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ANTENNA WITH MULTIPLE RESONATING
CONDITIONS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna with multiple
resonating conditions, and more particularly, to an antenna
generating multiple resonating conditions with one or more
radiating-condition generating elements connected to
ground, to achieve broadband operations.

2. Description of the Prior Art

An antenna is used for transmitting or receiving radio
waves, to communicate or exchange wireless signals. An
electronic product with a wireless communication function,
such as a laptop, a personal digital assistant (PDA), usually
accesses a wireless network through a built-in antenna.
Therefore, for facilitating the user to access the wireless com-
munication network more easily, an ideal antenna should
have a wide bandwidth and a small size to meet the trends of
compact electronic products within a permitting range, so as
to integrate the antenna into a portable wireless communica-
tion equipment.

In the prior art, one of the common antennas for wireless
communication is a planar inverted F antenna (PIFA), as
implied by the name, whose shape is similar to a rotated and
inverted “F”. Please refer to F1IG. 1A and FIG. 1B, FIG. 1A is
a schematic diagram of a conventional PIFA antenna 10, and
FIG. 1B is a schematic diagram of voltage standing wave ratio
(VSWR) of the PIFA antenna 10. As shown in FIG. 1A, the
PIFA antenna 10 includes a grounding element 100, a radiat-
ing element 102, a connection element 104 and a feed-in
element 106. The connection element 104 connects the
grounding element 100 and the radiating element 102, such
that a resonating path of a monopole antenna is reduced from
ahalfwavelength to a quarter wavelength, and thus the size of
the antenna can be reduced effectively.

Besides, as can be seen from FIG. 1B, the PIFA antenna 10
only has one resonating condition. However, as the wireless
communication technology progresses, operating frequen-
cies of different wireless communication systems may be
different; therefore, an ideal antenna should cover band-
widths of different wireless communication networks within
a single antenna. In such a situation, the prior art further
derives a dual-band antenna with two resonating conditions
from the PIFA antenna 10.

Please refer to FIG. 2A and FIG. 2B. FIG. 2A is a sche-
matic diagram of a conventional dual-band antenna 20, and
FIG. 2B is a schematic diagram of VSWR of the dual-band
antenna 20. The dual-band antenna 20 includes a grounding
element 200, a radiating element 202, a connection element
204 and a feed-in element 206. The radiating element 202 is
composed of a first radiator 2020 and a second radiator 2022
corresponding to high frequency band and low frequency
band, respectively. The connection element 204 is composed
of branches 2040 and 2042 connected together. The branch
2040 is connected to the radiating element 202 and the feed-in
element 206, and the branch 2042 is connected to the feed-in
element 206 and the grounding element 202. As can be seen
from FIG. 2A, the dual-band antenna 20 has advantages of
low profile, i.e. a small height, small size and easy production.
Meanwhile, as can be seen from FIG. 2B, the dual-band
antenna 20 has dual resonating conditions suitable for dual-
band application, and achieves the optimization of the
antenna characteristic.

Although the dual-band antenna 20 can achieve dual reso-
nating conditions, for a wireless communication system with
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broad bandwidth, such as long term evolution (LTE) system,
the bandwidth of the dual-band antenna 20 is still not enough,
resulting in limitations of its application range. Therefore,
how to increase bandwidth of an antenna has become one of
the goals in the wireless technology industry.

SUMMARY OF THE INVENTION

Itis therefore an object to provide an antenna with multiple
resonating conditions.

An antenna with multiple resonating conditions includes a
grounding element electrically connected to a ground, a radi-
ating element, a connection element electrically connected
between the grounding element and the radiating element, a
feed-in element electrically connected between the connec-
tion element and the grounding element for receiving feed-in
signals, and a radiating-condition generating element electri-
cally connected to the grounding element and extending from
the grounding element to the radiating element.

An antenna with multiple resonating conditions includes a
grounding element electrically connected a ground, a radiat-
ing element, a connection element electrically connected
between the grounding element and the radiating element, a
feed-in element electrically connected between the connec-
tion element and the grounding element for receiving feed-in
signals, and a plurality of radiating-condition generating ele-
ments electrically connected to the grounding element
respectively and extending from the grounding element to the
radiating element.

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. 1A is a schematic diagram of a conventional PIFA
antenna.

FIG. 1B is a schematic diagram of VSWR of the PIFA
antenna.

FIG. 2A is a schematic diagram of a conventional dual-
band antenna.

FIG. 2B is a schematic diagram of VSWR diagram of the
dual-band antenna.

FIG. 3 is aschematic diagram of an antenna according to an
embodiment of the present invention.

FIG. 41is a schematic diagram of an antenna according to an
embodiment of the present invention.

FIG. 5A is a schematic diagram of an antenna according to
an embodiment of the present invention.

FIG. 5B is a schematic diagram of VSWR of the antenna
shown in FIG. 5A.

FIG. 6A is a schematic diagram of an antenna according to
an embodiment of the present invention.

FIG. 6B is a schematic diagram of VSWR of the antenna
shown in FIG. 6A.

DETAILED DESCRIPTION

Please refer to FIG. 3, which is a schematic diagram of an
antenna 30 according to an embodiment of the present inven-
tion. The antenna 30 has multiple resonating conditions, and
includes a grounding element 300, a radiating element 302, a
connection element 304, a feed-in element 306 and a radiat-
ing-condition generating element 308. The grounding ele-
ment 300 is electrically connected to a ground for providing
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grounding. The radiating element 302 is composed of a first
radiator 3020 and a second radiator 3022 extending along
different directions and with different lengths to provide two
different radiation frequency bands. The connection element
304 is composed of a first branch 3040 and a second branch
3042. The first branch 3040 is connected to the radiating
element 302 and the feed-in element 306, and the second
branch 3042 is connected to the feed-in element 306 and the
grounding element 302. Therefore, comparing FIG. 3 with
FIG. 2, structures ofthe antenna 30 and the dual-band antenna
20 are similar, while the difference is that the antenna 30 adds
the radiating-condition generating element 308. As shown in
FIG. 3, the radiating-condition generating element 308 is
extended from the grounding element 300 to the radiating
element 302, and has a shape substantially conforming to a
shape of the connection element 304. Therefore, a coupling
effect between the radiating-condition generating element
308 and the radiating element 302 or the connection element
304 generates an extra current path, so as to resonate another
radiating condition.

In short, the antenna 30 resonates dual radiating conditions
through the radiating element 302, and further resonate
another radiating condition through the radiating-condition
generating element 308 connected to the ground, so as to
achieve effects of multiple radiating conditions or broadband.
Noticeably, the present invention is to provide extra current
path to the ground through the radiating-condition generating
element 308, so as to increase radiating conditions, and those
skilled in this art should make modifications or alterations
accordingly. For example, in FIG. 3, the radiating-condition
generating element 308 is only connected to the grounding
element 300, and not connected to the radiating element 302.
In practice, the radiating-condition generating element 308
can connect to the radiating element 302 as well. Please refer
to FIG. 4, which is a schematic diagram of an antenna 40
according to an embodiment of the present invention. Struc-
tures of the antenna 40 and the antenna 30 shown in FIG. 3 are
similar, and thus same elements are denoted by the same
symbols. Difference between the antenna 40 and the antenna
30 is that a radiating-condition generating element 408 of the
antenna 40 is connected between the grounding element 300
and the radiating element 302, which belongs to double
grounding structure of the present invention, and thus effects
of multiple radiating conditions or broad band can be
achieved as well.

Besides, in the antennas 30 and 40, the shapes of the radi-
ating-condition generating elements 308 and 408 both sub-
stantially conform to a meander shape of the connection
element 304. However, not limit to this, in the present inven-
tion, the radiating-condition generating element can be any
kinds of shapes or be composed of multiple branches depend-
ing on the system requirements. For example, please refer to
FIG. 5A, which is a schematic diagram of an antenna 50
according to an embodiment of the present invention. Struc-
tures of the antenna 50 and the antenna 40 shown in FIG. 4 are
similar, and thus same elements are denoted by the same
symbols. Difference between the antenna 50 and the antenna
40 is that a radiating-condition generating element 408 of the
antenna 50 is not only connected between the grounding
element 300 and the radiating element 302, but also com-
posed of two branches 5080 and 5082, which belongs to the
double grounding structure of the present invention, and thus
effects of multiple radiating conditions or broadband can be
achieved as well.

Please continue to refer to FIG. 5B, which is a schematic
diagram of VSWR of the antenna 50. As can be seen from
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FIG. 5, the antenna 50 can further generate a resonating
radiating condition in high frequency band, and thus achieve
multiple radiating conditions.

According to the above embodiments, the present inven-
tion resonates extra radiating conditions mainly through the
radiating-condition generating element connected to the
ground to achieve multiple radiating conditions or broadband
operations. However, noticeably, as shown in FIG. 3 to FIG.
5, shape, position of the radiating-condition generating ele-
ment, number of branches possessed by the radiating-condi-
tion generating element or whether the radiating-condition
generating element is connected to the radiating element are
not limited, those skilled in this art should make modifica-
tions accordingly, such that the resonating conditions gener-
ated by the radiating-condition generating element meet the
system requirements, so as to achieve effects of multiple
radiating condition or broadband operations. In addition,
number of the radiating-condition generating element is not
limited either, e.g. the present invention can further install
multiple radiating-condition generating elements 308 in the
antenna 30, install multiple radiating-condition generating
elements 408 in the antenna 40, or share the radiating-condi-
tion generating element 308 and the radiating-condition gen-
erating element 408.

For example, please refer to FIG. 6 A, which is a schematic
diagram of an antenna 60 according to an embodiment of the
present invention. Structures of the antenna 60 and the
antenna 40 shown in FIG. 4 are similar, and thus same ele-
ments are denoted by the same symbols. Difference between
the antenna 60 and the antenna 40 is that the antenna 60
further adds a radiating-condition generating element 610 in
addition to the radiating-condition generating element 408,
and the radiating-condition generating element 610 is con-
nected to the grounding element 300 but not connected to the
radiating element 302, which is similar to the radiating-con-
dition generating element 308. In such a situation, please
continue to refer to FIG. 6B, which is a schematic diagram of
VSWR of the antenna 60. As can be seen from FIG. 6B, the
antenna 60 can generate 5 radiating conditions, and thus
increase numbers of radiating conditions effectively.

It is known from above illustration, through increasing
radiating-condition generating elements, the present inven-
tion can increase resonating conditions effectively, so as to
improve antenna bandwidth. More important, as shown in
FIG. 3, 4, 5A and 6A, the radiating-condition generating
elements 308, 408, 508,608 and 610 all extend from the
grounding element 300 to the radiating element 302. In other
words, the present invention does not change appearance of
the antenna, but lower the height of the antenna and reduce the
antenna size effectively.

Noticeably, the abovementioned embodiments are used for
illustrating concept of the present invention, those skilled in
the art should make modifications accordingly, but not limit to
this. For example, materials of the antennas 30, 40, 50, 60 can
be metal materials, such as iron and copper, and the antennas
30, 40, 50, 60 can be disposed on another substrate, e.g. a
printed circuit board (PCB). Furthermore, in FIG. 3, 4, 5A,
6A, cach element is combined through direct connection, but
not limit to this; for example, the grounding element 300 can
be disposed on a substrate, while other elements can be dis-
posed on another substrate, and both are connected by a
flexible interface, and such operation is also one of alterations
of'the present invention. Besides, since antenna theory is well
known by those skilled in the art, principles of antenna radia-
tion are omitted for simplicity. In practice, when those skilled
in the art design an antenna with multiple resonating condi-
tions according to the present invention, characters such as
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sizes, materials and positions of elements should be adjusted
according to the system requirement.

To sum up, the present invention adds one or multiple
radiating-condition generating elements connected to the
ground, such that the antennas resonates multiple radiating
conditions to achieve broadband operations.

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.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. An antenna with multiple resonating conditions, com-
prising:

a grounding element, electrically connected to a ground;

a radiating element;

a connection element, electrically connected between the
grounding element and the radiating element;

a feed-in element, electrically connected between the con-
nection element and the grounding element, for receiv-
ing feed-in signals; and

a radiating-condition generating element, electrically con-
nected to the grounding element, and extending from the
grounding element to the radiating element;

wherein the radiating-condition generating element com-
prises a plurality of branches extending from the
grounding element to the radiating element.

2. The antenna of claim 1, wherein the radiating element

comprises:

a first radiator, extending along a first direction; and

a second radiator, electrically connected to the first radia-
tor, and extending along an opposite direction of the first
direction;

wherein the connection element is electrically connected
between the first radiator and the second radiator.

3. The antenna of claim 1, wherein the connection element

comprises:

a first branch, electrically connected between the radiating
element and the feed-in element; and

a second branch, having a terminal electrically connected
between the first branch and the feed-in element, and
another terminal electrically connected to the grounding
element.

4. The antenna of claim 1, wherein a shape of the radiating-
condition generating element corresponds to a shape of the
connection element.

5. The antenna of claim 1, wherein the radiating-condition
generating element is close to the connection element, and
extends from the grounding element to the radiating element.
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6. The antenna of claim 1, wherein the radiating-condition
generating element is further electrically connected to the
radiating element.

7. An antenna with multiple resonating conditions, com-
prising:

a grounding element, electrically connected a ground;

a radiating element;

a connection element, electrically connected between the

grounding element and the radiating element;

a feed-in element, electrically connected between the con-
nection element and the grounding element, for receiv-
ing feed-in signals; and

a plurality of radiating-condition generating elements,
electrically connected to the grounding element, respec-
tively, and extending from the grounding element to the
radiating element;

wherein one of the plurality of radiating-conditions gener-
ating elements comprises a plurality of branches extend-
ing from the grounding element to the radiating element.

8. The antenna of claim 7, wherein the radiating element
comprises:

a first radiator, extending along a first direction; and

a second radiator, electrically connected to the first radia-
tor, and extending along an opposite direction of the first
direction;

wherein the connection element is electrically connected
between the first radiator and the second radiator.

9. The antenna of claim 7, wherein the connection element

comprises:

a first branch, electrically connected between the radiating
element and the feed-in element; and

a second branch, having a terminal electrically connected
between the first branch and the feed-in element, and
another terminal electrically connected to the grounding
element.

10. The antenna of claim 7, wherein a shape of one of the
plurality of radiating-condition generating elements corre-
sponds to a shape of the connection element.

11. The antenna of claim 7, wherein one of the plurality of
radiating-condition generating elements is close to the con-
nection element, and extends from the grounding element to
the radiating element.

12. The antenna of claim 7, wherein one of the plurality of
radiating-conditions generating elements is further electri-
cally connected to the radiating element.

#* #* #* #* #*
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aradiation element and a connection element. The connection
element includes a first connection part and a second connec-
tion part. The first and second connection parts are coupled to
the PCB, and utilized for transferring signals of the embedded
three-dimensional antenna to the PCB. The first and second
connection parts further clamp the PCB to attach the embed-
ded three-dimensional antenna on the PCB.

11 Claims, 17 Drawing Sheets
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1
ELECTRONIC DEVICE WITH EMBEDDED
ANTENNA

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. 119 from
TAIWAN Application No. 098133844 filed on Oct. 6, 2009,
and TATWAN Application No. 098140322 filed on Now. 26,
2009, the contents of which are incorporated herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electronic device with
an embedded antenna, and more particularly, to an electronic
device utilizing a clamping mechanism formed by an embed-
ded three-dimensional antenna itself or a IT (pi) shape mecha-
nism formed by an embedded three-dimensional antenna
itself, to attach the antenna on a Printed Circuit Board (PCB).

2. Description of the Prior Art

In modern life, various wireless communication networks
have become essential for people to communicate and trans-
mit information. Wireless communication devices, such as
cell phones, personal digital assistants (PDAs) and wireless
USB dongles, are thus widely used in daily life, and are
developed toward compact sizes. Manufacture processes of
the wireless communication devices are also simplified to
reduce costs and enhance yields. An antenna is a large size
element in the wireless communication device, other than a
Printed Circuit Board (PCB). The antenna is commonly an
embedded antenna formed by a sheet metal, such that appear-
ance of the wireless communication device can be designed
with more flexibility while portability can also be met.

Electronic elements are assembled with a PCB through
automatic Surface Mount Technology (SMT). However, con-
ventional embedded antennas do not belong to surface mount
elements, and need to be assembled through extra assembly
process, instead of the SMT. There are two assembly methods
for the conventional embedded antennas: one is manually
soldering the antenna on the PCB after the SMT process; and
the other is utilizing elastic sheet metals of the PCB to contact
the antenna formed on an exterior of the wireless communi-
cation device without the soldering process. The aforemen-
tioned two methods for assembling the embedded antenna
require high cost, and tend to have unstable antenna charac-
teristics due to man-made errors.

As can be seen from the above, the prior art needs extra
assembly processes to attach the embedded three-dimen-
sional antenna on the PCB, in addition to the automatic
assembly processes, such as SMT setting and reflow. As a
result, production cost of the wireless communication device
is increased. Therefore, the embedded antenna needs to be
improved to meet requirement of compact size and high yield.

SUMMARY OF THE INVENTION

It is therefore an objective of the present invention to pro-
vide an electronic device with an embedded antenna.

The present invention discloses an electronic device with
an embedded three-dimensional antenna. The electronic
device includes a printed circuit board (PCB) and an embed-
ded three-dimensional antenna. The embedded three-dimen-
sional antenna includes a radiation element and a connection
element. The connection element includes a first connection
part and a second connection part. The first and second con-
nection parts are respectively coupled to the PCB, and are
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utilized for transferring signals of the embedded three-dimen-
sional antenna to the PCB. The first and second connection
parts further form a clamping mechanism for clamping both
sides of the PCB such that the embedded three-dimensional
antenna is attached on the PCB.

The present invention further discloses an electronic
device with an embedded antenna. The electronic device
includes a PCB and an embedded antenna. The PCB includes
a through hole and a metal contact. The through hole and the
metal contact form an antenna assembly area. The embedded
antenna includes a radiation element and a connection ele-
ment. The connection element forms a Il shape mechanism.
One leg of the IT shape mechanism is coupled to the radiation
element, and another leg of the IT shape mechanism is
inserted into the through hole, such that the first connection
element is attached on the antenna assembly area of the PCB
and the radiation element is parallel with a lateral of the PCB.

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 an illustration of an electronic device with an
embedded three-dimensional antenna according to the
present invention.

FIG. 2 is an illustration of a side view of the electronic
device in FIG. 1.

FIG. 3 to FIG. 5 are illustrations of an embedded three-
dimensional antenna according to an embodiment of the
present invention.

FIG. 6 is an illustration of an electronic device with an
embedded three-dimensional antenna according to a pre-
ferred embodiment of the present invention.

FIG. 7 is an illustration of a top view of a PCB in FIG. 6.

FIG. 8 is an illustration of a side view of the electronic
device in FIG. 6.

FIG. 9 and FIG. 10 are illustrations of a bottom view and a
top view of the electronic device in FIG. 6, respectively.

FIG. 11 and FIG. 12 are illustrations of electronic devices
with an embedded three-dimensional antenna according to
other embodiments of the present invention, respectively.

FIG. 13 is a schematic diagram of a electronic device with
an embedded antenna according to an embodiment of the
present invention.

FIG. 14 is a top view diagram of the PCB shown in FIG. 12.

FIG. 15 to FIG. 17 are schematic diagrams of a electronic
device with embedded antennas according to other embodi-
ments of the present invention.

DETAILED DESCRIPTION

Please refer to FIG. 1, which is an illustration of an elec-
tronic device 10 with an embedded three-dimensional
antenna according to the present invention. The electronic
device 10 includes a printed circuit board (PCB) 11 and an
embedded three-dimensional antenna 12. The embedded
three-dimensional antenna 12 includes a radiation element
122 and a connection element 124. The radiation element 122
is a bended sheet metal and is disposed on a lateral of the PCB
11. The connection element 124 is formed at one end of the
radiation element 122, and includes connection parts 126 and
128. The connection parts 126 and 128 are respectively
coupled to the PCB 11, and are utilized for transferring sig-
nals of the embedded three-dimensional antenna 12 to the
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PCB 11. The connection parts 126 and 128 further form a
clamping mechanism for clamping both sides of the PCB 11
such that the embedded three-dimensional antenna 12 is
attached on the PCB 11.

In other words, the connection parts 126 and 128 of the
embedded three-dimensional antenna 12 not only connects to
the PCB 11 for transferring signals of the antenna, such as a
feeding signal and a grounding signal of the antenna, to the
PCB 11, but also forms the clamping mechanism for clamp-
ing both sides of the PCB 11 such that the embedded three-
dimensional antenna 12 can be attached on the PCB 11. Thus,
assembly of'the embedded three-dimensional antenna 12 can
be integrated with automatic assembly processes, such as a
surface mount technology (SMT) process and a reflow sol-
dering process, so as to simplify the assembly process of the
electronic device 10 and reduce the production cost.

Please refer to FIG. 2, which is an illustration of a side view
of' the electronic device 10. As known by those skilled in the
art, the radiation element 122 needs to be kept an attached
distance from the PCB 11 such that the antenna has broader
bandwidth and better efficiency. Under such condition, the
connection parts 126 and 128 further have notches G1 and
G2, respectively, for fixing a distance D from the radiation
element 122 to the PCB 11 when the three-dimensional
antenna 12 is assembled with the PCB 11. Besides, tail ends
of the connection parts 126 and 128 can further include an
outward warped mechanism 21, to make the assemble of the
antenna and the PCB more simple and accurate. As for the
assembly process of the antenna and the PCB, please refer to
the following description.

First, metal contacts are reserved on the PCB 11 for con-
necting with the connection parts 126 and 128, i.e. a feeding
terminal and a grounding terminal of the three-dimensional
antenna 12. Then, after the PCB 11 is brushed with solder
paste, the connection element 124 clamps the three-dimen-
sional antenna 12 to the metal contacts having solder paste.
Since the antenna 12 is designed on the lateral of the PCB 11,
the upper and lower sides of the PCB 11 can still be utilized
for performing auto-insertion of other components. Finally,
the PCB 11 including the three-dimensional antenna 12 is
passed through a reflow oven to complete the automatic
assembly process. As a result, no manual processes are
needed to assemble the antenna with the PCB, so that the
production cost can be saved.

Note that, the size of the metal contacts, which are used to
couple the feeding terminal and the grounding terminal of the
antenna, not only relates to antenna performance but also
needs mechanical consideration. The mechanism design of
the antenna must be able to clamp the PCB and support the
weight of the whole antenna, as well as keep the antenna a
proper distance from the lateral of the PCB.

Please refer to F1G. 3, which is an illustration of an embed-
ded three-dimensional antenna 30 according to an embodi-
ment of the present invention. The embedded three-dimen-
sional antenna 30 is utilized for realizing the embedded three-
dimensional antenna 12 in FIG. 1. As shown in FIG. 3, the
embedded three-dimensional antenna 30 is formed by a
single sheet metal, and is divided into a radiation element 32
and a connection element 34 by two bend lines. The connec-
tion parts 36 and 38 can be bended toward +Z direction or -7
direction along the bend lines to form a clip-like clamping
element. If the connection parts 36 and 38 are bended 90
degree toward -7 direction, an embedded three-dimensional
antenna 40 as shown in FIG. 4 is formed; if the connection
parts 36 and 38 are bended 90 degree toward +Z direction,
then an embedded three-dimensional antenna 50 as shown in
FIG. 5 is formed. Therefore, the metal mechanisms made

10

15

20

25

30

35

40

45

50

55

60

65

4

from a same die cut can form two symmetric antennas clamp-
ing on the PCB. Such variation also belongs to the scope of
the present invention.

Please refer to FIG. 6, which is an illustration of an elec-
tronic device 60 with an embedded three-dimensional
antenna according to a preferred embodiment of the present
invention. As shown in FIG. 6, the electronic device 60
includes a PCB 61 and embedded three-dimensional antennas
ANT1 and ANT2. The embedded three-dimensional anten-
nas ANT1 and ANT2 can be two symmetric antennas made
from a same metal die cut, or two antennas with distinct
characteristics. In this embodiment, the embedded three-di-
mensional antennas ANT1 and ANT2 are designed as planar
inverted-F antennas (PIFAs); and connection parts C1_1 and
C1_2 of the antenna ANT1 and connection parts C2_1 and
C2_2 of the antenna ANT2 can be used as feeding terminals
and grounding terminals of the antennas ANT1 and ANT2,
respectively, for coupling to corresponding metal contacts on
the PCB 61. In this case, the dimensions of the electronic
device 60 are shown in FIG. 7 to FIG. 10. FIG. 7 is an
illustration of a top view of the PCB 61, F1G. 8 is an illustra-
tion of a side view of'the electronic device 60, and FIG. 9 and
FIG. 10 areillustrations of a bottom view and a top view of the
electronic device 60, respectively.

Accordingly, the present invention utilizes the clamping
mechanism and the notch design formed by the connection
element of the antenna to simplify the assembly process of the
electronic device, so as to enhance the production yield,
reduce the production cost and minimize the size of the PCB.
For this case, only 3*3 mm? of space is required on the PCB
for assembling the PCB and the antenna, as shown in FIG. 9
and FIG. 10. Therefore, compared to conventional planar
printed antennas, the present invention can significantly
reduce the PCB size. Besides, the antenna is designed on the
lateral of the PCB, so the SMT auto-insertion process and the
soldering process can still be performed on the top and bottom
sides of the PCB. Note that, the embedded three-dimensional
antenna of the present invention can be any kinds of antennas,
for example but not limited to, a monopole antenna, a dipole
antenna and a PIFA, as long as the antenna has the said
clamping mechanism. For example, please refer to FIG. 11
and FIG. 12. FIG. 11 and FIG. 12 are schematic diagrams of
electronic devices 1100 and 1200 with an embedded three-
dimensional antenna according to other embodiments of the
present invention, respectively.

Of course, the above embodiments are just exemplary illus-
trations of the present invention, and those skilled in the art
can certainly make appropriate modifications according to
practical demands, which also belong to the scope of the
present invention. Take FIG. 1 for example, the embedded
three-dimensional antenna 12 can further form another
clamping mechanism (not shown) at the other end of the
radiation element 122 as an auxiliary of the connection ele-
ment 124 to attach the antenna on the PCB 11; or each con-
nection part of the connection element 124 can be formed by
parallel short metal arms, and is not limited to one single
metal element; or moreover, the radiation element 122 can be
disposed on one side of the PCB 11 according to practical
demands.

In addition, please refer to FIG. 13, which is a schematic
diagram of a electronic device 1300 with an embedded
antenna according to an embodiment of the present invention.
The electronic device 1300 can be a wireless electronic
device such as a cell phone, a personal digital assistant (PDA)
and a wireless USB dongle, and includes a Printed Circuit
Board (PCB) 1310 and an embedded antenna 1320. The PCB
1310is utilized for realizing functions of the electronic device
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10, and may include a radio frequency (RF) circuit, a modu-
lation/demodulation circuit, etc. depending on system
requirement. The PCB 1310 includes a through hole 1312 and
a metal contact 1314. The through hole 1312 and the metal
contact 1314 form an antenna assembly area 1316. The
embedded antenna 1320 includes a radiation element 1322
and a connection element 1324. The radiation element 1322 is
utilized for transmitting RF signals generated by circuits on
the PCB 1310 into air in different frequencies, and receiving
RF signals with different frequencies from air. The connec-
tion element 1324 is utilized for connecting the radiation
element 1322 and the PCB 1310, and forms a IT (pi) shape
mechanism. One leg of the II shape mechanism is connected
with the radiation element 1322, and another leg of the IT
shape mechanism is inserted into the through hole 1312, such
that the connection element 1324 is attached on the antenna
assembly area 1316 of the PCB 1310 and the radiation ele-
ment 1322 is parallel with a lateral 1318 of the PCB 1310.

In the embodiment of the present invention, the connection
element 1324 includes three connection parts 1324a, 13245
and 1324c¢. The connection parts 1324a and 1324¢ form two
legs of the IT shape mechanism, respectively. The connection
part 1324 is vertically inserted into the through hole 1312.
The connection part 13245 is bended 90 degree to parallel
with the PCB 1310, and is jointed with the metal contact 1314
by solder paste. The connection part 1324c¢ is further bended
90 degree to parallel with the lateral 1318 of the PCB 1310,
and is connected with the radiation element 1322. A contact
area of the connection part 13245 and the PCB 1310 is able to
support the whole weight of the embedded antenna 1320, and
the connection part 1324a and the through hole 1312 are
designed for keeping a relative position between the embed-
ded antenna 1320 and the PCB 11. As a result, the embodi-
ment of the present invention can utilize the IT shape mecha-
nism formed by the connection element 1324 to attach the
embedded antenna 1320 on the PCB 1310. In this case,
assembly processes of the embedded antenna 1320 can be
integrated with automatic assembly processes, such as Sur-
face Mount Technology (SMT) setting, such that manufac-
ture processes of the electronic device 1300 are simplified and
production cost is reduced.

Please refer to FIG. 14, which is a top view diagram of the
PCB 1310 shown in FIG. 13. A top layer and a bottom layer
of the PCB 1310 are deposit area for electronic elements of
the electronic device 1300, and a ground plane lies in one
layer of the PCB 1310. The antenna assembly area 1316 is
adjacent to the lateral 1318 of the PCB 1310, and includes the
through hole 1312 and the metal contact 1314, as shown in
FIG. 14. The through hole 1312 passes through the whole
PCB 1310, and has an aperture approximating to a size of the
connection part 1324a shown in FIG. 13, such that the con-
nection part 1324a can be inserted into the through hole 1312
closely. The metal contact 1314 is formed on the surface of
the PCB 11, and is a copper exposure area without mask
during manufacture processes of the PCB 1310. The metal
contact 1314 needs to be coated with solder paste during
assembly processes of the embedded antenna 1320 for the
following two reasons: Oneis to attach the metal contact 1314
with the connection part 13245; and the other is to make the
connection part 1324a be assembled with the through hole
1312 more closely by the solder paste when the solder paste
on the metal contact 1314 flows into the through hole 1312.
As for the assembly processes of the antenna and the PCB,
please refer to the following descriptions.

First, after the PCB 1310 is brushed with the solder paste,
a portion of the solder paste on the metal contact 1314 would
flow into the through hole 1312, while other portion would
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remain on the metal contact 1314. In the embodiment of the
present invention, the size of the connection part 13245 is
properly designed to be sucked by a SMT nozzle. Therefore,
the connection part 1324a can be inserted into the through
hole 1312 by sucking the connection part 13245 with the
SMT nozzle. Meanwhile, the connection part 13245 would be
closely contacted with the solder paste on the metal contact
1314. After other elements are set on the PCB 1310, the PCB
1310 and the embedded antenna 1320 can be simultaneously
sent into a reflow oven. Thus, the automatic assemble pro-
cesses is completed when the PCB 1310 and the embedded
antenna 1320 are cooled.

In other words, the embodiment of the present invention
utilizes the IT shape mechanism formed by the connection
element 1324 to precisely attach the embedded antenna 1320
on the PCB 1310. As a result, the assembly processes of the
embedded antenna 1320 can be integrated with the automatic
assembly processes, such as the SMT setting. Compared to
the prior art, the man-made errors owing to manual soldering
can be avoid, and therefore, production yield can be signifi-
cantly enhanced.

As can be seen from FIG. 13, all elements of the embedded
antenna 1320 are practically formed by bending a single sheet
metal. However, the one-piece embedded antenna is merely
one embodiment of the embedded antenna 1320 for simpli-
fying the manufacture processes. In other embodiments, the
embedded antenna 1320 can also be formed by assembling
multiple sheet metals. Besides, the embedded antenna can be
any kind of antennas, for example but not limited to, a mono-
pole antenna, a dipole antenna, a Planer Inverted F Antenna
(PIFA) and a slot antenna. Those antenna designs all belong to
the scope of the present invention as long as the IT shape
attaching mechanism is included.

On the other hand, the embedded antenna amount is not
specifically limited in the present invention, and can be only
one or more than two according to practical requirements. For
example, please refer to FIG. 15, which is a schematic dia-
gram of a electronic device 1500 with embedded antennas
according to an embodiment of the present invention. For
two-transceiver two-receiver (2T2R) application, the elec-
tronic device 20 includes two embedded antennas 1510 and
1520 formed on two sides of a PCB, respectively. Assembly
processes of the embedded antennas 1510 and 1520 are simi-
lar to the embedded antenna 1320 shown in FIG. 13, and are
not narrated herein. In addition, the two embedded antennas
can be two symmetric antennas made from a same metal die
cut, or two antennas with distinct characteristics while retain-
ing the spirit of the present invention.

