3, in which contact arms of the radia-
tion element are in contact with a feeding pad.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Hereinafter, a preferred embodiment of the present inven-
tion will be described with reference to the accompanying
drawings. In the following description of the present inven-
tion, a detailed description of known functions and configu-
rations incorporated herein is omitted to avoid making the
subject matter of the present invention unclear.

As shown in FIGS. 1 to 5, the antenna apparatus 100 for the
portable terminal according to the preferred embodiment of
the present invention has a structure in that a contact arm 113
of a radiation element 111 is in contact with a feeding pad
attached to each surface of a printed circuit board 102. Here,
the radiation elements 111 shown in FIGS. 2 and 3 respec-
tively include a pair of radiation elements facing each other.
FIG. 2 shows the radiation elements 111 which are separated
from each other, and FIG. 3 shows the radiation elements 111
connected to each other by means of a connecting member
115.

As shown in FIGS. 1 to 3, the radiation elements 111 are
attached to an antenna base 101. The radiation elements 111
may have various shapes according to type of antenna appa-
ratus required for the portable terminal. The antenna base 101
has a shape which can stably fix the radiation elements 111 to
the antenna base 101. That is, the antenna base 101 has
surfaces respectively formed to correspond to each shape of
the radiation elements 111 which are attached thereto.

The antenna base 101 is preferably made from an insulat-
ing material such as synthetic resin and is fixed in a housing
(not shown) of the portable terminal. The radiation elements
111 are made along with the antenna base into a module
which in turn is mounted in the housing of the portable ter-
minal during assembly. At this time, the radiation elements
111 are assembled to operate independently. However, the
radiation elements 111 may be electrically connected with
each other to operate together.

The radiation elements 111 have at least one contact arm
113. In the embodiment of the present invention, a pair of
contact arms 113 are provided, which respectively extend
from each radiation element 111 to face each other. The
antenna base 101 has supporting holes, supporting ribs and
the like in order to prevent the radiation elements 111 opposed
to each other from being spaced away from each other more
than a predetermined distance. Such supporting members for
supporting the radiation elements can be formed by properly
modifying the shape of the antenna base 101.

Referring to FIGS. 2 and 3, the structure of the radiation
elements 111 will be described in more detail hereinafter. The
pair of radiation elements 111 face each other, each respec-
tively having a contact arm 113 extending from each radiation
element 111. Such radiation elements 111 may be connected
with each other by means of the connecting member 115.
Where the radiation elements 111 are connected with each
other by means of the connecting member 115, the radiation
elements 111, contact arms 113 and the connecting member
115 are made of a conductive metal sheet by plating and
bending processes, each of these elements have been named
based on their functions in the receiving and transmitting
operation of the antenna apparatus 100. In addition, the radia-
tion elements 111, the contact arms 113 and the connecting
member 115 can be separately made and then assembled on
the antenna base 101. In consideration of productivity, assem-
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bly, and the loss caused by contact between the structural
elements during the transmitting and receiving operation of
the antenna apparatus, it is preferable to integrally manufac-
ture the radiation elements 111, the contact arms 113 and the
connecting member 115 through plating and bending of a
single piece conductive metal sheet.

One of the planar inverted F-shaped antenna, the inverted
L-shaped antenna, the loop antenna, a meander line antenna
and the like can be selectively used as the radiation elements
111 because these antennas can be easily miniaturized and
contained in the portable terminal as well as to satisfy the
requirements of the portable terminal.

Each of the radiation elements 111 is connected through
the contact arm 113 to a feeding pad 121 attached to the
printed circuit board 102. As shown in FIG. 1, the printed
circuit board 102 has a groove 129 to fix the printed circuit
board 102 to the antenna base 101. The fixing groove 129 is
engaged with a hook (not shown) formed on the antenna base
101 so that the printed circuit board 102 is secured to the
antenna base 101 while a part of a lower surface of the printed
circuit board 102 is supported by means of the antenna base
101. The securing structure of the printed circuit board 102
may be modified according to the shape of the antenna base
101. For example, while the present embodiment proposes
the hook and groove as the securing structure, screw holes
may be formed in the printed circuit board 102 and the
antenna base 101, so that the printed circuit board 102 is
screwed to the antenna base 101 in such a manner that the
printed circuit board is generally fixed to a housing of a
terminal by means of the screw.

Feeding pads 121 are disposed on both surfaces of the
printed circuit board 102. The feeding pads 121 are attached
to seating surfaces 123 formed on both surfaces of the printed
circuit board 102, respectively. The seating surfaces 123 are
electrically connected to each other via a through-hole 125.
That is, the feeding pads 121 are electrically connected to
each other through-hole 125.

On the other hand, while the present embodiment discloses
that the seating surfaces 123 are separately formed in the
printed circuit board 102 in order to attach the feeding pads
121 to the seating surfaces 123, it may be difficult to give the
printed circuit board 102 enough thickness to form the seating
surfaces 123 by depressing both surfaces of the printed circuit
board 102, in consideration of the fact that the antenna appa-
ratus is mounted in the portable terminal. In the case in which
it is difficult to provide a sufficient thickness of the printed
circuit board 102, a power supply pattern can be printed on the
printed circuit board 102 to provide the feeding pads to the
printed circuit board 102 similar to the printed circuit pattern.

When the printed circuit board 102 is combined and
secured to the antenna base 101, the feeding pads 121 con-
structed as described above are in contact with the opposed
contact arms 113. At this time, the shape of the antenna base
101 prevents the contact arms 113 from being separated from
each other more than a predetermined distance. Therefore,
each of the contact arms 113 forces the feeding pads 121 to
maintain stable contact.

Meanwhile, the printed circuit board 102 may be integrated
with a main board (not shown) of the portable terminal.
Where the printed circuit board 102 is integrated with the
main board, the feeding pads 121 are connected to a trans-
mitting and receiving circuit through the printed circuit pat-
tern provided on the main board.

