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which selectively connects and disconnects between the first
circuit board (101) and the antenna element (104) in accor-
dance with an opened/closed state of the folding-type por-
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(104) and the feeder line 105 are dispose at positions almost
along the coupling portion (103).
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The invention discloses a monopole antenna for assembly
within a wireless communication device to transmit and
exchange data signals. The monopole antenna includes a
main body, a feed portion, a grounding portion, a first trans-
mitting body and a second transmitting body. The feed por-
tion and the grounding portion are disposed on the main body.
A first transmitting body is a high frequency path extending
outwardly from the main body and a second transmitting
body is a low frequency path extending outwardly from the
main body.
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(57) ABSTRACT

An antenna includes linear electrodes disposed on a surface of
a substrate. A surface-mount antenna element including a
capacitor is disposed in a non-ground region of a mount
board. The capacitor is arranged such that portions of at least
one of two linear electrodes face each other with a predeter-
mined distance therebetween. The non-ground region
includes a first radiation electrode and linear electrode por-
tions of a second radiation electrode. The linear electrodes of

the surface-mount antenna element are individually con-
nected to the radiation electrodes. A chip reactive element is
disposed at the first radiation electrode and the linear elec-
trode portions of the second radiation electrode as appropri-
ate.
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1
PORTABLE WIRELESS DEVICE

TECHNICAL FIELD

The present invention relates to a portable wireless device
that can be used by inserting a card type functional medium
such as an SDIO card in a card slot.

BACKGROUND ART

Various memory cards loaded with flash memories have
been put into practical use, and used for a variety of purposes.
As one type of such memory cards, SD (Secure Digital)
memory cards have been widely known. The SD memory
cards are smaller in size than other memory cards such as PC
cards, and have therefore spread as recording media to be
used for portable terminal devices such as mobile phones and
PDAs.

FIG. 9 is an external perspective view showing a mobile
phone as an example of a conventional portable wireless
device including a slot for inserting therein an SD memory
card. For the mobile phone 5, an upper housing 90 including
a liquid crystal display section 91 and a lower housing 80
having a radio circuit are configured so as to be foldable by a
hinge portion 92. The mobile phone 5 has, at a side portion of
the lower housing 80, a card slot 82 that can be blocked with
a slot cover 83, and an SD memory card 500 can be inserted
in and removably attached to the card slot 82.

In recent years, SD memory cards have also been diversi-
fied, and an SDIO (Secure Digital Input/Output) card with an
1/O function has been the focus of attention. The SDIO card is
a card type functional medium for which a wireless commu-
nication function such as Bluetooth (registered trademark),
wireless LAN, or GPS is loaded on an SD memory card, and
which is capable of transmitting and receiving data with a
plurality of information processing devices. The SDIO card is
configured inside with an RF circuit and an antenna element
stored to perform wireless communications, and like the SD
memory card, is fitted to a card slot of a portable wireless
device.

An SDIO card is usually arranged so that its antenna ele-
ment is located at an entrance side of the card slot 82 so that
radio waves can be easily transmitted and received, and when
the SDIO card is fitted to the card slot 82, the part of the
antenna element is held in a state projecting from the lower
housing 80 ofthe mobile phone 5 (see Patent Document 1, for
example).

Moreover, there has been proposed an example where, in
order to prevent a part of an SDIO card where an antenna
element is located from projecting from the lower housing 80,
an antenna is built in an eject lever that is operated to eject the
SDIO card (see Patent Document 2, for example).

Patent Document 1: JP-A-2003-6603
Patent Document 2: JP-A-2001-195553

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

However, in the example of Patent Document 1 mentioned
above, the part of the antenna element of the SDIO card
projecting from the portable wireless device is likely to
receive external force in use, and may be damaged. Moreover,
as a result of the antenna part of the SDIO card projecting
from the mobile phone, for example, the slot cover 83 remains
open as shown in FIG. 9, and fails to protect the SDIO card
that has been inserted in the card slot 82. Moreover, there is
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also a problem that the projecting part of the SDIO card and
the opened slot cover become a hindrance when the portable
wireless device is operated or carried, and which hinders
portability.

Moreover, if an antenna element is built in an SDIO card so
that the antenna part is not projected, antenna performance
significantly deteriorates, and a problem thus occurs such that
the wireless communication function loaded on the card can-
not be sufficiently fulfilled.

Further, in the example described in Patent Document 2, it
is necessary to provide on the portable wireless device an
eject lever to eject the SDIO card, which thus makes the
configuration of the portable wireless device complicated,
and prevents downsizing.

The present invention has been made in view of the above
circumstances, and an object thereof is to provide a portable
wireless device that has no externally projecting part even
when a card type functional medium has been therein
inserted, and allows downsizing while obtaining high antenna
performance.

Means for Solving the Problems

A portable wireless device of the present invention
includes: a card slot that allows fitting a card type functional
medium with a communication function in a housing; a slot
cover that covers an opening portion of the card slot when the
card type functional medium is fitted and not fitted; and a
current carrying section that is integrally provided in the slot
cover, electromagnetically couples with an antenna portion
provided in the card type functional medium with the card
type functional medium fitted to the card slot, and operates as
a parasitic element of the antenna portion.

For this, when performing wireless communications using
a card type functional medium, the current carrying section
provided in the slot cover electromagnetically couples with
the antenna portion of the card type functional medium to
operate as a parasitic element, and thus there is no externally
projecting part even when the card type functional medium
has been therein inserted, and it becomes possible to realize
downsizing while obtaining high antenna performance with-
out hindering portability.

Moreover, the present invention includes the portable wire-
less device mentioned above, wherein the current carrying
section is arranged so as to be substantially parallel with a
longer side of the opening portion of the card slot when the
slot cover is closed.

This makes the electromagnetic coupling between the
antenna portion provided in the card type functional medium
and current carrying section easy and reliable, and it becomes
possible to obtain high antenna performance.

Moreover, the present invention includes the portable wire-
less device mentioned above, wherein the current carrying
section is electrically connected at a part thereof with a
ground portion of the portable wireless device and grounded.

For this, the current carrying section to serve as a parasitic
element operates as a ground wire, and a current due to radio
waves when being transmitted and received flows to the
ground portion via the current carrying section, so that it
becomes possible to obtain high antenna performance.

Moreover, the present invention includes the portable wire-
less device mentioned above, including an electrical circuit to
connect the current carrying section and a ground portion of
the portable wireless device, wherein a part of the current
carrying section is grounded via the electrical circuit.

For this, adjusting the electrical circuit makes it easy to
design the element length of the current carrying section to
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serve as a parasitic element according to a using frequency
band, such as approximately one-half wavelength of radio
waves 1o be used, so that it becomes possible to obtain high
antenna performance.

Moreover, the present invention includes the portable wire-
less device mentioned above, wherein the electrical circuit is
formed of an LC circuit having an inductor and a capacitor.

For this, adjusting a value of the inductor or capacitor
makes it easy to design the element length of the current
carrying section to serve as a parasitic element according to a
using frequency band, such as approximately one-half wave-
length of radio waves to be used, so that it becomes possible
to obtain high antenna performance.

Moreover, the present invention includes the portable wire-
less device mentioned above, wherein the electrical circuit is
formed of an LC switching circuit having an inductor, a
capacitor, and a switching element and can connect while
switching the inductor and capacitor by the switching ele-
ment.

For this, adjusting a value of the inductor or capacitor
makes it easy to design the element length of the current
carrying section to serve as a parasitic element according to a
using frequency band, such as approximately one-half wave-
length of radio waves to be used, and moreover, when the
using frequency has changed due to switching of the switch-
ing element, it becomes possible to switch the element length
of the current carrying section.

A portable wireless device of the present invention
includes: a card slot that allows fitting a card type functional
medium with a communication function in a housing; a slot
cover that covers an opening portion of the card slot when the
card type functional medium is fitted and not fitted; a current
carrying section that is integrally provided in the slot cover,
and connected with the card type functional medium with the
card type functional medium fitted to the card slot to operate
at least at a part thereof as a part or a whole of an antenna
element of the card type functional medium; and a connecting
section that electrically connects the current carrying section
and the card type functional medium with the card type func-
tional medium fitted to the card slot.

For this, when performing wireless communications using
a card type functional medium, the current carrying section
provided in the slot cover operates as an antenna element, and
thus there is no externally projecting part even when the card
type functional medium has been therein inserted, and it
becomes possible to realize downsizing while obtaining high
antenna performance without hindering portability.

Effects of the Invention

According to the present invention, a portable wireless
device that has no externally projecting part even when a card
type functional medium has been therein inserted, and allows
downsizing while obtaining high antenna performance can be
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 An external perspective view showing a schematic
configuration of a portable wireless device according to a first
embodiment of the present invention.

FIG. 2 A plan view showing a schematic configuration of
the interior of a lower housing in the first embodiment.

FIG. 3 A plan view showing a schematic configuration of
the interior of a lower housing showing a first modification of
the present embodiment.
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FIG. 4 A plan view showing a schematic configuration of
the interior of a lower housing showing a second modification
of the present embodiment.

FIG. 5 A plan view showing a schematic configuration of
the interior of'a lower housing showing a third modification of
the present embodiment.

FIG. 6 A plan view showing a schematic configuration of
the interior of a lower housing showing a fourth modification
of the present embodiment.

FIG. 7 An external perspective view showing a schematic
configuration of a portable wireless device according to a
second embodiment of the present invention.

FIG. 8 A plan view showing a schematic configuration of
the interior of a lower housing in the second embodiment.

FIG. 9 An external perspective view showing a configura-
tion example of a conventional portable wireless device.

DESCRIPTION OF REFERENCE NUMERALS

1, 2 Mobile phone

10, 30, 40, 50, 60, 70 Lower housing
11, 31, 41, 51, 61, 71 Substrate
12, 72 Card slot

13, 33, 73 Slot cover

14, 34 Parasitic element

20 Upper housing

42 Electrical circuit

52 LC circuit

62 LC switching circuit

75, 102 Antenna element

100, 200 SDIO card

101, 201 RF circuit

103, 203 Connection terminal

BEST MODES FOR CARRYING OUT THE
INVENTION

First Embodiment

FIG. 1 an external perspective view showing a schematic
configuration of a portable wireless device according to a first
embodiment of the present invention. The portable wireless
device 1 of the first embodiment has a lower housing 10
having a radio circuit, an upper housing 20 including a liquid
crystal display section 21, and a hinge portion 22 that foldably
couples the lower housing 10 and the upper housing 20 at one
end portion of each.

On a side face of the lower housing 10, a card slot that
allows inserting and fitting in the housing an SDIO card 100
to be described later, and a slot cover 13 that is attached, in
order to block an opening portion of the card slot, via a turning
portion (not shown) are provided.

FIG. 2 is a plan view showing a schematic configuration of
the interior of the lower housing 10 in the first embodiment. In
FIG. 2, a state of the interior of the lower housing 10 viewed
transparently is shown. The lower housing 10 includes a
substrate 11, a card slot 12 that is mounted on the substrate 11
and for inserting therein the SDIO card 100, and a slot cover
13 that blocks an opening portion ofthe card slot 12 to prevent
intrusion of foreign matter such as dust.