Please note that, the aforementioned embodiments are
merely exemplary embodiments of the present invention.
Those skilled in the art can make modifications or alterations
according to practical requirement, which still belong to the
scope of the present invention. For example, each embedded
antenna can include additional attaching mechanisms, which
acts as auxiliaries of the II shape mechanism to attach the
antenna on the PCB. Please refer to FIG. 16 and FIG. 17,
which are schematic diagrams of electronic devices 1600 and
1700 with embedded antennas according to other embodi-
ments of the present invention, respectively. As shown in FIG.
16, each embedded antenna further includes an additional
metal connection element 1640, while the PCB includes a
corresponding metal contact 1660. In this case, the metal
contact 1660 can be seen as another antenna assembly area on
the PCB. Through solder paste and SMT setting, the connec-
tion element 1640 can be jointed with the corresponding
metal contact 1660 on the PCB, such that the embedded
antennas are assembled with the PCB more closely and pre-
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cisely. Besides, if there is extra space on the PCB, the addi-
tional connection element can also be designed as a I1 shape
mechanism, as shown in FIG. 17.

Furthermore, in the above embodiments, the connection
element can not only be utilized as the attaching mechanism
for the embedded antenna and the PCB, but the part coupled
to the metal contact on the PCB can also be utilized as a
feeding terminal or a grounding terminal of the embedded
antenna, which is known by those skilled in the art and not
narrated herein.

To sum up, by utilizing the IT shape mechanism design, the
embedded antenna can be performed by the automatic assem-
bly processes such as the SMT setting and reflow together
with the PCB, and thereby be precisely attached on the PCB.
As a result, the present invention can avoid high assembly
cost and antenna characteristic error due to the manual sol-
dering process during the assembly processes of the conven-
tional embedded antenna.

To sum up, in the electronic device of the present invention,
one end of the embedded three-dimensional antenna is
extended along the PCB and kept a proper distance from the
PCB, while the other end is formed a clip-like clamping
mechanism for clamping the PCB such that the embedded
three-dimensional antenna can be attached on the PCB.
Besides, by utilizing the IT shape mechanism design, the
embedded antenna can be performed by the automatic assem-
bly processes such as the SMT setting and reflow together
with the PCB, and thereby be precisely attached on the PCB.
Therefore, the assembly process of the antenna can be sim-
plified and integrated with the automatic assembly process,
such as the SMT auto-insertion process, to reduce the pro-
duction cost and avoid antenna characteristic error due to the
manual soldering process.

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. An electronic device with an embedded antenna, the
electronic device comprising:

a Printed Circuit Board (PCB), comprising a through hole

and a metal contact, the through hole and the metal
contact forming a first antenna assembly area; and
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an embedded antenna, comprising:

a radiation element; and

a first connection element, forming a Il (pi) shape
mechanism, the IT shape mechanism comprises a first
connection part, a second connection part and a third
connection part, the first connection part and the third
connection part forming one leg of the IT shape
mechanism, respectively, the third connection part
coupled to the radiation element and parallel with a
lateral of the PCB, the first connection part inserted
into the through hole, the second connection part par-
allel with the PCB and jointed with the metal contact.

2. The electronic device of claim 1, wherein the first con-
nection element is attached on the first antenna assembly area
of the PCB and the radiation element is parallel with the
lateral of the PCB.

3. The electronic device of claim 2, wherein the second
connection part is a feeding terminal of the embedded
antenna or a grounding terminal of the embedded antenna.

4. The electronic device of claim 2, wherein an aperture of
the through hole approximates to a size of the first connection
part.
5. The electronic device of claim 1, wherein the first con-
nection element is assembled with the first antenna assembly
area through Surface Mount Technology (SMT).

6. The electronic device of claim 1, wherein the first
antenna assembly area is adjacent to the lateral of the PCB.

7. The electronic device of claim 1, wherein the PCB fur-
ther comprises a second antenna assembly area, the embed-
ded antenna further comprises a second connection element,
and the second connection element is assembled with the
second antenna assembly area through SMT.

8. The electronic device of claim 7, wherein the second
connection element also forms a IT shape mechanism.

9. The electronic device of claim 1, wherein the embedded
antenna is formed by a single sheet metal.

10. The electronic device of claim 1, wherein the embed-
ded antenna is a Planar Inverted-F Antenna (PIFA).

11. The electronic device of claim 1, wherein the embed-
ded antenna is a monopole antenna.

#* #* #* #* #*
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1
ANTENNA ISOLATION FOR PORTABLE
ELECTRONIC DEVICES

This application is a continuation of patent application Ser.
No. 13/073,872, filed Mar. 28, 2011, now U.S. Pat. No. 8,144,
063 which is a continuation of patent application Ser. No.
11/969,684, filed Jan. 4, 2008, now U.S. Pat. No. 7,916,089,
which are hereby incorporated by referenced herein in their
entireties. This application claims the benefit of and claims
priority to patent application Ser. No. 13/073,872, filed Mar.
28, 2011 and patent application Ser. No. 11/969,684, filed
Jan. 4, 2008, now U.S. Pat. No. 7,916,089.

BACKGROUND

This invention relates generally to wireless communica-
tions circuitry, and more particularly, to wireless communi-
cations circuitry with antenna isolation for electronic devices
such as portable electronic devices.

Handheld electronic devices and other portable electronic
devices are becoming increasingly popular. Examples of
handheld devices include handheld computers, cellular tele-
phones, media players, and hybrid devices that include the
functionality of multiple devices of this type. Popular por-
table electronic devices that are somewhat larger than tradi-
tional handheld electronic devices include laptop computers
and tablet computers.

Due in part to their mobile nature, portable electronic
devices are often provided with wireless communications
capabilities. For example, handheld electronic devices may
use long-range wireless communications to communicate
with wireless base stations. Cellular telephones and other
devices with cellular capabilities may communicate using
cellular telephone bands at 850 MHz, 900 MHz, 1800 MHz,
and 1900 MHz. Portable electronic devices may also use
short-range wireless communications links. For example,
portable electronic devices may communicate using the Wi-
Fi® (IEEE 802.11) band at 2.4 GHz and the Bluetooth® band
at 2.4 GHz. Communications are also possible in data service
bands such as the 3G data communications band at 2170 MHz
band (commonly referred to as UMTS or Universal Mobile
Telecommunications System band).

To satisfy consumer demand for small form factor wireless
devices, manufacturers are continually striving to reduce the
size of components that are used in these devices. For
example, manufacturers have made attempts to miniaturize
the antennas used in handheld electronic devices.

A typical antenna may be fabricated by patterning a metal
layer on a circuit board substrate or may be formed from a
sheet of thin metal using a foil stamping process. Antennas
such as planar inverted-F antennas (PIFAs) and antennas
based on L-shaped resonating elements can be fabricated in
this way. Antennas such as PIFA antennas and antennas with
L-shaped resonating elements can be used in handheld
devices.

Although modern portable electronic devices often use
multiple antennas, it is challenging to produce successful
antenna arrangements in which multiple antennas operate in
close proximity to each other without experiencing undesir-
able interference.

It would therefore be desirable to be able to provide
improved antenna structures for wireless electronic devices.

SUMMARY

A portable electronic device such as a handheld electronic
device is provided with wireless communications circuitry
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that includes antennas and antenna isolation elements. The
antenna isolation elements may be interposed between
respective antennas to reduce radio-frequency interference
between the antennas and thereby improve antenna isolation.

With one suitable arrangement, there are at least three
antennas in the wireless communications circuitry. The three
antennas may each have a respective antenna resonating ele-
ment. The antenna resonating elements may be formed from
conductive structures such as traces on a flex circuit or
stamped metal foil structures (as examples). Each antenna
resonating element may have at least one antenna resonating
element arm. The arms may be aligned along a common axis.

The antenna isolation elements may be formed from
antenna isolation resonating elements such as L-shaped strips
of conductor. The L-shaped conductive strips may have arms
that are aligned with the common axis.

The antennas and the antenna isolation elements may share
a common ground plane. With this type of configuration, a
first antenna resonating element and the ground plane form a
first antenna, a second antenna resonating element and the
ground plane form a second antenna, a third antenna resonat-
ing element and a ground plane form a third antenna, a first
antenna isolation resonating element and the ground plane
form a first antenna isolation element, and a second antenna
isolation resonating element and the ground plane form a
second antenna isolation element.

If desired, some of the antennas and resonating elements
may have multiple arms. For example, the first and third
antenna resonating elements may have arms that are aligned
with the common axis and arms that are perpendicular to the
common axis.

The first and third antennas may be used to implement an
antenna diversity scheme. With one suitable arrangement, a
Wi-Fi transceiver that operates at 2.4 GHz and 5.1 GHz is
coupled to the first and third antennas, whereas a Bluetooth
transceiver that operates at 2.4 GHz is coupled to the second
antenna. Antenna isolation elements that operate at 2.4 GHz
may be placed between the first and second antennas and
between the second and third antennas, thereby isolating the
first antenna from the third antenna at 2.4 GHz and isolating
the first and third antennas from the second antenna at 2.4
GHz.

Further features of the invention, its nature and various
advantages will be more apparent from the accompanying
drawings and the following detailed description of the pre-
ferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an illustrative electronic
device with isolated antenna structures in accordance with an
embodiment of the present invention.

FIG. 2 is a perspective view of another illustrative elec-
tronic device with isolated antenna structures in accordance
with an embodiment of the present invention.

FIG. 3 is a schematic diagram of an illustrative portable
electronic device with isolated antenna structures in accor-
dance with an embodiment of the present invention.

FIG. 4 is a schematic diagram of illustrative portable elec-
tronic device isolated antenna structures in accordance with
an embodiment of the present invention.

FIG. 5 is a perspective view of an illustrative electronic
device antenna in accordance with an embodiment of the
present invention.

FIG. 6 is a perspective view of an illustrative portable
electronic device antenna that has been mounted on a support
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structure and that is being fed by a transmission line in accor-
dance with an embodiment of the present invention.

FIG. 7 is a perspective view of an illustrative portable
electronic device antenna having a ground plane and first and
second antenna resonating element arms including a longer
arm that is located nearer to the ground plane than a shorter
arm in accordance with an embodiment of the present inven-
tion.

FIG. 8 is a perspective view of an illustrative portable
electronic device antenna having short and long arms that are
oriented so that they are orthogonal to each other while lying
in a plane parallel to a ground plane in accordance with an
embodiment of the present invention.

FIG. 9 is a perspective view of an illustrative portable
electronic device antenna structure having three antennas
isolated by two antenna isolation structures in accordance
with an embodiment of the present invention.

FIG.10is aperspective view of a portable electronic device
antenna structure in which antennas are isolated by isolation
elements that extend in a vertical direction that is perpendicu-
lar to a ground plane in accordance with the present invention.

FIG.11is aperspective view of a portable electronic device
antenna structure with antennas and antenna isolation ele-
ments in which the antenna isolation elements each have a
bent portion that runs perpendicular to the longitudinal axis of
the antennas in accordance with an embodiment of the
present invention.

FIG. 12 is a perspective view of an illustrative portable
electronic device antenna resonating element and an associ-
ated antenna isolation element showing possible locations for
the associated antenna isolation element relative to the por-
table electronic device antenna resonating element in accor-
dance with an embodiment of the present invention.

FIG. 13 is a perspective view of an illustrative portable
electronic device antenna resonating element and an associ-
ated antenna isolation element showing possible angular ori-
entations for the associated antenna isolation element relative
to the longitudinal axis of the electronic device antenna reso-
nating element in accordance with an embodiment of the
present invention.

FIG. 14 is a perspective view of two illustrative portable
electronic device antennas separated by an antenna isolation
element having multiple antenna isolation element structures
in accordance with an embodiment of the present invention.

FIG. 15 is a perspective view of two illustrative portable
electronic device antennas separated by an antenna isolation
element having multiple orthogonal antenna isolation ele-
ment arms in accordance with an embodiment of the present
invention.

FIG. 16 is a perspective view of three illustrative portable
electronic device antennas, two of which are isolated by an
antenna isolation element having multiple parallel antenna
isolation element arms and two of which are isolated by an
antenna isolation element having two individual L-shaped
isolation element structures in accordance with an embodi-
ment of the present invention.

DETAILED DESCRIPTION

The present invention relates generally to wireless commu-
nications, and more particularly, to wireless electronic
devices and antennas for wireless electronic devices.

The wireless electronic devices may be portable electronic
devices such as laptop computers or small portable computers
of the type that are sometimes referred to as ultraportables.
Portable electronic devices may also be somewhat smaller
devices. Examples of smaller portable electronic devices
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include wrist-watch devices, pendant devices, headphone and
earpiece devices, and other wearable and miniature devices.
With one suitable arrangement, the portable electronic
devices are handheld electronic devices.

The wireless electronic devices may be, for example, cel-
Iular telephones, media players with wireless communica-
tions capabilities, handheld computers (also sometimes
called personal digital assistants), remote controllers, global
positioning system (GPS) devices, and handheld gaming
devices. The wireless electronic devices may also be hybrid
devices that combine the functionality of multiple conven-
tional devices. Examples of hybrid portable electronic
devices include a cellular telephone that includes media
player functionality, a gaming device that includes a wireless
communications capability, a cellular telephone that includes
game and email functions, and a portable device that receives
email, supports mobile telephone calls, has music player
functionality and supports web browsing. These are merely
illustrative examples.

An illustrative portable electronic device in accordance
with an embodiment of the present invention is shown in FIG.
1. Device 10 of FIG. 1 may be, for example, a handheld
electronic device.

Device 10 may have housing 12. Antennas for handling
wireless communications may be housed within housing 12
(as an example).

Housing 12, which is sometimes referred to as a case, may
be formed of any suitable materials including, plastic, glass,
ceramics, metal, or other suitable materials, or a combination
of'these materials. In some situations, housing 12 or portions
of housing 12 may be formed from a dielectric or other
low-conductivity material, so that the operation of conductive
antenna elements that are located in proximity to housing 12
is not disrupted. Housing 12 or portions of housing 12 may
also be formed from conductive materials such as metal. An
illustrative housing material that may be used is anodized
aluminum. Aluminum is relatively light in weight and, when
anodized, has an attractive insulating and scratch-resistant
surface. I[f desired, other metals can be used for the housing of
device 10, such as stainless steel, magnesium, titanium, alloys
of these metals and other metals, etc. In scenarios in which
housing 12 is formed from metal elements, one or more of the
metal elements may be used as part of the antennas in device
10. For example, metal portions ot housing 12 may be shorted
to an internal ground plane in device 10 to create a larger
ground plane element for that device 10. To facilitate electri-
cal contact between an anodized aluminum housing and other
metal components in device 10, portions of the anodized
surface layer of the anodized aluminum housing may be
selectively removed during the manufacturing process (e.g.,
by laser etching).

Housing 12 may have a bezel 14. The bezel 14 may be
formed from a conductive material and may serve to hold a
display or other device with a planar surface in place on
device 10. As shown in FIG. 1, for example, bezel 14 may be
used to hold display 16 in place by attaching display 16 to
housing 12.

Display 16 may be a liquid crystal diode (LCD) display, an
organic light emitting diode (OLED) display, or any other
suitable display. The outermost surface of display 16 may be
formed from one or more plastic or glass layers. If desired,
touch screen functionality may be integrated into display 16
or may be provided using a separate touch pad device. An
advantage of integrating a touch screen into display 16 to
make display 16 touch sensitive is that this type of arrange-
ment can save space and reduce visual clutter.
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Display screen 16 (e.g., a touch screen) is merely one
example of an input-output device that may be used with
electronic device 10. If desired, electronic device 10 may
have other input-output devices. For example, electronic
device 10 may have user input control devices such as button
19, and input-output components such as port 20 and one or
more input-output jacks (e.g., for audio and/or video). Button
19 may be, for example, a menu button. Port 20 may contain
a 30-pin data connector (as an example). Openings 24 and 22
may, if desired, form microphone and speaker ports. In the
example of FIG. 1, display screen 16 is shown as being
mounted on the front face of handheld electronic device 10,
but display screen 16 may, if desired, be mounted on the rear
face of handheld electronic device 10, on a side of device 10,
on a flip-up portion of device 10 that is attached to a main
body portion of device 10 by a hinge (for example), or using
any other suitable mounting arrangement.

A user of electronic device 10 may supply input commands
using user input interface devices such as button 19 and touch
screen 16. Suitable user input interface devices for electronic
device 10 include buttons (e.g., alphanumeric keys, power
on-off, power-on, power-off, and other specialized buttons,
etc.), a touch pad, pointing stick, or other cursor control
device, a microphone for supplying voice commands, or any
other suitable interface for controlling device 10. Although
shown schematically as being formed on the top face of
electronic device 10 in the example of F1G. 1, buttons such as
button 19 and other user input interface devices may gener-
ally be formed on any suitable portion of electronic device 10.
For example, a button such as button 19 or other user interface
control may be formed on the side of electronic device 10.
Buttons and other user interface controls can also be located
on the top face, rear face, or other portion of device 10. If
desired, device 10 can be controlled remotely (e.g., using an
infrared remote control, a radio-frequency remote control
such as a Bluetooth remote control, etc.).

Electronic device 10 may have ports such as port 20. Port
20, which may sometimes be referred to as a dock connector,
30-pin data port connector, input-output port, or bus connec-
tor, may be used as an input-output port (e.g., when connect-
ing device 10 to a mating dock connected to a computer or
other electronic device). Device 10 may also have audio and
video jacks that allow device 10 to interface with external
components. Typical ports include power jacks to recharge a
battery within device 10 or to operate device 10 from a direct
current (DC) power supply, data ports to exchange data with
external components such as a personal computer or periph-
eral, audio-visual jacks to drive headphones, a monitor, or
other external audio-video equipment, a subscriber identity
module (SIM) card port to authorize cellular telephone ser-
vice, a memory card slot, etc. The functions of some or all of
these devices and the internal circuitry of electronic device 10
can be controlled using input interface devices such as touch
screen display 16.

Components such as display 16 and other user input inter-
face devices may cover most of the available surface area on
the front face of device 10 (as shown in the example of FIG.
1) or may occupy only a small portion of the front face of
device 10. Because electronic components such as display 16
often contain large amounts of metal (e.g., as radio-frequency
shielding), the location of these components relative to the
antenna elements in device 10 should generally be taken into
consideration. Suitably chosen locations for the antenna ele-
ments and electronic components of the device will allow the
antennas of electronic device 10 to function properly without
being disrupted by the electronic components.
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Examples of locations in which antenna structures may be
located in device 10 include region 18 and region 21. These
are merely illustrative examples. Any suitable portion of
device 10 may be used to house antenna structures for device
10 if desired.

If desired, electronic device 10 may be a portable elec-
tronic device such as a laptop or other portable computer. For
example, electronic device 10 may be an ultraportable com-
puter, a tablet computer, or other suitable portable computing
device. An illustrative portable electronic device 10 of this
type is shown in FIG. 2. As shown in FIG. 2, such portable
electronic devices may have a screen 16 on a housing 12.
Antennas may be placed at any suitable location within
device 10. For example, antenna structures may be located
along the right-hand edge of housing 12 (e.g., in region 18 of
FIG. 2) or may be located along the upper edge of housing 12
(e.g., in region 21 of FIG. 2). These are merely illustrative
examples. If desired, antenna structures may be placed along
a left-hand edge, a bottom edge, or in portions of housing 12
other than a housing edge (e.g., in the middle of housing 12 or
on an extendable structure that is connected to device 10). An
advantage of locating antenna structures along a device edge
is that this generally allows the antennas to be placed in a
location that is separated somewhat from conductive struc-
tures that might otherwise impede the operation of the
antenna structures.

A schematic diagram of an embodiment of an illustrative
portable electronic device is shown in FIG. 3. Portable device
10 may be amobile telephone, a mobile telephone with media
player capabilities, a handheld computer, a remote control, a
game player, a global positioning system (GPS) device, a
laptop computer, a tablet computer, an ultraportable com-
puter, a combination of such devices, or any other suitable
portable electronic device.

As shown in FIG. 3, device 10 may include storage 34.
Storage 34 may include one or more different types of storage
such as hard disk drive storage, nonvolatile memory (e.g.,
flash memory or other electrically-programmable-read-only
memory), volatile memory (e.g., battery-based static or
dynamic random-access-memory), etc.

Processing circuitry 36 may be used to control the opera-
tion of device 10. Processing circuitry 36 may be based on a
processor such as a microprocessor and other suitable inte-
grated circuits. With one suitable arrangement, processing
circuitry 36 and storage 34 are used to run software on device
10, such as internet browsing applications, voice-over-inter-
net-protocol (VOIP) telephone call applications, email appli-
cations, media playback applications, operating system func-
tions, etc. Processing circuitry 36 and storage 34 may be used
in implementing suitable communications protocols. Com-
munications protocols that may be implemented using pro-
cessing circuitry 36 and storage 34 include internet protocols,
wireless local area network protocols (e.g., IEEE 802.11 pro-
tocols—sometimes referred to as Wi-Fi®), protocols for
other short-range wireless communications links such as the
Bluetooth® protocol, protocols for handling 3G data services
such as UMTS, cellular telephone communications proto-
cols, etc.

Input-output devices 38 may be used to allow data to be
supplied to device 10 and to allow data to be provided from
device 10 to external devices. Display screen 16, button 19,
microphone port 24, speaker port 22, and dock connector port
20 are examples of input-output devices 38.

Input-output devices 38 can include user input-output
devices 40 such as buttons, touch screens, joysticks, click
wheels, scrolling wheels, touch pads, key pads, keyboards,
microphones, cameras, etc. A user can control the operation
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of device 10 by supplying commands through user input
devices 40. Display and audio devices 42 may include liquid-
crystal display (LCD) screens or other screens, light-emitting
diodes (LEDs), and other components that present visual
information and status data. Display and audio devices 42
may also include audio equipment such as speakers and other
devices for creating sound. Display and audio devices 42 may
contain audio-video interface equipment such as jacks and
other connectors for external headphones and monitors.

Wireless communications devices 44 may include commu-
nications circuitry such as radio-frequency (RF) transceiver
circuitry formed from one or more integrated circuits, power
amplifier circuitry, passive RF components, antennas, and
other circuitry for handling RF wireless signals. Wireless
signals can also be sent using light (e.g., using infrared com-
munications).

Device 10 can communicate with external devices such as
accessories 46 and computing equipment 48, as shown by
paths 50. Paths 50 may include wired and wireless paths.
Accessories 46 may include headphones (e.g., a wireless
cellular headset or audio headphones) and audio-video equip-
ment (e.g., wireless speakers, a game controller, or other
equipment that receives and plays audio and video content), a
peripheral such as a wireless printer or camera, etc.

Computing equipment 48 may be any suitable computer.
With one suitable arrangement, computing equipment 48 is a
computer that has an associated wireless access point (router)
or an internal or external wireless card that establishes a
wireless connection with device 10. The computer may be a
server (e.g., an internet server), a local area network computer
with or without internet access, a user’s own personal com-
puter, a peer device (e.g., another portable electronic device
10), or any other suitable computing equipment.

The antenna structures and wireless communications
devices of device 10 may support communications over any
suitable wireless communications bands. For example, wire-
less communications devices 44 may be used to cover com-
munications frequency bands such as the cellular telephone
bands at 850 MHz, 900 MHz, 1800 MHz, and 1900 MHz,
data service bands such as the 3G data communications band
at 2170 MHz band (commonly referred to as UMTS or Uni-
versal Mobile Telecommunications System), the Wi-Fi®
(IEEE 802.11) bands at 2.4 GHz and 5.0 GHz (also some-
times referred to as wireless local area network or WLAN
bands), the Bluetooth® band at 2.4 GHz, and the global
positioning system (GPS) band at 1550 MHz. The 850 MHz
band is sometimes referred to as the Global System for
Mobile (GSM) communications band. The 900 MHz com-
munications band is sometimes referred to as the Extended
GSM (EGSM) band. The 1800 MHz band is sometimes
referred to as the Digital Cellular System (DCS) band. The
1900 MHz band is sometimes referred to as the Personal
Communications Service (PCS) band.

Device 10 can cover these communications bands and/or
other suitable communications bands with proper configura-
tion of the antenna structures in wireless communications
circuitry 44.

With one suitable arrangement, which is sometimes
described herein as an example, the wireless communications
circuitry of device 10 may have at least two antennas that are
used in a diversity arrangement to handle communications in
a first communications band. Antenna diversity arrangements
use multiple antennas in parallel to obtain improved immu-
nity to proximity effects and improved throughput. The
antennas may operate in any suitable frequency band. For
example, the antennas may be used to handle local area net-
work (LAN) communications in a communications band that

10

15

20

25

30

35

40

45

50

55

60

8

is centered at 2.4 GHz (e.g., the 2.4 GHz IEEE 802.11 fre-
quency band sometimes referred to as Wi-Fi®). If desired,
antenna diversity arrangements may be implemented using
more than two antennas (e.g., three or more antennas). For
clarity, examples with two antennas are sometimes described
herein as an example.

At least one additional antenna may be placed in close
proximity to the diversity scheme antennas. The additional
antenna may, for example, be placed in the vicinity of the
other antennas to conserve space in electronic device 10. For
example, the additional antenna may be placed between the
other antennas. With one suitable arrangement, the antennas
have resonating element structures with longitudinal axis that
are all aligned.

The additional antenna may operate at the same frequency
as the other antennas. For example, the additional antenna
may operate at 2.4 GHz (e.g., to handle Bluetooth® commu-
nications). Because the antennas operate in the same commu-
nications band, care should be taken to avoid undesirable
interference between the antennas.

The amount of isolation that is required between the anten-
nas depends on the particular requirements of the system in
which the antennas are being used. For example, the design-
ers of portable electronic device 10 may require that the two
diversity scheme antennas exhibit greater than 25 dB of iso-
lation from each other and may require that the additional
antenna exhibit greater than 15 dB of isolation relative to the
other two antennas. These isolation criteria may be applied to
antenna structures that exhibit a three-dimensional antenna
efficiency of about 25-50%.

To achieve these levels of isolation, antenna isolation ele-
ments may be provided in the vicinity of the antennas. The
structures that make up the antenna isolation elements may,
for example, be interposed between the antenna resonating
elements of the antennas. The antennas and the antenna iso-
lation elements may share a common ground plane.

An illustrative antenna arrangement of this type is shown in
FIG. 4. As shown in FIG. 4, wireless communications cir-
cuitry 44 may include first and second radio-frequency trans-
ceivers such as radio-frequency transceiver 52 and radio-
frequency transceiver 54 (sometimes referred to as “radios”).
Transceiver 54 may be, for example, a Bluetooth transceiver
that is connected to antenna 60 by transmission line 68. Trans-
ceiver 52 may be, for example, a Wi-Fi transceiver that is
connected to antennas 56 and 64 by transmission lines 70 and
72. Transmission lines 68, 70, and 72 may be any transmis-
sion lines suitable for carrying radio-frequency signals
between radio-frequency transceivers and antennas. For
example, transmission lines 68, 70, and 72 may be coaxial
cable transmission lines, microstrip transmission lines, etc.

Transceiver 52 or other circuitry in device 10 may monitor
the status of antennas 56 and 64 to implement an antenna
diversity scheme. With this type of arrangement, transceiver
52 may use both antennas simultaneously or may opt to use
primarily or exclusively antenna 56 or antenna 64 depending
on which antenna has a higher associated signal strength or is
less affected by proximity effects (e.g., from the close prox-
imity of a user’s hand or other part of a user’s body), etc.
Transceiver 52 may include coupling circuitry that routes
radio-frequency signals to antenna 56 and/or antenna 64 from
a transmitter in transceiver 52 during radio-frequency trans-
missions and that routes radio-frequency signals from
antenna 56 and/or antenna 64 to a receiver in transceiver 52
during reception of radio-frequency signals. Transceiver 54
may include radio-frequency transmitter circuitry for trans-
mitting radio-frequency signals and may include receiver
circuitry for receiving radio-frequency signals.
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During operation of device 10, it may be desirable to use
transceiver 54 and transceiver 52 at the same time. The ability
to operate transceivers 54 and 52 asynchronously may allow,
for example, a user to use a Bluetooth headset to use device 10
to make a voice-over-internet-protocol (VOIP) telephone
call. Transceiver 54 may be used to establish a wireless Blue-
tooth link with the Bluetooth headset. At the same time,
transceiver 52 may be used to establish an IEEE 802.11(n)
Wi-Fi link with a wireless access point connected to the
Internet. Because both links may be used simultaneously,
both links may carry data traffic without interruption.

The IEEE 802.11(n) protocol is an example of a protocol
that may use antenna diversity to improve performance. This
type of arrangement uses two antennas (e.g., antennas 56 and
64) to carry Wi-Fi traffic. In general, any suitable number of
antennas such as antennas 56 and 64 may be used in an
antenna diversity scheme. For example, there may be three or
more antennas coupled to transceiver 52. The use of an
arrangement with two diversity antennas is described herein
as an example. Moreover, the Bluetooth link or other com-
munications link that is established between transceiver 54
and antenna 60 is merely illustrative. There may be more than
one antenna 60 and there may be more than one associated
transceiver 54 that is coupled to that antenna if desired.

As shown in FIG. 4, antennas 56, 60, and 64 may share a
common ground plane (e.g., ground plane 66). With this type
of arrangement, each of antennas 56, 60, and 64 may have an
associated antenna resonating element. These antenna reso-
nating elements may be formed using inverted-F structures,
planar inverted-F structures, [.-shaped monopole structures,
or any other suitable antenna resonating element configura-
tion. The antenna resonating element portions of antennas 56,
60, and 64 are generally spaced somewhat above common
ground 66. Common ground 66 may be formed from conduc-
tive elements in device 10 such as housing 12, printed circuit
boards, conductive packages for integrated circuits in device
10, conductive components that are electrically connected to
printed circuit boards or other grounded elements, etc. In a
typical arrangement, some or all of these grounded structures
are substantially planar. Accordingly, common ground struc-
ture 66 is sometimes referred to as a ground plane and is
sometimes depicted schematically as an ideal plane. In prac-
tice, however, some non-planar structures may protrude
slightly from portions of the ground plane. To ensure good
efficiency for antennas 56, 60, and 64, sufficient clearance
may be provided between such protruding conductive struc-
tures and the antenna resonating elements of antennas 56, 60,
and 64.

Antenna 60 is generally located between antennas 56 and
64, as shown in FIG. 4. If there were an unlimited amount of
space in device 10, it might be possible to place antenna 60 at
a remote location, thereby ensuring adequate isolation
between antenna 60 and antennas 56 and 64 based on physical
separation. In real-world configurations for device 10, this
type of layout may not be practical. Accordingly, antenna 60
may be located between antennas 56 and 64. This may pro-
vide a compact layout arrangement that fits within the poten-
tially tight confines of housing 12.

Because the printed circuit board and other conductive
elements of ground plane 66 are electrically connected to
form a common ground plane structure for antennas 56, 60,
and 64, it may not be possible to create electrical gaps in
ground plane 66 to help isolate antennas 56, 60, and 64 from
each other. Particularly in situations such as these, it may be
advantageous to use antenna isolation elements. As shown in
FIG. 4, for example, radio-frequency isolation between
antennas 56, 60, and 64 may be enhanced using antenna
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isolation elements 58 and 62. Antenna isolation elements 58
and 62 may be formed from antenna resonating element
structures that are similar to the antenna resonating element
structures used in antennas 56, 60, and 64. For example,
antenna isolation elements 58 and 62 may be formed using
inverted-F structures, planar inverted-F structures, [.-shaped
structures, etc. Unlike antennas 56, 60, and 64, however, the
antenna isolation elements 58 do not have antenna feed ter-
minals that are coupled to transmission lines such as trans-
mission lines 68 and 70. Rather, antenna isolation elements
58 and 62 serve to provide enhanced levels of radio-frequency
isolation between antennas 56, 60, and 64. In effect, isolation
elements 58 and 62 may serve as radio-frequency chokes that
prevent undesirable near-field electromagnetic coupling
between antennas 56, 60, and 64 at the frequency of interest
(e.g., in the common communications frequency band of 2.4
GHz in this example).

For example, with antenna isolation elements 58 and 62 in
place, antennas 56 and 64 may exhibit greater than 25 dB of
isolation from each other, whereas antenna 60 may exhibit
greater than 15 dB of isolation relative to antennas 58 and 64.
These isolation specifications may be achieved for antennas
56, 60, and 64 that exhibit three-dimensional antenna effi-
ciencies of about 25-50% (as an example). Moreover, these
isolation specification (or other suitable specifications) may
be achieved when operating all antennas 56, 60, and 64 in the
same frequency band (e.g., at 2.4 GHz or other suitable reso-
nant frequency).

To enhance the capabilities of antennas 56, 60, and 64,
some or all of antennas 56, 60, and 64 may operate in multiple
communications bands. For example, antennas 56 and 64
may be configured to handle communications at both 2.4 Hz
and 5.1 GHz (e.g., to handle additional Wi-Fi bands). In this
type of configuration, radio-frequency transceiver (or an
associated transceiver) may be used to convey signals at 5.1
GHz to and from antennas 56 and 64 over communications
paths such as transmission lines 70 and 72 in addition to the
2.4 GHz signals that are being conveyed between the anten-
nas and transceiver 52. Antenna 60 may be a single band
antenna or may be a multiband antenna.