In the present embodiment, the printed circuit board 102 is
a small circuit board made separately from the main board
and has a coaxial connector 127 electrically connected to the
feeding pads 121 on a surface of the printed circuit board 102.
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The printed circuit board 102, specifically the feeding pads
121, is preferably connected to the transmitting and receiving
circuit of the main board by means of the coaxial connector
127 and a coaxial cable (not shown).

In the antenna apparatus of the portable terminal according
to the present invention as described above, a pair of feeding
pads is attached to the printed circuit board while the contact
arms provided on the radiation elements come in contact with
the each feeding pad, thereby facilitating the manufacture of
the antenna apparatus having operation criteria of wide and
multi bands. In addition, the radiation elements are formed as
a pair, one of which satisfies the operation criteria of double
and triple bands and the other of which has resonance fre-
quency of another bands, so that the operation criteria of the
multi bands can be effectively achieved.

While the invention has been shown and described with
reference to certain preferred embodiments thereof, it will be
understood by those skilled in the art that various changes in
form and details may be made therein without departing from
the spirit and scope of the invention as defined by the
appended claims.

What is claimed is:

1. An antenna apparatus for a portable terminal, compris-
ing:

radiation elements received in a housing of the portable

terminal;

contact arms formed on the radiation elements;

feeding pads disposed on both surfaces of a printed circuit

board; and

at least one through-hole formed in the printed circuit

board,

wherein the feeding pads are electrically connected to each

other via the at least one through-hole and each of the
contact arms is in contact with one of the feeding pads,
respectively.

2. The antenna apparatus for the portable terminal as
claimed in claim 1, wherein the contact arms are formed as a
pair and extend from an edge of each radiation element so as
to face each other and are in contact with the feeding pads
provided on both surfaces of the printed circuit board.

3. The antenna apparatus for the portable terminal as
claimed in claim 1, wherein the radiation element is one of a
planar inverted F shaped antenna, an inverted I, shaped
antenna, a loop antenna and a meander line antenna.
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4. The antenna apparatus for the portable terminal as
claimed in claim 1, wherein the radiation elements are formed
as a pair to face each other, and the contact arms extend from
the radiation elements.

5. The antenna apparatus for the portable terminal as
claimed in claim 4, further comprising a connecting member
which electrically connects the radiation elements with each
other.

6. The antenna apparatus for the portable terminal as
claimed in claim 1, wherein the printed circuit board is a main
board of the portable terminal.

7. The antenna apparatus for the portable terminal as
claimed in claim 1, further comprising an antenna base which
is fixed in the housing of the portable terminal, wherein the
radiation elements are attached to the antenna base.

8. The antenna apparatus for the portable terminal as
claimed in claim 7, wherein the printed circuit board is fixed
to the antenna base.

9. The antenna apparatus for the portable terminal as
claimed in claim 8, further comprising a coaxial connector for
connecting a coaxial cable, which is provided on the printed
circuit board.

10. The antenna apparatus for the portable terminal as
claimed in claim 1, wherein the printed circuit board further
includes seating surfaces formed on the printed circuit board
to receive the feeding pads.

11. An antenna apparatus for a portable terminal, compris-
ing:

radiation elements received in a housing of the portable

terminal;

contact arms formed on the radiation elements;

feeding pads disposed on both surfaces of a printed circuit

board; and

at least one through-hole formed in the printed circuit

board,

wherein the feeding pads are electrically connected to each

other via the at least one through-hole and the contact
arms are formed as a pair to extend from an edge of each
radiation element while facing each other and each of the
contact arms is in contact with one of the feeding pads
disposed on both surfaces of the printed circuit board,
respectively.
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ment is on the same planar, and the first radiating portion and
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MULTI-BAND ANTENNA WITH
LOW-PROFILE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a multi-band
antenna, and more particularly to a multi-band antenna used
for electronic devices, such as notebook.

2. Description of the Prior Art

As communication technology is increasingly improved,
the weight, volume, cost, performance, and complexity of a
communication system also become more important, so
antennas that transmit and receive signals in a wireless com-
munication system especially draw designers attention. At
present the wireless local area network (WLAN) and General
Packer Radio Service (GPRS), because the space for setting
up an antenna is limited and the antenna should transmit a
large amount of data, the antenna should be carefully
designed.

Planar Inverted-F Antenna (PIFA) is a kind of small size
antennas used for mobile communication terminal. The
antenna has light weight, good impedance, compact size,
reduced manufacture cost and perform a double-band or a
multi-band antenna easily. CN pat. No. 2593384 discloses a
Planar Inverted-F Antenna, it comprises two radiating ele-
ments each of which respectively extends along different
directions, a grounding element, and a connecting element
connecting the radiating elements and the grounding element.
This antenna can performs multi-band frequency, but the
whole length of the connecting element is so long that this
antenna takes up big space in the notebooks or the carry-home
electric devices. So, this kind antenna is not propitious to the
smaller-device trend.

Hence, an improved antenna is desired to overcome the
above-mentioned shortcomings of the existing antennas.

BRIEF SUMMARY OF THE INVENTION

A primary object, therefore, of the present invention is to
provide a multi-band antenna having low profile with simple
structure, and reduced size.

In order to implement the above object and overcomes the
above-identified deficiencies in the prior art, the multi-band
antenna comprises a radiating element, a connecting element
and a grounding element; the radiating element is made from
metal plate, and comprises a first radiating portion and a
second radiating portion having an end connect to one end of
the first radiating portion. The first radiating portion, the
second radiating portion and the connecting element is on the
same planar, and the first radiating portion and the second
radiating portion surround a rectangle rim.

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.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a multi-band antenna
according to a preferred embodiment of the present invention;
and

FIG. 2 is a perspective view of a multi-band antenna
according to another preferred embodiment of the present
invention.
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2
DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to a preferred
embodiment

Reference to FIG. 1 in one embodiment of the present
invention, the multi-band antenna 10 comprises a radiating
element 11, a grounding element 13, a connecting element 12
connecting the radiating element 11 and the grounding ele-
ment 13, a feeding point 4, a feeding line 5 and two setting
elements 15.