The SDIO card 100, which is a card type functional
medium loaded with a wireless communication function, is
configured with an RF circuit 101 being a high-frequency
circuit to perform wireless communications, an antenna ele-
ment 102 being an antenna section connected with the RF
circuit 101 by a wiring pattern and arranged at an end portion
closer to the opening portion of the card slot 12, and a con-
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nection terminal 103 being an interface section that is pro-
vided at an end portion opposite to the antenna element 102,
and performs input and output of power and signals with the
substrate 11.

In the slot cover 13, a parasitic element 14 acting as a wave
director of the antenna section (antenna element 102) to be
loaded on the SDIO card 100 is integrally provided. The
parasitic element 14 is, inside of the slot cover 13 or on an
inner surface or the like, disposed by integral molding or the
like.

The parasitic element 14 is formed of a conductive member
such as a conductive thin film or wire rod so as to function as
a current carrying section, arranged substantially parallel
with a longer side of the opening portion of the card slot 12,
and located in proximity substantially parallel with the
antenna element 102 when the SDIO card 100 is inserted in
the card slot 12, and thus is capable of electromagnetic cou-
pling with the antenna element 102. The parasitic element 14
operates as a parasitic element as a result of electromagnetic
coupling with the antenna element 102. It is desirable that the
electrical length of the parasitic element 14 is approximately
one-half wavelength of a driving frequency of the RF circuit
101 loaded on the SDIO card 100.

Examples of a wireless communication system that can be
used in the SDIO card 100 include Bluetooth (registered
trademark). Bluetooth, which is for performing short-range
wireless communications within 10 m using a 2.4 GHz band,
is an optimal communication system for portable wireless
devices and the like that require a reduction in power con-
sumption and downsizing. Alternatively, a wireless LAN
IEEE 801.11a/b/g or the like may be applied as the wireless
communication system.

Next, description will be given of operation when perform-
ing wireless communications using the SDIO card 100 in the
portable wireless device 1 according to the present embodi-
ment configured as in the above.

The SDIO card 100, as shown in FIG. 2, in a posture with
its one end having the connection terminal 103 headed, is
inserted in the card slot 12 and fitted, and the opening portion
of'the card slot 12 is closed with the slot cover 13. In this way,
the connection terminal 103 of the SDIO card 100 is electri-
cally connected with the substrate 11 of the lower housing 10
to reach a state capable of input of power and input and output
of signals. Moreover, the antenna element 102 and the para-
sitic element 14 integrated in the slot cover 13 are approxi-
mated at this time to reach an electromagnetically coupled
state.

Then, by the RF circuit 101 that is controlled by a control-
ler (not shown) loaded on the SDIO card 100, the antenna
element 102 is excited in an electromagnetic interaction with
the parasitic element 14 to perform transmission of radio
waves. Moreover, radio waves efficiently received by the
antenna element 102 through the electromagnetic interaction
with the parasitic element 14 are converted to an electrical
signal in the RF circuit 101, and the electrical signal is trans-
mitted to the substrate 11 via the connection terminal 103.

In the present embodiment, the antenna element 102 and
the parasitic element 14 integrated in the slot cover 13 are
approximated and electromagnetically coupled, so that a cur-
rent concentrates in the parasitic element 14 at the time of
transmission and reception. Therefore, an electromagnetic
coupling between the antenna element 102 and the substrate
11 is suppressed, and the transmission power when transmit-
ting from the antenna element 102 or the reception sensitivity
when receiving at the antenna element 102 is improved more
than that with no parasitic element 14. Accordingly, provid-
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ing the parasitic element 14 in the slot cover 13 allows obtain-
ing high antenna performance while wireless communica-
tions are performed.

Moreover, arranging at this time the parasitic element 14
provided in the slot cover 13 substantially parallel with a
longer side of the opening portion of the card slot 12 makes
the electromagnetic coupling between the antenna element
102 and the parasitic element 14 easy, so that it becomes
possible to exhibit high antenna performance.

FIG. 3 is a plan view showing a schematic configuration of
the interior of a lower housing showing a first modification of
the present embodiment. For the lower housing 30 of the first
modification, a parasitic element 34 formed in an inverted
L-shape is integrated with a slot cover 33, and one end thereof
is electrically connected to a ground portion of the substrate
31 and grounded. For this, the parasitic element 34 operates as
a ground wire, and a current due to radio waves when being
transmitted and received flows to the ground portion via the
parasitic element 34, so that characteristics of the antenna
elements 102 are improved.

Moreover, FIG. 4 is a plan view showing a schematic
configuration of the interior of a lower housing showing a
second modification of the present embodiment. For the
lower housing 40 of the second modification, a parasitic ele-
ment 34 formed in an inverted L-shape is integrated with a
slot cover 33, and one end thereof is electrically connected to
a ground portion of a substrate 41 via an electrical circuit 42
and grounded. Due to this configuration, adjusting the elec-
trical circuit 42 makes it easy to design the element length of
the parasitic element 34 according to a using frequency band,
such as approximately one-half wavelength of a driving fre-
quency of the RF circuit 101, so that transmission and recep-
tion characteristics of radio waves are improved.

Further, FIG. 5 is a plan view showing a schematic con-
figuration of the interior of the lower housing showing a third
modification of the present embodiment. For the lower hous-
ing 50 of the third modification, one end of a parasitic element
34 being in an inverted L-shape integrated with a slot cover 33
is electrically connected to a ground portion of a substrate 51
via an L.C circuit 52 for which an inductor and a capacitor are
connected in parallel. Due to this configuration, adjusting a
value of the inductor or capacitor in the L.C circuit 52 makes
it easy to design the element length of the parasitic element 34
according to a using frequency band, such as approximately
one-half wavelength of a driving frequency of the RF circuit
101, so that the radiation efficiency of radio waves can be
improved.

Moreover, FIG. 6 is a plan view showing a schematic
configuration of the interior of a lower housing showing a
fourth modification of the present embodiment. For the lower
housing 60 of the fourth modification, one end of a parasitic
element 34 being in an inverted [.-shape integrated with a slot
cover 33 is electrically connected to a ground portion of a
substrate 61 via an L.C switching circuit 62. The LC switching
circuit 62 is structured so that an inductor and a capacitor
connected in parallel can be switched over by a switching
element. Due to this configuration, adjusting a value of the
inductor or capacitor makes it easy to design the element
length of the parasitic element 34 according to a using fre-
quency band, such as approximately one-half wavelength of a
driving frequency of the RF circuit 101, and moreover, when
the driving frequency of the RF circuit 101 has changed due
to switching of the switching element of the LC switching
circuit 62, it becomes possible to switch the element length of
the parasitic element 34.

As has been described in the above, a portable wireless
device according to the first embodiment has a configuration





US 8,090,408 B2

7

where a card slot 12 for inserting therein an SDIO card 100 is
provided in a lower housing 10, and in a slot cover 13 for
blocking an opening portion of the card slot 12, a parasitic
element 14 is provided in an integrated manner substantially
parallel with a longer side of the opening portion of the card
slot 12.

This allows closing the slot cover 13 without the SDIO card
100 projecting when the SDIO card 100 is inserted in the card
slot 12, and the antenna element 102 of the SDIO card 100 and
the parasitic element 14 are in this state approximated sub-
stantially in parallel to each other and electromagnetically
coupled, and high antenna performance can be performed
when wireless communications are performed. Moreover, as
a result of the parasitic element 14 being provided integrated
in the slot cover 13, the antenna part of the SDIO card 100
never projects from the housing, so that operability and port-
ability can be improved, and it is possible to realize downsiz-
ing while obtaining predetermined antenna performance.
Thus, it is possible to load a card type functional medium
having a wireless communication function that exhibits high
antenna performance, without hindering downsizing and
portability.

Moreover, connecting one end of a parasitic element to a
ground of a substrate to be a ground wire allows improving
antenna characteristics. Further, providing between one end
of the parasitic element and the ground of the substrate an
electrical circuit such as an L.C circuit, or an LC switching
circuit that can connect while switching elements by a switch
makes it possible to set the electrical length of the parasitic
element to approximately one-half wavelength of a driving
frequency of the RF circuit 101, so that the radiation effi-
ciency of radio waves can be improved.

Second Embodiment

FIG. 7 is an external perspective view showing a schematic
configuration of a portable wireless device according to a
second embodiment of the present invention. Components
that are in common with those of the first embodiment shown
in FIG. 1 are denoted by the same reference numerals.

The portable wireless device 2 of the second embodiment
has a lower housing 70 having a radio circuit, an upper hous-
ing 20 including a liquid crystal display section 21, and a
hinge portion 22 that foldably couples both housings 70 and
20 at one end portion of each.

On a side face of the lower housing 70, a card slot that
allows inserting and fitting in the housing an SDIO card 200
to be described later, and a slot cover 73 that is attached, in
order to block an opening portion ofthe card slot, via a turning
portion (not shown) are provided.

FIG. 8 is a plan view showing a schematic configuration of
the interior of the lower housing 70 in the second embodi-
ment. In FIG. 8, a state of the interior of the lower housing 70
viewed transparently is shown. The lower housing 70
includes a substrate 71, a card slot 72 that is mounted on the
substrate 71 and for inserting therein the SDIO card 200, and
a slot cover 73 that blocks an opening portion of the card slot
72 to prevent intrusion of foreign matter such as dust.

The SDIO card 200, which is a card type functional
medium loaded with a wireless communication function, is
configured with an RF circuit 201 being a high-frequency
circuit to perform wireless communications, and a connec-
tion terminal 203 being an interface section connected with
the RF circuit 201 by a wiring pattern and provided at an end
portion opposite to the opening portion side of the card slot
72.
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Examples of a wireless communication system that can be
used in the SDIO card 200 include, as in the first embodiment,
Bluetooth (registered trademark) and a wireless LAN IEEE
801.11a/b/g or the like.

Inthe slot cover 73, an antenna element 75 to be electrically
connected with the connection terminal 203 of the SDIO card
200 is integrally provided. The connection terminal 203 is
provided as a connection section to perform input and output
of power and signals with the substrate 71, and electrically
connect the antenna element 75 provided integrated with the
slot cover 73. The antenna element 75 is, inside of the slot
cover 73 or on an inner surface or the like, disposed by
integral molding or the like. The antenna element 75 is
formed ofa conductive member such as a conductive thin film
or wire rod so as to function as a current carrying section, and
its electrical length is desirably approximately one-half wave-
length or approximately one-fourth wavelength of a driving
frequency of the RF circuit 201 loaded on the SDIO card 200.
The antenna element 75 is connected with the RF circuit 201
via the connection terminal 203 of the SDIO card 200 when
the SDIO card 200 is inserted in the card slot 72, and operates
at least at a part thereof as a part or a whole of an antenna
element of the SDIO card 200.

Next, description will be given of operation when perform-
ing wireless communications using the SDIO card 200 in the
portable wireless device 2 according to the present embodi-
ment configured as in the above.

The SDIO card 200, as shown in FIG. 8, in a posture with
its one end having the connection terminal 203 headed, is
inserted in the card slot 72 and fitted, and the opening portion
of'the card slot 72 is closed with the slot cover 73. In this way,
the connection terminal 203 of the SDIO card 200 is electri-
cally connected with the substrate 71 of the lower housing 70
and the antenna element 75 provided in the slot cover 73 to
reach a state capable of input of power and input and output of
signals.