In a typical configuration, the resonating element struc-
tures of antennas 56, 60, and 64 and of antenna isolation
elements 58 and 62 may have lateral dimensions on the order
of'aquarter of a wavelength at each frequency of interest (e.g.,
on the order of a couple of centimeters for 2.4 GHz commu-
nications). Antennas 56 and 64 may be separated by about 14
centimeters (as an example). Antenna 60 may be located
midway between antennas 56 and 64. With one suitable
arrangement, antennas 56, 60, and 64 and antenna isolation
elements 58 and 62 are arranged in a line (i.e., along a com-
mon axis that is aligned with the longitudinal axis of each of
the resonating elements in antennas 56, 60, and 64 and
antenna isolation elements 58 and 62). Collinear arrange-
ments such as these are illustrative. Other configurations
(e.g., with different antenna resonating element sizes and/or
different spacings and relative positions for the antennas)
may be used if desired.

An illustrative configuration for an antenna such as antenna
56 or 64 is shown in FIG. 5. This type of configuration may
also be used for antenna 60 (e.g., when antenna 60 is a
dual-band antenna).

As shown in FIG. 5, antenna 74 may have an antenna
resonating element 76 and ground plane portion 66. Together,
antenna resonating element 76 and ground plane 66 make up
the two poles in antenna 74. Ground plane 66 is preferably
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shared by other antennas in device 10 as shown in FIG. 4.
These other antennas are not shown in FIG. 5 to avoid over-
complicating the drawing.

Antenna resonating element 76, ground plane 66 and the
other antenna structures in device 10 (including the resonat-
ing element structures associated with isolation elements 58
and 62) may be formed from any suitable conductive mate-
rials (e.g., copper, gold, metal alloys, other conductors, or
combinations of such conductive materials). Such structures
may be formed from stamped foils, from screen-printed struc-
tures, from conductive traces formed on flexible printed cir-
cuit substrates (so-called flex circuits) or using any other
suitable arrangement.

In the example of FIG. 5, antenna resonating element 76
has multiple branches formed by first arm 78 and second arm
80. These branches each form a resonant structure with a
different effective length. A longer length L1 is associated
with longer arm 78 of antenna resonating element 76. A
shorter length [.2 is associated with shorter arm 80 of antenna
resonating element 76. The length 1.1 may be equal to about
a quarter of a wavelength at a first operating frequency. The
length [.2 may be equal to about a quarter of a wavelength at
a second operating frequency. For example, the length [.1
may be equal to a quarter of a wavelength at 2.4 GHz and the
length .2 may be equal to a quarter of a wavelength at 5.1
GHz. As shown in FIG. 5, resonating element 76 may include
a vertical portion 94 that extends parallel to vertical axis 90.
Vertical axis 90 is perpendicular to ground plane 66. Reso-
nating element 76 also generally includes horizontal portions
such as arms 78 and 80 in the FIG. 5 example.

The horizontal portions of antenna resonating element 76
run parallel to ground plane 66. Antenna 74 of FIG. 5 has a
longitudinal axis 92 that is defined by the main portions of
antenna resonating element 76 (e.g., by arm 78 in the example
of FIG. 5). Arms such as arm 78 and arm 80 may run parallel
to longitudinal axis 92. With one suitable arrangement, anten-
nas 56, 60, and 64 and antenna isolation elements 58 and 62
are substantially collinear with axis 92 and each other.

If desired, some or all of the antennas and isolation ele-
ments can be located off of axis 92 (e.g., by a small offset
amount such as by a few millimeters or by a relatively larger
distance such as centimeter or more), but in general, such
off-axis locations may not be highly favored because locating
isolation elements 58 and 62 off of the longitudinal axis that
runs through antennas 56, 60, and 64 will generally tend to
reduce the effectiveness of isolation elements 58 and 62 in
isolating the antennas from each other. Locating antennas 56,
60, and 64 at off-axis positions also tends to increase the
overall footprint for the antennas, which makes it more diffi-
cult to fit the desired antenna structures into a device with a
compact form factor.

The antennas in device 10 may be fed directly using feed
terminals that are connected to portions of the antenna or
indirectly through near-field coupling arrangements. In the
illustrative example of FIG. 5, antenna 74 is fed using positive
antenna feed terminal 86 and negative (ground) antenna feed
terminal 84. A transmission line such as coaxial cable 82 may
be used to convey signals to and from feed terminals 86 and
84. Transmission line center conductor 88 may be used to
convey signals to and from positive antenna feed terminal 86.
The outer ground conductor of transmission line 82 is con-
nected to terminal 84. The outer ground conductor of trans-
mission line 82 to terminal 84. The antenna feed arrangement
of FIG. 5is merely illustrative. Any suitable feed arrangement
may be used. For example, antenna feed terminals 86 and 84
may be located at other portions of antenna 74 (e.g., so that the
positive terminal is coupled to long arm 78 or so that the
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horizontal position of the feed point is adjusted for impedance
matching). Moreover, a tuning network (e.g., a circuit formed
from capacitors, inductors, etc.) may be coupled to antenna
74 or may be used as part of a feed network.

The antennas and isolation elements of device 10 may have
dielectric support structures. An example of this type of
arrangement is shown in FIG. 6. As shown in FIG. 6, antenna
74 may have an antenna resonating element such as element
76 that is supported by a dielectric support structure such as
dielectric support structure 96. Resonating element 76 may be
formed from conductive traces on a flex circuit substrate or
other suitable conductive materials. Dielectric support struc-
ture 96 may be formed from plastic or other suitable dielectric
materials. In the example of FIG. 6, antenna 74 is being fed
using a positive feed terminal 86 that is connected to antenna
resonating element arm 78. Antenna ground terminal 84 is
connected to ground plane 66. Arrangements of the type
shown in FIG. 6 may be used for antennas 56 and 64 (e.g.,
when antennas 56 and 64 are dual-band antennas). Arrange-
ments of the type shown in FIG. 6 may also be used for
antenna 60 (e.g., when antenna 60 is a dual-band antenna). If
one of arms 78 and 80 is omitted, antenna resonating element
76 will have an L-shape configuration. In this type of con-
figuration, resonating element 76 may be used for a single-
band antenna 60. When feed terminals 86 and 84 are omitted,
single-arm or multi-arm resonating elements such as element
76 of FIG. 6 may serve as antenna isolation elements 58 and
62.

As shown in FIG. 7, it is not necessary for the longer arm of
a resonating element (in either an antenna or an antenna
isolation element) to be located farther from the ground plane
than the shorter arm of the resonating element. In the FIG. 7
example, shorter resonating element arm 78 in resonating
element 76 is located farther from ground plane 66 than
longer resonating element arm 80.

Antenna feed terminals for antennas such as antenna 74 of
FIG. 7 may be placed at any suitable location. For example,
positive antenna feed terminal 86 may be connected to arm 80
and ground antenna feed terminal 84 may be connected to
ground conductor 66.

The bandwidth of an antenna such as the antenna of FIG. 7
is in part determined by the vertical position of its arms.
Antennas with antenna resonating element arms that are
located relatively farther from ground plane 66 tend to exhibit
relatively more bandwidth than antennas with resonating ele-
ment structures that are located near to ground plane 66. An
illustrative antenna resonating element configuration in
which both antenna resonating element arms are located at
substantially the same vertical distance from ground plane 66
(and which therefore both produce antenna resonances with
maximum bandwidth) is shown in FIG. 8. As shown in FIG.
8, antenna 74 may have a longer arm such as long arm 78 that
is aligned with longitudinal axis 92 and a shorter arm such as
short arm 80 that lies perpendicular to arm 78. Both arm 78
and arm 80 lie parallel to ground plane 66.

Particularly in situations in which it is desirable to provide
the higher-frequency band of a multi-band antenna with a
maximized bandwidth (e.g., when handling the 5.1 GHz band
of'a 2.4 GHz/5.1 GHz dual-band Wi-Fi antenna), it may be
advantageous to use an arrangement of the type shown in FIG.
8 or FIG. 7, because these configurations for antenna reso-
nating element 76 place shorter antenna resonating element
arm 80 at a relatively large vertical position relative to ground
plane 66 than would otherwise be possible. An advantage of
the FIG. 8 arrangement is that the enhanced vertical spacing
associated with arm 80 is achieved without adversely affect-
ing the vertical spacing associated with arm 78.
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A perspective view of an illustrative antenna configuration
of the type that is shown schematically in FIG. 4 is shown in
FIG. 9. As shown in FIG. 9, antennas 56, 60, and 64 may be
arranged in a line on common ground plane 66 (i.e., aligned in
a collinear fashion with axis 92). Each antenna may have a
longitudinal axis defined by its longest arm. Each such lon-
gitudinal axis may, if desired, be aligned with axis 92 as
shown in FIG. 9. Similarly, isolation elements 58 and 62 may
be configured so that they each have a longitudinal axis that is
aligned with axis 92. Antennas 56 and 64 may be dual-band
antennas each having two respective resonating element
arms. Antenna 60 may be a single band antenna (as an
example). Antenna 60 may be formed from an L-shaped
resonating element, as shown in FIG. 9. Antenna isolation
elements 58 and 62 may be formed from any suitable antenna
resonating element structures. For example, antenna isolation
elements 58 and 62 may be formed from [-shaped resonating
elements, as shown in FIG. 9.

To ensure that isolation elements 58 and 62 provide satis-
factory radio-frequency isolation for antennas 56, 60, and 64,
the resonating element structures that make up antenna iso-
lation elements 58 and 62 may be tuned to resonate at the
frequency at which isolation is desired. For example, if anten-
nas 56 and 64 resonate at 2.4 GHz and 5.1 GHz and antenna
60 resonates at 2.4 GHz, and ifisolation is desired at 2.4 GHz,
antenna isolation elements 58 and 62 may have L-shaped
resonating elements of length [, where L is equal to a quarter
of'a wavelength at 2.4 GHz.

As shown in FIG. 9, the antenna isolation elements may
have termination points such as termination points 98.
L-shaped conductive elements such as elements 100 may
have lengths L that are selected to provide isolation between
antennas 56 and 64 and between antenna 60 and antennas 56
and 64. Antennas 56 and 64 may have antenna resonating
elements 104 that are connected to ground plane 66 at points
102. Antenna 60 may have an antenna resonating element
such as resonating element 108 that is connected to ground
plane 66 at point 106.

In the example of FIG. 9, resonating elements 104 and 108
of antennas 56, 60, and 64 extend upwards and to the right (in
the orientation shown in FIG. 9). Similarly, antenna isolation
elements 58 and 62 have resonating elements 100 that extend
upwards and to the right from points 98. This configuration is
merely illustrative. Antennas 56, 60, and 64 and antenna
isolation elements 58 and 62 may extend upwards and to the
left and/or upwards and to the right in any suitable combina-
tion (e.g., all facing to the right, all facing to the left, the
antennas facing to the right and the isolation elements facing
to the left, the antennas facing to the left and the isolation
elements facing to the right, some of the antennas facing to the
right and some to the left, some of the isolation elements
facing to the right and some to the left, or combinations of
these arrangements).

FIG. 10 shows an illustrative antenna configuration in
which antennas 56, 60, and 64 have resonating elements that
extend upwards and to the right (i.e., elements that face to the
right) and in which isolation elements 58 and 62 face to the
left. In this type of configuration, points 98 are located in the
vicinity of points 106 and 102.

An alternative configuration for the antennas of device 10
is shown in FIG. 11. In the arrangement of FIG. 11, antenna
isolation elements 58 and 62 have resonating elements with
perpendicular conductive portions such as portion 112 of
element 58. Resonating element 100 is connected to ground
conductive structure 66 at point 98. Vertical portion 108
extends vertically in vertical direction 110, perpendicular to
the plane of ground conductor 66. Horizontal perpendicular
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section 112 extends in direction 114. Direction 114 is parallel
to ground plane 66 and is perpendicular to vertical direction
110 and longitudinal axis 92. Horizontal portion 116 of reso-
nating element 100 extends parallel to longitudinal axis 92,
perpendicular to horizontal direction 114, and perpendicular
to vertical direction 110. If desired, antennas 56, 60, and 64
may have bends (e.g., perpendicular sections such as perpen-
dicular portion 112 and/or U-shaped portions or serpentine
paths). Isolation elements 58 and 62 may also have bends of
different shapes and orientations. The arrangement of FIG. 11
is merely illustrative.

If desired, the antenna isolation elements may be located at
positions that are offset somewhat from axis 92. FIG. 12
shows potential offset positions in which isolation element 58
may be placed relative to antenna 56.

Isolation element 58 may be located so that it contacts
ground plane 66 at point 118. In this type of situation, the
resonant element of isolation element 58 will be positioned
where indicated by solid line 120. As indicated by dashed line
122, in this configuration, the resonating element of antenna
56 is collinear with the resonating element of antenna isola-
tion element 58. Because point 118 lies on line 122, there is no
lateral offset between the location of resonating element 58
and the longitudinal axis of the antennas in device 10 (e.g.,
antenna 56 and the antennas that are not shown in FIG. 12).

If desired, isolation element 58 may be located so that it
contacts ground plane 66 at point 132. In this configuration,
antenna isolation element 58 will be positioned where indi-
cated by dashed line 134. Contact point 132 is offset from
dashed line 122 by lateral offset distance 136. Provided that
lateral offset 136 is not too large, antenna isolation element 58
may still provide sufficient isolation for the antennas of
device 10. For example, a lateral offset of a fraction of a
millimeter or a few millimeters may be acceptable for anten-
nas that are a few centimeters in length.

Isolation element 58 may be provided with both a lateral
and longitudinal offset with respect to antenna 56. This type
of configuration is illustrated by dashed line 126. When the
resonating element of antenna isolation element 58 is aligned
with the position indicated by dashed line 126, the resonating
element contacts ground plane 66 at point 124. As shown in
FIG. 12, point 124 is laterally offset from dashed line 122 by
lateral offset distance 128 and is longitudinally offset from
point 118 (which is substantially vertically aligned with the
tip of the longer resonating element arm of antenna 56) by
longitudinal offset distance 130. Provided that the magni-
tudes of the longitudinal offset and lateral offset are not too
large (e.g., several millimeters as an example), isolation ele-
ment 58 may provide sufficient radio-frequency isolation for
the antennas of device 10.

One isolation element, two isolation elements, or more
than two isolation elements (e.g., in arrangements with four
or more antennas) may be offset as shown in FIG. 12. If
desired, mixed arrangements may be used (e.g., in which
some isolation elements are laterally and/or longitudinally
offset and in which some isolation elements are not offset).
Moreover, antennas such as antennas 56, 60, and 64 may be
longitudinally and/or laterally offset with respect to each
other and with respect to the isolation elements.

The arms of the antenna isolation elements and/or antennas
in device 10 may also be oriented at non-zero angles with
respect to longitudinal axis 92 if desired. An example of this
type of arrangement is shown in FIG. 13. As shown in FIG.
13, antenna 56 has a longitudinal axis 92. The other antennas
of device 10 (e.g., antennas 60 and 64) may be aligned with
axis 92. Isolation elements such as isolation element 58 may
be interposed between adjacent antennas to provide enhanced
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levels of radio-frequency signal isolation. Antenna isolation
element 58 may have an L-shaped resonating element con-
ductor. Arm 138 of the resonating element may be oriented at
anon-zero angle o with respect to axis 92. Any suitable angle
a may be used. For example, isolation element 58 may have
a resonating element arm 138 that is oriented at an angle o of
about 1-10° with respect to axis 92 (as an example).

Non-zero resonating element arm orientations of the type
illustrated by the orientation of isolation element arm 138 of
FIG. 13 may be used for antenna resonating elements and/or
isolation element resonating elements. None of the elements,
one or more of the elements, or all of the elements may be
angled with respect to axis 92 if desired. Moreover, angled
resonating element arrangements such as these may be used
in configurations in which the resonating elements are longi-
tudinally and/or laterally offset from axis 92.

If desired, one or more of the antenna isolation elements
may be implemented using multiple resonating element
structures. As shown in FIG. 14, for example, antenna isola-
tion element 56 may be implemented using three L-shaped
conductive resonating elements: resonating element 140,
resonating element 142, and resonating element 144. Each of
these conductive structures may be oriented at a zero angle
with respect to longitudinal axis 92 of antennas 56 and 60 or
at a non-zero angle with respect to longitudinal axis 92 of
antennas 56 and 60 (as described in connection with FIG. 13).
Lateral and longitudinal offsets may be used in positioning
resonating elements 140, 142, and 144 as described in con-
nection with FIG. 12. Moreover, different numbers of reso-
nating element structures may be used. For example, antenna
isolation element 58 may have more than three L-shaped
conductive structures, or may have two L-shaped conductive
structures.

The conductors of antenna isolation element 58 may have
any suitable shape (e.g., L-shaped, multi-branched, shapes
with bends, shapes with U-shaped and/or serpentine layouts,
structures with combinations of these configurations, etc.).
One of the antenna isolation elements may use multiple con-
ductive structures, two of the antenna isolation elements may
use multiple conductive structures, or (in arrangements using
more than three antennas) three or more of the antenna iso-
lation elements may use multiple conductive structures. The
conductive structures in a given antenna isolation element
may be substantially similar in shape or may have different
shapes and sizes.

Antenna isolation elements 58 and 62 may be formed using
multi-arm configurations. When the antenna isolation ele-
ments have multiple arms, the frequency response of the
antenna isolation elements may be broadened to help enhance
radio-frequency signal isolation effectiveness. An illustrative
configuration in which antenna isolation element 58 is pro-
vided with multiple arms is shown in FIG. 15. As shown in
FIG. 15, antenna isolation element 58 may have a first arm
such as arm 146 and a second arm such as arm 148. Additional
arms may be used if desired.

Arm 146 may be longer than arm 148 (as an example). Arm
146 may be oriented so that it is parallel to longitudinal axis
92 of antennas such as antennas 56 and 60. Arm 148 may be
oriented perpendicular to axis 92 and parallel to ground plane
66.

Additional suitable multi-arm configurations for the
antenna isolation elements are shown in FIG. 16. In the
example of FIG. 16, antenna isolation element 58 has two
arms. Arm 152 is longer than arm 150. Both arm 150 and arm
152 lie parallel to axis 92 (which is aligned with the longitu-
dinal axis of each antenna and isolation structure in the FIG.
16 arrangement). Antenna isolation element 62 is formed
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from multiple free-standing structures. One resonating ele-
ment structure in antenna isolation element 62 is formed from
L-shaped conductive strip 156. Another resonating element
structure in antenna isolation element 62 is formed from
smaller L-shaped conductive strip 160. As shown in FIG. 16,
arm 158 of resonating element 156 may be larger than arm
162 of element 160. If desired, structures such as resonating
element 160 may be laterally or longitudinally offset, so that
their attachment points to ground plane 66 are shifted with
respect to the position shown for element 160. For example,
the position of a resonating element such as resonating ele-
ment 160 may be longitudinally shifted so that it is aligned
with the position indicated by dashed line 164.

In general, the antenna isolation elements may have one or
more individual resonating element structures. The structures
may have the same shapes and sizes or may have different
shapes and sizes. The structures may have one arm (e.g., in an
L-shaped conductive strip) or may have multiple arms. The
structures may be aligned with the longitudinal axis of the
antenna structures or may be oriented at a non-zero angle.
Lateral and longitudinal offsets may be used in positioning
the resonating element structures. Combinations of these
arrangements may be used in forming antenna isolation ele-
ments.

Antennas such as antennas 56, 60, and 64 may also use
these types of resonating element structures. For example,
antenna 56 may be formed from two closely spaced resonat-
ing elements such as elements 156 and 160 of FIG. 16, pro-
vided that these elements are fed using appropriate antenna
feed terminals such as feed terminals 86 and 84 of FIG. 5. In
this type of arrangement, one of the antenna resonating ele-
ments may be directly fed using antenna feed terminals that
are connected to the resonating element arm and ground plane
as shown for arm 80 of antenna 74 in FIG. 5. The other
antenna resonating element may be indirectly fed through
near-field electromagnetic coupling (as an example).

The foregoing is merely illustrative of the principles of this
invention and various modifications can be made by those
skilled in the art without departing from the scope and spirit of
the invention.

What is claimed is:

1. Electronic device antenna structures in an electronic
device, comprising:

first, second, and third resonating elements aligned along a

common axis and that are each connected to a respective
ground plane portion, wherein the first and second reso-
nating elements are fed using respective antenna feed
terminals and form respective first and second antennas
and wherein the third resonating element is not fed by
any antenna feed terminals.

2. The electronic device defined in claim 1 wherein the first
resonating element comprises a multi-band resonating ele-
ment operable in at least first and second frequency bands.

3. The electronic device defined in claim 1 wherein the first
resonating element comprises a multi-band inverted-F reso-
nating element having a first arm operable in a first frequency
band and having a second arm operable in a second frequency
band.

4. The electronic device defined in claim 1 wherein the
third resonating element comprises at least a first arm that
resonates in a first frequency and a second arm that resonates
in a second frequency.

5. The electronic device defined in claim 1 wherein the
electronic device comprises a portable electronic device.

6. The electronic device antenna structures defined in claim
1 further comprising:
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a first transmission line having a first positive conductor
coupled to the antenna feed terminal of the first resonat-
ing element and a first ground conductor coupled to the
ground plane portion associated with the first resonating
element; and

a second transmission line having a second positive con-
ductor coupled to the antenna feed terminal of the sec-
ond resonating element and a second ground conductor
coupled to the ground plane portion associated with the
second resonating element.

7. An electronic device, comprising:

first, second, and third resonating elements that are parallel
to a common axis, wherein the first and second resonat-
ing elements are fed using respective antenna feed ter-
minals and form respective first and second antennas and
wherein the third resonating element is not fed by any
antenna feed terminals;

a first transmission line having a first positive conductor
coupled to the antenna feed terminal of the first resonat-
ing element and a first ground conductor; and

a second transmission line having a second positive con-
ductor coupled to the antenna feed terminal of the sec-
ond resonating element and a second ground conductor.

8. The electronic device defined in claim 7 wherein the first
resonating element comprises a multi-band resonating ele-
ment operable in at least first and second frequency bands.

9. The electronic device defined in claim 7 wherein the first
resonating element comprises a multi-band inverted-F reso-
nating element having a first arm operable in a first frequency
band and having a second arm operable in a second frequency
band.

10. The electronic device defined in claim 7 wherein the
third resonating element comprises at least a first arm that
resonates in a first frequency and a second arm that is longer
than the first arm and that resonates in a second frequency.

11. The electronic device defined in claim 7 wherein the
electronic device comprises a portable electronic device.

12. The electronic device defined in claim 7 further com-
prising conductive housing structures that are coupled to the
first and second ground conductors.

13. An electronic device, comprising:

first, second, and third resonating elements that are parallel
to a common axis, wherein the first and second resonat-

10

15

20

25

30

35

40

18

ing elements are fed using respective antenna feed ter-
minals and form respective first and second antennas and
wherein the third resonating element is not fed by any
antenna feed terminals;

conductive housing structures that form at least part of a
ground element for the first, second, and third resonating
elements;

a first transmission line having a first positive conductor
coupled to the antenna feed terminal of the first resonat-
ing element and a first ground conductor coupled to the
conductive housing structures; and

a second transmission line having a second positive con-
ductor coupled to the antenna feed terminal of the sec-
ond resonating element and a second ground conductor
coupled to the conductive housing structures.

14. The electronic device defined in claim 13 wherein the
first resonating element comprises a multi-band resonating
element operable in at least first and second frequency bands.

15. The electronic device defined in claim 13 wherein the
first resonating element comprises a multi-band inverted-F
resonating element having a first arm operable in a first fre-
quency band and having a second arm operable in a second
frequency band.

16. The electronic device defined in claim 13 wherein the
third resonating element comprises at least a first arm that
resonates in a first frequency and a second arm that is longer
than the first arm and that resonates in a second frequency.

17. The electronic device defined in claim 13 wherein the
electronic device comprises a portable electronic device.

18. The electronic device defined in claim 13 wherein the
first resonating element comprises a multi-band inverted-F
resonating element having a first arm operable in a first fre-
quency band and having a second arm operable in a second
frequency band and wherein the first arm of the multi-band
inverted-F resonating element is longer than the second arm
of the multi-band inverted-F resonating element.

19. The electronic device defined in claim 18 wherein the
third resonating element comprises at least a first arm that
resonates in a first frequency and a second arm that resonates
in a second frequency and wherein the first arm of the third
resonating element is longer than the second arm of the third
resonating element.
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2 Claims, 20 Drawing Sheets






U.S. Patent Sep. 17, 2013 Sheet 1 of 20 US 8,537,052 B2

Fig. 1

2a

2b

| —





U.S. Patent Sep. 17, 2013 Sheet 2 of 20 US 8,537,052 B2

Fig. 2
2.5
.
Z 1.5
<«
./
Z
Z 0.5
z 0
0
-0.5
0w BV BT TS -~
S OO O S O O o e -

FREQUENCY (GHz)





Sheet 3 of 20

Sep. 17, 2013

U.S. Patent

B

G¢

3

F]g

25

-25





U.S. Patent

NS

o

| ANTENNA GAIN (dBi)
I N

0.8

Sep. 17,2013

Sheet 4 of 20

Fig. 4

US 8,537,052 B2

0.83

0.86
0. 89

0.92
0.95
0.98
1. 01

FREQUENCY (GHz)

1.04

1.

1. 07
1





US 8,537,052 B2

U.S. Patent






U.S. Patent Sep. 17, 2013 Sheet 6 of 20 US 8,537,052 B2

Fig. 6





U.S. Patent Sep. 17, 2013 Sheet 7 of 20 US 8,537,052 B2

Fig. 7
5
-~ 0
)
Z
-5
3
gfo
LT-I- /
2
<
-15
*
-20
© 6 8 8 5 3 8 - F 5 -
s T o S < SR o S < S o S < . U

FREQUENCY (GHz)





US 8,537,052 B2

U.S. Patent






U.S. Patent Sep. 17, 2013 Sheet 9 of 20 US 8,537,052 B2

ANTENNA GAIN (dBi)

1
&y}

-10
-15
-20
-25
-30
-35

Fig. 9
,»"""“"‘"-x%
ALY 7/‘/ e d--""/ﬁ \
] \

— N MO~ OO0 —NMT OO~ >
CCO0 00 VOO T T OO O oo O

CO o0 000000 O0O0C o o0 S

FREQUENCY (GHz)





US 8,537,052 B2

Sheet 10 of 20

Sep. 17,2013

U.S. Patent

-25





U.S. Patent Sep. 17, 2013 Sheet 11 of 20 US 8,537,052 B2

Fig. 11






U.S. Patent Sep. 17, 2013 Sheet 12 of 20 US 8,537,052 B2

Fig. 12
3
2
g
@0
<
5-1
|88
Z
z -2
-3
M O O N IO 0 — < I~
CC 0 O O O o S o o O @ —
e R e T S o S o S e S e Y S

FREQUENCY (GHz)





US 8,537,052 B2

Sheet 13 of 20

Sep. 17,2013

U.S. Patent

29

G¢

-25





U.S. Patent Sep. 17, 2013 Sheet 14 of 20 US 8,537,052 B2

Fig. 14






U.S. Patent Sep. 17, 2013 Sheet 15 of 20 US 8,537,052 B2

Fig. 15

ANTENNA GAIN (dBi)

ot

|
< o OO —_ = N N
[y (dy N [y

MmO > o O ~
0 X W DS O S g o —
o O O c o O = = =
FREQUENCY (GHz)





US 8,537,052 B2

Sheet 16 of 20

Sep. 17,2013

U.S. Patent

25

-25





U.S. Patent Sep. 17, 2013 Sheet 17 of 20 US 8,537,052 B2

Fig. 17






U.S. Patent Sep. 17, 2013 Sheet 18 of 20 US 8,537,052 B2

Fig. 18

2.5

2

1.5

z

@)

< 1

:

Z 0.5

0
M O O N IO 0 — = ™
O O OO O O o O O O O v
OO O O O O O = - - =

FREQUENCY (GHz)





US 8,537,052 B2

U.S. Patent






U.S. Patent Sep. 17, 2013 Sheet 20 of 20 US 8,537,052 B2

Fig. 20






US 8,537,052 B2

1
ANTENNA AND ELECTRONIC DEVICE
EQUIPPED WITH THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2009-
041470, filed on Feb. 24, 2009, the entire contents of which
are incorporated herein by reference.

FIELD

A certain aspect of the embodiments discussed herein is
related to an antenna and an electronic device equipped with
the same.

BACKGROUND

Recently, an RFID (Radio Frequency [Dentification) sys-
tem has been applied for inventory management, merchan-
dise management and distribution management. An exem-
plary RFID system is configured as follows. A host computer
and areader/writer are connected. A memory having a built-in
antenna, called tag, is attached to a managed object. A variety
of'information related to the managed object (managed object
information) is stored in the tag. The managed object infor-
mation is transferred between the tag and the host computer
via the reader/writer. The managed object information in the
tag is read out to the host computer, and the managed object
information in the host computer is written in the tag. Thus,
the managed object information realizes the traceability of
the managed object.

Preferably, the antenna employed in the RFD system has a
wideband characteristic, a compact size and low profile. It is
also preferred that the antenna performance is immune to the
property of a member to which the antenna is attached.

There are various proposals for realizing antennas as
described above. For example, a proposed antenna has planar
antenna elements that are formed on a dielectric substrate and
have different resonance frequencies, in which the antenna
elements are coupled at a feed point via a transmission line for
impedance matching (see Japanese Laid-Open Patent Publi-
cation No. 2006-287452). Another proposed antenna func-
tions as a slot antenna in the vicinity of a metal surface and

functions as an ordinary antenna away from the metal surface
(see U.S. Pat. No. 6,914,562).

SUMMARY

According to an aspect of the present invention, there is
provided an antenna including: a dielectric substrate; a
ground electrode provided on a first surface of the dielectric
substrate; a first antenna element and a second antenna ele-
ments provided to a second surface of the dielectric substrate,
the first and second antenna elements having an identical
resonance frequency and an identical Q value; a transmission
line connecting the first and second antenna elements; and a
feed part provided in the transmission line.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

10

45

50

55

60

2
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a dipole antenna;

FIG. 2 is a graph of an exemplary antenna gain character-
istic of the dipole antenna;

FIG. 3 is a graph of an exemplary feed point impedance of
the dipole antenna;

FIG. 4 is a graph of an antenna gain characteristic of a
downsized dipole antenna in order to use the dipole antenna
as an antenna for an RFID tag;

FIG. 5 is a graph of an exemplary feed point impedance
characteristic of the downsized dipole antenna;

FIG. 6 is a diagram of an antenna using a patch antenna for
the RFID tag;

FIG. 7 is a graph of an exemplary antenna gain character-
istic of the antenna illustrated in FIG. 6;

FIG. 8 is a graph of an exemplary feed point impedance
characteristic of the antenna illustrated in FIG. 6;

FIG. 9 is a graph of an antenna gain characteristic of an
RFID tag oriented patch antenna designed to have a broad-
ened band;

FIG. 10 is a graph of an exemplary feed point impedance
characteristic of the patch antenna described with reference to
FIG. 9;

FIG. 11 is a perspective view of a tag employed in an RFID
system in accordance with a first embodiment;

FIG. 12 is a graph of an exemplary antenna gain charac-
teristic of the antenna in accordance with the first embodi-
ment;

FIG. 13 is a graph of an exemplary input impedance char-
acteristic of the antenna in accordance with the first embodi-
ment;

FIG. 14 is a perspective view of a tag employed in an RFID
system in accordance with a second embodiment;

FIG. 15 is a graph of an exemplary antenna gain charac-
teristic of the antenna in accordance with the second embodi-
ment;

FIG. 16 is a graph of an exemplary input impedance char-
acteristic of the antenna in accordance with the second
embodiment;

FIG. 17 is a perspective view of a tag employed in an RFID
system in accordance with a third embodiment;

FIG. 18 is a graph of an exemplary antenna gain charac-
teristic of the antenna in accordance with the third embodi-
ment;

FIG. 19 is a graph of an input impedance characteristic of
the antenna in accordance with the third embodiment; and

FIG. 20 is a perspective view of another tag for an RFID
system.

DESCRIPTION OF EMBODIMENTS

Nowadays, a wideband antenna and a strip antenna for the
multi-band use have been developed for wireless LANs (Lo-
cal Area Network), cellular phones and UWB (Ultra-Wide
Band) systems. Preferably, the RFID system employs wide-
band, multi-band and downsized antennas. The antennas used
in the RFID system are apt to be affected by the ambient
environment and are designed to have different frequencies in
different countries. More specifically, the RFID tag in the
UHF band is assigned 915 MHz in the United States of
America, 953 MHz in Japan and 860 MHz in Europe. In order
to enable the RFID tag to be worldwide used in the different
countries adopting the different frequencies, the antenna is
preferably capable of covering the different frequencies. A
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dipole antenna and a patch antenna, which are typical micros-
trip antennas, have the following advantages and disadvan-
tages.

FIG. 1 illustrates an exemplary dipole antenna 1 having a
feed point 3 arranged between antenna elements 2a and 25b.
FIG. 2 illustrates an exemplary antenna gain characteristic of
the dipole antenna 1, and F1G. 3 illustrates a feed point imped-
ance characteristic of the dipole antenna 1. A wideband band-
width is realized under the condition of the ideal antenna
structure and environment.