Theradiating element 11 comprises a first radiating portion
16 and a second radiating portion 17. The first radiating
portion 16 is a high-frequency radiating portion which is
worked at 5 GHz, and the second portion 17 is low-frequency
radiating portion which is worked at 2.4 GHz. The radiating
portion 17 comprises a horizontal first radiating arm 171, a
second radiating arm 172 extending from left end of the first
radiating arm 171 and perpendicular to the first radiating arm
171, and a horizontal third radiating arm 173 extending from
the second radiating arm 172 in the neighborhood of the first
radiating arm 171 and perpendicular to the second radiating
arm 172, and a fourth radiating arm 174 extending down-
wardly from the right end of the third radiating arm 173 in the
neighborhood ofthe first radiating arm 171 and perpendicular
to the third radiating arm 173. The first radiating portion 16
extends from the right end of the first radiating arm 171 of the
second radiating portion 17 opposite to the left end of the first
radiating arm 171 connecting the second radiating arm 172.
The first radiating portion 16 and the second radiating portion
17 form a rectangle frame with formed between the first
radiating portion 16 and the fourth radiating arm 174, so that
the total length of the multi-band antenna 10 is reduced. The
radiating element 11 and the connecting element 12 are in the
same plane, and the first radiating portion 16 and the fourth
radiating arm 174 of the radiating element 11 are located at
the same of the connecting element 12, so that the total height
of the multi-band antenna 10 could be reduced.

The grounding element 13 comprises a first grounding
portion 131 and a second grounding portion 132 perpendicu-
lar to the first grounding portion 131. The first grounding
portion 131 is perpendicular to the second grounding portion
132.

The connecting element 12 is Z shape, and the radiating
element 11 and the first grounding portion 131 are all in the
same plane. The connecting portion 12 comprises a first sec-
tion 121, athird section 123 connecting the joint of the second
radiating arm 171 of the second radiating portion 17 and the
third radiating arm 173, and a vertical second portion 122
connecting the first portion 121 and the third portion 123.

The feeding point 4 is located at the joint of the first radi-
ating portion 16 and the second radiating portion 17. The
feeding line 5 comprises an inner conductor 51 soldered on
the feeding point 4, an inner isolator 52 covering the inner
conductor 51, an outer conductor layer 53 soldered on the
second grounding portion 132 and an outer isolator 54 encir-
cling the outer conductor 53. The two setting elements 15
respectively extend from opposite ends of the grounding ele-
ment 13 and each of them respectively has a circular aperture
to assemble the multi-band antenna 10 to the electric device.
The radiating element 11 and the pair of the setting elements
are in the same plane which is perpendicular to the plane on
which the second grounding portion is located. And the height
of'the radiating element is lower than the height of the setting
element. It is noted that a gap defined between the tip of the
fourth radiating arm 174 and the first grounding portion 131
is not larger than that between the first radiating arm 171 and
the first grounding portion 131.
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Reference to FIG. 2 in another embodiment of the present
invention, the multi-band antenna 10' comprises a radiating
element 11', a grounding element 13 ', a connecting element
12' connecting the radiating element 11' and the grounding
element 13', a feeding point 4', a feeding line 5', and two
setting elements 15'. In this embodiment, the feeding point 4',
and the feeding line 5' are the same as the structures of the first
embodiment.

The radiating element 11' comprises a first radiating por-
tion 16' and a second radiating portion 17'. The second radi-
ating portion 16' comprises a horizontal first radiating arm
171, a second radiating arm 172' extending from left end of
the first radiating arm 171" in the vertical direction, a third
horizontal radiating arm 173 ' extending from one end of the
second radiating arm 172' in the neighborhood of the first
radiating arm 171" in the perpendicular direction to the second
radiating arm 172', and a fourth radiating arm 174' extending
from the third radiating arm 173" in the neighborhood of right
end of the first radiating arm 171" and in the vertical direction
to the third radiating arm 173'. The grounding element 13'
comprises a first grounding section 131' and a second ground-
ing section 132'. A protrude 141' extends from the second
grounding section 132 located between the two setting ele-
ments 15' and one end of the connecting element 12' to fasten
the feed line. The connecting element 12' extends from one
end of the second radiating arm 172' and aligned with the
second radiating arm 172" in the vertical direction. The length
of the connecting element 12' in the vertical direction is the
same as the length of the least distance between the radiating
element 11' and the grounding element 13'. The connecting
element 12'and the radiating element 11' are in the same plane
and connect with the grounding element 13' in another end
thereof.

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. A multi-band antenna, comprising:

aradiating element, made from a metal plate, and compris-

ing a first radiating portion and a second radiating por-
tion connecting one end of said first radiating portion;

a grounding element;

a connecting element connecting with the radiating ele-

ment and the grounding element;
afeeding point on the joint of the first and second radiating
portion and apart from the connecting element;

wherein said first radiating portion, said second radiating
portion and said connecting element are in the same
plane, said first radiating portion and said second radi-
ating portion surround a rectangle frame with a gap
formed therebetween.

2. The multi-band antenna as claimed in claim 1, wherein
said first radiating portion and said second radiating portion
are located at the same side of the connecting element.

3. The multi-band antenna as claimed in claim 2, wherein
said connecting element is Z shape, and comprises a first
section connecting with said grounding element, a third por-
tion connecting with said radiating element, and a second
portion connecting said first portion and said second portion.

4. The multi-band antenna as claimed in claim 3, wherein
said second radiating portion comprises a first radiating arm,
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a second radiating arm, a third radiating arm, and a fourth
radiating arm; and said first radiating arm is parallel to said
third radiating arm, said second radiating arm is parallel to
said fourth radiating arm, and said first radiating arm and said
third radiating arm are vertical to said second radiating arm
and the fourth radiating arm.

5. The multi-band antenna as claimed in claim 4, wherein
said first radiating arm is in line with the first radiating por-
tion.