Then, by the RF circuit 201 that is controlled by a control-
ler (not shown) loaded on the SDIO card 200, the antenna
element 75 is excited to perform transmission of radio waves.
Moreover, radio waves are efficiently received by the antenna
element 75 and converted to an electrical signal in the RF
circuit 201, and transmitted to the substrate 71 via the con-
nection terminal 203.

In the present embodiment, the antenna element 75 is pro-
vided integrated in the slot cover 73, and thus the antenna
element 75 never projects from the lower housing 70, which
allows obtaining high antenna performance while wireless
communications are performed without hindering downsiz-
ing and portability.

As has been described in the above, a portable wireless
device according to the second embodiment has a configura-
tion where a card slot 72 for inserting therein an SDIO card
200 is provided in a lower housing 70, and in a slot cover 73
for blocking an opening portion of the card slot 72, an antenna
element 75 is provided in an integrated manner.

This allows closing the slot cover 73 without the SDIO card
200 projecting when the SDIO card 200 is inserted in the card
slot 72, and the SDIO card 200 and the antenna element 75 are
in this state connected to each other, so that operability and
portability are excellent, and downsizing is realized while
high antenna performance can be obtained when wireless
communications are performed. Thus, it is possible to load a
card type functional medium having a wireless communica-
tion function that exhibits high antenna performance, without
hindering downsizing and portability.

The present invention is not limited to the matters provided
in the above embodiments, and alterations and applications,
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which would be made by those skilled in the art based on the
description of the specification and the well-known technolo-
gies, are also intended by the present invention, and are con-
tained in a scope over which protection is sought.

INDUSTRIAL APPLICABILITY

The present invention has an effect of having no externally
projecting part even when a card type functional medium has
been therein inserted and allowing downsizing while obtain-
ing high antenna performance, and is useful as a portable
wireless device or the like, such as a mobile phone or a
portable terminal device (PDA), that can be used by inserting
a card type functional medium such as an SDIO card ina card
slot.

The invention claimed is:

1. A portable wireless device comprising:

acard slot that allows fitting a card type functional medium
with a communication function in a housing;

a slot cover that covers an opening portion of the card slot
when the card type functional medium is fitted and not
fitted; and

a current carrying section that is integrally provided in the
slot cover, electromagnetically couples with an antenna
portion provided in the card type functional medium
with the card type functional medium fitted to the card
slot, and operates as a parasitic element of the antenna
portion.

2. The portable wireless device according to claim 1,

wherein

the current carrying section is arranged so as to be substan-
tially parallel with a longer side of the opening portion of
the card slot when the slot cover is closed.

3. The portable wireless device according to claim 1,

wherein

20

25

30

10

the current carrying section is electrically connected at a
part thereof with a ground portion of the portable wire-
less device and grounded.

4. The portable wireless device according to claim 1, com-
prising an electrical circuit to connect the current carrying
section and a ground portion of the portable wireless device,
wherein a part of the current carrying section is grounded via
the electrical circuit.

5. The portable wireless device according to claim 4,
wherein the electrical circuit is formed of an LC circuit hav-
ing an inductor and a capacitor.

6. The portable wireless device according to claim 4,
wherein

the electrical circuit is formed of an L.C switching circuit
having aninductor, a capacitor, and a switching element,
and can connect while switching the inductor and
capacitor by the switching element.

7. A portable wireless device comprising:

acard slot that allows fitting a card type functional medium
with a communication function in a housing;

a slot cover that covers an opening portion of the card slot
when the card type functional medium is fitted and not
fitted;

a current carrying section that is integrally provided in the
slot cover, and connected with the card type functional
medium with the card type functional medium fitted to
the card slot to operate at least at a part thereof as a part
or a whole of an antenna element of the card type func-
tional medium; and

a connecting section that electrically connects the current
carrying section and the card type functional medium
with the card type functional medium fitted to the card
slot.
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1
MONOPOLE ANTENNA

BACKGROUND

1. Technical Field

The present invention generally relates to an antenna, par-
ticularly to a monopole antenna assembled within a portable
wireless communication device.

2. Discussion of the Related Art

With the developments of wireless communication and
information processing technologies, portable wireless com-
munication devices such as mobile phones and personal digi-
tal assistants (PDAs) are now in widely use, and consumers
may now enjoy the full convenience of high products almost
anytime and anywhere.

Typical portable wireless communication device generally
includes an antenna assembled therein to transmit and receive
electromagnetic waves for transmitting and exchanging sig-
nals and datum. With the life cycle and the development time
of a portable wireless communication device becoming
shorter and shorter, monopole antennas are widely used in
portable wireless communication devices. However, the typi-
cal monopole antenna is hard to adjust and is not universal for
different portable wireless communication devices.

Therefore, there is room for improvement within the art.

BRIEF DESCRIPTION OF THE DRAWING

Many aspects of the present monopole antenna 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 monopole antenna. More-
over, in the drawings, like reference numerals designate cor-
responding parts throughout the several views.

FIG. 1 shows a schematic, perspective view of a monopole
antenna, according to the exemplary embodiment.

FIG. 2 is similarto FIG. 1, but viewed from another aspect.

FIG. 3 shows test graph of a radiation directional pattern of
the monopole antenna with a distance between a feed portion
and a grounding portion is 14 mm.

FIG. 4 shows test graph of a radiation directional pattern of
the monopole antenna with a distance between a feed portion
and a grounding portion is 10.5 mm.

FIG. 5 shows test graph of a radiation directional pattern of
the monopole antenna with a distance between a feed portion
and a grounding portion is 7 mm.

FIG. 6 shows test graph of a radiation directional pattern of
the monopole antenna with a distance between a feed portion
and a grounding portion is 3.5 mm.

DETAILED DESCRIPTION OF THE
EMBODIMENT

The monopole antenna 30 includes a main body 31, a feed
portion 33, a grounding portion 35, a first transmitting body
37 and a second transmitting body 39. The main body 31 is a
substantially L shaped metal sheet, and includes a base por-
tion 311 and a bent portion 313. The plane of the base portion
311 is substantially perpendicular to the plane of the bent
portion 313. The feed portion 33 and the grounding portion 35
are both substantially cylindrical in shape, and are disposed at
opposite ends of the same surface of the base portion 311. A
distance between the feed portion 33 and the grounding por-
tion 35 may vary according to actual needs, to make the
monopole antenna 30 work under different wireless commu-
nicating systems. A preferred distance between the feed por-
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tion 33 and the grounding portion 35 is from Y4Ag of the GSM
communicating system to Y2Ag of the DCS or PCS commu-
nicating system, wherein Ag=(C/4f), wherein C is velocity of
light, f is the working frequency.

The first transmitting body 37 forms a high frequency
transmission path, and is substantially an [.-shaped sheet
extending from a middle portion ofthe base portion 311 along
a direction away from the bent portion 313. The first trans-
mitting body 37 is at the same plane as the base portion 311 of
the main body 31. In usage, the impedance matching of the
monopole antenna 30 can be set by adjusting the distance
between the feed portion 33 and the grounding portion 35.
The second transmitting body 39 forms a low frequency
transmission path, and is substantially a U-shaped sheet
extending outwards from a distal end of the bent portion 313
towards the first transmitting body 37. The second transmit-
ting body 39 is on the same side of the base portion 311 as first
transmitting body 37 and also lies in a plane that is perpen-
dicular to the plane of the base portion 311 of the main body
31.

The monopole antenna 30 can be widely used in portable
wireless communication devices such as mobile phones and
personal digital assistants (PDAs) to make the portable wire-
less communication device work under different communi-
cation systems with different frequencies. When the mono-
pole antenna 30 is in use, the signal feed portion 33 receives
the outer radio frequency signals and transmit the signals
from the first transmitting body 37 and the second transmit-
ting body 39. The first transmitting body 37 and the second
transmitting body 39 form the different transmit paths with
different lengths and obtain the different high frequency sig-
nals and the low frequency signals, respectively, to generate
different operating frequencies to make the monopole
antenna 20 work under GSM, DCS and PCS three communi-
cation systems.

FIGS. 3-6 show the radiation directional patterns of the
monopole antenna 30 when the distance between the feed
portion 33 and grounding portion 39 is 14 mm, 10.5 mm, 7
mm and 3.5 mm, respectively. The measured results of the
diagrams show that the bandwidth of the monopole antenna
30 covers the GSM, DCS and PCS communication systems.
As the distance between the feed-in portion 37 and the
grounding portion 39 becomes smaller, the bandwidth of the
monopole antenna 30 becomes smaller too.

Finally, it is to be understood, however, that even though
numerous characteristics and advantages of the present
invention have been set forth in the foregoing description,
together with details of the structure and function of the
present invention, the disclosure is illustrative only, and
changes may be made in detail, especially in matters of shape,
size, and arrangement of parts within the principles of 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. A monopole antenna comprising:

a main body being an L-shaped sheet and including a base
portion and a bent portion, the feed portion and the
grounding portion being disposed at opposite ends of the
same surface of the base portion;

a feed portion and a grounding portion disposed on the
main body;

a first transmitting body, forming a high frequency trans-
mission path, extending outwardly from the main body;
and

a second transmitting body, forming a low frequency trans-
mission path, extending outwardly from the main body,
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and lying along a plane substantially perpendicular to a
plane of the first transmitting body.

2. The monopole antenna as claimed in claim 1, wherein
the first transmitting body is an L-shaped sheet extending
outwardly from the middle portion of the base portion and
away from the bent portion, the first transmitting body is at the
same plane as the base portion.

3. The monopole antenna as claimed in claim 2, wherein
the second transmitting body is a U-shaped sheet extending
outwardly from the distal end of the bent portion towards the
first transmitting body and on the same side of the base
portion as first transmitting body.

4. The monopole antenna as claimed in claim 3, wherein
the second transmitting body lies in a plane that is perpen-
dicular to the plane of the base portion of the main body.

5. The monopole antenna as claimed in claim 3, wherein
the distance between the feed portion and the grounding
portion is from Y4Ag to 4Ag.

6. The monopole antenna as claimed in claim 1, wherein
the feed portion and the grounding portion are both substan-
tially cylindrical in shape.

7. A monopole antenna comprising:

a main body being an L-shaped sheet and including a base
portion and a bent portion, the feed portion and the
grounding portion being disposed at opposite ends of the
same surface of the base portion;

a feed portion and a grounding portion disposed on the
main body with changeable distance there between to
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make the monopole antenna work under different wire-
less communicating systems;

a first transmitting body, forming a high frequency trans-
mission path, extending outwardly from the main body;
and

a second transmitting body, forming a low frequency trans-
mission path, extending outwardly from the main body,
and lying along a plane substantially perpendicular to a
plane of the first transmitting body.

8. The monopole antenna as claimed in claim 7, wherein
the first transmitting body is an L-shaped sheet extending
outwardly from the middle portion of the base portion and
away from the bent portion, the first transmitting body is at the
same plane as the base portion.

9. The monopole antenna as claimed in claim 7, wherein
the second transmitting body is a U-shaped sheet extending
outwardly from the distal end of the bent portion towards the
first transmitting body and on the same side of the base
portion as first transmitting body.

10. The monopole antenna as claimed in claim 9, wherein
the second transmitting body lies in a plane that is perpen-
dicular to the plane of the base portion of the main body.