If'the dipole antenna 1 is bent or curved for downsizing, the
dipole antenna 1 will have a narrowed band and a reduced
gain. In addition, the curved or bent dipole antenna 1 will
more easily be affected by the property of a member such as
a metal to which the dipole antenna 1 is attached.

FIG. 4 illustrates an exemplary antenna gain characteristic
of a downsized dipole antenna used as an antenna for the
RFID tag, and FIG. 5 illustrates a feed point impedance
characteristic of the downsized dipole antenna. FIGS. 4 and 5
illustrate that downsizing of the dipole antenna narrows the
band and reduces the antenna gain.

FIG. 6 illustrates an antenna 4 for use in the RFID tag using
an ordinary patch antenna. FIG. 7 illustrates an exemplary
antenna gain characteristic of the antenna 4. The antenna 4
has a ground member 5, a patch antenna part 6 and a feed
point 7.

The antenna 4 using the patch antenna has a narrow band-
width of the radiation characteristic, as compared to the
dipole antenna. The antenna 4 uses the antenna substrate with
the ground member 5, and the radiation pattern is thus
obtained on the only one side of the antenna 4. In a case where
the ground member 5 is used to attach the antenna 5 to an
attachment member, the member may be made of a metal.
However, the antenna 4 has a narrow bandwidth. The band-
width tends to be further narrowed by facilitating the low
profile of the RFID tag, that is, by thinning the antenna sub-
strate. Generally, the bandwidth of the patch antenna may be
broadened by coupling multiple resonators in various ways
and thickening the antenna substrate. For example, the
antenna substrate is set equal to or greater than 3 mm. FIG. 9
illustrates an exemplary antenna gain characteristic of a patch
antenna for the RFID tag designed to broaden the bandwidth.
FIG. 10 illustrates an exemplary feed-point impedance char-
acteristic. As illustrated in FIG. 9, the broadening of the
bandwidth degrades the antenna gain characteristic. The
antenna substrate is thick.

Generally, the antenna may be designed as follows. The
strip antenna uses a resonator formed on the antenna substrate
and has the feed point at a specific position on the resonator at
which the antenna is conjugate-matched with the output
impedance of a transmitter. More specifically, the antenna
such as the dipole antenna or the patch antenna primarily uses
one resonator, and has the feed point at a specific position on
the resonator at which the antenna is conjugate-matched with
the impedance of a signal source. A matching circuit for
conjugate matching may be used.

The patch antenna may employ multiple resonators having
different resonance frequencies in order to broaden the band.
However, in some cases, a satisfactory wideband character-
istic is not obtained.

As described above, it is difficult to realize the microstrip
antenna for the RFID tag in the UHF band that simultaneously
achieves a reduced size, a broader bandwidth, improved low
profile and adaptation to a metal.

According to an aspect of embodiments, there is provided
an antenna capable of achieving a reduced size, a broader
bandwidth, improved low profile and metal attachment.
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First Embodiment

FIG. 11 is aperspective view of a tag 100 used for the RFID
systems. The tag 100 has an antenna 200 equipped with a
circuit chip such as a large scale integration (LSI) chip 300.
The tag 100 is an exemplary example of an electronic device
in accordance with an aspect of the present invention. In
practice, the tag 100 may be covered with a protection mem-
ber, which is not illustrated for the sake of simplicity.

The antenna 200 has a dielectric substrate 26 and a ground
electrode 29 provided on a surface of the dielectric substrate
26. The antenna 200 has a first antenna element 21 and a
second antenna element 25, which are provided on the other
surface of the dielectric substrate 26. Further, the antenna 200
has a first transmission line 22 and a second transmission line
24, which are used to connect the first antenna element 21 and
the second antenna element 25. The first transmission line 22
extends from the first antenna element 21, and the second
transmission line 24 extends from the second antenna ele-
ment 25. An end of the first transmission line 22 and an end of
the second transmission line 24 face each other. The ends of
the transmission lines 22 and 24 that face each other form a
feed part 23. The first antenna element 21 is connected to the
ground electrode 29 via an electrode 27 provided on an end of
the dielectric substrate 26. Similarly, the second antenna ele-
ment 25 is connected to the ground electrode 29 via an elec-
trode 28 provided on the end of the dielectric substrate 26.

The antenna 200 thus configured may have the following
exemplary dimensions. The length L1 of the dielectric sub-
strate 26 is equal to 38 mm, and the width W1 thereof'is equal
to 40 mm. The thickness T1 of the dielectric substrate 26 is
equal to 1 mm. The length [.2 of the first antenna element 21
is equal to 36 mm, and the width W2 thereof is equal to 12
mm. The second antenna element 25 has the same dimensions
as those of the first antenna element 21. The width W3
between the first antenna element 21 and the second antenna
element 25 is set equal to 12 mm.

The first antenna element 21 and the second antenna ele-
ment 25 may have the following conditions. The first antenna
element 21 and the second antenna element 25 are printed on
the dielectric substrate 26 and have short-circuited ends and
open-circuited ends. The first antenna element 21 having the
short-circuited end and the open-circuited end functions as a
A4 microstrip resonator that resonates at a frequency fg,
described below:

a1 =c/AL2ATIVE,

where [.2+T1 denotes the length of the first antenna element
21, c is the velocity of light and €, is the dielectric constant of
the dielectric substrate 26. Similarly, the second antenna ele-
ment 25 functions as a A/4 microstrip resonator that resonates
at a frequency f, described below:

Jrr=c/AL2ATIVE,

where L.2+T1 denotes the length of the second antenna ele-
ment 25. Thus, the antenna 200 has a structure with the two
A4 microstrip resonators. It is noted that the lengths L.2+T1
of the first and second antenna elements 21 and 25 consider
the thickness of the dielectric substrate 26.

The first antenna element 21 and the second antenna ele-
ment 25 have the following relations.

Ja1 'z

01=02

Where Q1 is the Q value of the first antenna element 21 and
Q2 is the Q value of the second antenna element 25.
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The Q value can be written as a general expression as
follows:

O=(1/R)x(L/C)'?

The antenna element functioning as a resonator may be rep-
resented in the form of an equivalent circuit in which an
inductive element [ and a capacitive element C are combined.
When the antenna element is considered as a resonator, mul-
tiple antenna elements connected by transmission lines func-
tion as follows.

The antenna element operates as a capacitive element
within a range shorter than A/4 in the distance from the open-
circuited end to the input/output port, and operates as an
inductive element within a range shorter than A/4 in the dis-
tance from the short-circuited end to the input/output port in
accordance with the theory of distribution constant. The char-
acteristic impedance of the antenna element arranged on the
dielectric substrate is defined by the dimensions thereof and
the thickness of the dielectric substrate.

Thus, the Q value of the first antenna element 21 is defined
by the dimensions of the first antenna element 21, the position
of the input/output port, and the thickness of the dielectric
substrate 26. Similarly, the Q value of the second antenna
element 25 is defined by the dimensions of the second antenna
element 25, the position of the input/output port and the
thickness of the dielectric substrate 26.

The lengths [.2 and the widths W2 of the first and second
antenna elements 21 and 25 and the thickness T1 of the
dielectric substrate 26 are determined so as to obtain a desired
Q value.

The lengths of the first transmission line 22 and the second
transmission line 24 used to connect the first antenna element
21 and the second antenna element 25 is A/4 of the resonance
frequencies fR1 and fR2 of the first and second antenna
elements 21 and 25 (fR1=fR2).

The position of the feed part 23 is selected so that the
antenna is conjugate-matched with the impedance of the sig-
nal source. The feed part 23 includes the LSI chip 300 for
RFID. The feed part 23 is supplied with power. The antenna
200 forms the tag 100 along with the LSI chip 300 arranged in
the feed part 23.

FIG. 12 illustrates an antenna gain characteristic of the
antenna 200 configured as described above. The antenna 200
has a good gain characteristic over an extremely wide band, as
compared to the antenna gain characteristics of the dipole
antenna illustrated in FIGS. 2 and 4 and the antenna gain
characteristic of the patch antenna having the broadened band
illustrated in FIG. 7.

The tag 100 for the RFID systems may be attached to, for
example, goods distributed worldwide. Communications
between the tag 100 and host computers take place in various
areas in the world. The RFID system is assigned a frequency
0t'860 MHz in Europe, 915 MHz in the United States, and 953
MHz in Japan. The patch antenna illustrated in FIG. 7 is
designed to cover all the bands of the above frequencies.
However, the antenna gain characteristic of the patch antenna
is degraded. Further, the antenna substrate is thick. In con-
trast, the antenna 200 of the present embodiment covers all
the bands and the dielectric substrate 26 is as very thin as 1
mm, and achieves the low profile.

The antenna 200 is the microstrip antenna having the
ground electrode on the backside. The antenna 200 has the
downsized and thinned structure, and may be attached to a
metal member.

FIG. 13 illustrates an input impedance characteristic of the
antenna 200 depicted in FIG. 11. FIG. 13 may not illustrate
any considerable improvement in the input impedance char-
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6

acteristic, as compared to the conventional antenna. However,
it is to be noted that the radiation characteristic of antenna is
determined by the current distribution on the antenna elec-
trode. Thus, improvements in the antenna gain may not be
related to improvements in the input impedance characteris-
tic.

Second Embodiment

A second embodiment is described with reference to FIGS.
14 through 16. FI1G. 14 is a perspective view of a tag 101 used
for the RFID systems. The tag 101 has an antenna 400
equipped with the LSI chip 300. The tag 101 is an exemplary
electronic device. In practice, the tag 101 may be covered
with a protection member, which is not illustrated for the sake
of simplicity.

The antenna 400 has a dielectric substrate 46 and a ground
electrode 29 on a surface of the dielectric substrate 46. The
antenna 400 has a first antenna element 41 and a second
antenna element 45 provided on the other surface of the
dielectric substrate 46. The antenna 400 has a first transmis-
sion line 42 and a second transmission line 44 used to connect
the first antenna element 41 and the second antenna element
45. The first transmission line 42 extends from the first
antenna element 41, and the second transmission line 44
extends from the second antenna element 45. An end of the
first transmission line 42 and an end of the second transmis-
sion line 44 face each other to thus form a feed part 43. The
first antenna element 41 is connected to a ground electrode 49
by an electrode 47 provided on an end of the dielectric sub-
strate 46, and the second antenna element 45 is connected to
the ground electrode 49 by an electrode 48 provided on
another end of the dielectric substrate 46. The electrodes 47
and 48 are provided on the opposite ends of the dielectric
substrate 46. This arrangement of the electrodes 47 and 48 is
different from that employed in the first embodiment.

The antenna 400 is similar to the antenna 200 of the first
embodiment. However, the antenna 400 has different dimen-
sions from those of the antenna 200. The following are exem-
plary dimensions of the antenna 400. The length .3 of the
dielectric substrate 46 is equal to 30 mm, and the width W4 is
equal to 52 mm. The thickness T2 of the dielectric substrate
46 is 1 mm. The length [.4 of the first antenna element 41 is
equal to 26 mm, and the width W5 is equal to 18 mm. The
second antenna element 45 is oriented in a direction opposite
to the direction in which the first antenna element 41 is ori-
ented. The first antenna element 41 and the second antenna
element 45 have identical dimensions. The distance W6
between the first antenna element 41 and the second antenna
element 45 is set equal to 12 mm.

The first antenna element 41 and the second antenna ele-
ment 45 may satisfy have the following conditions. The first
antenna element 41 and the second antenna element 45 are
printed on the dielectric substrate 46 and have short-circuited
ends and open-circuited ends. The first antenna element 41
having the short-circuited end and the open-circuited end
functions as a A/4 microstrip resonator that resonates at a
frequency f5, described below:

fri=c/ALA+T2VE,

where [.4+T2 denotes the length of the first antenna element
41, c is the velocity of light and €, is the dielectric constant of
the dielectric substrate 46. Similarly, the second antenna ele-
ment 25 functions as a A/4 microstrip resonator that resonates
at a frequency f, described below:

Jrr=c/AIA+T2VE,
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where L4+T2 denotes the length of the second antenna ele-
ment 45. Thus, the antenna 400 has a structure with the two
A4 microstrip resonators. It is noted that the lengths L4+T2
of the first and second antenna elements 41 and 45 consider
the thickness of the dielectric substrate 46.

The first antenna element 41 and the second antenna ele-
ment 45 have the following relations.

Sz

o1=02
Where Q1 is the Q value of the first antenna element 41 and
Q2 is the Q value of the second antenna element 45.

The Q value can be written as a general expression as

follows:

O=(1/R)x(L/C)"?

The antenna element functioning as a resonator may be rep-
resented in the form of an equivalent circuit in which an
inductive element [ and a capacitive element C are combined.
When the antenna element is considered as a resonator, mul-
tiple antenna elements connected by transmission lines func-
tion as has been described.

The Q value of the first antenna element 41 is defined by the
dimensions of the first antenna element 41, the position of the
input/output port, and the thickness of the dielectric substrate
46. Similarly, the Q value of the second antenna element 45 is
defined by the dimensions of the second antenna element 45,
the position of the input/output port and the thickness of the
dielectric substrate 46.

The lengths [.4 and the widths W5 of the first and second
antenna elements 41 and 45 and the thickness T2 of the
dielectric substrate 46 are determined so as to obtain a desired
Q value.

The lengths of the first transmission line 42 and the second
transmission line 44 used to connect the first antenna element
41 and the second antenna element 45 is A/4 of the resonance
frequencies fR1 and fR2 of the first and second antenna
elements 41 and 45 (fR1=fR2).

The position of the feed part 43 is selected so that the
antenna is conjugate-matched with the impedance of the sig-
nal source. The feed part 43 includes the LSI chip 300 for
RFD. The feed part 43 is supplied with power. The antenna
400 forms the tag 101 along with the LSI chip 300 arranged in
the feed part 43.

FIG. 15 illustrates an antenna gain characteristic of the
antenna 400 configured as described above. The antenna 400
has a good gain characteristic over an extremely wide band, as
compared to the antenna gain characteristics of the dipole
antenna illustrated in FIGS. 2 and 4 and the antenna gain
characteristic of the patch antenna having the broadened band
illustrated in FIG. 7.

The antenna 400 is the microstrip antenna having the
ground electrode on the backside. The antenna 400 has the
downsized and thinned structure, and may be attached to a
metal member.

FIG. 16 illustrates an input impedance characteristic of the
antenna 400 depicted in FIG. 14. FIG. 16 may not illustrate
any considerable improvement in the input impedance char-
acteristic, as compared to the conventional antenna. However,
it is to be noted that the radiation characteristic of antenna is
determined by the current distribution on the antenna elec-
trode. Thus, improvements in the antenna gain may not be
related to improvements in the input impedance characteris-
tic.

Third Embodiment

A description will now be given, with reference to FIG. 17,
of an antenna 600 in accordance with a third embodiment.
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FIG. 17 is aperspective view of atag 102 in which the antenna
600 is incorporated. The antenna 600 differs from the antenna
200 of the first embodiment in the following. In the antenna
200, the first antenna element 21 and the second antenna
element 25 are printed on the dielectric substrate 26. One end
of each of the first and second antenna elements 21 and 25 is
short-circuited, and the other is open-circuited. In contrast,
the antenna 600 of the third embodiment has a first antenna
element 61 and a second antenna element 65, each of which
has both ends that are open-circuited. A ground electrode 69
is provided on a surface of the dielectric substrate 66 as in the
case of the first embodiment.

For example, the antenna 600 may have the following
dimensions. The length L5 of the dielectric substrate 66 is
equal to 70 mm, and the width W7 is equal to 40 mm. The
thickness T3 of the dielectric substrate 66 is equal to 1 mm.
The length L6 of the first antenna element 61 is equal to 66
mm, and the width W8 is equal to 8 mm. The second antenna
element 65 has a length 1.6 of 66 mm, and a width W8 of 8
mm. The second antenna element 65 has the same dimensions
as those of the first antenna element 61. There is a distance W9
of'10 mm between the first antenna element 61 and the second
antenna element 65.

The first antenna element 61 having the open-circuited
ends functions as a A/2 microstrip resonator that resonates at
a frequency fR1 described below:

Sr1=c2L6VE,

where 1.6 denotes the length of the first antenna element 61, ¢
is the velocity of light and €, is the dielectric constant of the
dielectric substrate 66. Similarly, the second antenna element
45 functions as a A/2 microstrip resonator that resonates at a
frequency fr, described below:

Sro=c2L6VE,

where L6 denotes the length of the second antenna element
65. Thus, the antenna 600 has a structure with the two A/2
microstrip resonators.

The Q value can be written as a general expression as
follows:

O=(1/R)x(L/C)V?

The antenna element functioning as a resonator may be rep-
resented in the form of an equivalent circuit in which an
inductive element [ and a capacitive element C are combined.
When the antenna element is considered as a resonator, mul-
tiple antenna elements connected by transmission lines func-
tion as follows. The antenna element operates as a capacitive
element within a range shorter than A/4 in the distance from
the open-circuited end to the input/output port, and operates
as an inductive element within a range shorter than A/4 in the
distance from the short-circuited end to the input/output port
in accordance with the theory of distribution constant. The
characteristic impedance of the antenna element arranged on
the dielectric substrate is defined by the dimensions thereof
and the thickness of the dielectric substrate.

Thus, the Q value of the first antenna element 61 is defined
by the dimensions of'the first antenna element 61, the position
of the input/output port, and the thickness of the dielectric
substrate 66. Similarly, the Q value of the second antenna
element 65 is defined by the dimensions ofthe second antenna
element 65, the position of the input/output port and the
thickness of the dielectric substrate 66.

The lengths 1.6 and the widths W8 of the first and second
antenna elements 61 and 65 and the thickness T3 of the
dielectric substrate 66 are determined so as to obtain a desired
Q value.
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The lengths of the first transmission line 62 and the second
transmission line 64 used to connect the first antenna element
61 and the second antenna element 65 is A./4 of the resonance
frequencies fR1 and fR2 of the first and second antenna
elements 61 and 65 (fR1=fR2).

The position of the feed part 63 is selected so that the
antenna is conjugate-matched with the impedance of the sig-
nal source. The feed part 63 includes the LSI chip 300 for
RFID. The feed part 63 is supplied with power. The antenna
600 forms the tag 102 along with the LSI chip 300 arranged in
the feed part 63.

The antenna 600 is the microstrip antenna having the
ground electrode on the backside. The antenna 600 has the
downsized and thinned structure, and may be attached to a
metal member.

FIG. 18 illustrates an antenna gain characteristic of the
antenna 600 configured as described above. The antenna 600
has a good gain characteristic over an extremely wide band, as
compared to the antenna gain characteristics of the dipole
antenna illustrated in FIGS. 2 and 4 and the antenna gain
characteristic of the patch antenna having the broadened band
illustrated in FIG. 7. Further, the dielectric substrate 66 is as
very thin as 1 mm, and achieves the low profile.

FIG. 19 illustrates an input impedance characteristic of the
antenna 600 depicted in FIG. 17. FIG. 19 may not illustrate
any considerable improvement in the input impedance char-
acteristic, as compared to the conventional antenna. However,
it is to be noted that the radiation characteristic of antenna is
determined by the current distribution on the antenna elec-
trode. Thus, improvements in the antenna gain may not be
related to improvements in the input impedance characteris-
tic.

FIG. 20 illustrates an antenna 800 that corresponds to a
variation of the antenna 600. The antenna 800 has a first
transmission line 82 and a second transmission line 84, that
are substituted for the first transmission line 62 and the second
transmission line 64. The other structural elements of the
antenna 800 are the same as those of the antenna 600. The first
transmission line 82 and the second transmission line 84 are
arranged alternately or are symmetrical about the feed part
63. The antenna 800 thus configured exhibits the good
antenna characteristic similar to that of the antenna 600 as
long as the conditions related to the aforementioned reso-
nance frequency and the Q value are met. The antenna 800 is
capable of covering the different frequency bands of the RFID
systems employed in the various countries.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
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understood that the various change, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. An antenna comprising:

a dielectric substrate;

a ground electrode provided on a first surface of the dielec-
tric substrate;

a first antenna element and a second antenna element pro-
vided to a second surface of the dielectric substrate, the
first antenna element having rectangular shape, the sec-
ond antenna element having rectangular shape and
placed opposite to the first antenna element, each of the
first and second antenna element connected to the
ground electrode via an electrode provided on an end of
the dielectric substrate, each of the first and second
antenna element having a short-circuited end and an
open-circuited end, each of the first and second antenna
element having shape so that a resonance frequency and
a Q value of the first antenna element are same as those
of the second antenna element;

a transmission line connecting a side of each of the first
antenna element and the second antenna element, the
side of the first antenna element and the side of the
second antenna element are located between the short-
circuited end and the open-circuited end respectively,
and are placed opposite with respect to one another; and

a feed part provided in the transmission line.

2. An electronic device comprising:

a dielectric substrate;

a ground electrode provided on a first surface of the dielec-
tric substrate;

a first antenna element and a second antenna element pro-
vided to a second surface of the dielectric substrate, the
first antenna element having rectangular shape, the sec-
ond antenna element having rectangular shape and
placed opposite to the first antenna element, each of the
first and second antenna element connected to the
ground electrode via an electrode provided on an end of
the dielectric substrate, each of the first and second
antenna element having a short-circuited end and an
open-circuited end, each of the first and second antenna
element having shape so that a resonance frequency and
a Q value of the first antenna element are same as those
of the second antenna element;

a transmission line connecting a side of each of the first
antenna element and the second antenna element, the
side of the first antenna element and the side of the
second antenna element are located between the short-
circuited end and the open-circuited end respectively,
and are placed opposite with respect to one another;

a feed part provided in the transmission line; and

a circuit chip provided on the dielectric substrate and con-
nected to the feed part.

#* #* #* #* #*
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1
ANTENNA AND PORTABLE DEVICE
EMPLOYING THE SAME

BACKGROUND

1. Technical Field

The present disclosure relates to a portable device, and
more particularly to an antenna of the portable device.

2. Description of Related Art

In generally, a wire is used as an antenna and disposed
around a liquid crystal module (LCM) of a portable device.
However, the wire must be soldered to a printed circuit board
(PCB) of the portable device making it difficult for the por-
table device to be mass produced.

Therefore, a need exists in the industry to overcome the
described limitations.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the present embodiments can be better
understood with reference to the following drawings. The
components in the drawings are not necessarily drawn to
scale, the emphasis instead being placed upon clearly illus-
trating the principles of the present embodiments. Moreover,
in the drawings, all the views are schematic, and like refer-
ence numerals designate corresponding parts throughout the
several views.

FIG. 1 is an isometric view of a portable device according
to the present disclosure.

FIG. 2 is an enlarged view of part Il of FIG. 1 according to
the present disclosure.

FIG. 3 is a disassembled perspective view of a printed
circuit board and an antenna according to the present disclo-
sure.

FIG. 4 is a perspective view of the antenna according to the
present disclosure.

DETAILED DESCRIPTION

The disclosure is illustrated by way of example and not by
way of limitation in the figures of the accompanying drawings
in which like references indicate similar elements. It should
be noted that references to “an” or “one” embodiment in this
disclosure are not necessarily to the same embodiment, and
such references mean at least one.

Referring to FIG. 1 and FIG. 2, a portable device comprises
a main body 10 and an antenna 20 mounted on the main body
10. The main body 10 comprises a printed circuit board
(PCB) 12. A first guide pole 124 and a second guide pole 128
are configured on the PCB 12. In the illustrated embodiment,
the first guide pole 124 and the second guide pole 128 are both
vertical with respect to the PCB 12.

In the illustrated embodiment, the antenna 20 is mounted
around a display screen (not shown) of the portable device.
Referred to FIG. 3 and FIG. 4, the antenna 20 is configured in
a shape of a hollow rectangle. The antenna 20 comprises a
first conductor portion 30, a second conductor portion 40 and
an insulated portion 50. In the illustrated embodiment, the
first conductor portion 30 and the second conductor portion
40 are made of a metal material. The first conductor portion
30 comprises a first connecting end 304 electrically con-
nected to the PCB 12 via the first guide pole 124. The first
connecting end 304 protrudes outwardly from the first con-
ductor portion 30 and acts as a feed portion of the antenna 20.
Therefore, the first conductor portion 30 can receive commu-
nication signals and have the function of capacitance induc-
tion. The second conductor portion 40 is disposed between
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the first conductor portion 30 and the PCB 12 to shield elec-
tromagnetic interference (EMI) from electronic elements on
the PCB 12. The second conductor portion 40 can protect the
first conductor portion 30 from EMI and comprises a second
connecting end 404 electrically connected to the PCB 12 via
the second guide pole 128. The second connecting end 404
protrudes outwardly from the second conductor portion 40
and acts as a contact point of the antenna 20. The second
conductor portion 40 is used to protect the antenna 20 from
interference signals generated by electronic elements on the
PCB 12. The interference signals can affect the antenna 20 to
transceive communication signals and affect the capacitance
induction of the antenna 20. In the illustrated embodiment,
the first connecting end 304 and the second connecting end
404 have the same shape. The insulated portion 50 is sand-
wiched between the first conductor portion 30 and the second
conductor portion 40 to insulate the first conductor portion 30
from the second conductor portion 40. In the illustrated
embodiment, the insulated portion 50 is made of sponge.

In the other illustrated embodiment, another insulated por-
tion 50 is stacked to a side of the second conductor portion 40
nearing the PCB 12 to prevent the second conductor portion
40 touching with a metal outline border of the display screen
directly.

In assembly, the insulated portion 50 is mounted between
the first conductor portion 30 and the second conductor por-
tion 40. The first connecting end 304 and the second connect-
ing end 404 are disposed on the same side of the antenna 20
and spaced from each other. The first connecting end 304 and
the second connecting end 404 are connected electronically
with the first guide pole 124 and the second guide pole 128 to
form a feed portion and a contact point of the antenna 20,
respectively. The communication frequency and the induc-
tion capability of the antenna 20 can be changed by changing
the space between the first connecting end 304 and the second
connecting end 404.

Although the features and elements of the present disclo-
sure are described as embodiments in particular combina-
tions, each feature or element can be used alone or in other
various combinations within the principles of the present
disclosure 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. An antenna, comprising:

a first conductor portion configured in the shape of a hollow
rectangle, and comprising a first connecting end pro-
truding outwardly from the first conductor portion and
acting as a feed portion of the antenna;

a second conductor portion configured in the shape of a
hollow rectangle, and comprising a second connecting
end protruding outwardly from the second conductor
portion and acting as a contact point of the antenna; and

an insulated portion, sandwiched between the first conduc-
tor portion and the second conductor portion to insulate
the first conductor portion from the second conductor
portion;

wherein the first connecting end and the second connecting
end are disposed on the same side of the antenna and
spaced from each other.

2. The antenna as claimed in claim 1, wherein the first
conductor portion and the second conductor portion are made
of a metal material.

3. The antenna as claimed in claim 1, wherein the insulated
portion is made of sponge.

4. The antenna as claimed in claim 1, wherein the insulated
portion is configured in the shape of a hollow rectangle.
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5. A portable device, comprising: an insulated portion, sandwiched between the first conduc-
a main body, the main body comprising a printed circuit tor portion and the second conductor portion to insulate
board (PCB), a first guide pole and a second guide pole the first conductor portion from the second conductor
configured on the PCB; and portion.
an antenna, the antenna mounted on the main body and ;

6. The portable device as claimed in claim 5, wherein the

a first conductor portion configured in the shape of ahollow ﬁr.st guide pole and the second guide pole are both vertical
rectangle, and comprising a first connecting end pro- with respect to the PCB.
truding outwardly from the first conductor portion and 7. The portable device as claimed in claim 5, wherein the
electrically connected to the PCB via the first guide pole, first conductor portion and the second conductor portion are
wherein the first connecting end acts as a feed portion of made of metal material.
the antenna;

a second conductor portion configured in a shape of a
hollow rectangle, disposed between the first conductor
portion and the PCB, and comprising a second connect-
ing end protruding outwardly from the second conductor
portion and electrically connected to the PCB via the
second guide pole; and L

comprising:

10

8. The portable device as claimed in claim 5, wherein the
insulated portion is made of sponge.

9. The portable device as claimed in claim 5, wherein the

15 insulated portion of the antenna is configured in the shape of
a hollow rectangle.
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PORTABLE ELECTRONIC DEVICE AND
MAGNETIC ANTENNA CIRCUIT

TECHNICAL FIELD

The present invention relates to a portable electronic device
and a magnetic field antenna circuit that perform magnetic
field communications.

BACKGROUND ART

Recently, for improved functionality in a portable terminal
device that performs remote communications with others,
those provided with a means built into a body thereof, for
communicating with external devices by way of RFID (Radio
Frequency Identification), which is a contactless IC (Inte-
grated Circuit) chip, and the like, are becoming common (see
Patent Documents 1 and 2).

Patent Document 1: Japanese Unexamined Patent Applica-

tion, First Publication No. 2004-62665
Patent Document 2: Japanese Unexamined Patent Applica-

tion, First Publication No. 2005-339578
Patent Document 3: Japanese Unexamined Patent Applica-

tion, First Publication No. 2001-344574

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

However, an extraordinarily strict frequency characteristic
is required for its antenna performance due to reasons such as
important information also being contained within informa-
tion transmitted and received by RFID communications.

Furthermore, because of its portability, a portable elec-
tronic device is used in various operating environments such
as a skiing area or a parking lot under extreme heat.

Moreover, not only due to the aforementioned operating
environments, but also due to the fact that a portable elec-
tronic device is driven by a battery in its design, it is necessary
to consider heat arising from the battery itself as well as heat
arising from electronic circuits such as a wireless circuit. In
addition, in order not to impair portability and design char-
acteristics, the antenna itself cannot be configured to be large,
and a coil made by winding up many thin lines is disposed in
a constrained state in a small body.

Moreover, since the antenna is susceptible to heat, it is
necessary to achieve stable frequency characteristics in such
temperature environments in which external and internal tem-
perature differences are large.

Thus, the present invention has been made in view of the
aforementioned problems, and provides a portable electronic
device including an RFID antenna, which has stable fre-
quency characteristics against temperature change, and
which performs adjustment of a resonance frequency for
enabling stable communications, and a magnetic field
antenna circuit that is used for such a portable electronic
device.

Means for Solving the Problems

In order to solve the abovementioned problems, a portable
electronic device according to the present invention is char-
acterized by including: a first function unit that is capable of
executing a predetermined function with electric power being
supplied from a battery; and a second function unit involving
magnetic field communications, in which the second function
unit has: an antenna coil that is capable of transmitting and
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receiving wireless signals by amagnetic field; and a reactance
adjustment portion that is capable of adjusting a resonance
frequency of the antenna coil.

Moreover, in the portable electronic device, the reactance
adjustment portion preferably has: a reactance element, an
end of which is connected to the antenna coil, and which
generates a predetermined resonance frequency; and a tem-
perature-reactance characteristic that is inverse to an induc-
tance characteristic of the antenna coil fluctuating in relation
to temperature change.

Furthermore, in the portable electronic device, the first
function unit preferably has a first control unit that is capable
of executing the predetermined function, and the second
function unit preferably has a second control unit that is
capable of obtaining data from the wireless signals received
by the antenna coil, and transmitting the data to the first
control unit.

In addition, in the portable electronic device, a frequency
of the wireless signals transmitted and received by the
antenna coil is preferably 13.56 MHz.

Moreover, in the portable electronic device, the reactance
element preferably has a temperature-reactance characteris-
tic that is inverse to the inductance characteristic of the
antenna coil within a predetermined temperature range.

Furthermore, in order to solve the abovementioned prob-
lems, a magnetic field antenna circuit according to the present
invention is characterized by: being incorporated into a por-
table electronic device including a first function unit that is
capable of executing a predetermined function with electric
power being supplied from a battery; and constituting a part
of'a second function unit involving magnetic field communi-
cations, in which the magnetic field antenna circuit includes:
an antenna coil that is capable of transmitting and receiving
wireless signals by a magnetic field; and a reactance element,
an end of which is connected to the antenna coil, the element
generating a predetermined resonance frequency, and in
which the reactance element has a temperature-reactance
characteristic that is inverse to the inductance characteristic
of the antenna coil fluctuating in relation to temperature
change.

In addition, the portable electronic device is characterized
in that: the antenna coil includes an antenna assembly
together with other electronic components; the second func-
tion unit has a first control unit for obtaining data to be
received by the antenna assembly; and the reactance adjust-
ment portion is disposed between the antenna assembly and
the first control unit, and changes the resonance frequency of
the antenna coil by changing a reactance value.

Moreover, in the portable electronic device, the reactance
adjustment portion preferably includes a varicap diode.

Furthermore, the portable electronic device is preferably
configured such that the first function unit has a second con-
trol unit that is capable of executing the predetermined func-
tion, and the first control unit obtains data from a received
wave that has been received by the antenna coil, and transmits
the obtained data to the second control unit.