6. The multi-band antenna as claimed in claim 4, wherein
said second radiating arm connects with said third radiating
arm at one end of the connecting element.

7. The multi-band antenna as claimed in claim 1, wherein
said second radiating portion comprises a first radiating arm,
a second radiating arm extending from one end of the first
radiating arm in the vertical direction, a third radiating arm
extending from one end of the second radiating arm in the
neighborhood of the first radiating arm in the vertical direc-
tion to the second radiating arm, and a fourth radiating arm
extending from the third radiating arm in the neighborhood of
the first radiating arm and in the vertical direction to the third
radiating arm.

8. The multi-band antenna as claimed in claim 7, wherein
said connecting element is located on the same line as said
second radiating arm, and the length of the connecting ele-
ment is equal to the least distance between said radiating
element and said grounding element.

9. The multi-band antenna as claimed in claim 8, wherein
said first radiating portion and said first radiating arm of said
second radiating portion are in the same line but respectively
extends in a different direction.

10. The multi-band antenna as claimed in claim 7, wherein
said gap is located between said radiating arm of said second
radiating portion and said free end of said first radiating
portion.

11. A multi-band antenna, comprising:

a radiating element, made from a metal plate, and compris-
ing a first radiating portion having a first main body
extending along a horizontal direction, and a second
radiating portion having a second main body extending
along said horizontal direction and parallel to the first
main body;

a grounding element extending along said horizontal direc-
tion and located at a level closer to the second main body
than the first main body;

a connecting element having a lower portion connecting to
the grounding element, and an upper portion connecting
to both said first radiating portion and said second radi-
ating portion; and

a feeder cable including an outer conductor connected to
the grounding element, and an inner conductor con-
nected to the second body; wherein

the first radiating portion includes an downward lying
L-shaped configuration defining a first radiating arm
extending along said first main body, and a second radi-
ating arm extending downwardly from an end of said
first radiating arm toward the grounding element
wherein a gap between a tip of the second radiating arm
and the grounding element in a vertical direction is not
larger than that between the second radiating portion and
the grounding element.

12. The multi-band antenna as claim 11, wherein the sec-
ond radiating portion includes an upward lying L-shaped
configuration including said second main body while mutu-
ally in a reverse manner with regard to the downward lying
L-shaped configuration of the first radiating portion.
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13. The multi-band antenna as claimed in claim 11, radiating arm downwardly extending from the other end of
wherein said connecting element includes an upside-down the first main body opposite to the second radiating arm and
standing [.-shaped configuration defining a vertical section connected to the connecting element at a position, and said
and a horizontal section under condition of said horizontal second main body is connected to the connecting element at

section being horizontally aligned with the first main body. 5 the same position.
14. The multi-band antenna as claimed in claim 11,
wherein said first radiating portion further includes a third L
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MOBILE WIRELESS COMMUNICATIONS
DEVICE COMPRISING A SATELLITE
POSITIONING SYSTEM ANTENNA WITH
ACTIVE AND PASSIVE ELEMENTS AND
RELATED METHODS

FIELD OF THE INVENTION

The present invention relates to the field of communica-
tions devices, and, more particularly, to mobile wireless com-
munications devices and related methods.

BACKGROUND OF THE INVENTION

Cellular communications systems continue to grow in
popularity and have become an integral part of both personal
and business communications. Cellular telephones allow
users to place and receive voice calls most anywhere they
travel. Moreover, as cellular telephone technology has
increased, so too has the functionality of cellular devices. For
example, many cellular devices now incorporate personal
digital assistant (PDA) features such as calendars, address
books, task lists, etc. Moreover, such multi-function devices
may also allow users to wirelessly send and receive electronic
mail (email) messages and access the Internet via a cellular
network and/or a wireless local area network (WLAN), for
example.

Another feature which is being coupled with cellular com-
munications capabilities is satellite positioning. That is, cer-
tain devices now incorporate both cellular and satellite posi-
tioning devices, such as global positioning system (GPS)
devices, for example. One such device is described in U.S.
Pat. No. 6,857,016 to Motoyama et al., which is directed to a
computer remote position reporting device which includes a
global positioning system (GPS) receiver, monitoring soft-
ware and an Internet access module for tracking and mapping
a position of a mobile object. In one embodiment, the
obtained positions are collected, logged and communicated
to a desired location by a store-and-forward protocol (e.g.,
Internet e-mail) or a direct-connection protocol (e.g., file
transfer protocol (FTP)) via a wireless cellular transceiver.

As the functionality of cellular communications devices
continues to increase, so too does the demand for smaller
devices which are easier and more convenient for users to
carry. As such, incorporating GPS capabilities in ever-smaller
cellular phones becomes increasingly difficult, as smaller
GPS antenna designs are required due to space constraints.
Thus, one challenge for designers is to provide GPS antennas
with adequate signal reception characteristics yet in a rela-
tively small size.

Various attempts have been made improve mobile device
satellite positioning antennas. An antenna arrangement for a
GPS signal processing device is disclosed in U.S. Pat. No.
6,720,923 to Hayward et al. in which an antenna member is
mounted on a circuit board. The antenna member includes
first, second, and third surfaces. The third surface adjoins the
first and second surfaces. The first, second and third surfaces
define a cavity within which is disposed dielectric material.
At least one conductive connector comprising first and sec-
ond ends is in communication with the antenna member first
surface, and an amplifier is in communication with each con-
ductive connector second end.

Another example is set forth in PCT publication no. WO
02/29988 A1, which discloses a folded inverted F antenna
(FIFA) which includes an [-shaped receiving element having
a first planar portion and a second planar portion connected
along a fold edge. A printed circuit board (PCB) is disposed
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perpendicular to the second planar portion forming a PCB
ground plane. The FIFA includes a second ground plane
disposed below and in parallel with the second planar portion.
Shorting conductors couple the receiving element to the PCB
and the second ground plane, and a receive conductor couples
areceiver circuit to the receiving element. The FIFA is for use
in a wireless communications device, such as a cellular
phone, for receiving position signals from a GPS satellite.