11. The monopole antenna as claimed in claim 7, wherein
the distance between the feed portion and the grounding
portion is changeable.
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ANTENNA AND RADIO COMMUNICATION
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna for use in a
radio communication apparatus such as a mobile communi-
cation apparatus and a radio communication apparatus
including the antenna.

2. Description of the Related Art

From the viewpoint that miniaturization and frequency
adjustment can be easily achieved, surface-mount antennas
are often used for radio communication apparatuses such as
terminal units (mobile telephones) for use in a mobile tele-
phone system. In such a general surface-mount antenna in the
related art, a radiation electrode is provided on a surface of a
dielectric substrate to form an inductor, and an open end of the
radiation electrode is spaced from a feed electrode to form a
capacitor. Thus, an LC resonance circuit is provided.

In recent years, as disclosed in Japanese Unexamined
Patent Application Publication No. 2005-318336, in accor-
dance with the increase in the number of functions of mobile
communication apparatuses such as mobile telephones, sur-
face-mount antennas with improved antenna efficiency and a
wider bandwidth which are capable of performing multiband
communication have been proposed.

FIG. 1 is a perspective view illustrating a configuration of
an antenna disclosed in Japanese Unexamined Patent Appli-
cation Publication No. 2005-318336. An antenna 1 is dis-
posed in a corner of a mount board 201 of a radio communi-
cation apparatus such as a mobile telephone. In a non-ground
region 201a (a region where a ground electrode 2015 is not
formed) in the corner of the mount board 201, a parallel
radiation electrode pattern 3 and a surface-mount antenna
component 4 are provided. Using the parallel radiation elec-
trode pattern 3 and the surface-mount antenna component 4,
a parallel resonance circuit 2 is formed in the non-ground
region 201a. A high-frequency current is supplied from a
feeding point 5 to the parallel resonance circuit 2.

The parallel resonance circuit 2 is obtained by connecting
the surface-mount antenna component 4 in parallel to the
parallel radiation electrode pattern 3 formed in the non-
ground region 201a. The parallel radiation electrode pattern 3
is provided in the form of a loop to occupy most of the
non-ground region 201« and is open at a bottom of the surface
mount antenna component 4. Thus, the parallel radiation
electrode pattern 3 of the parallel resonance circuit 2 forms an
inductor L. The inductance of the inductor L can be adjusted
in accordance with the length of the parallel radiation elec-
trode pattern 3. The surface-mount antenna component 4 is
connected to the parallel radiation electrode pattern 3.

The surface mount antenna component 4 includes a pair of
electrodes 41 and 42. The electrodes 41 and 42 are provided
on a surface of a rectangular parallelepiped dielectric sub-
strate. A capacitor Cd corresponding to a distance d is formed.

However, in the case of the antenna in the related art illus-
trated in FIG. 1 in which the surface-mount antenna compo-
nent functioning as a part of the inductor and the capacitor is
connected to the loop radiation electrode pattern formed in
the non-ground region of the mount board, it is impossible to
set a resonance frequency of the antenna to a desired low
value because an area required for the parallel resonance
circuit is large.

Accordingly, it is necessary to set an inductance value of
the inductor L1, which affects the resonance frequency of the
antenna in the matching circuit composed of the inductors L0
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and L1 illustrated in FIG. 1, to a large value. As a result, a
larger loss occurs in the matching circuit. If the non-ground
region 201a becomes larger and the path length of the parallel
radiation electrode pattern 3 becomes longer, an antenna hav-
ing a desired low resonance frequency can be implemented.
However, this leads to the increase in the size of the antenna.

SUMMARY OF THE INVENTION

In view of the above-described problems, preferred
embodiments of the present invention provide an antenna
capable of setting a resonance frequency to a desired low
frequency without increasing the size of the antenna and
increasing a circuit loss, and a radio communication appara-
tus including the antenna.

An antenna according to a preferred embodiment of the
present invention includes a mount board having a non-
ground region, and a surface-mount antenna element dis-
posed in the non-ground region. The surface-mount antenna
element includes at least two linear electrodes that are parallel
or substantially parallel to each other on a surface of a sub-
strate, and at least one capacitor arranged such that portions of
at least one of the two linear electrodes face each other with a
predetermined distance therebetween. The non-ground
region of the mount board includes radiation electrodes that
are individually connected to the two linear electrodes to
define inductors, and one of the radiation electrodes includes
a feeding point. The two linear electrodes of the surface-
mount antenna element, the capacitor, and the radiation elec-
trodes define a parallel resonance circuit.

Chip reactive elements may preferably be individually
connected in series to the radiation electrodes in the non-
ground region.

Each of the radiation electrodes preferably may include
two linear electrode portions that are parallel or substantially
parallel to each other. A chip reactive element preferably may
be used to connect predetermined positions of the two linear
electrode portions in the non-ground region.

The radiation electrodes may preferably be a first radiation
electrode connected to first ends of the two linear electrodes
of the surface-mount antenna element and a second radiation
electrode connected to second ends of the two linear elec-
trodes of the surface-mount antenna. The first radiation elec-
trode may preferably include the feeding point.

The reactive elements preferably may be individually con-
nected to the first radiation electrode and the second radiation
electrode.

The first radiation electrode connected to the first ends of
the two linear electrodes of the surface-mount antenna may
preferably include the feeding point. An auxiliary electrode
may preferably branch oft and extend from the second radia-
tion electrode connected to the second ends of the two linear
electrodes and extend.

One end of a branch electrode plate may preferably be
connected to the second radiation electrode.

The auxiliary electrode preferably may branch off and
extend from one of the two linear electrodes of the surface-
mount antenna element.

Portions of the radiation electrodes may preferably be dis-
posed on an undersurface of the mount board on which the
surface-mount antenna element is disposed.

Each of the radiation electrodes preferably may include
two linear electrode portions that are parallel or substantially
parallel to each other. A radiation electrode plate may prefer-
ably be used to connect the two linear electrode portions.

One of the radiation electrodes preferably may be con-
nected to the first ends of the two linear electrodes of the
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surface-mount antenna element. The other one of the radia-
tion electrodes may preferably be used to extend the second
ends of the two linear electrodes of the surface-mount antenna
element from an upper surface of the surface-mount antenna
element to a lower surface (surface on which the surface-
mount antenna element is disposed) of the surface-mount
antenna element.

A radio communication apparatus according to another
preferred embodiment of the present invention includes an
antenna having a configuration according to any of the pre-
ferred embodiments of the present invention described above.
A radio communication circuit is preferably provided on a
mount board.

According to the above-described configurations, the fol-
lowing advantages can be obtained.

The non-ground region of the mount board preferably
includes radiation electrodes that are individually connected
to the two linear electrodes of the surface-mount antenna
element to define inductors. The two linear electrodes of the
surface-mount antenna element, the capacitor, and the radia-
tion electrodes define a parallel resonance circuit. Accord-
ingly, by increasing the dielectric constant of the substrate of
the surface-mount antenna element, a resonance frequency
can be set to a low value even if the length of the radiation
electrode on the mount board is short. The increase in the area
required for the antenna on the mount board can therefore be
prevented. In this case, since it is not required to set an
inductance value to a large value in the matching circuit, the
occurrence of a large circuit loss can be prevented.

Chip reactive elements preferably may be individually
connected in series to the radiation electrodes in the non-
ground region of the mount board. As a result, the reactance of
each of the radiation electrodes can be adjusted, and a desired
resonance frequency can be set.

Each of the radiation electrodes may preferably include
two linear electrode portions that are parallel or substantially
parallel to each other. A chip reactive element may preferably
be used to connect predetermined positions of the two linear
electrode portions. As a result, the reactance of each of the
radiation electrodes can be adjusted without changing an
electrode pattern on the mount board and the design of the
surface-mount antenna element, and a desired resonance fre-
quency characteristic can be obtained.

The radiation electrodes preferably may include a first
radiation electrode connected to the first ends of the two linear
electrodes of the surface-mount antenna element and a sec-
ond radiation electrode connected to the second ends of the
two linear electrodes of the surface-mount antenna. The first
radiation electrode may preferably include the feeding point.
As aresult, two paths from the feeding point to the capacitor
can be generated, and two or three resonance frequencies can
be switched in accordance with a frequency used. That is, an
antenna capable of performing multiband communication
can be implemented.

The reactive elements may preferably be individually con-
nected to the first radiation electrode and the second radiation
electrode. As a result, a plurality of resonance frequencies can
be separately adjusted.

An auxiliary electrode preferably may branch off from the
second radiation electrode and extend in the non-ground
region. As a result, a radiation resistance of the antenna is
increased, and antenna efficiency can be improved.

One end of a branch electrode plate may preferably be
connected to the second radiation electrode, and the branch
electrode plate may preferably be disposed in space. As a
result, a radiation resistance of the antenna is increased, and
antenna efficiency is improved.
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The auxiliary electrode may preferably branch off and
extend from one of the two linear electrodes of the surface-
mount antenna element. As a result, a radiation resistance of
the antenna is increased, and antenna efficiency is improved.

Portions of the radiation electrodes may be disposed on an
undersurface of the mount board. As a result, an area required
for the antenna on the mount board is further reduced.

A radiation electrode plate may be disposed in space as a
portion of one of the radiation electrodes. As a result, a three-
dimensional structure of the radiation electrode is obtained,
and an area required for the antenna on the mount board is
reduced.

One of the radiation electrodes may extend to a surface on
which the surface-mount antenna element is disposed. As a
result, an area required for the antenna on the mount board is
reduced.

Other features, elements, steps, characteristics and advan-
tages of the present invention will become more apparent
from the following detailed description of preferred embodi-
ments of the present invention with reference to the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view illustrating a configuration of
an antenna disclosed in Japanese Unexamined Patent Appli-
cation Publication No. 2005-318336.

FIG. 2 is a perspective view illustrating a configuration of
an antenna according to a first preferred embodiment of the
present invention.

FIG. 3 is a diagram illustrating an equivalent circuit of an
antenna according to the first preferred embodiment of the
present invention.

FIG. 4 is a circuit diagram of an antenna according to the
first preferred embodiment of the present invention.

FIG. 5 is a diagram illustrating a frequency characteristic
of a return loss of an antenna according to the first preferred
embodiment of the present invention.

FIG. 6 is a diagram illustrating configurations of an
antenna according to the first preferred embodiment and a
mobile telephone including the antenna.

FIG. 7 is a perspective view of an antenna according to a
second preferred embodiment of the present invention.

FIG. 8 is a perspective view of an antenna according to a
third preferred embodiment of the present invention.

FIGS. 9A and 9B are circuit diagrams of an antenna
according to the third preferred embodiment of the present
invention.

FIG. 10 is a perspective view of an antenna according to a
fourth preferred embodiment of the present invention.

FIG. 11 is a perspective view of an antenna according to a
fifth preferred embodiment of the present invention.

FIG. 12 is a perspective view of an antenna according to a
sixth preferred embodiment of the present invention.

FIGS. 13A and 13B are perspective views of an antenna
according to a seventh preferred embodiment of the present
invention.

FIG. 14 is a perspective view of an antenna according to an
eighth preferred embodiment of the present invention.

FIGS. 15A and 15B are perspective views of an antenna
according to a ninth preferred embodiment of the present
invention.