In addition, in the portable electronic device, the reactance
adjustment portion preferably includes a reactance element
and a switching element that is capable of switching of the
reactance element between active and inactive, and the
switching element is preferably controlled by the second
control unit.

Moreover, in the portable electronic device, the switching
element is preferably an FET (Field Effect Transistor), to
which a bias voltage is applied so that a parasitic diode
included in the FET is not rectified.
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Furthermore, in the portable electronic device, the reac-
tance adjustment portion preferably includes a plurality of
pairs each configured with a reactance element and a switch-
ing element that is capable of switching of the reactance
element between active and inactive, and the second control
unit preferably changes the reactance value by switching each
of the plurality of switching elements.

Moreover, it is preferable for the portable electronic device
to further include a temperature detecting element, in which
the second control unit preferably controls such that the reac-
tance value of the reactance adjustment portion is changed in
response to a detected result of the temperature detecting
element.

In addition, in the portable electronic device, a frequency
of the wireless signals transmitted and received by the
antenna coil is preferably 13.56 MHz.

Furthermore, in order to solve the abovementioned prob-
lems, a magnetic field antenna circuit according to the present
invention is characterized by: being incorporated into a por-
table electronic device including a first function unit that is
capable of executing a predetermined function with electric
power being supplied from a battery; and constituting a part
of'a second function unit involving magnetic field communi-
cations, and the magnetic field antenna circuit includes: an
antenna coil that is capable of transmitting and receiving
wireless signals by a magnetic field; and a reactance adjust-
ment portion, an end of which is connected to the antenna
coil, the reactance adjustment portion generating a resonance
frequency, in which the reactance adjustment portion is
capable of changing a reactance value.

In order to solve the abovementioned problems, a portable
electronic device according to the present invention is char-
acterized by including: an antenna that is capable of receiving
wireless signals from a magnetic field; a capacitor connected
in parallel to one end side of the antenna; a first inductance
portion serially connected to another end side of the antenna;
a first switch portion, which is connected to one end side of
the first inductance portion, the side being the another end
side of the antenna, and which switches grounding or
ungrounding of the antenna; a second switch portion, which is
connected to a side opposite to the antenna of the first induc-
tance portion, and which switches grounding or ungrounding
of'the first inductance portion; and a control unit for control-
ling switching operation of the first switch portion and the
second switch portion, in which the control unit switches the
first switch portion such that the antenna is ungrounded, and
switches the second switch portion such that the first induc-
tance portion is grounded, thereby electrically connecting the
antenna and the first inductance portion; and the control unit
switches the first switch portion such that the antenna is
grounded, and switches the second switch portion such that
the first inductance portion is ungrounded, thereby electri-
cally disconnecting the antenna and the first inductance por-
tion.

In addition, the mobile terminal device preferably
includes: a second inductance portion serially connected to
another end side of the first inductance portion; and a third
switch portion, which is connected to the second inductance
portion, and which switches grounding or ungrounding of the
second inductance portion, in which the second inductance
portion is preferably configured with n inductance elements
(nis anatural number of at least 1), the third switch portion is
preferably configured with n switch portions, and the control
unit preferably controls switching operation of each switch
portion configuring the third switch portion.
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EFFECTS OF THE INVENTION

According to the present invention, it is possible to provide
stable frequency characteristics in relation to temperature
change and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing an appearance of a
cellular telephone device according to the present invention;

FIG. 2 is a perspective view showing a configuration of an
operation unit side body included in the cellular telephone
device according to the present invention;

FIG. 3 is a block diagram showing features of the cellular
telephone device according to the present invention;

FIG. 4 is a graph showing change in resonance frequency
versus temperature change of an RFID portion;

FIG. 5 is a diagram showing a configuration of a magnetic
field antenna portion according to the present invention;

FIG. 6 is a graph showing an inductance value change rate
of a coil versus temperature change, the coil configuring the
magnetic field antenna portion;

FIG. 7 is a graph showing an inductance value change rate
of a reactance element versus temperature change, the reac-
tance element configuring the magnetic field antenna portion;

FIG. 8 is a graph showing a characteristic of the resonance
frequency versus temperature change of the magnetic field
antenna portion;

FIG. 9 is a block diagram showing features of the cellular
telephone device according to the present invention;

FIG. 10 is a circuit diagram showing a first configuration of
the cellular telephone device according to the present inven-
tion;

FIG. 11 is a graph showing change in capacitance between
terminals versus reverse bias voltage in a varicap diode;

FIG. 12 is a circuit diagram showing a second configura-
tion of the cellular telephone device according to the present
invention;

FIG. 13 is a diagram illustrating adjustment for moving the
resonance frequency to within specification;

FIG. 14 is a circuit diagram showing a third configuration
of the cellular telephone device according to the present
invention;

FIG. 15 is a diagram illustrating adjustment for moving the
resonance frequency into the specification;

FIG. 16 is a graph showing change in resonance frequency
versus temperature change of the RFID portion;

FIG. 17 is a circuit diagram showing a fourth configuration
of the cellular telephone device according to the present
invention;

FIG. 18 is a graph showing an inductance value change rate
in the magnetic field antenna versus temperature change;

FIG. 19 is a graph showing a capacitance change rate in the
capacitor versus temperature change;

FIG. 20 is a graph showing a capacitance change rate in the
RFID chip or the like versus temperature change;

FIG. 21 is a graph showing a capacitance change rate in the
capacitor versus temperature change;

FIG. 22 is a graph showing a characteristic of the resonance
frequency versus temperature change of the RDID portion in
acase in which a temperature compensating capacitor is used;

FIG. 23 is a circuit diagram showing a fifth configuration of
the cellular telephone device according to the present inven-
tion;

FIG. 24 is a circuit diagram showing a sixth configuration
of the cellular telephone device according to the present
invention;





US 8,537,055 B2

5

FIG. 25 is a circuit diagram showing a seventh configura-
tion of the cellular telephone device according to the present
invention;

FIG. 26 is a circuit diagram showing an eighth configura-
tion of the cellular telephone device according to the present
invention;

FIG. 27 is a circuit diagram showing a ninth configuration
of the cellular telephone device according to the present
invention;

FIG. 28 is a graph showing a waveform of an input signal
when a high voltage is applied to a drain terminal side of an
FET,

FIG. 29 is a circuit diagram showing a tenth configuration
of the cellular telephone device according to the present
invention;

FIG. 30 is a graph showing a waveform of an input signal
when a high voltage is applied to the drain terminal side of the
FET in the tenth configuration shown in FIG. 29;

FIG. 31 is a circuit diagram showing a circuit equivalent to
the tenth configuration shown in FIG. 29;

FIG. 32 is a specific circuit diagram of the tenth configu-
ration shown in FIG. 29;

FIG. 33 is a block diagram showing features of the cellular
telephone device according to the present invention;

FIG. 34 is a block diagram showing a first configuration of
the inductance portion;

FIG. 35 is a block diagram showing a second configuration
of the inductance portion;

FIG. 36 is a block diagram showing a third configuration of
the inductance portion; and

FIG. 37 is a block diagram showing a fourth configuration
of the inductance portion.

PREFERRED MODE FOR CARRYING OUT THE
INVENTION

A description is provided hereinafter regarding embodi-
ments of the present invention.

FIG. 1 is a perspective view showing an appearance of a
cellular telephone device 1 as an example of the portable
electronic device according to the present invention. It should
be noted that, although FIG. 1 shows a so-called flip-type
cellular telephone device, the present invention is not limited
thereto. For example, it may be a slider type in which one of
the bodies slides to one direction in a state in which the bodies
are mutually superimposed; a rotating (turning) type in which
one of the bodies is rotated around an axis line along the
direction of superimposing the bodies; and a type (straight
type) in which an operation unit and a display unit are dis-
posed in one body without having a connecting portion.
Moreover, the portable electronic device of the present inven-
tion is not limited to a cellular telephone device, and may be
other portable electronic devices such as a PDA (Personal
Digital Assistant).

The cellular telephone device 1 is configured to include an
operation unit side body 2 and a display unit side body 3. The
operation unit side body 2 is configured to include on a front
face 10 thereof an operation button set 11 and a sound input
unit 12 to which sounds, which auser of the cellular telephone
device 1 produces during a phone call, are input. The opera-
tion button set 11 includes: feature setting operation buttons
13 for operating various settings and various features such as
atelephone number directory feature and a mail feature; input
operation buttons 14 for inputting digits of a telephone num-
ber and characters for mail, and a selection operation button
15 that performs selection of the various operations and
scrolling.
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The display unit side body 3 is configured to include, on a
front face portion 20, a display 21 for displaying a variety of
information, and a sound output unit 22 for outputting sound
of the other party of the conversation.

In addition, the abovementioned operation button set 11,
the sound input unit 12, the display 21, and the sound output
unit 22 compose a processing unit 62 to be described later.

An upper end portion of the operation unit side body 2 and
a lower end portion of the display unit side body 3 are con-
nected via a hinge mechanism 4. The cellular telephone
device 1 can be in a state where the operation unit side body
2 and the display unit side body 3 are apart from each other
(opened state), and in a state where the operation unit side
body 2 and the display unit side body 3 are contacting each
other (folded state), as the operation unit side body 2 and the
display unit side body 3, connected via the hinge mechanism
4, pivot with respect to each other.

FIG. 2 is an exploded perspective view of a part of the
operating unit side body 2. The operating unit side body 2 is
composed of a substrate 40, an RFID portion 41, a rear case
portion 42, a rechargeable battery 43, and a battery cover 44,
as shown in FIG. 2.

On the substrate 40, an element such as a CPU for perform-
ing predetermined arithmetic processing is mounted, and a
predetermined signal is transmitted thereto when a user oper-
ates the operation button set 11 on the front face 10.

Moreover, the RFID portion 41 according to a first embodi-
ment to be described later includes: a magnetic field antenna
portion 50 that communicates with external devices by way of
a first usable frequency band (for example, 13.56 MHz); an
RFID chip 51; and a capacitor 52 for adjustment.

Furthermore, the RFID portion 41 according to a second
embodiment to be described later includes: the magnetic field
antenna portion 50 that communicates with external devices
by way of the first usable frequency band (for example, 13.56
MHz); the RFID chip 51; and a reactance variable portion 57
for adjustment.

In addition, the RFID portion 41 according to a third
embodiment to be described later includes: the magnetic field
antenna portion 50 that communicates with external devices
by way of the first usable frequency band (for example, 13.56
MHz); the RFID chip 51; the capacitor 52; and an inductance
portion 58 for adjustment.

The rear case portion 42 includes: a hinge mechanism
fixing portion 42A for fixing the hinge mechanism 4; a main
antenna housing portion 42B for housing a main antenna 70,
which communicates using a second usable frequency band
that is higher than the first usable frequency band; a battery
housing portion 42C for housing the rechargeable battery 43;
and an RFID portion fixing portion 42D for fixing the RFID
portion 41. It should be noted that, the main antenna 70 is later
described in detail.

FIRST EMBODIMENT

A description is provided hereinafter regarding the first
embodiment of the present invention. FIG. 3 is a functional
block diagram showing features of the cellular telephone
device 1. As shown in FIG. 3, the cellular telephone device 1
includes: the RFID portion 41 (a second function unit) that is
a first communication unit; a second communication unit 61
that communicates with external terminals; and a processing
unit 62 (a first function unit) that processes information com-
municated by the second communication unit 61.

As described above, the RFID portion 41 includes: the
magnetic field antenna portion 50 that communicates with
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external devices by way of the first usable frequency band (for
example, 13.56 MHz); the RFID chip 51; and the capacitor 52
for adjustment.

The magnetic field antenna portion 50 is a magnetic field
antenna configured with a coil wound in a spiral for a plurality
of'times on a sheet made of PET (polyethylene terephthalate)
material, and transmits and receives a signal of the first usable
frequency band to and from external devices.

The RFID chip 51 includes: a power circuit 53 that gener-
ates a predetermined voltage based on electrical power
induced by a signal communicated by the magnetic field
antenna portion 50; an RF circuit 54 that performs signal
processing such as modulation processing or demodulation
processing with respect to a signal communicated by the
magnetic field antenna portion 50; a CPU 55 that performs
predetermined arithmetic processing; and memory 56 that
stores predetermined data. The power circuit 53 is composed
of'a DC-DC converter, for example.

Here, behavior of the RFID portion 41 is described here-
inafter.

The magnetic field antenna portion 50, when approaching
within a predetermined distance to a reading/writing device
disposed outside thereof, receives electromagnetic waves
transmitted from the reading/writing device (modulated by a
carrier frequency having the first usable frequency band (for
example, 13.56 MHz)). It should be noted that, the capacitor
52 makes a predetermined adjustment (tuning) so that the
electromagnetic waves of the first usable frequency band is
supplied to the RF circuit 54 via the magnetic field antenna
portion 50.

In addition, electromotive force is generated by an electro-
magnetic induction effect when the electromagnetic waves
are received by the magnetic field antenna portion 50.

The power circuit 53 generates a predetermined power
supply voltage from the electromotive force generated by the
electromagnetic induction effect, and supplies the power sup-
ply voltage to the RF circuit 54, the CPU 55, and the memory
56. In addition, the RF circuit 54, the CPU 55, and the
memory 56 are switched from a halt state to an active state
when the predetermined power supply voltage is supplied
from the power circuit 53.

The RF circuit 54 performs signal processing such as
demodulation with respect to a signal of the first usable fre-
quency band received via the magnetic field antenna portion
50, and transmits the processed signal to the CPU 55.

The CPU 55 writes or reads data to or from the memory 56,
based on the signal received from the RF circuit 54. In a case
of'reading data from the memory 56, the CPU 55 transmits the
data to the RF circuit 54. The RF circuit 54 performs signal
processing such as modulation with respect to the data being
read from the memory 56, and transmits the data to the exter-
nal reading/writing device via the magnetic field antenna
portion 50.

It should be noted that the RFID portion 41 is described
above to be of a so-called passive, induction field type (elec-
tromagnetic induction type) without a power source; how-
ever, the present invention is not limited thereto, and the RFID
portion 41 can also be of a passive mutual induction type
(electromagnetic coupling type) or a passive radiation field
type (radio wave type), or an active type with a power source.
In addition, an access method of the RFID portion 41 is
described as a read/write type; however, the present invention
is not limited thereto, and the access method can also be of a
read-only type, a write-once type, and the like.

As shown in FIG. 3, the second communication unit 61
includes: a main antenna 70 that communicates with external
devices by way of the second usable frequency band that is
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higher than the first usable frequency band; and a communi-
cation processing unit 71 (the second information processing
unit) that performs signal processing such as modulation
processing or demodulation processing. In addition, the sec-
ond communication unit 61 is powered by the rechargeable
battery 43.

The main antenna 70 communicates with external devices
by way of the second usable frequency band (for example,
800 MHz). It should be noted that, although the second usable
frequency band is described as 800 MHz in the present
embodiment, other frequency bands can also be used. In
addition, the main antenna 70 can be configured as a so-called
dual band compatible antenna that can accept, in addition to
the second usable frequency band, a third usable frequency
band (for example, 2 GHz), or as a multi-band compatible
antenna that can further accept a fourth usable frequency
band.

The communication processing unit 71 performs demodu-
lation processing of a signal received by the main antenna 70,
transmits the processed signal to the processing unit 62, per-
forms modulation processing of a signal received from the
processing unit 62, and submits the processed signal to an
external device via the main antenna 70.

As shown in FIG. 3, the processing unit 62 includes: the
operation button set 11; the sound input unit 12; the display
21; the sound output unit 22; the CPU 72 that performs
predetermined arithmetic processing; the memory 73 that
stores predetermined data; a sound processing unit 74 that
performs predetermined sound processing; an image process-
ing unit 75 that performs predetermined image processing; a
camera module 76 that captures an image of an object; and a
speaker 77 that outputs ringtones and the like. In addition, the
processing unit 62 is powered by the rechargeable battery 43.
As shown in FIG. 3, it should be noted that the cellular
telephone device 1 is configured such that: the CPU 55 and
the CPU 72 are connected by a signal line S via which infor-
mation processed by the RFID portion 41 is transmitted to the
image processing unit 75; and information processed by the
image processing unit 75 is displayed on the display 21.

Next, a description is provided regarding characteristics of
the RFID portion 41.

The magnetic field antenna portion 50 configuring the
RFID portion 41 has temperature characteristics as shown in
FIG. 4, in which the resonance frequency increases as the
environmental temperature decreases, and the resonance fre-
quency decreases as the environmental temperature
increases. This is caused by a change in inductance (L) value
when the antenna wire material configuring the magnetic
field antenna portion 50 contracts or expands by environmen-
tal temperature change.

Incidentally, an extraordinarily strict frequency character-
istic is required for the antenna performance of the RFID
portion 41, and it is necessary to configure the resonance
frequency (for example, 13.56 MHz) to fall within a certain
frequency range (for example, +/-100 kHz) under a general
operating environment. It should be noted that, in addition to
the aforementioned resonance frequency, there are various
resonance frequencies such as 13.1725 MHz+/-200 kHz or
13.61 MHz+/-75 kHz because of reasons such as consider-
ation of influences from the configuration of terminal hard-
ware and the like.

Thus, as shown in FIG. 5, in the cellular telephone device
1 according to the present invention, the magnetic field
antenna portion 50 (the antenna assembly side) is configured
with: a coil 50a (magnetic field antenna) wound in a spiral for
a plurality of times; and a temperature compensating reac-
tance element 505 (for example, a temperature compensating
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capacitor for -750 ppm/degrees Celsius). This magnetic field
antenna portion 50 is electrically connected to the RFID chip
51, and is conductive to a ground portion GND via the capaci-
tor 52.

Here, the reactance element 505 has a temperature-reac-
tance characteristic that is inverse to an amount in which the
inductance of the coil 50a configured with an antenna wire
material fluctuates in relation to a temperature change.

Therefore, for example, in a case in which the inductance
value change rate versus temperature change (from -20
degrees Celsius to +60 degrees Celsius) in the coil 50q has a
characteristic as shown in FIG. 6 (for example, relative to 20
degrees Celsius, the inductance value change rate increases as
the temperature increases, and the inductance value change
rate decreases as the temperature decreases), the reactance
element 505 is connected in parallel to the coil 50a, the
reactance element 505 having a characteristic in which the
capacitance change rate is inverse to the inductance value
change rate; that is, for example, relative to 20 degrees Cel-
sius, the capacitance change rate decreases as the temperature
increases, and the capacitance change rate increases as the
temperature decreases (see FIG. 7).

With such a configuration, as shown in FIG. 8, the mag-
netic field antenna portion 50 can be configured such that the
temperature characteristic of the reactance element 504 can-
cels the temperature characteristic of the coil 50a, and the
resonance frequency does not fluctuate in relation to the tem-
perature change in a predetermined range (from -20 degrees
Celsius to +60 degrees Celsius).

Moreover, a resonance frequency Fc of the RFID portion
41 is determined according to an expression (1) by a capaci-
tance value of the capacitor 52 and an inductance value of the
magnetic field antenna portion 50 (coil 50a).

Fe=1/QavI(L*C)) (6]

In this way, according to the present invention, the tem-
perature compensation is performed by loading the reactance
element 505 in the magnetic field antenna portion 50 that is
the antenna assembly side; and therefore, the reactance value
for the entire magnetic field antenna portion 50 does not
fluctuate, and the resonance frequency determined by such a
magnetic field antenna portion 50 and the capacitor 52 does
not fluctuate by the temperature change as well.

Accordingly, since the temperature compensation is per-
formed only in the magnetic field antenna portion 50 that is
the antenna assembly side in the cellular telephone device 1
according to the present invention, the countermeasure for
temperature compensation becomes unnecessary in configu-
ration portions other than the antenna assembly side. There-
fore, whatever configuration the configuration portion may
have, compensation is possible without design change of the
magnetic field antenna portion 50 that is the antenna assem-
bly side, resulting in versatility of the magnetic field antenna
portion 50 that is the antenna assembly side, and leading to
cost reduction.

It should be noted that, under the general environment in
which the cellular telephone device 1 is used, the resonance
frequency (for example, 13.56 MHz) of the RFID portion 41
may be within a certain frequency range (for example, +/-100
kHz), and the capacitance change rate in relation to the tem-
perature of the reactance element 505 does not need to have
the characteristic as shown in the aforementioned FIG. 7 (the
characteristic that is completely inverse to the inductance
value change rate of the coil 50a).

Moreover, as another embodiment, the cellular telephone
device 1 may be configured without providing the capacitor
52 such that a resonance frequency is determined by the
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temperature compensating reactance element 505 and the coil
50a¢ in the magnetic field antenna portion 50 that is the
antenna assembly side. Since such a configuration eliminates
the need for the capacitor 52, the manufacturing cost of the
cellular telephone device 1 can be reduced.

SECOND EMBODIMENT

A description is provided hereinafter regarding the second
embodiment of the present invention. Here, the cellular tele-
phone device 1 in the second embodiment is similar in con-
figuration to the cellular telephone device 1 in the first
embodiment except for the reactance variable portion 57 for
adjustment in the RFID portion 41. A description is provided
hereinafter regarding the cellular telephone device 1 in the
second embodiment mainly in terms of differences from the
cellular telephone device 1 in the first embodiment, and other
descriptions are omitted.

FIG. 9 is a functional block diagram showing features of
the cellular telephone device 1. As shown in FIG. 9, the
cellular telephone device 1 includes: the RFID portion 41 that
is a first communication unit 60; a second communication
unit 61 that communicates with external terminals; and a
processing unit 62 that processes information communicated
by the second communication unit 61.

As described above, the RFID portion 41 includes: the
magnetic field antenna portion 50 (a first antenna portion) that
communicates with external devices by way of the first usable
frequency band (for example, 13.56 MHz); the RFID chip 51
(a first information processing unit); and the reactance vari-
able portion 57 for adjustment.

As shown in FIG. 9, the second communication unit 61
includes: a main antenna 70 (a second antenna portion) that
communicates with external devices by way of the second
usable frequency band that is higher than the first usable
frequency band; and a communication processing unit 71 (a
second information processing unit) that performs signal pro-
cessing such as modulation processing or demodulation pro-
cessing. In addition, the second communication unit 61 is
powered by the rechargeable battery 43.

It should be noted that the behavior and the features of the
magnetic field antenna portion 50, the RFID chip 51, the
power circuit 53, the RF circuit 54, the CPU 55, the memory
56, the processing unit 62, the main antenna 70, and the
communication processing unit 71 are similar to those in the
aforementioned first embodiment.

Next, a description is provided regarding characteristics of
the RFID portion 41.

An extraordinarily strict frequency characteristic is
required for the antenna performance of the RFID portion 41,
and it is necessary to configure the resonance frequency (for
example, 13.56 MHz) to fall within a certain frequency range
(for example, +/-100 kHz) under a general operating envi-
ronment. It should be noted that, in addition to the aforemen-
tioned resonance frequency, there are various resonance fre-
quencies such as 13.1725 MHz+/-200kHz or 13.61 MHz+/-
75kHzbecause of reasons such as consideration of influences
from the configuration of terminal hardware and the like.

Moreover, a resonance frequency Fc of the RFID portion
41 is determined according to the expression (1) by a capaci-
tance (C) value of the reactance variable portion 57 and an
inductance (L) value of the magnetic field antenna portion 50.

Fe=1/(2m/(L*C)) (1)

Here, as for the RFID portion 41, in a case in which the
resonance frequency fluctuates due to variations in the induc-
tance (L) value of the magnetic field antenna portion 50, the
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capacitance of the reactance variable portion 57 for adjust-
ment, the RFID chip 51 and the like, and the variations are
great, then the resonance frequency may fall out of specifica-
tion (a certain frequency range) required for performing
stable communications in some cases.

Accordingly, in the cellular telephone device 1 according
to the present invention, the resonance frequency is adjusted
s0 as to fall within a certain required range (within the speci-
fication) by the following configuration.

First Configuration

As shown in FIG. 10, the reactance variable portion 57 is
configured with a varicap diode 57a, and the varicap diode
57a is connected in parallel to the magnetic field antenna
portion 50. The CPU 72 supplies a reverse bias voltage to the
varicap diode 57a. Capacitance of the varicap diode 57a
varies in response to a voltage value of the reverse bias volt-
age supplied from the CPU 72. It should be noted that, as
shown in FIG. 11, the varicap diode 57a has a characteristic in
which capacitance between terminals varies at a predeter-
mined rate in relation to application of the reverse bias volt-
age.

For example, before factory shipment, confirmation is per-
formed regarding whether the resonance frequency of the
RFID portion 41 falls within a predetermined range due to
variations in the RFID chip 51 and the like, and a voltage
value supplied from the CPU 72 to the varicap diode 57a is
determined.

Moreover, after factory shipment, by applying a predeter-
mined reverse bias voltage (for example, +3 V), which has
been determined before factory shipment, to the varicap
diode 574 from the CPU 72, a stable communication quality
is secured in the RFID portion 41 without causing the reso-
nance frequency to fall out of specification due to variations in
the terminal capacitance of the RFID chip 51 and the like.

In the cellular telephone device 1 according to the present
invention, since a certain reverse bias voltage is supplied from
the CPU 72 to the varicap diode 574, a control voltage port of
the CPU 72 can be minimally configured, thereby making it
possible to reduce the cost. Moreover, by configuring the
resolution of the control voltage at a high level, it is possible
to precisely determine the reverse bias voltage applied to the
varicap diode 57a, and to control the resonance frequency in
a linear manner.

Second Configuration

As shown in FIG. 12, the reactance variable portion 57 is
configured with: a portion in which a first FET switch portion
57c¢ is serially connected to a capacitor 575 for adjustment
(hereinafter referred to as a first adjustment portion 574); and
aportion in which a second FET switch portion 57f1s serially
connected to a capacitor 57¢ for adjustment (hereinafter
referred to as a second adjustment portion 57g), and each is
connected in parallel to the magnetic field antenna portion 50.
The CPU 72 selectively supplies a certain voltage to the first
FET switch portion 57¢ and the second FET switch portion
57f, thereby setting them to an ON state or an OFF state.
Moreover, by any one or both of the first FET switch portion
57¢ and the second FET switch portion 57f being set to the
ON state by the CPU 72, thereby activating the capacitor 575
and/or the capacitor 57e, which are respectively serially con-
nected to the first FET switch portion 57¢ and the second FET
switch portion 57/, and the capacitance (C) value changes,
whereby it is possible to adjust the resonance frequency.

For example, before factory shipment, confirmation is per-
formed regarding whether the resonance frequency of the
RFID portion 41 falls within a predetermined frequency
range X due to variations in the terminal capacitance of RFID
chip 51 and the like, and it is determined whether both of the
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first FET switch portion 57¢ and the second FET switch
portion 57fare set to the OFF state, or any one or both of them
are set to the ON state.

Moreover, after factory shipment, the CPU 72 supplies a
voltage to none of, any one or both of the first FET switch
portion 57¢ and the second FET switch portion 57/, in accor-
dance with the determination made before factory shipment.
In this way, the RFID portion 41 secures a stable communi-
cation quality without causing the resonance frequency to fall
out of specification due to variations in the terminal capaci-
tance and the like of the RFID chip 51.

More specifically, before factory shipment, any one of the
first FET switch portion 57¢ and the second FET switch
portion 57fis set to the ON state in advance. In addition, in a
case in which the resonance frequency falls out of specifica-
tion toward a high frequency side (exceeds the predetermined
frequency range X), another switch portion is set to the ON
state as well, i.e., both of the first FET switch portion 57¢ and
the second FET switch portion 57f are set to the ON state. By
setting in this way, the resonance frequency can fall within
specification (see FIG. 13 A). Moreover, in a case in which the
resonance frequency falls out of specification toward a low
frequency side, the first FET switch portion 57¢ or the second
FET switch portion 57f, which is set to the ON state in
advance, is set to the OFF state, i.e. both of the first FET
switch portion 57¢ and the second FET switch portion 57fare
set to the OFF state. By setting in this way, the resonance
frequency can fall within specification (see FIG. 13 B).

With such a configuration, the cellular telephone device 1
according to the present invention selectively supplies a cer-
tain voltage from the CPU 72 to the first FET switch portion
57c¢ and the second FET switch portion 577, thereby setting
them to the ON state or the OFF state. Therefore, since the
present invention makes it possible to adjust the resonance
frequency by the presence or absence of the capacitors 575
and 57e¢ for adjustment, variations in capacitance can be
absorbed, a general purpose /O port such as GPIO (General
Purpose Input Output) of the CPU 72 can be utilized, and a
small size and low cost can be achieved. Moreover, according
to the present invention, by using the capacitors 576 and 57¢
of' large capacitance for adjustment, it is possible to increase
the range of capacitance values in a case in which the ON state
is changed into the OFF state, or in a case in which the OFF
state is changed into the ON state. Furthermore, there is also
an advantage that the capacitance change due to temperature
is small.

It should be noted that, although the reactance variable
portion 57 is described as being configured with two sets,
which are the first adjustment portion 574 and the second
adjustment portion 57g, it is not limited thereto, and it may be
configured with any one of the two sets, or may be configured
with more than two sets. Moreover, in a case in which it is
configured with more than two sets, many combinations of
the ON state and the OFF state can be achieved, thereby
making it possible to perform adjustment of the resonance
frequency more precisely.

Furthermore, although the switch is assumed to be an FET
in the present embodiment, it is not particularly limited
thereto, and a switch may be configured in which an end of a
capacitor for adjustment can be short-circuited to GND when
changed into the ON state, and the switch may be, for
example, a transistor, a mechanical SW or the like.

Third Configuration

As shown in FIG. 14, the reactance variable portion 57 is
configured by combining the aforementioned first configura-
tion and the second configuration, i.e. it is configured with the
varicap diode 57a, the first adjustment portion 574, and the
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second adjustment portion 57g, each of which is connected in
parallel to the magnetic field antenna portion 50. The CPU 72
supplies a reverse bias voltage to the varicap diode 574, and
selectively supplies a certain voltage to the first FET switch
portion 57¢ and the second FET switch portion 57, thereby
setting them to the ON state or the OFF state.

Moreover, as for the varicap diode 574, a capacitance (C)
value of the serially connected capacitors changes depending
on an applied reverse bias voltage value; in addition, any one
or both of the first FET switch portion 57¢ and the second FET
switch portion 57f are set to the ON state by the CPU 72,
thereby activating the capacitor 575 and/or the capacitor 57e,
which are respectively serially connected to the first FET
switch portion 57¢ and the second FET switch portion 57f,
and the capacitance (C) value changes, thereby adjusting the
resonance frequency.

According to the present configuration, in a case in which
the resolution of the control voltage by the varicap diode 57a
is low, and thus the resonance frequency moves to the oppo-
site side of the specification X in an adjustable range Y
depending on adjustment of the varicap diode 57a (for
example, in a case in which the resonance frequency falls out
of specification toward the high frequency side, and when a
certain reverse bias voltage is applied to the varicap diode
57a, the resonance frequency falls out of specification toward
the low frequency side to the contrary), the adjustable range Y
for the varicap diode 574 is set to be narrow to an extent that
the resonance frequency does not move to the opposite side of
the specification X in the adjustable range Y, and is made
smaller than the overall variation. In other words, in a case in
which the resonance frequency falls out of the adjustable
range Y of the varicap diode 574, rough adjustment is per-
formed by the first FET switch portion 57¢ and the second
FET switch portion 57f such that the resonance frequency
moves to the adjustable rangeY of the varicap diode 574, and
subsequently fine adjustment is performed by the varicap
diode 57a such that the central position of the resonance
frequency moves to a predetermined position in the specifi-
cation X (see FIG. 15).

In this way, the present invention is effective in a case in
which the distribution of the resonance frequency is larger
than the specification X.

It should be noted that, although the reactance variable
portion 57 is described as being configured to include two
sets, which are the first adjustment portion 574 and the second
adjustment portion 57g, it is not limited thereto, and it may be
configured with any one of the two sets, or may be configured
with more than two sets. Moreover, in a case in which it is
configured with more than two sets, many combinations of
the ON state and the OFF state can be achieved, thereby
making it possible to perform adjustment of the resonance
frequency more precisely.

Furthermore, although the switch is assumed to be an FET
in the present embodiment, it is not particularly limited
thereto, and the switch may be configured in which an end of
a capacitor for adjustment can be short-circuited to GND
when changed into the ON state, and the switch may be, for
example, a transistor, a mechanical SW or the like.

Fourth Configuration

Here, the magnetic field antenna portion 50 configuring the
RFID portion 41 has temperature characteristics as shown in
FIG. 16, in which the resonance frequency increases as the
environmental temperature decreases, and the resonance fre-
quency decreases as the environmental temperature
increases. This is caused by a change in inductance (L) value
when the antenna wire material configuring the magnetic
field antenna portion 50 contracts or expands by the environ-
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mental temperature change. Moreover, the terminal capaci-
tance and the like of the RFID chip 51 also have a temperature
characteristic.