Despite the availability of such GPS antenna configura-
tions, other GPS antenna configurations may be desirable
which are relatively compact yet still provide desired beam
direction or shaping for optimizing GPS satellite signal
reception, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of a mobile wireless
communications device.

FIG. 2 is a schematic block diagram of an alternate
embodiment of the mobile wireless communication device of
FIG. 1.

FIG. 3 is a schematic perspective view of a PCB and
satellite positioning antenna arrangement for the wireless
communications device of FIG. 1.

FIG. 4 is a schematic diagram of an alternate embodiment
of'the satellite positioning antenna of FIG. 3.

FIGS. 5-8 are schematic diagrams of alternate embodi-
ments of satellite positioning antennas for a mobile wireless
communications device.

FIG. 9 is a schematic block diagram of the wireless com-
munications device of FIG. 1 illustrating satellite positioning
information display features thereof.

FIG. 10 is a schematic block diagram of an exemplary
mobile wireless communications device arrangement for use
with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present description is made with reference to the
accompanying drawings, in which preferred embodiments
are shown. However, many different embodiments may be
used, and thus the description should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete. Like numbers refer to like elements
throughout, and prime and multiple prime notation are used to
indicate similar elements in alternate embodiments.

Generally speaking, a mobile wireless communications
device is disclosed herein which may include a portable hous-
ing, at least one wireless transceiver carried by the portable
housing, and a satellite positioning signal receiver carried by
the portable housing. Moreover, a satellite positioning
antenna may be carried by the portable housing. The satellite
positioning antenna may include an active element connected
to the satellite positioning signal receiver, and a passive ele-
ment connected to a voltage reference and positioned in
spaced apart relation from the active element and operatively
(e.g., operatively or capacitively) coupled thereto for direct-
ing a beam pattern thereof.

More particularly, at least one of the active and passive
elements may include a tuning feature. Additionally, the pas-
sive element may define a U-shaped portion, and a portion of
the active element may be positioned within the U-shaped
portion of the active element. The passive element may also
include a pair of parallel branches, and a portion of the active
element may be positioned between the parallel branches of
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the passive element. Furthermore, the active and passive ele-
ments may each include first end portions that are substan-
tially parallel.

The mobile wireless communications device may also
include a printed circuit board (PCB) carried by the portable
housing, and the satellite positioning antenna and the PCB
may be relatively positioned so that the PCB further directs
the beam pattern of the antenna. By way of example, the
active and passive elements may include electrically conduc-
tive traces on the PCB. Moreover, a dielectric extension may
extend outwardly from the PCB, and the active and passive
elements may be carried by the dielectric extension. The
active and passive elements may be monopole antenna ele-
ments, for example.

The portable housing may have an upper portion and a
lower portion, and the satellite positioning antenna may be
positioned adjacent the upper portion of the portable housing.
Furthermore, the at least one wireless transceiver may be a
cellular transceiver, and a cellular antenna may also be carried
by the portable housing and connected to the cellular trans-
ceiver. The mobile wireless communications device may
additionally include a controller carried by the portable hous-
ing and connected to the satellite positioning signal receiver,
and a display carried by the portable housing and cooperating
with the controller for displaying satellite positioning infor-
mation.

A method aspect for making a mobile wireless communi-
cations device generally includes positioning a satellite posi-
tioning signal receiver and at least one wireless transceiver in
a portable housing, and connecting an active element of a
satellite positioning antenna and carried by the portable hous-
ing to the satellite positioning signal receiver. The method
may further include positioning a passive element of the
satellite positioning antenna connected to a voltage reference
in spaced apart relation from the active element and opera-
tively coupled thereto for directing a beam pattern thereof.

Referring initially to FIGS. 1 and 2, a mobile wireless
communications device 20 illustratively includes a portable
housing 21 and one or more wireless transceivers 22 carried
by the portable housing. In the example illustrated in FIG. 2,
a cellular transceiver 22' cooperates with a cellular antenna
23' to communicate over a cellular network 24' via a base
station(s) 25', which is shown as a cell tower for clarity of
illustration. In other embodiments, the wireless transceiver 22
may be a wireless local or personal area network (LAN/PAN)
transceiver for communicating via a wireless LAN/PAN, for
example. In still further embodiments, both cellular and wire-
less LAN/PAN transceivers may be included, as will be
appreciated by those skilled in the art.

The device 20 further illustratively includes a satellite posi-
tioning signal receiver 26 carried by the portable housing. By
way of example, the satellite positioning signal receiver 26
may be a GPS receiver, although receivers compatible with
other satellite positioning systems such as Galileo, for
example, may also be used. A satellite positioning antenna 35
is also carried by the portable housing 21 and is connected to
the satellite positioning signal receiver 26 for receiving posi-
tioning signals from GPS satellites 28, as will be appreciated
by those skilled in the art.

More particularly, the satellite positioning antenna 35
illustratively includes an active element 27 connected to the
satellite positioning signal receiver 26, and a passive element
29 connected to a voltage reference (e.g., ground) and posi-
tioned in spaced apart relation from the active element and
operatively (e.g., inductively or capacitively) coupled thereto
for directing a beam pattern thereof. That is, passive element
29 advantageously helps to direct or shape the beam pattern of
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the active element 27 skyward toward the GPS satellites 28
when the mobile wireless communications device 20 is held
in an operating position, as will be discussed further below.

Turning now additionally to FIG. 3, the mobile wireless
communications device 20 may further include a printed
circuit board (PCB) 30 carried by the portable housing 21.
Moreover, a dielectric extension 33 illustratively extends out-
wardly from the PCB 30, and the active and passive elements
27, 29 are carried on an upper surface of the dielectric exten-
sion. In the illustrated embodiment, the satellite positioning
signal receiver 26 is schematically shown as a signal source
on the PCB 30 for clarity of illustration, and the active and
passive elements 27, 29 are monopole antenna elements com-
prising printed conductive traces on an upper surface of the
dielectric extension 33. However, other types of antenna ele-
ments may be used in other embodiments.