FIGS. 16A and 16B are perspective views of an antenna
according to a tenth preferred embodiment of the present
invention.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Preferred Embodiment

An antenna according to the first preferred embodiment
and a radio communication apparatus according to the first
preferred embodiment will be described with reference to
FIGS. 2 to 6.

FIG. 2 is a perspective view of an antenna according to the
first preferred embodiment. As illustrated in FIG. 2, in an
antenna 101, a surface-mount antenna element 10 is located
on a non-ground region 17 of'a mount board 20. The surface-
mount antenna element 10 preferably includes two linear
electrodes 12 and 13 that are parallel or substantially parallel
to each other on the surface of a dielectric substrate 11.
Portions of the electrode 12 face each other with a predeter-
mined distance therebetween to define a capacitor g.

In the non-ground region 17 of the mount board 20, a first
radiation electrode 14 and a second radiation electrode 15 are
provided. Each of the first radiation electrode 14 and the
second radiation electrode 15 is connected to the two linear
electrodes 12 and 13 to define an inductor. The first radiation
electrode 14 is connected to a feeder circuit 19 via a matching
circuit including inductors L0 and 1.

The linear electrodes 12 and 13 of the surface-mount
antenna element 10, the capacitor g, and the radiation elec-
trodes 14 and 15 define a parallel resonance circuit.

FIG. 3 is a diagram illustrating an equivalent circuit of an
antenna according to the first preferred embodiment. A par-
allel resonance circuit including a capacitor C and an inductor
L is illustrated. The capacitor C is a lumped-parameter ele-
ment of a capacitance of the capacitor g. The inductor L is a
lumped-parameter element of inductances of the linear elec-
trodes 12 and 13 and the radiation electrodes 14 and 15.

FIG. 4 is a circuit diagram schematically illustrating a
portion of the antenna illustrated in FIG. 2. FIG. 5 is a diagram
illustrating a frequency characteristic of a return loss of the
antenna illustrated in FIG. 2. Referring to FIG. 4, inductors
L14a and 1145 are inductors for the first radiation electrode
14, and an inductor L.15 is an inductor for the second radiation
electrode 15.

A path 71 from the feeder circuit 19 via the inductor L1456
to the capacitor g predominantly defines a resonance fre-
quency f1 illustrated in FIG. 5, a path Z2 from the feeder
circuit 19 via the inductor L.14a, the linear electrode 13, the
inductor 15, and a linear electrode 125 to the capacitor g
predominantly defines a resonance frequency f2 illustrated in
FIG. 5, and a path Z3 corresponding to the inductor .15 (the
second radiation electrode 15) predominantly defines a reso-
nance frequency {3 illustrated in FIG. 5.

Accordingly, this antenna functions as a multiple resonant
antenna having three resonance points, that is, the resonance
frequencies f1, f2, and f3. For example, the resonance fre-
quency f1 corresponds to CDMA2000 having a frequency
band from 2110 MHz to 2130 MHz, the resonance frequency
2 corresponds to CDMAS8O0O0 having a frequency band from
843 MHz to 875 MHz, and the resonance frequency {3 cor-
responds to GPS having a frequency of 1575 MHz. That is,
this antenna can be used as an antenna for a mobile telephone
that includes a GPS receiver and is compatible with both of
CDMAR800 and CDMA 2000.

FIG. 6 is a schematic elevation view of a mobile telephone
including an antenna according to the first preferred embodi-
ment. As illustrated in FIG. 6, the antenna 101 is disposed in
an upper corner of the mount board 20 of a mobile telephone
110. In the antenna 101, the surface-mount antenna element
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10 is disposed in the non-ground region 17 (aregion in which
a ground electrode 18 is not formed) in which the first radia-
tion electrode 14 and the second radiation electrode 15 are
located. On the mount board 20, the feeder circuit 19 and the
inductors L0 and .1 are disposed. The inductors [.0 and [.1
define a matching circuit for the feeder circuit 19 and the first
radiation electrode 14.

Second Preferred Embodiment

FIG. 7 is a perspective view of an antenna according to the
second preferred embodiment. An antenna according to the
second preferred embodiment differs from the antenna 101
illustrated in FIG. 2 in that the antenna according to the
second preferred embodiment includes chip reactive ele-
ments 21, 22, and 23. That is, the reactive elements 21 and 22
are connected in series to the first radiation electrode 14. A
second radiation electrode preferably includes two linear
electrode portions 15a and 155 that are parallel or substan-
tially parallel to each other. The reactive element 23 is
arranged so that predetermined positions of the linear elec-
trode portions 15a and 155 are connected to each other.

If chip inductors are used as the reactive elements 21 and
22, these chip inductors are connected in series to the first
radiation electrode 14 near the feeder circuit 19. Accordingly,
an inductor used for impedance matching between the paral-
lel resonance circuit and the feeder circuit 19 (the inductor .1
illustrated in FIG. 2) can be removed.

If the reactive elements 21 and 22 are chip inductors, the
inductances of the inductors L.14a and .14 included in the
circuit illustrated in FIG. 4 become larger. As a result, the
resonance frequencies fl and f2 illustrated in FIG. 5 are
shifted to lower frequencies. If the reactive element 23 is a
chip inductor, the inductance of the inductor .15 illustrated in
FIG. 4 becomes larger. As a result, the resonance frequency 13
illustrated in FIG. 5 is shifted to a lower frequency. In con-
trast, if the reactive elements 21, 22, and 23 are chip capaci-
tors, the resonance frequencies f1, f2, and f3 are shifted to
higher frequencies.

If the mounting position of the reactive element 23 is
changed, a path through the linear electrode portions 15a and
155 of the second radiation electrode and the reactive element
23 is changed. As a result, the resonance frequencies f2 and 13
are changed. Accordingly, a resonance frequency can be setto
a desired value by changing not only a value of a reactive
element but also a mounting position of the reactive element.

Third Preferred Embodiment

FIG. 8 is a perspective view of an antenna according to the
third preferred embodiment. An antenna according to the
third preferred embodiment differs from the antenna illus-
trated in FIG. 7 in the shape of the second radiation electrode
15 and the mounting method of a reactive element 24. That is,
the second radiation electrode 15 preferably has a rectangular
U-shape, and includes two linear electrode portions that are
parallel or substantially parallel to each other. The reactive
element 24 is disposed so that these linear electrode portions
are connected to each other.

FIGS. 9A and 9B are circuit diagrams of an antenna 103
illustrated in FIG. 8. FIG. 9A illustrates an example in which
the reactive elements 21, 22, and 24 are chip inductors. FI1G.
9B illustrates an example in which the reactive elements 21
and 22 are chip inductors and the reactive element 24 is a chip
capacitor.

Referring to FIGS. 9A and 9B, the inductors [.14a and
L14b are inductors of the first radiation electrode 14, and
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inductors L.31 and L.32 are inductors of the reactive elements
(chip inductors) 21 and 23, respectively. The inductor L15 is
an inductor of the second radiation electrode 15. Referring to
FIG. 9A, an inductor 1.33 is an inductor of the reactive ele-
ment (chip inductor) 24. Referring to FIG. 9B, a capacitor
(33 is a capacitor of the reactive element (chip capacitor) 24.

As illustrated in FIG. 9A, by providing a parallel circuit
including the inductors .15 and [.33 at the path Z3, an induc-
tance value at the path Z3 can be reduced and the resonance
frequency 13 illustrated in FIG. 5 can be shifted to a higher
frequency. As illustrated in FIG. 9B, by providing a parallel
circuit including the capacitor C33 and the inductor 15 at the
path Z3, a reactive component at the path Z3 can be controlled
and the resonance frequency f3 can be shifted to a lower
frequency. The reactive component at the path 73 and the
length of the path Z3 can be controlled by changing the
mounting position of the reactive element 24 on the second
radiation electrode 15 illustrated in FIG. 8.

Fourth Preferred Embodiment

FIG.10is a perspective view of an antenna according to the
fourth preferred embodiment. As illustrated in FIG. 10, an
antenna 104 has a configuration in which the surface-mount
antenna element 10 is located in the non-ground region 17 of
the mount board 20. The configuration of the surface-mount
antenna element 10 is preferably the same as that described
previously in the first preferred embodiment with reference to
FIG. 2.

In the non-ground region 17 of the mount board 20, the first
radiation electrode 14 and the second radiation electrode 15,
each of which has an inductor, are provided. The second
radiation electrode 15 preferably includes the two linear elec-
trode portions 15a and 155 that are parallel or substantially
parallel to each other. An auxiliary electrode 31 branches off
from the end of the linear electrode portion 154 and extends
back toward the first radiation electrode 14.

The reactive elements 21 and 22 are disposed on the surface
of'the first radiation electrode 14 so that they are connected in
series to the first radiation electrode 14.

A reactive element 25 is disposed on the surface of the
linear electrode portion 155 so that it is connected in series to
the linear electrode portion 154.

Other components are the same as those included in the
antenna 101 according to the first preferred embodiment. By
disposing the auxiliary electrode 31, a radiation resistance is
increased and antenna efficiency (in particular, the antenna
efficiency of an antenna having the resonance frequency 3
that is affected by the linear electrode portions 15« and 155)
is improved.

Fifth Preferred Embodiment

FIG. 11 is a perspective view of an antenna according to the
fifth preferred embodiment. As illustrated in FIG. 11, an
antenna 106 includes the two linear electrode portions 15«
and 155 of the second radiation electrode. An L-shaped
branch electrode plate 33 is disposed at the linear electrode
portion 15a. That is, the branch electrode plate 33 is disposed
in space so that one end of the branch electrode plate 33 is
connected to the linear electrode portion 15a and the branch
electrode plate 33 is bent back toward the first radiation
electrode 14. Other components are preferably the same as
those illustrated in FIG. 7. Thus, by disposing the branch
electrode plate 33 at a radiation electrode, a radiation resis-
tance is increased and antenna efficiency (in particular, the
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antenna efficiency of an antenna having the resonance fre-
quency 13 that is affected by the linear electrode portions 15a
and 15b) is improved.

Sixth Preferred Embodiment

FIG. 12 is a perspective view of an antenna according to the
sixth preferred embodiment. In this example, on the surface
of the dielectric substrate 11, the linear electrodes 12a, 125,
and 13 and an auxiliary electrode 32 are provided. The aux-
iliary electrode 32 branches off from the linear electrode 13
and is bent back toward the feeding point. Other components
are preferably the same as those illustrated in FIG. 7. By
disposing an antenna element 9 including the auxiliary elec-
trode 32, a radiation resistance is increased and antenna effi-
ciency (in particular, the antenna efficiency of an antenna
having the resonance frequency f3 that is affected by the
linear electrode portions 154 and 155) is improved.

Seventh Preferred Embodiment

FIGS. 13A and 13B are perspective views of an antenna
107 according to the seventh preferred embodiment. FIG.
13A is a perspective view illustrating a surface on which the
surface-mount antenna element 10 is disposed. FIG. 13Bis a
perspective view illustrating the undersurface thereof. In this
example, the first radiation electrode 14 and the linear elec-
trode portions 154 and 156 of the second radiation electrode
are located in a non-ground region 174 on the surface of the
mount board 20, and undersurface second radiation elec-
trodes 41a and 415 are located in a non-ground region 175 on
the undersurface of the mount board 20. The linear electrode
portions 15a and 155 of the second radiation electrode on the
surface of the mount board 20 are electrically connected
through plated through holes 40 to the undersurface second
radiation electrodes 41a and 415 on the undersurface of the
mount board 20, respectively.