Accordingly, in the cellular telephone device 1 according
to the present invention, by configuring the reactance variable
portion 57 with any one of the first to tenth configurations,
adjustment is performed such that the resonance frequency
falls within a certain range (within specification) in relation to
temperature change in a predetermined range (for example,
from -20 degrees Celsius to +60 degrees Celsius), and the
fluctuation of the resonance frequency is adjusted, the fluc-
tuation arising from the temperature characteristic of the ter-
minal capacitance and the like of the RFID chip 51.

As shown in FIG. 17, the reactance variable portion 57 is
configured with the varicap diode 574, a first capacitor 574
(for example, a temperature compensating capacitor for =750
ppm/degrees Celsius) and a second capacitor 57i (for
example, a temperature compensating capacitor for =750
ppm/degrees Celsius), in which the varicap diode 574, the
first capacitor 57/ and the second capacitor 57i are each
connected in parallel to the magnetic field antenna portion 50.

The CPU 72 supplies a reverse bias voltage to the varicap
diode 57a. Capacitance of the varicap diode 57a varies in
response to a voltage value of the reverse bias voltage sup-
plied from the CPU 72. It should be noted that, as shown in
FIG. 11, the varicap diode 57a has a characteristic in which
capacitance between terminals varies at a predetermined rate
in relation to application of the reverse bias voltage.

For example, before factory shipment, confirmation is per-
formed regarding whether the resonance frequency of the
RFID portion 41 falls within a predetermined range due to
variations in the terminal capacitance of the RFID chip 51, the
magnetic field antenna portion 50 and the like, and a voltage
value supplied from the CPU 72 to the varicap diode 57a is
determined.

Moreover, after factory shipment, by applying a predeter-
mined reverse bias voltage (for example, +3 V), which has
been determined before factory shipment, to the varicap
diode 57a from the CPU 72, stable communication quality is
secured inthe RFID portion 41 without causing the resonance
frequency to fall out of specification due to variations in the
terminal capacitance of the RFID chip 51 and the like.

Furthermore, the first capacitor 57/, has a temperature-
reactance characteristic that is inverse to an amount in which
the inductance (L) value of the magnetic field antenna portion
50 fluctuates in relation to temperature change.

In addition, the second capacitor 57i has a temperature-
reactance characteristic that is inverse to an amount in which
the capacitance (C) value arising from the terminal capaci-
tance of the RI FD chip 51 and the like fluctuates in relation to
the temperature change. It should be noted that the varicap
diode 574 also has a temperature characteristic, which is
adjusted by the second capacitor 57i in the present embodi-
ment.

Therefore, for example, in a case in which the inductance
value change rate versus temperature change (for example,
from -20 degrees Celsius to +60 degrees Celsius) in the
magnetic field antenna portion 50 has a characteristic as
shown in FI1G. 18 (for example, relative to 20 degrees Celsius,
the inductance value change rate increases as the temperature
increases, and the inductance value change rate decreases as
the temperature decreases), the first capacitor 57/ is con-
nected in parallel to the magnetic field antenna portion 50, the
first capacitor 57/ having a characteristic in which the capaci-
tance change rate is inverse to the inductance value change
rate; that is, for example, relative to 20 degrees Celsius, the
capacitance change rate decreases as the temperature
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increases, and the capacitance change rate increases as the
temperature decreases (see FIG. 19).

Moreover, for example, in a case in which the C value
change rate in relation to terminal capacitance of the RFID
chip 51 or temperature change (for example, from -20
degrees Celsius to +60 degrees Celsius) in the varicap diode
57a has a characteristic as shown in FIG. 20 (for example,
relative to 20 degrees Celsius, the C value change rate
increases as the temperature increases, and the C value
change rate decreases as the temperature decreases), the sec-
ond capacitor 57i is connected in parallel to the varicap diode
57a and the like, the second capacitor 57; having a character-
istic in which the capacitance change rate is inverse to the C
value change rate; that is, for example, relative to 20 degrees
Celsius, the capacitance change rate decreases as the tem-
perature increases, and the capacitance change rate increases
as the temperature decreases (see FIG. 21).

With such a configuration, as shown in FIG. 22, the cellular
telephone device 1 according to the present invention as an
entire set can be configured such that the temperature char-
acteristics of the magnetic field antenna portion 50 and the
like are canceled, the variations in terminal capacitance of the
RFID chip 51 and the like are canceled, and the resonance
frequency does not fluctuate in relation to the temperature
change in a predetermined range (for example, from -20
degrees Celsius to +60 degrees Celsius).

Fifth Configuration

As shown in FIG. 23, the reactance variable portion 57 is
configured with the first adjustment portion 574, the second
adjustment portion 57g, the first capacitor 57/ (for example,
a temperature compensating capacitor for —750 ppm/degrees
Celsius), and the second capacitor 57i (for example, a tem-
perature compensating capacitor for =750 ppm/degrees Cel-
sius), each of which is connected in parallel to the magnetic
field antenna portion 50.

Behavior of the first adjustment portion 574 and the second
adjustment portion 57g is similar to those in the aforemen-
tioned second configuration, and behavior of the first capaci-
tor 57k and the second capacitor 57; is similar to those in the
aforementioned fourth configuration.

With such a configuration, in the cellular telephone device
1 according to the present invention, by configuring the reac-
tance variable portion 57 with the first adjustment portion
57d, the second adjustment portion 57g, the first capacitor
57h, and the second capacitor 57/, the entire set can be con-
figured such that the temperature characteristics of the mag-
netic field antenna portion 50 and the like are canceled, the
variations in the terminal capacitance of the RFID chip 51 and
the like are canceled, and the resonance frequency does not
fluctuate in relation to the temperature change in a predeter-
mined range (for example, from -20 degrees Celsius to +60
degrees Celsius).

It should be noted that, although the reactance variable
portion 57 is described as being configured to include two
sets, which are the first adjustment portion 574 and the second
adjustment portion 57g, it is not limited thereto, and it may be
configured with any one of the two sets, or may be configured
with more than two sets. Moreover, in a case in which it is
configured with more than two sets, many combinations of
the ON state and the OFF state can be achieved, thereby
making it possible to perform adjustment of the resonance
frequency more precisely.

Furthermore, although the switch is assumed be an FET in
the present embodiment, it is not particularly limited thereto,
and the switch may be configured in which an end of a
capacitor for adjustment can be short-circuited to GND when
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changed into the ON state, and the switch may be, for
example, a transistor, a mechanical SW or the like.
Sixth Configuration

As shown in FIG. 24, the reactance variable portion 57 is
configured by combining the aforementioned fourth configu-
ration and the fifth configuration, and is configured with the
varicap diode 57a, the first adjustment portion 574, the sec-
ond adjustment portion 57g, the first capacitor 57. (for
example, a temperature compensating capacitor for =750
ppm/degrees Celsius), and the second capacitor 57; (for
example, a temperature compensating capacitor for =750
ppm/degrees Celsius), in which the varicap diode 574, the
first capacitor 57/ and the second capacitor 57i are each
connected in parallel to the magnetic field antenna portion 50.

Behavior of the varicap diode 57a is similar to that in the
aforementioned first configuration, behavior of the first
adjustment portion 574 and the second adjustment portion
57¢ is similar to that in the aforementioned second configu-
ration, and behavior of the first capacitor 574 and the second
capacitor 57i is similar to that in the aforementioned fourth
configuration.

With such a configuration, in the cellular telephone device
1 according to the present invention, by configuring the reac-
tance variable portion 57 with the varicap diode 57a, the first
adjustment portion 574, the second adjustment portion 57g,
the first capacitor 57k, and the second capacitor 57i, the entire
set can be configured such that the temperature characteristics
of the magnetic field antenna portion 50 and the like are
canceled, the variations in the terminal capacitance of the
RFID chip 51 and the like are canceled, and the resonance
frequency does not fluctuate in relation to the temperature
change in a predetermined range (for example, from -20
degrees Celsius to +60 degrees Celsius).

It should be noted that, although the reactance variable
portion 57 is described as being configured to include two
sets, which are the first adjustment portion 574 and the second
adjustment portion 57g, it is not limited thereto, and it may be
configured with any one of the two sets, or may be configured
with more than two sets. Moreover, in a case in which it is
configured with more than two sets, many combinations of
the ON state and the OFF state can be achieved, thereby
making it possible to perform adjustment of the resonance
frequency more precisely.

Furthermore, although the switch is assumed to be an FET
in the present embodiment, it is not particularly limited
thereto, and a switch may be configured in which an end of a
capacitor for adjustment can be short-circuited to GND when
changed into the ON state, and the switch may be, for
example, a transistor, a mechanical SW or the like.

Seventh Configuration

The cellular telephone device 1 is configured as shown in
FIG. 25, in which the reactance variable portion 57 is config-
ured with the varicap diode 574, and in which a temperature
sensor 80 and a memory unit 81 are connected to the CPU 72.
Moreover, the varicap diode 574 is connected in parallel to the
magnetic field antenna portion 50.

The temperature sensor 80 detects environmental tempera-
ture, and transmits the detected temperature to the CPU 72.

The memory unit 81 stores a table for determining a volt-
age value of a reverse bias voltage to be applied to the varicap
diode 57a in response to the environmental temperature
change.

The CPU 72 refers to the table stored in the memory unit 81
based on a detected temperature transmitted from the tem-
perature sensor 80, determines a voltage value of a reverse
bias voltage to be applied to the varicap diode 57a, and
supplies the reverse bias voltage corresponding to the deter-
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mined voltage value to the varicap diode 57a. Capacitance of
the varicap diode 57a varies in response to a voltage value of
the reverse bias voltage supplied from the CPU 72. It should
be noted that, as shown in FIG. 11, the varicap diode 574 has
a characteristic in which capacitance between terminals var-
ies at a predetermined rate in relation to application of the
reverse bias voltage.

With such a configuration, environmental temperature for
actual use is detected by the temperature sensor 80 before
factory shipment, and the table stored in advance in the
memory unit 81 is referred to, thereby determining a reverse
bias voltage value to be supplied to the varicap diode 57a;
therefore, it is possible to adjust a movement amount of the
resonance frequency in a short time, and to perform adjust-
ment into a predetermined specification. Moreover, after fac-
tory shipment, a movement amount of the resonance fre-
quency accompanied by temperature change can be
adaptively adjusted in accordance with the user’s operating
conditions.

Eighth Configuration

The cellular telephone device 1 is configured as shown in
FIG. 26, in which the reactance variable portion 57 is config-
ured with the first adjustment portion 574 and the second
adjustment portion 57g, and in which the temperature sensor
80 and the memory unit 81 are connected to the CPU 72.
Moreover, the first adjustment portion 574 and the second
adjustment portion 57g are each connected in parallel to the
magnetic field antenna portion 50.

The temperature sensor 80 detects environmental tempera-
ture, and transmits the detected temperature to the CPU 72.

The memory unit 81 stores a table for determining how to
switch the ON state and the OFF state of the first FET switch
portion 57¢ and the second FET switch portion 57f in
response to the environmental temperature change. It should
be noted that the table is configured with four modes of the
first FET switch portion 57¢ and the second FET switch
portion 57, i.e. both of them are in the ON state, any one of
them is in the ON state, or both of them are in the OFF state,
in response to the environmental temperature change.

The CPU 72 refers to the table stored in the memory unit 81
based on the detected temperature transmitted from the tem-
perature sensor 80, determines which FET switch portion
should be turned into the ON state or the OFF state, and
supplies a certain voltage to the determined FET switch por-
tion.

Here, any one or both of the first FET switch portion 57¢
and the second FET switch portion 57fare set to the ON state
by the CPU 72, thereby activating the capacitor 575 and/or the
capacitor 57e, which are respectively serially connected to
the first FET switch portion 57¢ and the second FET switch
portion 57, and the capacitance (C) value changes, thereby
making it possible to adjust the resonance frequency.

It should be noted that a configuration may be employed in
which any one of the first FET switch portion 57¢ and the
second FET switch portion 57f is set to the ON state in
advance. In this case, when the resonance frequency falls out
of'specification (exceeds a predetermined frequency range X)
toward the high frequency side, one of the FET switch por-
tions is set to the ON state such that both of the FET switch
portions are in the ON state; and when the resonance fre-
quency falls out of specification toward the low frequency
side, another one of the FET switch portions is set to the OFF
state such that both of the FET switch portions are in the OFF
state. By setting in this way, the resonance frequency can fall
within the specification.

With such a configuration, the environmental temperature
for actual use is detected by the temperature sensor 80 before
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factory shipment, and the table stored in advance in the
memory unit 81 is referred to, thereby determining the ON
state and the OFF state of the first FET switch portion 57¢ and
the second FET switch portion 577, and supplying a voltage to
the FET switch portion determined to be in the ON state;
therefore, it is possible to adjust a movement amount of the
resonance frequency in a short time, and to perform adjust-
ment to a predetermined specification. Moreover, after fac-
tory shipment, a movement amount of the resonance fre-
quency accompanied by temperature change can be
adaptively adjusted in accordance with the user’s operating
conditions.

It should be noted that, although the reactance variable
portion 57 is described as being configured to include two
sets, which are the first adjustment portion 574 and the second
adjustment portion 57g, it is not limited thereto, and it may be
configured with any one of the two sets, or may be configured
with more than two sets. Moreover, in a case in which it is
configured with more than two sets, many combinations of
the ON state and the OFF state can be achieved, thereby
making it possible to perform adjustment of the resonance
frequency more precisely.

Furthermore, although the switch is assumed to be an FET
in the present embodiment, it is not particularly limited
thereto, and a switch may be configured in which an end of a
capacitor for adjustment can be short-circuited to GND when
changed into the ON state, and the switch may be, for
example, a transistor, a mechanical SW or the like.

Ninth Configuration

As shown in FIG. 27, the cellular telephone device 1 is
configured by combining the aforementioned seventh con-
figuration and the eighth configuration, in which the reac-
tance variable portion 57 is configured with the varicap diode
57a, the first adjustment portion 574, and the second adjust-
ment portion 57g, and in which the temperature sensor 80 and
the memory unit 81 are connected to the CPU 72. Moreover,
the varicap diode 574, the first adjustment portion 574, and
the second adjustment portion 57g are each connected in
parallel to the magnetic field antenna portion 50.

Behavior of the varicap diode 57a is similar to that in the
aforementioned seventh configuration, behavior of the first
adjustment portion 574 and the second adjustment portion
57¢ is similar to that in the aforementioned eighth configu-
ration, and behavior of the CPU 72 is similar to that in the
aforementioned seventh configuration and the eighth con-
figuration.

The temperature sensor 80 detects environmental tempera-
ture, and transmits the detected temperature to the CPU 72.

The memory unit 81 stores: a first table for determining a
voltage value of a reverse bias voltage to be applied to the
varicap diode 57a in response to the environmental tempera-
ture change; and a second table for determining how to switch
the ON state and the OFF state of the first FET switch portion
57¢ and the second FET switch portion 57f1in response to the
environmental temperature change.

According to the present configuration, in a case in which
the resolution of the control voltage by the varicap diode 57a
is low, and thus the resonance frequency moves to the oppo-
site side of the specification X in an adjustable range Y
depending on adjustment of the varicap diode 57a (for
example, in a case in which the resonance frequency falls out
of specification toward the high frequency side, and when a
certain reverse bias voltage is applied to the varicap diode
57a, the resonance frequency falls out of specification toward
the low frequency side to the contrary), the adjustable range Y
for the varicap diode 574 is set to be narrow to an extent that
the resonance frequency does not move to the opposite side of





US 8,537,055 B2

19

the specification X in the adjustable range Y, and is made
smaller than the overall variation.

In a case in which the resonance frequency falls out of the
adjustable rangeY ofthe varicap diode 574, the CPU 72 refers
to the second table stored in the memory unit 81 based on the
environmental temperature detected by the temperature sen-
sor 80, changes the states of the first FET switch portion 57¢
and the second FET switch portion 57/, and performs rough
adjustment such that the resonance frequency moves to the
adjustable range Y of the varicap diode 57a; and subse-
quently, the CPU 72 refers to the first table stored in the
memory unit 81 based on the environmental temperature,
supplies a predetermined voltage to the varicap diode 574,
and performs fine adjustment such that the central position of
the resonance frequency moves to a predetermined position in
the specification X (see FIG. 15).

Inthis way, the present invention makes it possible to adjust
a movement amount of the resonance frequency in a short
time, and to perform adjustment to a predetermined specifi-
cation X. Moreover, after factory shipment, a movement
amount of the resonance frequency accompanied by tempera-
ture change can be adaptively adjusted in accordance with the
user’s operating conditions. Furthermore, the present inven-
tion is effective in a case in which the distribution of the
resonance frequency is larger than the specification X.

It should be noted that, although the reactance variable
portion 57 is described as being configured to include two
sets, which are the first adjustment portion 574 and the second
adjustment portion 57g, it is not limited thereto, and it may be
configured with any one of the two sets, or may be configured
with more than two sets. Moreover, in a case in which it is
configured with more than two sets, many combinations of
the ON state and the OFF state can be achieved, thereby
making it possible to perform adjustment of the resonance
frequency more precisely.

Furthermore, although the switch is assumed be an FET in
the present embodiment, it is not particularly limited thereto,
and a configuration may be configured in which an end of a
capacitor for adjustment can be short-circuited to GND when
changed into the ON state, and the switch may be, for
example, a transistor, a mechanical SW or the like.

Tenth Configuration

Here, as described above, in the second configuration, the
third configuration, the fifth configuration, the sixth configu-
ration, the eighth configuration and the ninth configuration,
the reactance variable portion 57 is configured to include the
FET switch portions, and the method for adjusting the reso-
nance frequency of the RFID portion 41 by switching the
states of the FET switch portions has been presented.

Incidentally, in general, since the amplitude level of the
voltage value applied to the RFID portion 41 is greater than
that used in the other configuration portions in the cellular
telephone device 1, the parasitic drain-source diode of the
FET may be rectified, and the quality of waveforms may be
deteriorated in some cases. In addition, particularly in a case
in which a large signal is input when the FET is in the OFF
state, a high voltage may be applied to the drain terminal side
of the FET, and the input signal may be distorted in some
cases (see FIG. 28). As shown in FIG. 28, the upper end
portion (“a”in FIG. 28) and the lower end portion (“b” in FIG.
28) of the signal waveforms are distorted.

Accordingly, in the cellular telephone device 1, in a case in
which the reactance variable portion 57 is configured to
include an FET switch portion 100 as shown in FIG. 29, by
adjusting capacitance of the capacitor 101 for adjustment and
by configuring the drain terminal of the FET to be biased by
a predetermined voltage, the voltage that is input to the drain
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of the FET can be optimized, and rectifying of the parasitic
diode can be avoided. By such a configuration, the upper end
portion and the lower end portion of the input signal are not
distorted as shown in FIG. 30. It should be noted that the
reference numeral 102 in FIG. 29 schematically denotes the
parasitic diode of the FET. Moreover, half of the amplitude
falls within Z that is between Vbias and V{.

Furthermore, in a case in which the FET is in the OFF state,
the circuit diagram shown in FIG. 29 can be equivalently
represented as a circuit diagram shown in FIG. 31. Here,
when it is assumed that the capacitance of the capacitor 101
for adjustment is C1, the capacitance when the FET is in the
OFF state (hereinafter referred to as OFF capacitance 103) is
C2, and the input voltage of the magnetic field antenna por-
tion 50 is Vin, a voltage Vd applied to the drain terminal of the
FET is calculated by the following expression (2).

Vd=(C2/(C1*C2/(C1+C2)))*Vin @)

Moreover, when it is assumed that a bias voltage applied to
the drain terminal of the FET is Vbias, and a voltage when the
parasitic diode starts to be rectified is V1, the voltage Vd
applied to the drain terminal of the FET needs to be at least
((Vbias-V1)*2)Vp-p when the input voltage Vin of the mag-
netic field antenna portion 50 is a maximum (see FIG. 30).

Furthermore, the CPU 72 supplies a certain voltage to the
FET switch portion 100, thereby switching the OFF state to
the ON state thereof. In a case in which the FET switch
portion 100 is in the ON state, the capacitance is only capaci-
tance of the capacitor 101 for adjustment that is serially
connected to the FET switch portion 100. Moreover, in a case
in which the FET switch portion 100 is in the OFF state, the
capacitance is the total capacitance of the OFF capacitance
103 of the FET and the capacitor 101 for adjustment.

Furthermore, in the present invention, for example, before
factory shipment, confirmation is performed regarding
whether the resonance frequency of the RFID portion 41 falls
within a predetermined frequency range due to variations in
the terminal capacitance of the RFID chip 51, the magnetic
field antenna portion 50 and the like, and a state of the FET
switch portion 100 is set (to the ON state or the OFF state),
thereby securing a stable communication quality without the
resonance frequency falling out of specification.

In addition, in a case in which the variable step number and
the variable step size when adjusting the resonance frequency
are desired to be changed, the capacitance value of the capaci-
tor for adjustment is appropriately changed, or the adjustment
portion that is configured with the capacitor 101 for adjust-
ment and the FET switch portion 100 is configured to have a
plurality of steps, in accordance with a desired variable step
number or a variable step size.

For example, as shown in FIG. 32, in a case in which the
cellular telephone device 1 is configured with a portion (the
first adjustment portion 57d) in which the first FET switch
portion 57¢ is serially connected to the capacitor 576 for
adjustment and a portion (the second adjustment portion 57g)
in which the second FET switch portion 57f'is serially con-
nected to the capacitor 57e for adjustment, the drain terminal
of the first FET switch portion 57¢ is biased by a predeter-
mined voltage, and the drain terminal of the second FET
switch portion 57f1s biased by a predetermined voltage, then
total capacitance varies depending on the states of the first
FET switch portion 57¢ and the second FET switch portion
57

More specifically, in a case in which both of the first FET
switch portion 57¢ and the second FET switch portion 57fare
in the OFF state, the capacitance is the total capacitance of the
OFF capacitance of the first FET switch portion 57¢, the OFF
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capacitance of the second FET switch portion 57/, the capaci-
tance of the capacitor 5756 for adjustment, and the capacitance
of the capacitor 57¢ for adjustment. Moreover, in a case in
which only the second FET switch portion 57f'is in the ON
state, the capacitance is the total capacitance of the OFF
capacitance of the first FET switch portion, the capacitance of
the capacitor 575 for adjustment, and the capacitance of the
capacitor 57e for adjustment. Furthermore, in a case in which
only the first FET switch portion 57¢ is in the ON state, the
capacitance is the total capacitance of the OFF capacitance of
the second FET switch portion, the capacitance of the capaci-
tor 575 for adjustment, and the capacitance of the capacitor
57e¢ for adjustment. In addition, in a case in which both of the
FET switch portions are in the ON state, the capacitance is
total capacitance of the capacitance of the capacitor 575 for
adjustment and the capacitance of the capacitor 57¢ for
adjustment.

In this way, according to the present invention, the capaci-
tance value can be adjusted without rectifying the parasitic
drain-source diode of the FET, and the quality of waveforms
of the input signal is not affected either.

Moreover, according to the present invention, as shown in
the aforementioned first to tenth configurations, since the
temperature compensation is performed by connecting the
reactance variable portion 57 that can change the resonance
frequency of the magnetic field antenna portion 50 in parallel,
it is not necessary to perform the temperature compensation
in the magnetic field antenna portion 50 that is the antenna
assembly side, and the design flexibility in the antenna assem-
bly side can be enhanced. Furthermore, since the antenna
assembly side does not require a design change for tempera-
ture compensation, the versatility can be enhanced, and a cost
reduction can be achieved.

THIRD EMBODIMENT

A description is provided hereinafter regarding the third
embodiment of the present invention. Here, the cellular tele-
phone device 1 according to the third embodiment is similar
in configuration to the cellular telephone device 1 according
to the first and second embodiments except for the inductance
portion 58 for adjustment in the RFID portion 41. A descrip-
tion is provided hereinafter regarding the cellular telephone
device 1 according to the third embodiment mainly in terms
of differences from the cellular telephone device 1 according
to the first and second embodiments, and other descriptions
are omitted.

FIG. 33 is a functional block diagram showing features of
the cellular telephone device 1. As shown in FIG. 33, the
cellular telephone device 1 includes: the RFID portion 41 that
is the first communication unit 60; the second communication
unit 61 that communicates with external terminals; and the
processing unit 62 that processes information communicated
by the second communication unit 61.

As described above, the RFID portion 41 includes: the
magnetic field antenna portion 50 that communicates with
external devices by way of the first usable frequency band (for
example, 13.56 MHz); the RFID chip 51; the capacitor 52;
and the inductance portion 58 for adjustment.

It should be noted that the behavior and the features of the
magnetic field antenna portion 50, the RFID chip 51, the
power circuit 53, the RF circuit 54, the CPU 55, the memory
56, the processing unit 62, the main antenna 70, and the
communication processing unit 71 are similar to those in the
aforementioned first and second embodiments.

Next, a description is provided regarding characteristics of
the RFID portion 41.
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An extraordinarily strict frequency characteristic is
required for the antenna performance of the RFID portion 41,
and it is necessary to configure the resonance frequency (for
example, 13.56 MHz) to fall within a certain frequency range
(for example, +/-100 kHz) under a general operating envi-
ronment. It should be noted that, in addition to the aforemen-
tioned resonance frequency, there are various resonance fre-
quencies such as 13.1725 MHz+/-200kHz or 13.61 MHz+/-
75kHzbecause of reasons such as consideration of influences
from the configuration of terminal hardware and the like.

Moreover, the resonance frequency Fc of the RFID portion
41 is determined according to the expression (1) by a capaci-
tance (C) value of the capacitor 52 and a total inductance (L)
value of the magnetic field antenna portion 50 and the induc-
tance portion 58 to be described later.

Fe=1/(2m/(L*C)) (1)

Here, as for the RFID portion 41, when the resonance
frequency fluctuates due to variations in the inductance value
of the magnetic field antenna portion 50, the capacitance
value of the capacitor 52 and the inductance value of the
inductance portion 58, the terminal capacitance of the RFID
chip 51 and the like, and the variations are great, then the
resonance frequency may fall out of specification (the certain
frequency range) required for performing stable communica-
tions in some cases.

Accordingly, in the cellular telephone device 1 according
to the present invention, the resonance frequency is adjusted
to fall within a certain required range (within the specifica-
tion) by the following configuration.

As shown in FIG. 34, the inductance portion 58 is serially
connected to another end side of the magnetic field antenna
portion 50, and includes a first coil S8 A for adjustment and a
first switch portion 58B.

The first switch portion 58B is configured with, for
example, an FET (Field Effect Transistor), and is connected
to one end side of the first coil 58 A, the side being the another
end of the magnetic field antenna portion 50, and switches
grounding or ungrounding of the magnetic field antenna por-
tion 50 in accordance with control by the CPU 72.

According to the present invention, for example, before
factory shipment, the antenna performance of the RFID por-
tion 41 is confirmed, and the first switch portion 58B is
switched to the ON state or the OFF state by the CPU 72,
thereby making it possible to easily adjust the resonance
frequency.

Here, behavior of the CPU 72 is described hereinafter.

In a case in which the resonance frequency is adjusted by
the first coil 58A, the CPU 72 switches the first switch portion
58B to the OFF state such that the magnetic field antenna
portion 50 is ungrounded. In this way, by switching the first
switch portion 58B to the OFF state, the magnetic field
antenna portion 50 and the first coil 58A are electrically
connected (conductive).

Moreover, in a case in which the resonance frequency is not
adjusted by the first coil 58A, the CPU 72 switches the first
switch portion 58B to the ON state such that the magnetic
field antenna portion 50 is grounded. In this way, by switching
the first switch portion 58B to the ON state, the magnetic field
antenna portion 50 is grounded.

Accordingly, in the RFID portion 41, in a case in which the
first switch portion 58B is switched to the OFF state, an
electric current flows to the first coil 58A, and the resonance
frequency is changed in accordance with the inductance of the
first coil 58 A. Moreover, in the RFID portion 41, in a case in
which the first switch portion 58B is switched to the ON state,
an electric current does not flow to the first coil 58A, and the
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inductance of the first coil 58A does not contribute to the
resonance frequency. Incidentally, inherent ON resistance
actually exists in the first switch portion 58B in the ON state.
Therefore, in a case in which the first switch portion 58B is in
the ON state, and the impedance of the first coil 58A is small,
an electric current flows in proportion to the impedance of the
first coil 58 A and the first switch portion 58B, even though the
magnetic field antenna portion 50 is grounded. Therefore,
according to the ON state or the OFF state of the first switch
portion 58B, the inductance may fluctuate, and the resonance
frequency may be changed in some cases.

Here, if the impedance of the first coil 58A is sufficiently
greater than the ON resistance of the first switch portion 58B
in the ON state, it is possible to substantially prevent an
electric current from flowing to the first coil S8A when the
first switch portion 58B is in the ON state, and the ON resis-
tance of the first switch portion 58B can be ignored.

Here, when it is assumed that a voltage that is input to the
RFID portion 41 is V1, inductance of the magnetic field
antenna portion 50 is L1, and inductance of the first coil 58A
is 1.2, a voltage V2 applied to the drain terminal of the first
switch portion 58B is (L1/(L1+L.2))*V1.

According to the present invention, the voltage applied to
the first switch portion 58B can be set lower than thatin a case
of'a method of dividing a voltage by a capacitor provided to
each adjustment step and by OFF state capacitance of a switch
portion. Accordingly, the parasitic drain-source diode of the
first switch portion 58B can also be adjusted without being
rectified, and the waveform quality of input signals is not
affected either. Moreover, problems such as a case in which
the variable amount is limited by the OFF state capacitance of
the first switch portion 58B do not arise either.

In addition, the cellular telephone device 1 may have a
temperature sensor and a memory unit, although they are not
illustrated. The temperature sensor detects environmental
temperature, and transmits the detected temperature to the
CPU 72. Furthermore, the memory unit stores a table for
switching the ON state and the OFF state of the first switch
portion 58B in response to the environmental temperature
change.

The CPU 72 refers to the table stored in the memory unit
based on the detected temperature transmitted from the tem-
perature sensor, determines the ON state or the OFF state of
the first switch portion 58B, and applies a predetermined
voltage to the first switch portion 58B. The first switch portion
58B switches between the ON state and the OFF state depend-
ing on a voltage value applied by the CPU 72.

With such a configuration, the first switch portion 58B can
be switched depending on the user’s environment of the cel-
Iular telephone device 1 after factory shipment, and the reso-
nance frequency can be adaptively adjusted.

In addition, as for the RFID portion 41, in a case in which
the resonance frequency is adjusted, since the voltage applied
to the first switch portion 58B (the voltage applied to the first
coil 58A) is low, the amount of change of the inductance may
be reduced and the resonance frequency may be reduced
depending on the inductance of the first coil 58A, between a
case in which the first coil 58A is put into an inactive state by
switching the first switch portion 58B to the ON state, and a
case in which the first coil 58A is put into an active state by
switching the first switch portion 58B to the OFF state.

In such a case, a configuration is employed in which a
second switch portion 58C is connected to the output side of
the first coil 58 A, and the second switch portion 58C switches
the grounding or ungrounding of the first coil 58A (FIG. 35).

Here, specific behavior of the CPU 72 is described herein-
after.
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In a case in which the resonance frequency is adjusted by
the first coil 58A, the CPU 72 switches the first switch portion
58B to the OFF state, and switches the second switch portion
58C to the ON state, such that the magnetic field antenna
portion 50 is ungrounded. In this way, by switching the first
switch portion 58B to the OFF state, the magnetic field
antenna portion 50 and the first coil 58A are electrically
connected (conductive).

Moreover, in a case in which the resonance frequency is not
adjusted by the first coil 58A, the CPU 72 switches the first
switch portion 58B to the ON state, and switches the second
switch portion 58C to the OFF state, such that the magnetic
field antenna portion 50 is grounded. In this way, by switching
the first switch portion 58B to the ON state, the magnetic field
antenna portion 50 is grounded.

With such a configuration, the amount of change of the
inductance can be significantly changed and the amount of
change of the resonance frequency can be significantly
changed, between a case in which the first coil 58A is put into
the inactive state by switching the first switch portion 58B to
the ON state, and a case in which the first coil 58A is put into
the active state by switching the first switch portion 58B to the
OFF state. It should be noted that the inductance of the mag-
netic field antenna portion 50 is, for example, 1.4 pH, and the
inductance of'the first coil 58 A is, for example, several tens of
nH. Furthermore, even ina case in which the impedance of the
first coil 58A is small, and the ON state resistance of the first
switch portion 58B is to an extent that cannot be ignored as
compared to the impedance of the first coil 58 A, the first coil
58A can be electrically disconnected from the magnetic field
antenna portion 50 securely, and therefore ideal adjustment
can be performed.

OTHER EMBODIMENTS

In addition, in a case in which the resonance frequency is
adjusted through multiple stages, a cellular telephone device
1 is configured in which n coil(s) for adjustment (n is a natural
number of at least 1) are connected to a subsequent stage of
the first coil 58A, and n switch portion(s) (n is a natural
number of at least 1) for switching grounding or ungrounding
of each coil are provided thereto.