The active and passive elements 27, 29 and the PCB 30 are
relatively positioned so that the PCB further directs the beam
pattern of the active element 27. More particularly, the PCB
30 will be oriented in a generally vertical direction when held
in an operating position by a user. Accordingly, the upper
surface of the dielectric extension 33, which is preferably
positioned adjacent the upper portion (i.e., top) of the housing
21, will therefore be pointing upward or skyward toward the
satellites 28, which along with the generally vertically ori-
ented PCB 30 and the passive element 29 advantageously
directs the beam pattern of the active element 27 in this
direction, as will be appreciated by those skilled in the art.

In an alternate embodiment of the satellite positioning
antenna 35' illustrated in FIG. 4, the active and passive ele-
ments 27', 29' each include respective first end portions 36',
37" that are substantially parallel, similar to the active and
passive elements 27, 29 illustrated in FIG. 3. However, these
two embodiments differ in that the feed points for the active
and passive elements 27, 29 are on opposite ends of the
elements, whereas the feed points for the active and passive
elements 27", 29" are located at the same end of the elements
as shown. Moreover, the passive element 29' includes a tuning
feature, namely a U-shaped loop-back portion 38'.

Other embodiments in which the active element 27 and/or
the passive element 29 includes a tuning feature are now
described with reference to FIGS. 5-8, in which similar ele-
ments are indicated with reference numerals incremented by
intervals of ten (e.g., the active element 27 is labeled as 57, 67,
77, and 87 in FIGS. 5, 6, 7, and 8, respectively). Generally
speaking, a tuning feature may be used to change the electri-
cal length of a conductive element and, thus, the operational
characteristics of the antenna, as will be appreciated by those
skilled in the art. The various tuning features used in a given
embodiment will depend upon the particular configuration of
the device and antenna, particularly the amount of space
and/or surface area available for implementing the antenna, as
will be appreciated by those skilled in the art.

Inthe exemplary embodiments illustrated in FIGS. 5 and 6,
the active and passive elements 57, 59 each has a generally
sinusoidal tuning feature. The passive element 79 defines a
U-shaped portion, and a portion of the active element 77 is
positioned within the U-shaped portion of the passive ele-
ment. The passive element 89 includes a pair of parallel
branches, and a portion of the active element 87 is positioned
between the parallel branches of the passive element as
shown. Of course, it will be appreciated by those skilled in the
art that numerous other tuning features and configurations
may be used in different embodiments.

Turning now additionally to FIG. 9, the device 20 further
illustratively includes a controller 31 carried by the portable
housing 21 and connected to the satellite positioning signal
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receiver 26, and a display 32 carried by the portable housing
and cooperating with the controller for displaying satellite
positioning information. By way of example, the controller
31 may include a microprocessor and associated circuitry/
memory, and the display 32 may be a liquid crystal display
(LCD), although other suitable components or displays may
alsobeused. While not shown in FIG. 9, the controller 31 may
be carried by the PCB 30, as will be appreciated by those
skilled in the art. It should be noted that those components
which are within the portable housing and not externally
viewable are shown with dashed lines for clarity of illustra-
tion in FIG. 9. Moreover, while the satellite positioning
antenna is illustratively at the bottom of the device 20 in FIG.
9 also for clarity of illustration, this antenna may be posi-
tioned adjacent the top of the device (i.e., behind the display
in the illustrated embodiment), as noted above.

When using the GPS function of the device 20 a user may
hold the device in an upright position in which the display 32
is viewable to the user. In the exemplary embodiment, the
controller 31 executes a mapping program which translates
the positioning data received from the satellite positioning
signal receiver 26 into location coordinates which are dis-
played ata corresponding location on a map, as will be readily
appreciated by those skilled in the art. Thus, when the user
holds the device 20 so that the display 32 faces him in the
upright position, the PCB 30 serves as a reflector for directing
the antenna beam pattern skyward for improved satellite posi-
tioning signal reception performance, as noted above.

The passive element 29 not only helps direct/shape the
beam pattern in the desired direction, it may also provide
desired antenna efficiency, as will be appreciated by those
skilled in the art. By way of example, the performance of the
35 illustrated in FIG. 4 was tested at various frequencies and
provided the results listed in Table 1 below.

TABLE 1
156542MHZ  1575.42 MHZ 1585.42 MHZ
Average Gain -3.34526 B -2.95445dB -2.65694 dB

Asnoted above, the dielectric extension 33 and antenna 35
are advantageously positioned adjacent an upper portion or
top of the portable housing 21 to advantageously direct or
shape the beam pattern skyward when a user holds the device
20 so that he can see the display 32, as will be appreciated by
those skilled in the art. Moreover, this allows the cellular (or
other wireless) antenna 23 to be carried adjacent the bottom
portion of the portable housing 21, as schematically illus-
trated in FIG. 2. This not only provides for reduced interfer-
ence between the two antennas, but it may also help with
specific absorption ratio (SAR) compliance by moving the
cellular antenna 23 further away from a user’s brain when he
places the input audio transducer of the device 20 (not shown)
adjacent his ear, as will also be appreciated by those skilled in
the art.

A method aspect of the invention is for making the mobile
wireless communications device 20 and may include posi-
tioning a satellite positioning signal receiver 26 and at least
one wireless transceiver 22 in a portable housing 21, and
connecting an active element 27 of a satellite positioning
antenna 35 and carried by the portable housing to the satellite
positioning signal receiver. The method may further include
positioning a passive element 29 of the satellite positioning
antenna 35 connected to a voltage reference (e.g., ground) in
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spaced apart relation from the active element 27 and opera-
tively coupled thereto for directing a beam pattern thereof;, as
discussed further above.

Advantages of the above-described satellite positioning
antenna structure may include allowing for downsizing of an
overall antenna design where implementation area is rela-
tively small. Moreover, the antenna structure provides for an
effective use of the device’s PCB board to improve efficiency.
In addition, the antenna structure accommodates numerous
geometries to thereby provide flexibility of implementation.