Furthermore, in this example, a reactive element 26 is used
to connect the leading ends of the undersurface second radia-
tion electrodes 41a and 415.

As compared with an example in which the undersurface
second radiation electrodes 41a and 415 are not disposed, the
length of the path Z3 illustrated in FIGS. 9A and 9B can be
increased, and the resonance frequencies f3 and f2 can be
shifted to lower frequencies.

In the example illustrated in FIGS. 13A and 13B, by using
a chip inductor as the reactive element 26 connected in series
to the undersurface second radiation electrodes 41a and 415,
an inductance at the third path 73 illustrated in FIG. 4 can be
further increased, and the resonance frequencies 3 and f2 can
be further shifted to lower frequencies.

Since the undersurface of the non-ground region of the
mount board 20 can be effectively used, the increase in the
area required for the antenna on the mount board 20 can be
prevented.

Eighth Preferred Embodiment

FIG. 14 is a perspective view of an antenna according to the
eighth preferred embodiment. In this example, a radiation
electrode plate 42 is used to connect in space the two linear
electrode portions 154 and 155 of the second radiation elec-
trode. That is, end portions of the radiation electrode plate 42
are connected to the linear electrode portions 15a and 1556 of
the second radiation electrode, respectively.

As compared with an example in which the radiation elec-
trode plate 42 is not disposed, the length of the path Z3
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illustrated in FIGS. 9A and 9B can be increased and the
resonance frequencies f3 and 2 are shifted to lower frequen-
cies.

Furthermore, since the radiation electrode plate 42 is bent
back toward to the feeding point, the increase in the area
(volume) required for an antenna 108 on the mount board can
be prevented.

In the example illustrated in FIG. 14, the reactive element
25 is connected in series to the linear electrode portion 155 of
the second radiation electrode. By using, for example, a chip
inductor as the reactive element 25, an inductance at the third
path 73 illustrated in FIG. 4 can be further increased. The
reactive element 25 may be disposed on the side of the linear
electrode portion 154 of the second radiation electrode. In this
case, a similar effect can be obtained.

Ninth Preferred Embodiment

FIGS. 15A and 15B are partial perspective views of an
antenna according to the ninth preferred embodiment. FIG.
15Ais a perspective view of a surface-mount antenna element
8. FIG. 15B is a perspective view illustrating a configuration
of a mount board on which the surface-mount antenna ele-
ment 8 is disposed. As illustrated in FIG. 15A, the surface-
mount antenna element 8 preferably includes the linear elec-
trodes 12a, 125, and 13 located on the surface of the dielectric
substrate 11. On the lower surface of the dielectric substrate
11, a lower surface linear electrode extension formation por-
tion 43 is provided. The linear electrodes 126 and 13 are
connected through a rear end surface of the dielectric sub-
strate 11 and the lower surface linear electrode extension
formation portion 43 on the lower surface of the dielectric
substrate 11.

The surface-mount antenna element 8 illustrated in FIG.
15A is disposed on the surfaces of the first radiation electrode
14 and mount electrodes 51 formed in the non-ground region
17 of the mount board 20 illustrated in FIG. 15B. A dashed
line illustrated in the drawing represents a mounting position.
Endportions of the linear electrodes 12a and 13 are connected
to the first radiation electrode 14, and a portion of the lower
surface linear electrode extension formation portion 43 is
connected to the mount electrode 51.

In the above-described configuration, the length of the path
73 illustrated in FIG. 4 is increased and an inductance value
at the path Z3 is therefore increased. Thus, it is possible to
increase the length of the path Z3 and the inductance value at
the path Z3 without disposing the second radiation electrode
on the surface of the mount board.

Tenth Preferred Embodiment

FIGS. 16A and 16B are perspective views of an antenna
according to the tenth preferred embodiment. FIG. 16A is a
perspective view of the surface-mount antenna element 10
located on a mount board. FIG. 16B is a perspective view of
the mount board 20. In this example, the first radiation elec-
trode 14 and a second radiation electrode 52 are located in the
non-ground region 17 of the mount board 20. The second
radiation electrode 52 differs from the second radiation elec-
trode 15 illustrated in FIG. 2 in that it extends toward the
mount region (region represented by a dashed line) of the
surface-mount antenna element 10.

In the above-described configuration, the non-ground
region 17 of the mount board 20 can be reduced, and an area
required for an antenna on the mount board 20 can therefore
be reduced.
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While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing the scope and spirit of the present inven-
tion. The scope of the present invention, therefore, is to be
determined solely by the following claims.

What is claimed is:

1. An antenna comprising:

a mount board having a non-ground region; and

a surface-mount antenna element disposed in the non-

ground region; wherein

the surface-mount antenna element includes at least two

linear electrodes that are parallel or substantially parallel
to each other on a surface of a substrate, and at least one
capacitor arranged such that portions of at least one of
the two linear electrodes face each other with a prede-
termined distance therebetween;

the non-ground region of the mount board includes radia-

tion electrodes that are individually connected to the two
linear electrodes to define inductors, and one of the
radiation electrodes includes a feeding point; and

the two linear electrodes of the surface-mount antenna

element, the capacitor, and the radiation electrodes
define a parallel resonance circuit.

2. The antenna according to claim 1, further comprising
chip reactive elements individually connected in series to the
radiation electrodes in the non-ground region of the mount
board.

3. The antenna according to claim 1, wherein each of the
radiation electrodes includes two linear electrode portions
that are parallel or substantially parallel to each other, and a
chip reactive element is arranged to connect predetermined
positions of the two linear electrode portions in the non-
ground region of the mount board.

4. The antenna according to claim 1, wherein the radiation
electrodes include a first radiation electrode connected to first
ends of the two linear electrodes of the surface-mount antenna
element and a second radiation electrode connected to second
ends of the two linear electrodes of the surface-mount
antenna, and the first radiation electrode includes the feeding
point.

5. The antenna according to claim 4, further comprising
chip reactive elements which are individually connected to
the first radiation electrode and the second radiation elec-
trode.

6. The antenna according to claim 4, further comprising an
auxiliary electrode arranged to branch off from the second
radiation electrode and extend in the non-ground region of the
mount board.

7. The antenna according to claim 4, wherein one end of a
branch electrode plate is connected to the second radiation
electrode.

8. The antenna according to claim 1, further comprising an
auxiliary electrode which branches oft and extends from one
of the two linear electrodes of the surface-mount antenna
element.

9. The antenna according to claim 1, wherein portions of
the radiation electrodes are disposed on an undersurface of
the mount board on which the surface-mount antenna element
is disposed.

10. The antenna according to claim 1, wherein each of the
radiation electrodes includes two linear electrode portions
that are parallel or substantially parallel to each other, and a
radiation electrode plate is arranged to connect the two linear
electrode portions in space.

11. The antenna according to claim 1, wherein one of the
radiation electrodes is connected to first ends of the two linear
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electrodes of the surface-mount antenna element, and the 12. A radio communication apparatus comprising:
other one of the radiation electrodes is arranged to extend to the antenna according to claim 1; and
second ends of the two linear electrodes of the surface-mount a radio communication circuit provided on the mount
antenna element from an upper surface of the surface-mount board.

antenna element to a lower surface of the surface-mount 5
antenna element. %k % %k
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1
ELECTRONIC APPARATUS

This application claims priority to Japanese Patent Appli-
cation No. 2006-263083, filed Sep. 27, 2006, in the Japanese
Patent Office. The priority application is incorporated by
reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to an electronic apparatus
including an electronic component and an antenna mounted
therein.

RELATED ART

For example, there are various types of electronic appara-
tuses including electronic components such as active ele-
ments and passive elements mounted therein. In recent years,
for example, electronic apparatuses having a radio commu-
nication module including a radio frequency (RF) communi-
cation unit, a MCU (microcomputer) unit, a quartz oscillator,
and the like have often come into use in various situations.

FIG. 1 is a view showing the outline of an electronic appa-
ratus having a radio communication module. By reference to
FIG. 1, the electronic apparatus shown in this view has a
structure in which a plurality of electronic components 2 and
3 forming the radio communication module are mounted on a
wiring substrate 1.

Further, the electronic apparatus performs radio commu-
nication by the use of an antenna. Therefore, on the wiring
substrate 1, an antenna 4 formed of a patterned electrically
conductive layer is formed.

Further, in the electronic apparatus shown in FIG. 2, a chip
antenna 5 is mounted in place of the antenna 4 shown in FIG.
1. On the wiring substrate 1, antenna matching components 6
to be used with the chip antenna 5 are mounted in the vicinity
of the chip antenna 5.

[Patent Document 1] Japanese Patent Unexamined Publi-
cation No. 2004-159287

[Patent Document 2] Japanese Patent Unexamined Publi-
cation No. 2005-191827

[Patent Document 3] Japanese Patent Unexamined Publi-
cation No. 10-93332

However, for the electronic apparatus, the area of the
mounting substrate occupied for the antenna is large, which
may unfavorably present a problem for the reduction in size of
the electronic apparatus.

For example, in the case of the electronic apparatus shown
in FIG. 1, in order to perform patterning of the antenna 4 so
that the electronic apparatus has a prescribed performance,
the area occupied on the wiring substrate 1 increases, result-
ing in a difficulty in reduction of the size of the electronic
apparatus.

Further, in the case of the electronic apparatus shown in
FIG. 2, although the chip antenna 5 is smaller than the antenna
4 (antenna pattern), it is required to be used together with the
antenna matching components 6. For this reason, considering
both the chip antenna and the antenna matching components,
unfavorably, the area occupied on the wiring substrate
increases.

SUMMARY

Exemplary embodiments of the present invention provide a
novel and useful electronic apparatus.
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Exemplary embodiments of the present invention provide
an electronic apparatus including an electronic component
and an antenna mounted therein, the size of which is reduced.

An electronic apparatus according to one or more exem-
plary embodiments comprises: a substrate; an electronic
component mounted on the substrate; an antenna mounted on
the substrate; and a resin material containing a dielectric
constant adjusting material added therein, and sealing the
electronic component and the antenna.

In accordance with one or more exemplary embodiments
of'the present invention, it becomes possible to reduce the size
of'an electronic apparatus including an electronic component
and an antenna mounted therein.

Further, it is also acceptable that the dielectric constant
adjusting material includes SiC or SiN.

Still further, it is also acceptable that the dielectric constant
adjusting material includes a metal compound.

Furthermore, it is also acceptable that a metal forming the
metal compound includes any of Al, Ti, Ta, and Zr.

Whereas, it is also acceptable that the metal compound
includes Al,O; or AIN.

Further, it is also acceptable that the dielectric constant
adjusting material is added such that the dielectric constant of
the resin is higher in the vicinity of the antenna than in the
vicinity of the electronic component.

In accordance with one or more exemplary embodiments
of'the present invention, it becomes possible to reduce the size
of'the electronic apparatus including an electronic component
and an antenna mounted therein.