By controlling the ON state and the OFF state of each
switch portion, the CPU 72 changes the number of coils
electrically connected (conductive) to the magnetic field
antenna portion 50, and changes the total inductance. More-
over, the CPU 72 switches each switch portion to the OFF
state and changes the connected coils to be active by applying
a first voltage to each switch portion, or changes the con-
nected coils to be inactive by applying a second voltage to
each switch portion.

With such a configuration, for example, before factory
shipment, the antenna performance of the RFID portion 41 is
confirmed, and the state of each switch portion is controlled
by the CPU 72, thereby making it possible to precisely deter-
mine total inductance, and to perform precise adjustment
such that the resonance frequency falls within the specifica-
tion.

For example, a configuration example in a case in which a
second coil 58D is connected to the subsequent stage of the
first coil 58A is described hereinafter.

As shown in FIG. 36, the inductance portion 58 includes
the first coil 58 A for adjustment, the first switch portion 58B,
the second switch portion 58C, and the second coil 58D for
adjustment.

Here, behavior of the CPU 72 is described hereinafter.
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In a case in which the resonance frequency is adjusted only
by the first coil 58A, the CPU 72 switches the first switch
portion 58B to the OFF state, and switches the second switch
portion 58C to the ON state, such that the magnetic field
antenna portion 50 is ungrounded. In this way, by switching
the first switch portion 58B to the OFF state and the second
switch portion 58C to the ON state, the magnetic field antenna
portion 50 and the first coil 58A are electrically connected
(conductive), while the first coil 58A is grounded. Accord-
ingly, in the RFID portion 41, the resonance frequency is
determined by the total inductance of the magnetic field
antenna portion 50 and the first coil 58A, and the capacitance
of'the capacitor 52. Incidentally, inherent ON resistance actu-
ally exists in the first switch portion 58B and the second
switch portion 58C in the ON state. Therefore, in a case in
which the first switch portion 58B and the second switch
portion 58C are in the ON state, and the impedance of the first
coil 58A and the second coil 58D is small, an electric current
flows in proportion to the impedance of the first coil 58 A and
the first switch portion 58B, or the impedance of the first coil
58A, the first switch portion 58B, and the second switch
portion 58C, even though the magnetic field antenna portion
50 is grounded. Therefore, according to the ON state or the
OFF state of the first switch portion 58B and the second
switch portion 58C, the inductance may fluctuate, and the
resonance frequency may be changed in some cases.

Here, if the impedance of the first coil 58A and the second
coil 58D is sufficiently greater than the ON resistance of the
first switch portion 58B and the second switch portion 58C in
the ON state, it is possible to substantially prevent an electric
current from flowing to the first coil 58 A and the second coil
58D when the first switch portion 58B and the second switch
portion 58C are in the ON state, and the ON resistance of the
first switch portion 58B and the second switch portion 58C
can be ignored.

In a case in which the resonance frequency is adjusted by
the first coil 58A and the second coil 58D, the CPU 72
switches the first switch portion 58B and the second switch
portion to the OFF state such that the magnetic field antenna
portion 50 is ungrounded. In this way, by switching the first
switch portion 58B and the second switch portion 58C to the
OFF state, the magnetic field antenna portion 50, the first coil
58 A and the second coil 58D are electrically connected (con-
ductive). Accordingly, in the RFID portion 41, the resonance
frequency is determined by the total inductance of the mag-
netic field antenna portion 50, the first coil 58A and the
second coil 58D, as well as the capacitance of the capacitor
52.

Moreover, in a case in which the resonance frequency is not
adjusted by the first coil 58A and the second coil 58D, the
CPU 72 switches the first switch portion 58B to the ON state
such that the magnetic field antenna portion 50 is grounded.
In this way, by switching the first switch portion 58B to the
ON state, the magnetic field antenna portion 50 is grounded.
Accordingly, in the RFID portion 41, the resonance frequency
is determined by the inductance of the magnetic field antenna
portion 50 and the capacitance of the capacitor 52.

In addition, as for the RFID portion 41, in a case in which
the resonance frequency is adjusted, since the voltage applied
to the first switch portion 58B and the second switch portion
58C (the voltage applied to the first coil 58A) is low, the
amount of change in the total inductance may be reduced and
the resonance frequency may be reduced depending on the
inductance of the first coil 38A and the second coil 58D,
among a case in which the first coil 58A and the second coil
58D are putinto the inactive state by switching the first switch
portion 58B to the ON state, a case in which the first coil 58A
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is put into the active state by switching the first switch portion
58B to the OFF state and the second switch portion 58C into
the ON state, and a case in which the first coil 58A and the
second coil 58D are put into the active state by switching the
first switch portion 58B and the second switch portion 58C to
the OFF state.

In such a case, a configuration is employed in which a third
switch portion 58E is connected to the output side of the
second coil 58D, and the third switch portion 58E switches
the grounding or ungrounding of the second coil 58D (FIG.
37).

Here, specific behavior of the CPU 72 is described herein-
after.

In a case in which the resonance frequency is adjusted only
by the first coil 53A, the CPU 72 switches the first switch
portion 58B to the OFF state, switches the second switch
portion 58C to the ON state, and switches the third switch
portion 58E to the OFF state, such that the magnetic field
antenna portion 50 is ungrounded. In this way, by switching
the first switch portion 58B to the OFF state, the second
switch portion 58C to the ON state, and the third switch
portion 58E to the OFF state, the magnetic field antenna
portion 50 and the first coil 58A are electrically connected
(conductive), while the first coil 58A is grounded. Accord-
ingly, in the RFID portion 41, the resonance frequency is
determined by the total inductance of the magnetic field
antenna portion 50 and the first coil 58A, and the capacitance
of the capacitor 52.

In a case in which the resonance frequency is adjusted by
the first coil 58A and the second coil 58D, the CPU 72
switches the first switch portion 58B and the second switch
portion 58C to the OFF state, and the third switch portion 58E
to the ON state, such that the magnetic field antenna portion
50 is ungrounded. In this way, by switching the first switch
portion 58B and the second switch portion 58C to the OFF
state, and the third switch portion 58E to the ON state, the
magnetic field antenna portion 50, the first coil 58A and the
second coil 58D are electrically connected (conductive).
Accordingly, inthe RFID portion 41, the resonance frequency
is determined by the total inductance of the magnetic field
antenna portion 50, the first coil 58 A and the second coil 58D,
as well as the capacitance of the capacitor 52.

Moreover, in a case in which the resonance frequency is not
adjusted by the first coil 58A and the second coil 58D, the
CPU 72 switches the first switch portion 58B to the ON state,
and switches the second switch portion 58C and the third
switch portion 58E to the OFF state, such that the magnetic
field antenna portion 50 is grounded. In this way, by switching
the first switch portion 58B to the ON state, and by switching
the second switch portion 58C and the third switch portion
58E to the OFF state, the magnetic field antenna portion 50
and the first coil 58A are electrically disconnected. Accord-
ingly, in the RFID portion 41, the resonance frequency is
determined by the inductance of the magnetic field antenna
portion 50 and the capacitance of the capacitor 52.

With such a configuration, the amount of change in the
inductance can be significantly changed and the amount of
change in the resonance frequency can be significantly
changed, among a case in which the first coil 58A and the
second coil 58D are put into the inactive state by switching the
first switch portion 58B to the ON state and by switching the
second switch portion 58C and the third switch portion 58E to
the OFF state, a case in which the first coil 58A is put into the
active state and the second coil 58D is put into the inactive
state by switching the first switch portion 58B and the third
switch portion 58E to the OFF state and by switching the
second switch portion 58C to the ON state, and a case in
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which the first coil 58A and the second coil 58D are put into
the active state by switching the first switch portion 58B and
the second switch portion 58C to the OFF state and by switch-
ing the third switch portion 58E to the ON state.

In this way, according to the present invention, the number
of coils for adjustment, which are electrically connected to
the magnetic field antenna portion 50, is changed by the
switching portions, thereby changing the inductance, and
making it possible to adjust the resonance frequency; and in a
case in which the voltage applied to one coil is low, and the
variable width is small, a satisfactory variable width can be
obtained by providing switch portions to both ends (input end
side and output end side) of the coils for adjustment. More-
over, since the resonance frequency can be made to fall within
the specification before and/or after factory shipment, the
individual difference (variation) can be absorbed, the yield
can be improved, and the manufacturing cost can be reduced.

Furthermore, according to the present invention, it is pos-
sible to suppress the voltage applied to the switch portions to
be low, as compared to a method of adjusting the resonance
frequency by capacitors and switches. Accordingly, it is also
possible to adjust the parasitic diodes without rectifying
them, and the waveform quality of the input signal becomes
satisfactory. In addition, there is no case in which the variable
amount is limited by the OFF state capacitance of the switch
portions.

Moreover, since the frequency received by the magnetic
field antenna portion 50 is low, a coil for adjustment having
high impedance cannot be utilized due to its characteristic.
Therefore, even if a coil is electrically disconnected by
switching the switch portion to the ON state, the resistance
value of the switch portion in the ON state approximates the
resistance value of the coil for adjustment, a result of which
the electric current that is output from the magnetic field
antenna portion 50 may flow into both of the switch portion
and the coil, and the coil for adjustment may not be electri-
cally disconnected in some cases.

When such a case is assumed, as shown in FIGS. 35 and 37,
it is more preferable to configure n+1 switch portions for n
coils for adjustment, thereby making it possible to electrically
disconnect the coils for adjustment securely. Therefore,
according to the present invention, since the coils for adjust-
ment can be used in accordance with theoretical values, the
coils for adjustment can be effectively utilized, and the adjust-
able range can be flexible. In addition, it is also possible to
reduce the possibility for waveform distortion to arise in the
magnetic field antenna portion 50.

It should be noted that, although the switch portion is
described as being configured with an FET in the present
embodiment, the switch portion may be configured to enable
the switching of grounding/ungrounding of the coils for
adjustment, and the switch portion may be, for example, a
mechanical switch or the like.

The invention claimed is:

1. A portable electronic device, comprising:

a first function unit that is capable of executing a predeter-

mined function with electric power being supplied from
a battery; and

a second function unit involving magnetic field communi-

cations,

wherein the second function unit includes:

an antenna coil that is capable of transmitting and receiving

wireless signals by a magnetic field; and

a reactance adjustment portion that is capable of adjusting

a resonance frequency of the antenna coil,

wherein the reactance adjustment portion includes: a reac-

tance element, an end of which is connected to the
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antenna coil, the reactance element generating a prede-
termined resonance frequency; and a temperature-reac-
tance characteristic that is inverse to an inductance char-
acteristic of the antenna coil fluctuating in relation to
temperature change.

2. The portable electronic device according to claim 1,

wherein the first function unit includes a first control unit

that is capable of executing the predetermined function,
and

wherein the second function unit includes a second control

unit that is capable of obtaining data from wireless sig-
nals received by the antenna coil, and transmitting the
data to the first control unit.

3. The portable electronic device according to claim 1,
wherein a frequency of the wireless signals transmitted and
received by the antenna coil is 13.56 MHz.

4. The portable electronic device according to claim 1,
wherein the reactance element has a temperature-reactance
characteristic that is inverse to the inductance characteristic
of'the antenna coil within a predetermined temperature range.

5. The portable electronic device according to claim 1,

wherein the antenna coil includes an antenna assembly

together with another electronic component,

wherein the second function unit has a first control unit for

obtaining data to be received by the antenna assembly,
and

wherein the reactance adjustment portion is disposed

between the antenna assembly and the first control unit,
and changes the resonance frequency of the antenna coil
by changing a reactance value.

6. The portable electronic device according to claim 5,
wherein the reactance adjustment portion is a varicap diode.
7. The portable electronic device according to claim 5,
wherein the first function unit includes a second control

unit that is capable of executing the predetermined func-
tion, and

wherein the first control unit obtains data from a received

wave received by the antenna coil, and transmits the data
thus obtained to the second control unit.

8. The portable electronic device according to claim 7,

wherein the reactance adjustment portion includes a reac-

tance element and a switching element that is capable of
switching of the reactance element between active and
inactive, and

wherein the switching element is controlled by the second

control unit.
9. The portable electronic device according to claim 7,
wherein the switching element is an FET (Field Effect Tran-
sistor), to which a bias voltage is applied so that a parasitic
diode included in the FET is not rectified.
10. The portable electronic device according to claim 7,
wherein the reactance adjustment portion includes a plu-
rality of pairs each configured with a reactance element
and a switching element that is capable of switching of
the reactance element between active and inactive, and

wherein the second control unit changes the reactance
value by switching each of the plurality of switching
elements.

11. The portable electronic device according to claim 7,

further comprising a temperature detecting element,

wherein the second control unit controls such that the reac-
tance value of the reactance adjustment portion is
changed in response to a detected result of the tempera-
ture detecting element.

12. The portable electronic device according to claim 5,
wherein a frequency of the wireless signals transmitted and
received by the antenna coil is 13.56 MHz.
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13. A magnetic field antenna circuit, which is incorporated
into a portable electronic device including a first function unit
that is capable of executing a predetermined function with
electric power being supplied from a battery, and which con-
stitutes a part of a second function unit involving magnetic
field communications, the magnetic field antenna circuit
comprising:

an antenna coil that is capable of transmitting and receiving

wireless signals by a magnetic field; and

a reactance element, an end of which is connected to the

antenna coil, the reactance element generating a prede-
termined resonance frequency,

wherein the reactance element has a temperature-reactance

characteristic that is inverse to the inductance character-
istic of the antenna coil fluctuating in relation to tem-
perature change.

14. A magnetic field antenna circuit, which is incorporated
into a portable electronic device including a first function unit
that is capable of executing a predetermined function with
electric power being supplied from a battery, and which con-
stitutes a part of a second function unit involving magnetic
field communications, the magnetic field antenna circuit
comprising:

an antenna coil that is capable of transmitting and receiving

wireless signals by a magnetic field; and

a reactance adjustment portion, an end of which is con-

nected to the antenna coil, the reactance adjustment por-
tion generating a resonance frequency,

wherein the reactance adjustment portion is capable of

changing a reactance value and

wherein the reactance adjustment portion includes: a reac-

tance element, an end of which is connected to the
antenna coil, the reactance element generating a prede-
termined resonance frequency; and a temperature-reac-
tance characteristic that is inverse to an inductance char-
acteristic of the antenna coil fluctuating in relation to
temperature change.

15. A portable electronic device, comprising:

an antenna that is capable of receiving wireless signals

from a magnetic field;
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a capacitor connected in parallel to one end side of the
antenna;

a first inductance portion serially connected to another end
side of the antenna;

a first switch portion, which is connected to one end side of
the first inductance portion, the side being the another
end side of the antenna, and which switches grounding
or ungrounding of the antenna;

a second switch portion, which is connected to a side
opposite to the antenna of the first inductance portion,
and which switches grounding or ungrounding of the
first inductance portion; and

a control unit for controlling switching operation of the
first switch portion and the second switch portion,

wherein the control unit switches the first switch portion
such that the antenna is ungrounded, and switches the
second switch portion such that the first inductance por-
tion is grounded, thereby electrically connecting the
antenna and the first inductance portion; and the control
unit switches the first switch portion such that the
antenna is grounded, and switches the second switch
portion such that the first inductance portion is
ungrounded, thereby electrically disconnecting the
antenna and the first inductance portion.

16. The portable electronic device according to claim 15,

comprising:

a second inductance portion serially connected to another
end side of the first inductance portion; and

a third switch portion, which is connected to the second
inductance portion, and which switches grounding or
ungrounding of the second inductance portion,

wherein the second inductance portion includes n induc-
tance elements (n is a natural number of at least 1),

wherein the third switch portion includes n switch portions,
and

wherein the control unit controls switching operation of
each switch portion configuring the third switch portion.

#* #* #* #* #*
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ond antenna element by feeding the same or corresponding
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MOBILE TERMINAL WITH TWO ANTENNAS
FOR REDUCING THE RF RADIATION
EXPOSURE OF THE USER

CROSS REFERENCES TO RELATED
APPLICATIONS

This present application is a continuation of U.S. applica-
tion Ser. No. 12/306,555 filed Dec. 24, 2008 now abandoned,
which is a National Stage of International Application No.
PCT/EP2007/056300 filed on Jun. 25, 2007, of which claims
priority to European Patent Application No. 06116453.9 filed
on Jun. 30, 2006, the entire contents of which are hereby
incorporated by reference.

BACKGROUND

The invention relates to a mobile terminal for receiving
wireless transmissions from a transmitter and transmitting
wireless transmissions to a receiver, in particular for use in a
wireless telecommunication system, comprising: a casing
with at least one body, said body having a conducting chassis
part and electronic means preferably including at least one
element of the group consisting of a control element arrange-
ment, at least one display element, a microphone, a speaker
arrangement, electronic circuitry, high frequency circuitry
and a storage battery, said body further having a first surface
located on a first side of its conducting chassis part and a
second surface located on a second side of its conducting
chassis part, the control element arrangement and the display
element, if provided, being accommodated in a respective
surface of the body and the electronic circuitry, the high
frequency circuitry and the storage battery, if provided, being
arranged within the respective body; and an antenna arrange-
ment provided on or within said body, said antenna arrange-
ment together with associated high frequency circuitry or said
antenna arrangement together with said conducting chassis
part and associated high frequency circuitry being adapted to
receiving wireless transmissions and transmitting wireless
transmissions in at least one predetermined frequency band.
In particular it is referred to mobile phones and other mobile
terminals of the so-called mono-block or brick type.

The invention further relates to mobile terminal for receiv-
ing wireless transmissions from a transmitter and transmit-
ting wireless transmissions to a receiver, in particular for use
in a wireless telecommunication system, comprising: a cas-
ing with a first body and a second body, each body having a
conducting chassis part and electronic means preferably
including at least one element of the group consisting of a
control element arrangement, at least one display element, a
microphone, a speaker arrangement, electronic circuitry, high
frequency circuitry and a storage battery, each body having a
first surface located on a first side of its conducting chassis
part and a second surface located on a second side of its
conducting chassis part, the control element arrangement and
the display element, if provided, being accommodated in a
respective surface of the body and the electronic circuitry, the
high frequency circuitry and the storage battery, if provided,
being arranged within the respective body; a relative move-
ment mechanism linking the first body and the second body
and allowing a relative movement between the two bodies
between a plurality of operational relative positions, wherein
at least in a closed operational relative position the second
surface of the first body faces and covers at least partially the
first surface of the second body; and an antenna arrangement
provided on or within at least one associated of said bodies,
said antenna arrangement together with associated high fre-
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quency circuitry or said antenna arrangement together with
said conducting chassis part and associated high frequency
circuitry being adapted to receiving wireless transmissions
and transmitting wireless transmissions in at least one prede-
termined frequency band. In particular it is referred to mobile
phones and other mobile terminals of the so-called slider type
or of the so-called clam-shell type or folder type.

SUMMARY

The specific absorption rate (SAR) is currently the stan-
dard measure for assessing human exposure to radiofre-
quency electromagnetic fields (RFEMF). The internationally
binding safety limits, which are recommended and enforced
in order to protect the population from excessive electromag-
netic exposure, are defined in terms of SAR. Consequently,
mobile units are required to have their SAR values below the
safety limits before they may be offered to the end-users.

Typically, the front side of mobile phones contains a major
part of the user-interface elements, such as display, speaker,
microphone, and input units including keys and buttons and
the like. This side of the mobile phone is commonly referred
to as the “display side” of the phone, whereas the back part,
which is the opposite side, is referred to as the “antenna side”,
due to the fact that internal GSM antennas are placed in most
cases on the back side of the terminal.

The abovementioned two sides are separated by the phone
chassis, which can be identified as the combination of con-
ductive parts found within the handset, such as the printed
circuit board (PCB) or the printed wire board (PWB) of the
phone as well as shielding units and other elements alike.

Due to the fact that with most mobile phones known from
the art, the head of the user faces the display side of the mobile
phone in a normal talk position, there have been proposed
many different solutions for the reduction of user exposure
and thus the SAR values, for this particular usage scenario.
However, the majority of these techniques are based on con-
trolling the strength and behaviour of the near-fields at this
side of the phone; therefore, they have limited or no impact on
other usage scenarios where the mobile phone is situated in a
different position close to or on the human body, such as for
the case in which the antenna is extremely close to the body
and the like.

Some of the earlier approaches for reducing user exposure
to RFEMF and thereby reducing the SAR values, such as the
use of specific magnetic materials, such as ferrites, or the use
of'wave-absorbing materials, may also help for different pos-
sible user-scenarios as outlined above. However, these
approaches are known to have high losses, and result in the
deterioration of the radiation performance, in addition to
increasing the cost of manufacturing.

EP1109247 Al describes an antenna arrangement com-
prising two or more antennas with a different radiation pattern
in the near field and a control device for switching between
the different antennas so that they are only operated half or a
certain portion of the time. For this purpose, simply a power
splitter or a switch is used. Accordingly, with the use of two
antennas the SAR value can be reduced up to 50% and by use
of'three antennas up to 67%. This multiple antenna approach,
however, is based on an assumed user behavior including the
tendency to hold the mobile telephone always in the same
way. As a consequence, this approach is not helpful for usage
scenarios where not only the display side of the phone, but
also the antenna side of the phone faces the human body.
Besides, the control circuitry to be provided for the operation
of the two antennas increases the production costs signifi-
cantly.
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It is an object of the invention to provide a mobile terminal
of the above-referenced types which allows to provide for
relatively low SAR values irrespectively of a current opera-
tion position of a number of different possible operating
positions. Preferably, this object is achieved on basis of'a very
simple structure.

The object of the invention is achieved by a mobile termi-
nal for receiving wireless transmissions from a transmitter
and transmitting wireless transmissions to a receiver, in par-
ticular for use in a wireless telecommunication system, com-
prising: a casing with at least one body, said body having a
conducting chassis part and electronic means preferably
including at least one element of the group consisting of a
control element arrangement, at least one display element, a
microphone, a speaker arrangement, electronic circuitry, high
frequency circuitry and a storage battery, said body further
having a first surface located on a first side of its conducting
chassis part and a second surface located on a second side of
its conducting chassis part, the control element arrangement
and the display element, if provided, being accommodated in
a respective surface of the body and the electronic circuitry,
the high frequency circuitry and the storage battery, if pro-
vided, being arranged within the respective body; and an
antenna arrangement provided on or within said body, said
antenna arrangement together with associated high frequency
circuitry or said antenna arrangement together with said con-
ducting chassis part and associated high frequency circuitry
being adapted to receiving wireless transmissions and trans-
mitting wireless transmissions in at least one predetermined
frequency band.

According to the invention said antenna arrangement has a
plurality of antenna elements each provided on or within an
associated of said bodies in a defined spatial relation to its
conducting chassis part, wherein at least one first antenna
element is located on the first side of the conducting chassis
part of the first body and at least one second antenna element
is located on the second side of the conducting chassis part of
the first body or of the second body, wherein said high fre-
quency circuitry, for transmitting a respective wireless trans-
mission, is adapted to simultaneously drive said first antenna
element and said second antenna element by feeding the same
or corresponding high frequency signals to said first antenna
element and to second antenna element.

This object of the invention is further achieved by a mobile
terminal for receiving wireless transmissions from a trans-
mitter and transmitting wireless transmissions to a receiver, in
particular for use in a wireless telecommunication system,
comprising: a casing with a first body and a second body, each
body having a conducting chassis part and electronic means
preferably including at least one element of the group con-
sisting of a control element arrangement, at least one display
element, a microphone, a speaker arrangement, electronic
circuitry, high frequency circuitry and a storage battery, each
body having a first surface located on a first side of its con-
ducting chassis part and a second surface located on a second
side of its conducting chassis part, the control element
arrangement and the display element, if provided, being
accommodated in a respective surface of the body and the
electronic circuitry, the high frequency circuitry and the stor-
age battery, if provided, being arranged within the respective
body; a relative movement mechanism linking the first body
and the second body and allowing a relative movement
between the two bodies between a plurality of operational
relative positions, wherein at least in a closed operational
relative position the second surface of the first body faces and
covers at least partially the first surface of the second body;
and an antenna arrangement provided on or within at least one
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associated of said bodies, said antenna arrangement together
with associated high frequency circuitry or said antenna
arrangement together with said conducting chassis part and
associated high frequency circuitry being adapted to receiv-
ing wireless transmissions and transmitting wireless trans-
missions in at least one predetermined frequency band.

According to the invention said antenna arrangement has a
plurality of antenna elements each provided on or within an
associated of said bodies in a defined spatial relation to its
conducting chassis part, wherein at least one first antenna
element is located on the first side of the conducting chassis
part of the first body and at least one second antenna element
is located on the second side of the conducting chassis part of
the first body or of the second body, wherein said high fre-
quency circuitry, for transmitting a respective wireless trans-
mission, is adapted to simultaneously drive said first antenna
element and said second antenna element by feeding the same
or corresponding high frequency signals to said first antenna
element and to second antenna element.

The relative movement mechanism may comprise an hinge
arrangement effective between the two bodies, allowing a
swiveling or folding movement of the two bodies with respect
to each other between the closed operational position and an
open operational relative position in which the two surfaces
both are uncovered. Alternatively or additionally, the relative
movement mechanism may comprise a shifting or sliding
arrangement effective between the two bodies, allowing a
shifting or sliding movement of the two bodies with respect to
each other between the closed operational relative position
and an open operational position in which the two surfaces
both are uncovered or both have a major uncovered portion.

The mobile terminal, e.g. mobile phone, according to the
invention is disposable in at least two different operation
positions with respect to a user, in which either the first side or
the second side of the conducting chassis part of at least one
of the conducting chassis parts is directed to the body of the
user, so that in all said operation positions at least one of the
antenna elements is located farther away from the body ofthe
user than at least one other of the antenna elements. Since the
conducting chassis part is located between the antenna ele-
ment being located farther away from the body and the body,
a certain shielding effect can be achieved with respect to said
antenna element being located farther away from the body.
Accordingly, by transmitting only or to a larger extend via the
antenna element located farther away from the body of the
user, unduly increased SAR values can be avoided for all
operation positions.

Basically, the mobile terminal, e.g. mobile phone, can
comprises an antenna structure having a ground element, at
least a first antenna element and at least a second antenna
element. The ground element is provided by the or at least one
of said conducting chassis parts or can be a part of said
conducting chassis part or parts. In particular, the ground
element can be provided by a printed circuit board or printed
wire board. According to the invention, the ground element is
disposed between the first antenna element and the second
antenna element in such an arrangement that in all normal
operation positions the respective antenna element which is
farther distant from the user in the respective operation posi-
tion is substantially separated from the user by the ground
element and accordingly can be used for wireless transmis-
sions without giving rise to increased SAR values.

The first antenna element and the second antenna element
can be electrically isolated from the ground element, except
for a connection via a probe to the feed line for radiofre-
quency (RF) signal feed and reception. In particular, an
inverted L. antenna, preferably inverted [. patch antenna
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(PILA) configuration can be realized for both antenna ele-
ments. However, also an inverted F antenna, preferably
inverted F patch antenna (PIFA) configuration can be realized
to advantage for both antenna elements. In this case there
would be a grounding connection between the ground ele-
ment and the respective antenna element.

The first antenna element and the second antenna element
may be connected to each other directly, i.e., in parallel, or
alternatively, they may be connected to each other via a
matching network in between, depending on the specifics of
the type of the antennas being used. The invention is restricted
neither by the types of the antennas being used, nor by the way
their impedance is matched to the impedance of the feeding
line or feeding lines.

For the implementation of the invention it should not be
ruled out to use an active concept of switching between the
antenna elements for transmitting respective wireless trans-
missions. For example, there might be a control unit which
determines on basis of certain sensors, which of the antenna
elements is the antenna element farther away from the body
and which controls a switching arrangement to use only that
antenna element located farther away from the body for trans-
missions or which directs on basis of appropriate means a
larger portion of the high frequency power to that antenna
element which is located farther away from the body than to
the other antenna element. Under free space conditions both
antenna elements could be used for transmitting respective
wireless transmissions and of course also for receiving
respective wireless transmissions.

However, preferably a passive realization of an antenna
element selection is implemented. Preferred is an embodi-
ment, wherein the high frequency characteristics of the first
and second antenna elements in said predetermined fre-
quency band are adjusted or matched such to each other
or/and to the high frequency characteristics of the high fre-
quency circuitry that (i) under free space conditions a first
substantial portion of the high frequency power associated to
said wireless transmissions is radiated via the first antenna
element and a second substantial portion of the high fre-
quency power associated to said wireless transmissions is
radiated via the second antenna element and that (ii) under
asymmetric non free space conditions, when only a selected
one of the first and second antenna elements is dielectricly
(dielectrically) loaded or a selected one of the first and second
antenna elements is dielectricly (dielectrically) loaded stron-
ger than the other of the first and second antenna elements, the
portion of the high frequency power associated to said wire-
less transmissions which is radiated via said selected antenna
element is reduced with respect to the free space conditions,
so that (iii) of the overall high frequency power radiated via
the first and second antenna elements the relative portion
which is radiated via the selected antenna element under the
asymmetric non free space conditions is decreased with
respect to the free space conditions.

Said asymmetric non free space conditions in particular
relate to conditions under dielectric loading of said selected
antenna element by the body of a user, the selected antenna
element being that antenna element of said first and second
antenna elements which is nearer to the body of the user
depending whether the first or second side is directed to the
body of the user.

Due to said arrangement, when the mobile device is placed
in free space, the first antenna element and the second antenna
element operate together, that is, both of them contribute to
the radiation. However, when the mobile handset is placed
close to a user’s body in a specific position, the antenna
element that is closer to the user’s body undergoes dielectric
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loading, and hence gets de-tuned. This leads to lower surface
currents to flow on the detuned antenna element, leading to
weakened radiation. Conversely, the other antenna element,
which is placed on the other side of the ground element, is not
significantly influenced by the user’s presence, due to the
shielding effect of the ground element. Therefore, this ele-
ment does not suffer de-tuning, and thus radiates effectively.
Again, due to the presence of the ground element, which
provides shielding, this antenna element radiates away from
the user. Consequently, the amount of electromagnetic energy
being irradiated into the user is reduced, and the correspond-
ing SAR values are significantly lowered.

As already mentioned, the ground element considered here
is constituted by a conductive part or conductive parts such as
a metal plate or the like. In particular, the ground element is
constituted by or comprises the chassis of the mobile device
or at least one section thereof.

Preferably, said first and second antenna elements are con-
nected in parallel with a common feeding point, directly or
via a common matching network, the common feeding point
preferably being provided by an output port of a common
front end of said high frequency circuitry. In this respect it is
further proposed that said first and second antenna elements
share a common feeding line connecting the feeding point or
an output port of the common matching network with a feed-
ing junction connecting the first and second antenna elements
directly or via at least one matching or adjusting network
associated to a respective of the first and second antenna
elements. A branching point at which the common feeding
line is connected with the feeding junction may be located on
the conducting chassis part having the common front end or,
alternatively, may be displaced from the conducting chassis
part having the common front end. The latter may serve to
adjust relative electrical phases between the antenna ele-
ments.

Although the use of one common front end is preferred in
view of costs and constructional space requirements, it should
not be ruled out that said first and second antenna elements are
connected individually with a respective first and second
front end of said high frequency circuitry, directly or via a
respective matching network, said front ends being operable
to drive the first and second antenna elements in parallel by
feeding the same or corresponding high frequency signals to
said first antenna element and to second antenna element. One
may even provide a respective first and second power ampli-
fier for each of the antenna elements. Preferred is of course to
use a common front end and power amplifier arrangement for
the antenna elements, as already indicated.

In addition to the reduction of SAR values, the arrange-
ment according to the invention allows significant enhance-
ments in terms of the usable operating frequency bandwidth.
This may be attributed to the use of a larger effective volume
by the two antennas, as well as a smoother distribution of
surface currents and electromagnetic near-fields within and
around the handset and a better coupling of the antenna
arrangement to the conducting chassis part or chassis parts, in
particular the ground element or ground elements mentioned
in the foregoing. The advantages outlined here can be
obtained for the frequency band or frequency bands where the
antenna arrangement with its antenna elements acts as the
main radiator. This may be attributed to a direct or indirect
coupling or interaction between the antenna elements. Fur-
ther, these advantages can also or even more effective be
achieved for the frequency band or frequency bands where the
antenna elements act as a coupler which excites the conduct-
ing chassis part (ground element) or conducting chassis parts
(ground elements) of the handset, which in turn becomes the
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main radiator. This may be attributed to the better coupling
between the antenna arrangement and the conducting chassis
part or chassis parts.

Consequently, it becomes possible to effectively cover
multiple different cellular network frequency bands, such as
the lower frequency bands GSM/EGSM (850, 900 MHz), and
the higher frequency bands PCN (1800 MHz), PCS (1900
MHz), UMTS/WCDMA (2100 MHz) and the like. A further
advantage resulting from the antenna structure according to
the invention is an improvement in the radiated power perfor-
mance of the mobile device, which may be attributed to the
low Q-factor of the antenna, which in turn ensures that the
strength of the electromagnetic near-fields is lower and
thereby any possible thermal losses within the device are
minimal.