Additional features and components of a mobile wireless
communication device in accordance with the present inven-
tion will be further understood with reference to FIG. 10. The
device 1000 includes a housing 1200, a keyboard 1400 and an
output device 1600. The output device shown is a display
1600, which is preferably a full graphic LCD. Other types of
output devices may alternatively be utilized. A processing
device 1800 is contained within the housing 1200 and is
coupled between the keyboard 1400 and the display 1600.
The processing device 1800 controls the operation of the
display 1600, as well as the overall operation of the mobile
device 1000, in response to actuation of keys on the keyboard
1400 by the user.

The housing 1200 may be elongated vertically, or may take
on other sizes and shapes (including clamshell housing struc-
tures). The keyboard may include a mode selection key, or
other hardware or software for switching between text entry
and telephony entry.

In addition to the processing device 1800, other parts of the
mobile device 1000 are shown schematically in FIG. 10.
These include a communications subsystem 1001; a short-
range communications subsystem 1020; the keyboard 1400
and the display 1600, along with other input/output devices
1060, 1080, 1100 and 1120; as well as memory devices 1160,
1180 and various other device subsystems 1201. The mobile
device 1000 is preferably a two-way RF communications
device having voice and data communications capabilities. In
addition, the mobile device 1000 preferably has the capability
to communicate with other computer systems via the Internet.

Operating system software executed by the processing
device 1800 is preferably stored in a persistent store, such as
the flash memory 1160, but may be stored in other types of
memory devices, such as a read only memory (ROM) or
similar storage element. In addition, system software, spe-
cific device applications, or parts thereof, may be temporarily
loaded into a volatile store, such as the random access
memory (RAM) 1180. Communications signals received by
the mobile device may also be stored in the RAM 1180.

The processing device 1800, in addition to its operating
system functions, enables execution of software applications
1300A-1300N on the device 1000. A predetermined set of
applications that control basic device operations, such as data
and voice communications 1300A and 1300B, may be
installed on the device 1000 during manufacture. In addition,
a personal information manager (PIM) application may be
installed during manufacture. The PIM is preferably capable
of organizing and managing data items, such as e-mail, cal-
endar events, voice mails, appointments, and task items. The
PIM application is also preferably capable of sending and
receiving data items via a wireless network 1401. Preferably,
the PIM data items are seamlessly integrated, synchronized
and updated via the wireless network 1401 with the device
user’s corresponding data items stored or associated with a
host computer system.

Communication functions, including data and voice com-
munications, are performed through the communications
subsystem 1001, and possibly through the short-range com-
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munications subsystem. The communications subsystem
1001 includes a receiver 1500, a transmitter 1520, and one or
more antennas 1540 and 1560. In addition, the communica-
tions subsystem 1001 also includes a processing module,
such as a digital signal processor (DSP) 1580, and local
oscillators (LLOs) 1601. The specific design and implementa-
tion of the communications subsystem 1001 is dependent
upon the communications network in which the mobile
device 1000 is intended to operate. For example, a mobile
device 1000 may include a communications subsystem 1001
designed to operate with the Mobitex™, Data TAC™ or
General Packet Radio Service (GPRS) mobile data commu-
nications networks, and also designed to operate with any of
a variety of voice communications networks, such as AMPS,
TDMA, CDMA, PCS, GSM, etc. Other types of data and
voice networks, both separate and integrated, may also be
utilized with the mobile device 1000.

Network access requirements vary depending upon the
type of communication system. For example, in the Mobitex
and DataTAC networks, mobile devices are registered on the
network using a unique personal identification number or PIN
associated with each device. In GPRS networks, however,
network access is associated with a subscriber or user of a
device. A GPRS device therefore requires a subscriber iden-
tity module, commonly referred to as a SIM card, in order to
operate on a GPRS network.

When required network registration or activation proce-
dures have been completed, the mobile device 1000 may send
and receive communications signals over the communication
network 1401. Signals received from the communications
network 1401 by the antenna 1540 are routed to the receiver
1500, which provides for signal amplification, frequency
down conversion, filtering, channel selection, etc., and may
also provide analog to digital conversion. Analog-to-digital
conversion of the received signal allows the DSP 1580 to
perform more complex communications functions, such as
demodulation and decoding. In a similar manner, signals to be
transmitted to the network 1401 are processed (e.g. modu-
lated and encoded) by the DSP 1580 and are then provided to
the transmitter 1520 for digital to analog conversion, fre-
quency up conversion, filtering, amplification and transmis-
sion to the communication network 1401 (or networks) via
the antenna 1560.

In addition to processing communications signals, the DSP
1580 provides for control of the receiver 1500 and the trans-
mitter 1520. For example, gains applied to communications
signals in the receiver 1500 and transmitter 1520 may be
adaptively controlled through automatic gain control algo-
rithms implemented in the DSP 1580.

In a data communications mode, a received signal, such as
a text message or web page download, is processed by the
communications subsystem 1001 and is input to the process-
ing device 1800. The received signal is then further processed
by the processing device 1800 for an output to the display
1600, or alternatively to some other auxiliary I/O device
1060. A device user may also compose data items, such as
e-mail messages, using the keyboard 1400 and/or some other
auxiliary /O device 1060, such as a touchpad, a rocker
switch, a thumb-wheel, or some other type of input device.
The composed data items may then be transmitted over the
communications network 1401 via the communications sub-
system 1001.

In a voice communications mode, overall operation of the
device is substantially similar to the data communications
mode, except that received signals are output to a speaker
1100, and signals for transmission are generated by a micro-
phone 1120. Alternative voice or audio I/O subsystems, such
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as a voice message recording subsystem, may also be imple-
mented on the device 1000. In addition, the display 1600 may
also be utilized in voice communications mode, for example
to display the identity ofa calling party, the duration of a voice
call, or other voice call related information.