Other features and advantages may be apparent from the
following detailed description, the accompanying drawings
and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view (first) showing a related-art electronic
apparatus;

FIG. 2 is a view (second) showing a related-art electronic
apparatus;

FIG. 3 is a view showing an electronic apparatus in accor-
dance with Example 1;

FIG. 4 is a perspective view of an antenna for use in the
electronic apparatus of FIG. 3;

FIG. 5 is a cross sectional view of the electronic apparatus
of FIG. 3;

FIG. 6 is a cross sectional view of an electronic apparatus
in accordance with Example 2;

FIG. 7 is a cross sectional view of an electronic apparatus
in accordance with Example 3; and

FIG. 8 is a cross sectional view of an electronic apparatus
in accordance with Example 4.

DETAILED DESCRIPTION

An electronic apparatus in accordance with exemplary
embodiments of the present invention includes: a substrate;
an electronic component mounted on the substrate; an
antenna mounted on the substrate; and a resin material con-
taining a dielectric constant adjusting material added therein,
and sealing the electronic component and the antenna.

For example, addition of a powder of a metal compound
(metal oxide or metal nitride) high in dielectric constant to the
resin material enables the increase in dielectric constant of the
resin material. Further, as the dielectric constant adjusting
material, SiC or SiN may be used. The foregoing configura-
tion enables the reduction of the size of the antenna sur-
rounded by the resin material high in dielectric constant.
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Further, it enables the reduction of the size of the electronic
apparatus including an electronic component and an antenna
mounted therein.

Then, specific examples of the structure of the electronic
apparatus will be described by reference to the accompanying
drawings.

Example 1

FIG. 3 is a view schematically showing an electronic appa-
ratus 10 in accordance with Example 1 of the present inven-
tion. By reference to FIG. 3, the outline of the electronic
apparatus 10 in accordance with this invention is configured
as follows. On a wiring substrate 11, electronic components
12 to 15, and an antenna 16 are mounted. Further, the elec-
tronic components 12 to 15, and the antenna 16 are sealed
with a resin material 17.

For example, the electronic component 12 includes an
active element, and the electronic components 13 to 15
include passive elements. However, the number of the elec-
tronic components, and the ratio of the active elements and
the passive elements are not limited thereto. Thus, various
changes (increases or decreases) may be made for the
arrangement.

For example, when the electronic components on the wir-
ing substrate 11 form a radio communication module, the
electronic component 12 corresponding to a radio frequency
(RF) communication unit or a MCU (microcomputer) unit,
and the electronic components 13 to 15 such as quartz oscil-
lators and capacitors are mounted on the wiring substrate 11.

The electronic apparatus in accordance with this example
is wherein, to the resin material 17, a dielectric constant
adjusting material for adjusting the dielectric constant of the
resin material 17 is added. For example, by using a material
higher in dielectric constant than related-art epoxy type resin
materials (with a dielectric constant of about 4) as the dielec-
tric constant adjusting material, it is possible to increase the
dielectric constant of the resin material 17.

As a result, the periphery of the antenna 16 is surrounded
by a high dielectric constant material (with a dielectric con-
stant of about 8 to 20). Therefore, a small size of the antenna
16 is enough for obtaining the same characteristics as in the
related art. This enables the reduction of the size of the elec-
tronic apparatus 10.

Further, when for the dielectric constant adjusting material,
for example, a metal compound is used, it is possible to
increase the dielectric constant of the resin material with ease.
As the metal for forming the metal compound, for example,
any of Al, Ti, Ta, and Zr can be used. Alternatively, these
metals or metal compounds may also be used in mixture.

For example, as specific examples of the metal compound,
Al O, as a metal oxide, and AIN as a metal nitride are com-
mon, and readily available and can be manufactured at a low
cost, and hence preferable. Particularly, Al,O, is high in
dielectric constant, and is easily formed in a powder (particle)
shape for being added to the resin material. For these reasons,
Al O, is preferable as the dielectric constant adjusting mate-
rial. Further, the dielectric constant adjusting materials are
not limited to these materials. For example, materials
expressed as T1,0,,Ta, O,,,and Zr,, O, (where x, y, m, n, p, and
q are each an integer) may be used.

Whereas, as the dielectric constant adjusting material, for
example, a silicon compound such as SiC or SiN can also be
used. For example, a mold resin (epoxy type or polyimide
type resin) may contain a material containing SiO, referred to
as silica as a main component added therein as a filler. How-
ever, Si0O, has a dielectric constant of about 4. Therefore, by
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using a silicon compound such as SiC or SiN higher in dielec-
tric constant than silica as the dielectric constant adjusting
material, it is possible to increase the dielectric constant of the
resin material.

By adding a proper amount of the dielectric constant
adjusting material to, for example, a general mold resin, it
becomes possible to adjust (increase) the dielectric constant
of the resin material to a desirable value.

Whereas, when the amount of the dielectric constant
adjusting material to be added is too small, a sufficient effect
of increasing the dielectric constant cannot be obtained. On
the other hand, when the addition amount is too large, the
physical properties as the resin are lost, so that the curing of
the resin becomes difficult. Therefore, the dielectric constant
adjusting material is preferably added in an amount of about
70 vol % to 80 vol % to the resin material. Further, when the
dielectric constant of the resin material is too low, the effects
are small. Whereas, too high dielectric constant thereof
results in inferior radio wave radiation efficiency. Therefore,
the dielectric constant is preferably set to be about 6 to 20.

FIG. 4 is a perspective view showing the antenna 16 for use
in the electronic apparatus 10. The antenna 16 is formed by
bending a plate-like electrically conductive material of, for
example, Cu. Thus, it has the shape of a so-called inversed F
type antenna. Such an inversed F type antenna is an antenna
using resonance. Therefore, it is preferably formed in such a
shape (size) that the impedance is a prescribed value. Thus, it
is difficult to ensure the mounting space for the inversed F
type antenna in the related art. Further, with a related-art
communication unit, there may be adopted a method in which
the antenna and the communication module are separated
from each other, and mounted separately.

Under such circumstances, in this example, such an
inversed F type antenna is mounted on a substrate including a
communication module mounted thereon, and sealed
together with electronic components for forming the commu-
nication module with a resin material. For this reason, it is
possible to integrally mount the electronic components and
the antenna, and to reduce the size of the electronic apparatus.

Further, the antenna and the elements are integrally sealed
as described above. Therefore, the electronic apparatus 10
can also be configured such that a part of the antenna 16 and
the mounted electronic components overlap in plan configu-
ration, which is advantageous for reducing the size of the
electronic apparatus.

FIG. 5 shows the cross section along X-X' of the electronic
apparatus 10 of FIG. 3. By reference to FIG. 5, mounting is
accomplished such that at least a part of the antenna 16 lies
over the electronic components (e.g., electronic component
12) mounted on the wiring substrate 11. The arrangement is
accomplished such that the electronic components and at
least a part of the antenna 16 overlap in plan configuration.

For this reason, for example, as compared with a related-art
electronic apparatus described previously in connection with
FIG. 1 or 2, in which the electronic components and the
antenna are required to be mounted substantially on the same
plane on the wiring substrate, for the electronic apparatus in
accordance with this example, it is possible to arrange the
antenna and the electronic components in a narrower space.
Therefore, in accordance with this example, it becomes pos-
sible to reduce the size of the electronic apparatus including
both the electronic components and the antenna mounted
therein.

Further, the present invention is not limited to the exem-
plary example. Example 1 may be variously changed/modi-
fied as shown in Examples 2 to 4 below.
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Example 2

FIG. 6 is a view showing an electronic apparatus in accor-
dance with Example 2 of the present invention, and a view
corresponding to FIG. 5 of Example 1. However, the elements
described previously are given the same reference numerals
and signs, and the description may be omitted. Further, the
element not particularly described has the same structure as
that of the electronic apparatus of Example 1.

By reference to FIG. 6, the electronic apparatus in accor-
dance with the present invention is wherein a resin material
17A corresponding to the resin material 17 of Example 1
includes a resin material 17a and a resin material 176 having
different dielectric constants.

Namely, in the case of this example, a dielectric constant
adjusting material is added such that the dielectric constant of
the resin material 17A sealing the electronic components 12
to 15 (shown in FIG. 3) and the antenna 16 is higher in the
vicinity of the antenna 16 (resin material 17a) than in the
vicinity of the electronic components 12 to 15 (resin material
175).

This enables the following. The dielectric constant is set
low (e.g., about 4) in the vicinity of the electronic compo-
nents, so that the parasitic capacitance applied on the elec-
tronic components and wiring is reduced. Thus, while keep-
ing the operation speed of the communication module, the
reduction of the size of the antenna is implemented.

In the case of this example, the following structure (double
mold structure) is adopted. The resin material 17a containing
a dielectric constant adjusting material added therein, and
having a high dielectric constant is formed so as to cover the
periphery of the antenna 16. The antenna 16 covered with the
resin material 17a is further sealed with the resin material
17b.

When the electronic apparatus in accordance with this
example is formed, it is essential only that the following
procedure may be performed. First, the antenna 16 covered
with the resin material 17a is mounted on the wiring substrate
11. By the use of the resin material 175 having a dielectric
constant lower than that of the resin material 17a, the antenna
16 covered with the resin material 174 is sealed. Alternatively,
when the antenna 16 covered with the resin material 17a is
formed, the antenna 16 is covered with the resin material 17a
by, for example, electrostatic adsorption.

Example 3

Whereas, FIG. 7 is a view showing an electronic apparatus
in accordance with Example 3 of the present invention, and a
view corresponding to FIG. 5 of Example 1. However, the
elements described previously are given the same reference
numerals and signs, and the description is omitted. Further,
the element not particularly described has the same structure
as that of the electronic apparatus of Example 1.

In the case shown in this diagram, as with the case shown in
Example 2 (FIG. 6), a dielectric constant adjusting material is
added such that the dielectric constant of the resin material
17B sealing the electronic components 12 to 15 (shown in
FIG. 3) and the antenna 16 is higher in the vicinity of the
antenna 16 (resin material 17a) than in the vicinity of the
electronic components 12 to 15 (resin material 175). For this
reason, the same effects as in the case of Example 2 are
produced. However, in the case of this example, it is a feature
that the resin material 17B has a two-layer structure in which
resin materials having different dielectric constants are
stacked one on another.
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Namely, for the lower layer (the vicinity of the electronic
components 12 to 15 and the wiring substrate 11), the resin
material 175 having a low dielectric constant is formed.
Whereas, for the upper layer (around the antenna 16), the
resin material 17a containing the dielectric constant adjusting
material added therein, and having a high dielectric constant
is formed.

For this reason, as compared with Example 2, it is easier to
form a resin material varying in dielectric constant from one
part thereof to another. Incidentally, when the foregoing
structure is formed, for example, it is essential only that
sealing is carried out in the order of the resin material 176 and
the resin material 17a.

Example 4

FIG. 8 is a view showing an electronic apparatus in accor-
dance with Example 4 of the present invention, and a view
corresponding to FIG. 5 of Example 1. However, the elements
described previously are given the same reference numerals
and signs, and the description is omitted. Further, the element
not particularly described has the same structure as that of the
electronic apparatus of Example 1.

In the case of this example, the resin material 17C is, as
with the case of the resin material 17B, has a two-layer
structure of the resin material 175 having a low dielectric
constant and a resin material 17a containing a dielectric con-
stant adjusting material added therein, and having a high
dielectric constant.