Another benefit resulting from the antenna structure
according to the invention is a possible miniaturization of the
overall device. This is attributed to the improvement in the
bandwidth at the lower frequency bands, where the chassis of
the phone acts as the main radiator. It is known that the
bandwidth of a radiating structure may decrease when its size
is reduced. Therefore, reducing the size of the chassis of a
handset usually leads to a reduction of bandwidth in the lower
bands. However, by virtue of the invention, this may be com-
pensated, and consequently, the chassis of the phone, which
usually determines the overall size of the handset, can be
made smaller.

Further, the invention allows improvements of the return
loss in particular for lower frequency bands (such as GSM
850 and EGSM 900). Accordingly, the length of the chassis
may be reduced further without compromising the perfor-
mance. A further improvement with respect to the operational
bandwidth can be achieved when the antenna elements are
arranged such that they extend to a certain extent beyond the
periphery of the chassis. The bandwidth’s improvement
results from a better coupling between the chassis and the
respective antenna element. It is known that such an arrange-
ment can cause an increase in SAR as well. However, since
the maximum SAR values which can result for the user are
limited according to the invention, it is possible to achieve a
bandwidth improvement without too high SAR wvalues. In
particular, both SAR reduction and bandwidth improvement
is possible.

In agreement with the invention is an implementation,
wherein at least one preferably both of a structure and elec-
trical characteristics of the first antenna element and of the
second antenna element are substantially equal or/and
wherein a first antenna volume associated to the first antenna
element and a second antenna volume associated to the sec-
ond antenna element are substantially equal or/and wherein a
first high frequency coupling between the first antenna ele-
ment and the associated conducting chassis part is substan-
tially as strong as a second high frequency coupling between
the second antenna element and the associated conducting
chassis.

Also, in agreement with the invention is an implementa-
tion, wherein at least one of a structure and electrical charac-
teristic of the first antenna element and of the second antenna
element are substantially different or/and a first antenna vol-
ume associated to the first antenna element and a second
antenna volume associated to the second antenna element are
substantially different or/and a first high frequency coupling
between the first antenna element and the associated conduct-
ing chassis part is substantially stronger or weaker than a
second high frequency coupling between the second antenna
element and the associated conducting chassis.
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To advantage, the antenna arrangement may be provided
with or have associated means to equalize or reduce a differ-
ence between electrical characteristics of the first and second
antenna elements or/and the first and second high frequency
coupling between the conducting chassis part and the first
antenna element and the second antenna element, respec-
tively, or/and phases of currents associated to the first and
second antenna elements.

According to a preferred embodiment at least one of the
antenna elements is provided in the form of a patch antenna
element, wherein at least one vertical patch antenna section is
provided in order to increase or decrease the coupling to the
associated conducting chassis part. At least one of the antenna
elements may be provided with a horizontal patch antenna
section.

To advantage, at least one of the antenna elements may be
provided with or may have associated a delay element or
delay network in order to increase an effective electrical
length relevant for the feeding and influencing the phase of
currents associated to the respective antenna element.

Preferably, the first antenna element and the second
antenna element are balanced with regard to their electrical
characteristics. That is, the first and the second antenna ele-
ment are similar, if not identical in terms of their radiation
characteristics. The similarity of the radiation characteristics
may be reached by having a first antenna element and a
second antenna element with a substantially equal structure.

However, as already indicated, the antenna structure
according to the invention is not limited to such a configura-
tion but includes the use of two antennas having a different
structure, for example, in terms of the material used, their
shape, size and orientation with respect to each other and to
the ground element. In this context it is proposed to provide an
matching or adjusting network for adjustment of the electrical
characteristics of the first antenna element to the second
antenna element, as already indicated.

For instance, it is quite common for many handsets that the
distance from the chassis to the formed surface of the front
cover of the phone is smaller than the distance to the back
surface of the phone. This sets the limit on the volume of the
respective antenna element, which, in turn, determines the
Q-factor. In order to provide similar or equal Q-factors, in
such a case the structure of the antennas can be balanced to
each other by variation of the shape, size and/or material of
the respective antenna elements and by provision of a match-
ing or adjusting network.

A simple and effective configuration of a mobile terminal,
in particular mobile phone, according to the invention is
provided by placing the first antenna element at the display
side and the second antenna element at the back side of the
mobile terminal. In that case, a first operation position is
given when the display side of the mobile phone is facing the
user and a second operation position is given when the back
side of the mobile phone is facing the user.

Particular advantages can be realized upon combination of
the invention with the antenna concept described in WO
2005/109570 Al or variants thereof. Such antennas may
appropriately be denoted as Dual-Patch Planar Inverted-L
Antennas and provide advantages with respect to simplicity,
bandwidth and ease of implementation. When applying this
concept, it is preferable that at least one of the antenna ele-
ments is formed as such a Dual-Patch Planar Inverted L-An-
tenna. Additionally, by placement of the patches of the
antenna element vertically to the ground element—instead of
placing them in a planar arrangement—it becomes possible to
place one of the antenna elements on the front side (display
side) of the mobile phone without the requirement of any
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additional volume allocated for it. However, the invention is
not limited to using this particular antenna concept. In fact,
the invention works with various kinds of antennas.

The first antenna element and the second antenna element
preferably are connected in parallel with each other. An inter-
mediate matching element may be provided for connection,
but the invention is not restricted to such a configuration and
works without an intermediate matching element as well.

A mobile phone generally possesses a north or top end (the
end of the phone where the speakeris disposed) and a south or
bottom end (the end of the phone where to microphone is
disposed). Preferably, the first antenna element and the sec-
ond antenna element are disposed at the same end of north
(top) end and south (bottom) end, to advantage e.g. at the
south (bottom) end of the mobile phone.

BRIEF DESCRIPTION OF THE FIGURES

Features, embodiments and particular aspects of the inven-
tion are explained in the following with reference to the
drawings.

FIG. 1a shows a representative mobile phone according to
the prior art.

FIG. 15 shows the representative mobile phone of prior art
disposed near a user, where the display side faces the dielec-
tric body.

FIG. 1¢ shows the representative mobile phone of prior art
disposed near a user, where the antenna side faces the dielec-
tric body.

FIG. 2a shows a side view of a first embodiment of an
antenna structure according to the invention.

FIG. 2b shows a side view of a first embodiment of an
antenna structure according to the invention disposed near a
user, where the display side faces the dielectric body.

FIG. 2¢ shows a side view of a first embodiment of an
antenna structure according to the invention disposed near a
user, where the antenna side faces the dielectric body.

FIG. 34 shows a side view of a second embodiment of an
antenna structure according to the invention.

FIG. 35 shows an additional view of a second embodiment
of an antenna structure according to the invention.

FIG. 4a shows an example of a common matching circuit
associated to a first and a second antenna element connected
in parallel.

FIG. 45 shows the arrangement according to FIG. 44 hav-
ing an additional delay element associated to one of the
antenna elements.

FIG. 5 shows return loss measurements comparing an
implementation of a twin antenna arrangement according to
the invention with a reference single antenna.

FIG. 6 shows measured body-worn SAR values for the
twin antenna and the reference antenna.

FIG. 7a shows a first embodiment showing an example for
implementing the invention in a mobile terminal of the clam-
shell or folder type.

FIG. 7b shows a second embodiment showing another
example for implementing the invention in a mobile terminal
of the clam-shell or folder type.

FIG. 8a shows a first embodiment showing an example for
animplementation of the invention in a mobile terminal of the
slider type.

FIG. 8b shows a second embodiment showing a further
example for an implementation of the invention in a mobile
terminal of the slider type.

DETAILED DESCRIPTION

A schematic structure of an embodiment of a mobile device
of prior art is given in FIG. 1a. The mobile phone 10 com-
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prises an antenna element 11, a chassis structure or ground
element 12, and has two sides, namely the display side 13,
which generally contains the user interface elements, and the
antenna side 14, where the antenna element is located. The
two sides may also be called the front side, and the back side,
respectively. The phone has a casing or casing body 19.

FIG. 15 shows a first operational position of the mobile
phone 10, where the display side 13 of the device faces the
body of the user. Since this operational position occurs for the
normal talk position for the prior art, there have been pro-
posed many solutions to reduce the SAR values for this user
scenario.

FIG. 1¢ shows a second operational position of the mobile
phone 10, where the antenna side 14 of the device faces the
body of the user. The earlier solution approaches targeted at
the first operational position have little or no impact on the
SAR values in this second scenario.

FIG. 2a shows a first embodiment of the antenna arrange-
ment according to the invention for the mobile device 20. The
antenna arrangement comprises a main antenna or first
antenna 21 and a complementary antenna or second antenna
22, which are positioned within a casing or casing body 29 on
opposite sides of the chassis structure or ground element 23,
namely, on the display (front) side 24 and the antenna (back)
side, 25. A first feeding probe 26 for the main antenna 21 and
a second feeding probe 27 for the complementary antenna 22
are provided for connecting the antennas to the feeding line
present on the chassis for RF signal feed and reception. By
this means the two antenna elements are connected with a
common front end of high frequency circuitry of the mobile
phone, possibly via a common impedance matching network
associated to both antenna elements. The feeding probes may
be connected to each other directly, to form a single antenna
port, which is then connected to the main feeding line for RF
signal feed and reception. Alternatively, they may be retained
as two separate ports, which are connected to each other for
example by means of an intermediate matching or adjusting
circuit, which in turn is be connected to the main feeding line.
Another possibility is that a matching or adjusting network or
element is integrated in one or both of said feeding probes.
The choice for the design of the combining/matching net-
works depends on the types of the antennas being used, and
does not restrict the idea of the invention. In a physical imple-
mentation, it is possible to build the combining/matching/
adjusting networks or elements onto the PCB/PWB, or to
integrate the combining/matching networks within the
antenna structures.

The antenna arrangement according to the invention oper-
ates in a dynamic way so as to adjust to the surroundings of the
mobile device. If the mobile device 20 is placed in free space,
both the main and the complementary antenna will operate
together, radiating into the free space. However, if the device
is disposed near to a user’s body such that the display side 24
faces the body, as shown in FIG. 25, then the complementary
antenna 22 undergoes dielectric loading by the (dielectric)
body of the user, and thus gets de-tuned. Conversely, the main
antenna element 21, which is shielded away from the user, is
not significantly influenced by the presence of the body. Con-
sequently, for this scenario, the main antenna overshadows
the complementary antenna in terms of radiation perfor-
mance, and as the main antenna is shielded away from the
user by means of the chassis 23, which acts as an electrical
ground element, the electromagnetic energy radiates away
from the user’s body, resulting in low RFEMF exposure.

Similarly, if the device is disposed near to a user’s body
such that the antenna side 25 faces the body, as shown in FIG.
2¢, then the main antenna 21 undergoes dielectric loading,
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and thus gets de-tuned. Conversely, the complementary
antenna element 22, which is shielded away from the user, is
not significantly influenced by the presence of the (dielectric)
body. Consequently, for this scenario, the complementary
antenna overshadows the main antenna in terms of radiation
performance, and as the complementary antenna is shielded
away from the user by means of the chassis 23, which acts as
an electrical ground element, the electromagnetic energy
radiates away from the user’s body, resulting again in low
RFEMF exposure of the user.

In FIG. 3a and FIG. 35, a further embodiment of the
antenna arrangement according to the invention is shown. In
this embodiment, the antenna types for the main antenna and
the complementary antenna are chosen as variants of the
antenna structure described in WO 2005/109570 A1. FIG. 3a
shows the device chassis 33, the main or first antenna 31, and
the complementary or second antenna 32. The main antenna
feeding probe 36 and the complementary antenna feeding
probe 37 are directly connected to each other, and then con-
nected to the feeding line for RF signal feed and reception by
means of a third probe 38, combining the other two probes. In
this way, a unified single port is formed for the two antennas.
Many such different feeding arrangements are possible
within the context of the implementation, which depend on
the specific design of a given device; nonetheless, the prin-
ciple of the invention is not limited by those.

FIG. 3b shows a representative illustration for the arrange-
ment of the structure shown in FIG. 3a, which is provided
inside the casing or casing body 39 of the mobile handset 30.

FIG. 354 is an example for an embodiment, where the elec-
trical characteristics of the two antenna elements have been
adjusted to become similar to each other. This is achieved by
providing vertical flaps 31a and 315 to the main antenna 31,
which has larger volume and thus a lower capacitive coupling
to the chassis, in order to increase its capacitive coupling to
the chassis 33. Further, the other antenna element 32, which
has a smaller volume and thus a higher capacitive coupling to
the chassis has been provided in the form of a vertical patch
arrangement, in order to reduce the capacitive coupling to the
chassis. Further, the feeding structure is arranged in such a
way that the respective feeding probes 36 and 37 have similar
electrical lengths between the respective antenna element and
abranching point of the common probe 38, so that the antenna
elements are fed in-phase. In FIG. 35 the probes 36, 37 and 38
are shown as being formed by individual elements connected
with each other. However, it is generally preferred that these
three probes are provided integrally as sections of one com-
mon feed element.

This embodiment shown in FIG. 3a and FIG. 356 provides
advantages with regard to simplicity, bandwidth and ease of
implementation as compared to antenna configurations
known in the art. By the use of this arrangement as shown in
FIG. 3a and FIG. 35, the maximum user exposure to electro-
magnetic fields radiated from the handset, and thereby the
SAR values can be reduced significantly, compared to mobile
devices known from the art which involve only a single
antenna. In addition, the embodiment according to the inven-
tion provides enhancements in the radiation performance of
the mobile device.

As a further advantage, the placement of at least some of
the elements vertically to the chassis, instead of aligning them
in a planar arrangement, makes it possible to place the second
antenna element on the front side of the mobile phone without
requiring any additional volume for arranging it. As a result,
the second antenna introduced by the concept of the arrange-
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ment of antenna elements according to the invention does not
require a significant additional volume for mounting the
antenna structure.

FIGS. 4a and 45 show an example for a common matching
circuit or matching network 50 arranged between an RF front-
end module 52 and the antenna arrangement 54 having a first
antenna element 56 (e.g. ofthe kind of the antenna element 31
of FIG. 35) and a second antenna element 58 (e.g. of the kind
of'antenna element 32 of FIG. 35). In case of FIG. 4a the two
antenna elements are connected directly in parallel, with the
combined feeding being preferably arranged in such a way
that the electrical lengths of the feeding probes of the respec-
tive antenna elements are similar to each other, as in the case
of FIG. 3.

In contrast to this arrangement, the arrangement according
to FIG. 4b relies on a delay element 60, which is added to that
antenna element that leads the other antenna element in
phase, in order to ensure that the two antennas are fed in-
phase. One may of course combine the approaches “adjust-
ment of the lengths of the feed probes” and “delay element or
delay network”. An appropriate delay element can for
example be provided in the form of a simple transmission line
placed on or above the chassis, or it may be designed as a
network of lumped components.

FIG. 5 shows a return loss plot of measurements comparing
an implementation of the twin antenna concept of the inven-
tion with a reference single antenna. Due to a better coupling
of the antenna arrangement of the invention to the chassis of
the phone, a bandwidth enhancement is observed in the lower
frequency range, where the chassis acts as the main radiator.

FIG. 6 shows exemplarily measured body-worn SAR val-
ues for a twin antenna arrangement according to the invention
in comparison to corresponding SAR values for a reference
single antenna. The acronyms “ATP” and “DTP” designate
the antenna-to phantom and display-to phantom scenarios,
respectively, the phantom representing the body a user. All
plotted data are shown normalized with respect to the mea-
sured efficiency values of the twin antenna set-up. The plot
shows that the twin antenna makes it possible to reduce the
overall maximum SAR values to a significant extent.

FIGS. 7a and 7b show two examples for a phone of the
clam-shell or folder type. The phone 70 has a first body 72a
and a second body 725, in which a respective conducting
chassis part or ground plane 74a and 745, respectively, are
provided. A hinge mechanism 76 allows a folding or swivel-
ing movement between the two bodies. According to the
example of FIG. 7a the antenna arrangement 78 is provided
with its first antenna element 80 in body 72« and with its
second antenna element 82 in body 725, so that in the closed
position according to FIG. 7a the two antenna elements 80
and 82 are arranged on opposite sides of the two chassis parts
74a and 74b. A feeding junction between the two antenna
elements can be bent so that it can follow the relative folding
movement between the two bodies provided by the hinge
mechanisms 76.

As shown in FIG. 74, the antenna arrangement follows the
principle of the antenna arrangement shown in FIG. 3a. Pref-
erably, additionally a delay element associated to the antenna
element 80 is provided, to equalize the electrical phases ofthe
two antenna elements.

FIG. 75 shows an antenna arrangement 78 which has both
antenna elements 80 and 82 located in the first casing 72a.
Accordingly, the situation is basically as in the embodiment
of FIG. 24, except for the additional second body 724 and the
hinge mechanism 76.

FIG. 8a and FIG. 856 show embodiments of mobile phones
of'the so-called slider type. For simplicity the same reference
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signs as in FIG. 7a and FIG. 75 are used. The phone 70 has a
first body 72a and a second body 726 which are connected by
a sliding mechanism which allows a sliding movement
between the two bodies. Each body has a conducting chassis
part or ground plane 74a and 744, respectively. According to
FIG. 8a, the antenna arrangement 78 is provided with its two
antenna elements 80 and 82 in the first body 724, so that a
similar situation is achieved in the embodiment of FIG. 2a,
except for the additional body 725.

According to FIG. 85, the antenna arrangement 78 has its
first antenna element 80 in the first body and the second
antenna element 82 in the second body 7254. The two antenna
elements are connected by a feeding junction arrangement
which allows the shifting movement between the two bodies.
This feeding junction arrangement is represented function-
ally by dashed lines.

Summarizing the above, a mobile terminal, e.g. mobile
phone, having an antenna structure according to the invention
enables the reduction of the overall maximum SAR values,
exhibits an enhanced operational bandwidth and is suitable
for miniaturization of the overall mobile handset.

While the invention has been described with reference to
different embodiments above, this description shall not limit
the disclosure of features and aspects of the present invention.
In this regard, as far as modifications are readily apparent for
an expert skilled in the art they shall be included by the above
description of embodiments implicitly. For example, while
the antenna structures of FIGS. 2 and 3 have been described,
itis also possible to provide an arrangement of the first and the
second antenna element extending beyond the chassis. By
this means an increased coupling between the antenna
arrangement and the chassis can be achieved, with corre-
sponding positive effect on the usable reception and transmis-
sion bandwidth.

Furthermore, the invention is not limited to the described
embodiments above and modifications can be performed eas-
ily, even beyond the subject matter of possible combinations
of features and structures described above. For example,
while the present embodiments have been described with
reference to antenna elements comprising substantially equal
or quite similar electrical characteristics, the invention is not
limited to such a configuration but also includes configura-
tions of mobile phones where an impedance matching net-
work is provided to balance the electrical properties of
antenna elements which are different in view of their geo-
metrical dimensions.

For a mobile terminal for receiving wireless transmissions
from a transmitter and transmitting wireless transmissions to
a receiver it proposed to provide an antenna arrangement
having a plurality of antenna elements each provided on or
within a common body or a respective body of the terminal in
a defined spatial relation to a conducting chassis part, wherein
at least one first antenna element is located on a first side and
at least one second antenna element is located on a second
side of the same conductive chassis part or of the respective
conducting chassis part, wherein high frequency circuitry, for
transmitting a respective wireless transmission, is adapted to
simultaneously drive said first antenna element and said sec-
ond antenna element by feeding the same or corresponding
high frequency signals to said first antenna element and to
said second antenna element.

It should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope and without diminishing its intended
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advantages. It is therefore intended that such changes and
modifications be covered by the appended claims.

The invention claimed is:

1. Mobile terminal for receiving wireless transmissions
from a transmitter and transmitting wireless transmissions to
a receiver, in particular for use in a wireless telecommunica-
tion system, comprising:

a casing with at least one body, said body having a con-
ducting chassis part and electronic means, said body
further having a first surface located on a first side of its
conducting chassis part and a second surface located on
a second side of its conducting chassis part;

an antenna arrangement provided on or within said body,
said antenna arrangement together with associated high
frequency circuitry or said antenna arrangement
together with said conducting chassis part and associ-
ated high frequency circuitry being adapted to receiving
wireless transmissions and transmitting wireless trans-
missions in at least one predetermined frequency band;

said antenna arrangement has a plurality of antenna ele-
ments each provided on or within said body in a defined
spatial relation to its conducting chassis part, wherein at
least one first antenna element is located on the first side
of the conducting chassis part and at least one second
antenna element is located on the second side of the
conducting chassis part;

said high frequency circuitry, for transmitting a respective
wireless transmission, being adapted to simultaneously
drive said first antenna element and said second antenna
element by feeding the same or corresponding high fre-
quency signals to said first antenna element and to said
second antenna element; and

a control unit to determine which of the antenna elements
is farthest away from a user and which controls a switch-
ing arrangement to use only that antenna element
located farthest away from the user for transmissions.

2. Mobile terminal for receiving wireless transmissions
from a transmitter and transmitting wireless transmissions to
a receiver, in particular for use in a wireless telecommunica-
tion system, comprising:

a casing with a first body and a second body, each body
having a conducting chassis part and electronic means,
each body having a first surface located on a first side of
its conducting chassis part and a second surface located
on a second side of its conducting chassis part;

a relative movement mechanism linking the first body and
the second body and allowing a relative movement
between the two bodies between a plurality of opera-
tional relative positions, wherein at least in a closed
operational relative position the second surface of the
first body faces and covers at least partially the first
surface of the second body;

an antenna arrangement provided on or within at least one
associated of said bodies, said antenna arrangement
together with associated high frequency circuitry or said
antenna arrangement together with said conducting
chassis part and associated high frequency circuitry
being adapted to receiving wireless transmissions and
transmitting wireless transmissions in at least one pre-
determined frequency band;

said antenna arrangement has a plurality of antenna ele-
ments each provided on or within an associated of said
bodies in a defined spatial relation to its conducting
chassis part, wherein at least one first antenna element is
located on the first side of the conducting chassis part of
the first body and at least one second antenna element is





US 8,537,057 B2

15
located on the second side of the conducting chassis part
of' the first body or of the second body;

said high frequency circuitry, for transmitting a respective

wireless transmission, being adapted to simultaneously
drive said first antenna element and said second antenna
element by feeding the same or corresponding high fre-
quency signals to said first antenna element and to sec-
ond antenna element; and

a control unit to determine which of the antenna elements

is farthest away from a user and which controls a switch-
ing arrangement to use only that antenna element
located farthest away from the user for transmissions.

3. Mobile terminal according to claim 1, wherein the high
frequency characteristics of the first and second antenna ele-
ments in said predetermined frequency band are adjusted or
matched such to one or more of each other and to the high
frequency characteristics of the high frequency circuitry that
under free space conditions a first substantial portion of the
high frequency power associated to said wireless transmis-
sions is radiated via the first antenna element and a second
substantial portion of the high frequency power associated to
said wireless transmissions is radiated via the second antenna
element and that under asymmetric non free space conditions,
when only a selected one of the first and second antenna
elements is dielectricly loaded or a selected one of the first
and second antenna elements is dielectricly loaded stronger
than the other of the first and second antenna elements, the
portion of the high frequency power associated to said wire-
less transmissions which is radiated via said selected antenna
element is reduced with respect to the free space conditions,
so that of the overall high frequency power radiated via the
first and second antenna elements the relative portion which is
radiated via the selected antenna element under the asymmet-
ric non free space conditions is decreased with respect to the
free space conditions.

4. Mobile terminal according to claim 3, wherein said
asymmetric non free space conditions relate to conditions
under dielectric loading of said selected antenna element by
the body of the user, the selected antenna element being that
antenna element of said first and second antenna elements
which is nearer to the body of the user depending whether the
first or second side is directed to the body of the user.

5. Mobile terminal according to claim 1, wherein said first
and second antenna elements are connected in parallel with a
common feeding point, directly or via a common matching
network, the common feeding point being provided by an
output port of a common front end of said high frequency
circuitry.
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6. Mobile terminal according to claim 5, wherein said first
and second antenna elements share a common feeding line
connecting the feeding point or an output port of the common
matching network with a feeding junction connecting the first
and second antenna elements directly or via at least one
matching or adjusting network associated to a respective of
the first and second antenna elements.

7. Mobile terminal according to claim 6, wherein a branch-
ing point at which the common feeding line is connected with
the feeding junction is located on the conducting chassis part
having the common front end.

8. Mobile terminal according to claim 6, wherein a branch-
ing point at which the common feeding line is connected with
the feeding junction is displaced from the conducting chassis
part having the common front end.

9. Mobile terminal according to claim 1, wherein said first
and second antenna elements are connected individually with
a respective first and second front end of said high frequency
circuitry, directly or via a respective matching network, said
front ends being operable to drive the first and second antenna
elements in parallel by feeding the same or corresponding
high frequency signals to said first antenna element and to
second antenna element.

10. Mobile terminal according to one claim 1, the antenna
arrangement being provided with or having associated means
to equalize or reduce comprising one or more of: a difference
between electrical characteristics of the first and second
antenna elements, a first and second high frequency coupling
between the conducting chassis part and the first antenna
element and the second antenna element, respectively, and
phases of currents associated to the first and second antenna
elements.

11. Mobile terminal according to claim 1, wherein at least
one of the antenna elements is provided in the form ofa patch
antenna element, wherein at least one vertical patch antenna
section is provided in order to increase or decrease the cou-
pling to the associated conducting chassis part.

12. Mobile terminal according to claim 1, wherein at least
one of the antenna elements is provided with a horizontal
patch antenna section.

13. Mobile terminal according to claim 1, wherein at least
one of the antenna elements is provided with or has associated
a delay element or delay network in order to increase an
effective electrical length relevant for the feeding and influ-
encing the phase of currents associated to the respective
antenna element.
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ANTENNA ASSEMBLY AND ELECTRONIC
DEVICE USING THE SAME

BACKGROUND

1. Technical Field

The present disclosure relates to an antenna assembly and
an electronic device using the same.

2. Description of Related Art

An electronic device capable of receiving digital multime-
dia broadcasting (DMB) services, such as digital video broad-
casting-terrestrial (DVB-T), is often provided with a TV
antenna. However, the TV antenna is generally installed
inside the electronic device, such that signal reception of the
TV antenna is interfered.

Therefore, there is room for improvement within the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the present disclosure can be better under-
stood with reference to the following drawings. The compo-
nents in the various drawings are not necessarily drawn to
scale, the emphasis instead being placed upon clearly illus-
trating the principles of the present disclosure. Moreover, in
the drawings, like reference numerals designate correspond-
ing parts throughout the figures.

FIG. 1 is a perspective view of an electronic device as
disclosed with an antenna assembly retracted.

FIG. 2 isaperspective view of the electronic device of FIG.
1 with the antenna assembly extended.

FIG. 3 is an inverted view of FIG. 2.

FIG. 4 is a perspective view of a slide mechanism of the
antenna assembly of FIG. 2.

DETAILED DESCRIPTION

FIG. 1 is a perspective view of an electronic device 100 as
disclosed with an antenna assembly 20 retracted. The elec-
tronic device 100 includes a main body 10 and the antenna
assembly 20. The electronic device 100 may be a mobile
phone, a personal digital assistant (PDA), or a mobile Internet
device (MID), for example.

FIG. 2 is a perspective view of the electronic device 100 of
FIG. 1 with the antenna assembly 20 extended relative to the
main body 10. The main body 10 includes two opposite ends
12, two opposite sides 14, and a surface 16 connected with the
two opposite ends 12 and the two opposite sides 14. A receiv-
ing cavity 162 is further defined on the surface 16 and extends
through one of the two opposite ends 12. The receiving cavity
162 receives the antenna assembly 20.

FIG. 3 is an inverted view of FIG. 2. The antenna assembly
20 includes a slide mechanism 22, a chassis 24, and an
antenna 26. The slide mechanism 22 includes a fixed plate
222, a slide plate 224, and an elastic element 226. The fixed
plate 222 is mounted in the receiving cavity 162 of the main
body 10. The slide plate 224 is slidably mounted on the fixed
plate 222. The elastic element 226 is installed between the
fixed plate 222 and the slide plate 224. In the exemplary
embodiment, the elastic element 226 is a leaf spring. The
chassis 24 is mounted on the slide plate 224 and includes a
surface 242 facing the fixed plate 222. The antenna 26 is
installed on the surface 242.

FIG. 4 is a perspective view of the slide mechanism 22 of
the antenna assembly 20 of FIG. 2. A slide rail 2222 is
installed on each side of the fixed plate 222. A slide portion
2242 is installed on each side of the slide plate 224. The slide
portion 2242 is further slidably placed over the slide rail 2222,
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such that the slide plate 224 can slide along the slide rail 2222.
Two ends of the elastic element 226 are individually pivoted
on the fixed plate 222 and the slide plate 224.

The antenna 26 is contained between the fixed plate 222
and slide plate 224 when the chassis 24 is received in the
receiving cavity 162. In this state, the slide mechanism 22 is
retracted and the elastic element 226 pivots opposite to the
antenna 26. The elastic element 226 resists the slide plate 224,
such that the slide plate 224 is located on one end of the
receiving cavity 162 away from the antenna 26. As a result,
the chassis 24 is anchored in the receiving cavity 162 due to
the resistance of the elastic element 226.

The antenna 26 is exposed when the chassis 24 is pushed
away from the receiving cavity 162 by external force. In this
state, the slide mechanism 22 is extended and the elastic
element 226 pivots toward the antenna 26. The elastic element
226 is further compressed and then springs to release elastic-
ity on the slide plate 224. As a result, the elasticity can accel-
erate the chassis 24 to slide away from the receiving cavity
162.

It is understood that the fixed plate 222 may be omitted,
such that the slide plate 224 is directly slidably mounted on
the receiving cavity 162. The elastic element 226 is installed
between the receiving cavity 162 and the slide plate 224. The
slide rail 2222 is installed on each side of the receiving cavity
162.

The present disclosure provides an antenna assembly and
an electronic device using the same. The antenna assembly is
received in the electronic device and may extend from the
electronic device to enhance signal reception.

It is to be further understood that even though numerous
characteristics and advantages of the present embodiments
have been set forth in the foregoing description, together with
details of structures and functions of various embodiments,
the disclosure is illustrative only, and changes may be made in
detail, especially in matters of shape, size, and arrangement of
parts within the principles of the present 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. An electronic device, comprising:

amain body comprising an end and a top surface connected
with the end, a receiving cavity defined on the top sur-
face and extending through the end; and

an antenna assembly comprising:

a slide mechanism received in the receiving cavity, the slide
mechanism comprising a fixed plate and a slide plate
slidably mounted on the fixed plate;

a chassis mounted on one end of the slide plate, the chassis
including an outer surface and an inner surface, the
chassis exposed from the top surface, the outer surface of
the chassis with the slide plate being coplanar with the
top surface, and one end of the chassis being coplanar
with the end of the main body;

an antenna mounted on the inner surface the chassis; and

wherein the antenna is contained in the receiving cavity
and facing the fixed plate when the chassis is received in
the receiving cavity; and

wherein the antenna is exposed out of the receiving cavity
when the chassis with the slide plate is slid relative to the
fixed plate.

2. The electronic device of claim 1, wherein the slide
mechanism further comprises an elastic element installed
between the fixed plate and the slide plate, a first end of the
elastic element is pivoted on the fixed plate, and a second of
the elastic element is pivoted on the slide plate.





US 8,537,058 B2

3

3. The electronic device of claim 2, wherein the elastic
element is a leaf spring.

4. The electronic device of claim 1, wherein a slide rail is
installed on each side of the fixed plate, a slide portion is
installed on each side of the slide plate, the slide portion is
slidably placed over the slide rail to slide along the slide rail.

5. An electronic device, comprising:

amain body comprising an end and a top surface connected
with the end, a receiving cavity defined on the top sur-
face and extending through the end; and

an antenna assembly comprising:

a slide plate slidably mounted in the receiving cavity;

a chassis mounted on one end of the slide plate the chassis
including an outer surface and an inner surface, the
chassis exposed from the top surface, the outer surface of
the chassis with the slide plate being coplanar with the
top surface, and one end of the chassis being coplanar
with the end of the main body;

an antenna mounted on the inner surface the chassis; and
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wherein the antenna is contained in the receiving cavity
when the chassis is received in the receiving cavity; and

wherein the antenna is exposed out of the receiving cavity
when the chassis with the slide plate is slid relative to the
fixed plate.

6. The electronic device of claim 5, further comprising an
elastic element installed between the main body and the slide
plate, a first end of the elastic element is pivoted on the fixed
plate, and a second of the elastic element is pivoted on the
slide plate.

7. The electronic device of claim 6, wherein the elastic
element is a leaf spring.

8. The electronic device of claim 5, wherein the antenna is
mounted on one surface of the chassis toward the receiving
cavity.

9. The electronic device of claim 5, wherein a slide rail is
installed on each side of the fixed plate, a slide portion is
installed on each side of the slide plate, the slide portion is
slidably placed over the slide rail to slide along the slide rail.

#* #* #* #* #*