The short-range communications subsystem enables com-
munication between the mobile device 1000 and other proxi-
mate systems or devices, which need not necessarily be simi-
lar devices. For example, the short-range communications
subsystem may include an infrared device and associated
circuits and components, or a Bluetooth communications
module to provide for communication with similarly-enabled
systems and devices.

Many modifications and other embodiments of the inven-
tion will come to the mind of one skilled in the art having the
benefit of the teachings presented in the foregoing descrip-
tions and the associated drawings. Therefore, it is understood
that the invention is not to be limited to the specific embodi-
ments disclosed, and that modifications and embodiments are
intended to be included within the scope of the appended
claims.

That which is claimed is:

1. A mobile wireless communications device comprising:

a portable housing;

at least one wireless transceiver carried by said portable

housing;

a satellite positioning signal receiver carried by said por-

table housing;

a satellite positioning antenna carried by said portable

housing and comprising

an active element connected to said satellite positioning
signal receiver, and

a passive element connected to a voltage reference and
positioned in spaced apart relation from said active
element and operatively coupled thereto for directing
a beam pattern thereof;

a printed circuit board (PCB) carried by said portable hous-

ing; and

a dielectric extension extending outwardly from said PCB;

said active and passive elements being carried by a sky-

ward facing portion of said dielectric extension;

said satellite positioning antenna and said PCB being rela-

tively positioned so that said PCB further directs the
beam pattern of said antenna skyward.

2. The mobile wireless communications device of claim 1
wherein at least one of said active and passive elements com-
prises a tuning feature.

3. The mobile wireless communications device of claim 1
wherein said passive element defines a U-shaped portion; and
wherein a portion of said active element is positioned within
the U-shaped portion of said active element.

4. The mobile wireless communications device of claim 1
wherein said passive element comprises a pair of parallel
branches; and wherein a portion of said active element is
positioned between the parallel branches of said passive ele-
ment.

5. The mobile wireless communications device of claim 1
wherein said active and passive elements each comprises first
end portions; and wherein the first end portions of said active
and passive elements are substantially parallel.

6. The mobile wireless communications device of claim 1
wherein said active and passive elements comprise electri-
cally conductive traces on said PCB.

7. The mobile wireless communications device of claim 1
wherein said portable housing has an upper portion and a
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lower portion; and wherein said satellite positioning antenna
is positioned adjacent the upper portion of said portable hous-
ing.

8. The mobile wireless communications device of claim 1
wherein said at least one wireless transceiver comprises a
cellular transceiver; and further comprising a cellular antenna
carried by said portable housing and connected to said cellu-
lar transceiver.

9. The mobile wireless communications device of claim 1
further comprising a controller carried by said portable hous-
ing and connected to said satellite positioning signal receiver,
and a display carried by said portable housing and cooperat-
ing with said controller for displaying satellite positioning
information.

10. The mobile wireless communications device of claim 1
wherein said active and passive elements comprise monopole
antenna elements.

11. A mobile wireless communications device comprising:

a portable housing having an upper portion and a lower

portion;

a cellular transceiver carried by said portable housing;

acellular antenna carried by said portable housing adjacent

the lower portion thereof and connected to said cellular
transceiver;,

a satellite positioning signal receiver carried by said por-

table housing; and

a satellite positioning system antenna carried by said por-

table housing adjacent the upper portion thereof and

comprising

an active element connected to said satellite positioning
signal receiver, and

a passive element connected to a voltage reference and
positioned in spaced apart relation from said active
element and operatively coupled thereto for directing
a beam pattern thereof;

aprinted circuit board (PCB) carried by said portable hous-

ing; and

a dielectric extension extending outwardly from said PCB;

said active and passive elements being carried by a sky-

ward facing portion of said dielectric extension;

said satellite positioning antenna and said PCB being rela-

tively positioned so that said PCB further directs the
beam pattern of said antenna skyward.

12. The mobile wireless communications device of claim
11 wherein at least one of said active and passive elements
comprises a tuning feature.

13. The mobile wireless communications device of claim
11 wherein said passive element defines a U-shaped portion;
and wherein a portion of said active element is positioned
within the U-shaped portion of said active element.
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14. The mobile wireless communications device of claim
11 wherein said passive element comprises a pair of parallel
branches; and wherein a portion of said active element is
positioned between the parallel branches of said passive ele-
ment.
15. The mobile wireless communications device of claim
11 wherein said active and passive elements each comprises
first end portions; and wherein the first end portions of said
active and passive elements are substantially parallel.
16. The mobile wireless communications device of claim
11 further comprising a controller carried by said portable
housing and connected to said satellite positioning signal
receiver, and a display carried by said portable housing and
cooperating with said controller for displaying satellite posi-
tioning information.
17. A method for making a mobile wireless communica-
tions device comprising:
positioning a satellite positioning signal receiver and at
least one wireless transceiver in a portable housing;

connecting an active element of a satellite positioning
antenna and carried by the portable housing to the sat-
ellite positioning signal receiver;
positioning a passive element of the satellite positioning
antenna connected to a voltage reference in spaced apart
relation from the active element and operatively coupled
thereto for directing a beam pattern thereof, and

positioning a printed circuit board (PCB) with a dielectric
extension extending outwardly therefrom in the portable
housing;

the active and passive elements being carried by a skyward

facing portion of the dielectric extension;

the satellite positioning antenna and the PCB being rela-

tively positioned so that the PCB further directs the
beam pattern of the antenna skyward.

18. The method of claim 17 wherein at least one of the
active and passive elements comprises a tuning feature.

19. The method of claim 17 wherein the passive element
defines a U-shaped portion; and wherein a portion of the
active element is positioned within the U-shaped portion of
the active element.

20. The method of claim 17 wherein the passive element
comprises a pair of parallel branches; and wherein a portion
of the active element is positioned between the parallel
branches of the passive element.

21. The method of claim 17 wherein the active and passive
elements each comprises first end portions; and wherein the
first end portions of the active and passive elements are sub-
stantially parallel.