In the case of this example, it is a feature that an antenna
16A corresponding to the antenna 16 of Example 1 is formed
by patterning. For example, when the electronic apparatus
shown in this diagram is manufactured, it is essential only that
the following procedure is carried out.

First, on the wiring substrate 11, the electronic components
12 to 15 (shown in FIG. 3) are mounted. Then, these elec-
tronic components 12 to 15 are sealed with the resin material
1756 having a low dielectric constant.

Then, on the resin material 175, the resin material 17a
containing a dielectric constant adjusting material added
therein, and having a high dielectric constant is stacked.
Herein, a via hole penetrating through the resin materials 17a
and 1756 is formed. Further, the via hole is filled up, for
example, with a plating method to form a via plug 16B.

Then, on the resin material 17a, the antenna 16A to be
connected to the via plug 16B is formed by patterning. The
antenna 16A can be formed by, for example, sputtering using
amask pattern, CVD, or deposition. Alternatively, it may also
be formed in the following manner. An electrically conduc-
tive film covering the resin material 17a is formed, and then,
the electronically conductive film is subjected to pattern etch-
ing. Then, the resin material 17a is formed again so as to cover
the formed antenna 16A.

In this manner, it is possible to form the antenna 16A
covered with the resin material 17a.

In accordance with this example, it is easy to microma-
chine the pattern shape of the antenna. This enables further
miniaturization and reduction of the size of the electronic
apparatus.

Up to this point, the preferred embodiments of the present
invention were described. However, the present invention is
not limited to such specific embodiments, and various modi-
fications/changes are possible within the scope of the gist
described in the appended claims.

In accordance with the present invention, it becomes pos-
sible to reduce the size of an electronic apparatus including an
electronic component and an antenna mounted therein.
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What is claimed is:

1. An electronic apparatus comprising:

a substrate;

an electronic component mounted on the substrate;

an antenna mounted on the substrate, said antenna having a

first portion adjacent said substrate and a second portion
spaced from said substrate; and

a resin material containing a dielectric constant adjusting

material added therein, wherein a first portion of said
resin material containing the dielectric constant adjust-
ing material added therein seals the electronic compo-
nent and the first portion of the antenna while a second
portion of said resin material containing the dielectric
constant adjusting material added therein seals the sec-
ond portion of said antenna,

wherein the dielectric constant adjusting material is added

such that the dielectric constant of the second portion of
the resin is higher than the dielectric constant of the first
portion of the resin.

2. The electronic apparatus according to claim 1, wherein
the dielectric constant adjusting material includes SiC or SiN.

3. The electronic apparatus according to claim 1, wherein
the dielectric constant adjusting material includes a metal
compound, and said metal compound includes any of Al, Ti,
Ta, and Zr.

4. The electronic apparatus according to claim 3, wherein
the metal compound includes Al,O; or AIN.

5. The electronic apparatus according to claim 1, wherein
the dielectric constant of the resin material prior to the dielec-
tric constant adjusting material being added therein is 4, and
wherein the dielectric constant of the resin material is
adjusted by adding the dielectric constant adjusting material
therein to be greater than or equal to 8 and less than or equal
to 20.

6. The electronic apparatus according to claim 1, wherein
the dielectric constant adjusting material is added to the resin
material so as to be greater than or equal to 70 vol % and less
than or equal to 80 vol % to the resin material.

7. The electronic apparatus according to claim 1, wherein
the electronic component mounted on the substrate is dis-
posed between the substrate and the second portion of the
antenna.

8. The electronic apparatus according to claim 1, wherein
the first portion of the resin material is formed in a first layer
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on the substrate so as to seal the electronic component and the
first portion of the antenna and the second portion of the resin
material is formed in a second layer on top of the first layer so
as to be spaced from the substrate by the first layer and so as
to seal the second portion of the antenna.

9. The electronic apparatus according to claim 8, wherein
the first portion of the resin material is formed in the first layer
directly on the substrate, and the second portion of the resin
material is formed in the second layer directly on the first
layer.

10. The electronic apparatus according to claim 1, wherein
the antenna is mounted directly on the substrate and extends
therefrom through the first portion of the resin material and
into the second portion of the resin material.

11. The electronic apparatus according to claim 1, wherein
the dielectric constant adjusting material is substantially uni-
formly added to the resin material.

12. The electronic apparatus according to claim 1, wherein
the second portion of the resin material is formed as a coating
on the second portion of the antenna so as to cover the second
portion of the antenna, and the first portion of the resin mate-
rial is formed in a layer so as to seal the electronic component,
the first portion of the antenna, and the second portion of the
resin material.

13. The electronic apparatus according to claim 1, wherein
atleast a part ofthe second portion of the antenna overlays the
electronic component mounted on the substrate.

14. The electronic apparatus according to claim 1, wherein
the first portion of the antenna is mounted directly on the
substrate.

15. The electronic apparatus according to claim 1, wherein
the first portion of the antenna is mounted directly on the
substrate at a position which is spaced from the electronic
component, and a part of the second portion of the antenna
projects from the first portion of the antenna such that said
part of the second portion of the antenna overlays the elec-
tronic component.

16. The electronic apparatus according to claim 15,
wherein the first portion of the antenna perpendicularly
extends from the substrate, and said part of the second portion
of'the antenna is disposed perpendicularly to the first portion
of the antenna.
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ANTENNA APPARATUS

BACKGROUND

The present invention is related to an antenna apparatus.
More specifically, the present invention is directed to an
antenna apparatus which is used as a global positioning sys-
tem (GPS) antenna, and the like.

As is well known in this technical field, the GPS (Global
Positioning System) corresponds to a satellite positioning
system with employment of artificial satellites. In the GPS
system, electromagnetic waves (GPS signals) having fre-
quencies of approximately 1.57 GHz are received from 4 sets,
or more sets of artificial satellites among 24 sets of artificial
satellites which are orbiting the earth; positional relationships
and temporal errors between these artificial satellites and a
moving object are measured based upon the received electro-
magnetic waves; and a position and an altitude of the moving
object on a map can be calculated based upon the basic idea of
the trigonometrical survey.

Very recently, the GPS systems are utilized in vehicle navi-
gation systems capable of detecting positions of traveling
automobiles, namely, are widely popularized. Vehicle navi-
gation apparatuses are arranged by GPS-purpose antennas,
processing apparatuses, display apparatuses, and the like. The
GPS-purpose antennas are employed in order to receive GPS
signals. The processing apparatuses process the GPS signals
received by the GPS-purpose antennases so as to detect
present positions of vehicles. The display apparatuses display
the present position of the vehicles detected by the processing
apparatuses on maps.

On the other hand, in connection with the progress of
current compact communication appliances (for example,
GPS type vehicle navigation apparatuses, portable type navi-
gation apparatuses, satellite waves receivers, etc.) such as
mobile communication appliances, compactnesses and high
performance as to antenna apparatuses utilized in these com-
munication appliances are required.

Among these antenna apparatuses, plane type antenna
apparatuses (for instance, circular polarized patch antenna,
etc.) have such merits that antenna structures thereof are made
slim and compact, and these plane type antenna apparatuses
can be comparatively easily manufactured in the form of
integrated circuits in combination with semiconductor cir-
cuits. As a result, these plane type antenna apparatuses are
widely employed as antennas utilized in compact communi-
cation apparatuses.

As such plane type antenna apparatuses, for instance,
antenna apparatuses having the below-mentioned antenna
structures are known (refer to, for example, patent document
1): That is, these antenna apparatuses are equipped with cir-
cular polarized antenna elements, and circuit boards in which
LNA (Low Noise Amplifiers) are formed on rear planes
thereof. The circular polarized antenna elements are formed
by so-called “patch antenna element.” The circular polarized
antenna elements contain dielectric substrates which are
manufactured by high dielectric materials such as ceramics.
While radiation elements are formed on front surfaces of the
dielectric substrates, ground patterns are formed on rear sur-
faces of the dielectric substrates. Pin holes penetrated from
the front surfaces through the rear surfaces of the dielectric
substrates are formed in the dielectric substrates. Power feed-
ing pins penetrate through the pin holes, while the power
feeding pins connect the radiation elements to the circuit
boards. In the plane type antenna apparatuses equipped with
the above-described antenna structures, since electric capaci-
tances of antennas can be secured based upon the dielectric
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substrates made of the high dielectric materials, resonant
frequencies of these antennas are lowered, so that the plane
type antenna apparatuses can be made compact. In such patch
antenna elements, since ground patterns are provided oppo-
site to radiation elements, gains along directions of high
elevation angles become high.

In any case, as GPS-purpose antennas, circular polarized
antenna elements are used. In other words, GPS signals cor-
respond to circular polarized waves. Further, circular polar-
ized waves are also utilized in the field of ETC signals.

As is well known, an ETC (Electronic Toll Collection)
system corresponds to such a system developed as the mea-
sure capable of relaxing traffic jams occurred in tool gates
where tools as to toll roads (speedways, etc.) are paid. In other
words, the above-described ETC system implies such a sys-
tem that payments of tools are automatically accomplished by
utilizing wireless communications at tool gates of speedways.
In the above-explained ETC system, ETC signals are com-
municated in bidirectional communication manners between
road-sided antennas equipped in gates installed at tool gates,
and gate-passing vehicles equipped with on-vehicle commu-
nication appliances having ETC-purpose antennas so as to
acquire vehicle information about these gate-passing
vehicles, so that the ETC system can execute toll paying
business for speedways without stopping the gate-passing
vehicles.

There are some possibilities that ETC-purpose antennas
are mounted on interior portions of vehicles. For instance,
certain ETC-purpose antennas may be set on dashboards
under certain angled conditions, or some ETC-purpose anten-
nas may be set on glass of windshields. Also, mounting of
ETC-purpose antennas in advance is popularized. That is to
say, ETC-purpose antennas are mounted on interior portions
of vehicles in factories of vehicle manufactures. In this fac-
tory mounting case, there are many cases that these ETC-
purpose antennas are installed under such a condition that the
ETC-purpose antennas are embedded in rear sides of room
mirrors, and embedded under dashboards.

Also, circular polarized plane antennas (curl antenna ele-
ments) are known in which circular polarized waves are radi-
ated by elements having spiral shapes.

Referring to FIG. 1 and FIG. 2, a description is made of a
conventional cud antenna element.

The curl antenna element 60 is constructed by employing a
spiral (whirling) radiation element (antenna element) 62, a
ground plate 64 located opposite to the radiation element 61,
and a power feeding portion 66 raised from the ground plate
64 along a vertical direction. The ground plate 64 and the
spiral-shaped radiation element 62 are arranged substantially
parallel to each other. A feeding point 66a of the power
feeding portion 66 is provided at a near center of the ground
plate 64. It should be noted that an insulator 64a such as a
through hole is provided at a center portion of the ground
plate 64. As a consequence, the feeding point 66a is not
electrically connected to the ground plate 64. In any case, the
conventional curl antenna element 60 is an antenna element
having a three-dimensional structure.

It should also be noted that curl antenna elements are
disclosed in, for instance, a patent document 2 and a patent
document 3. While the curl antenna elements disclosed in
these patent documents 2 and 3 have three-dimensional struc-
tures, since these antenna elements have ground planes which
are located opposite to antenna elements in a parallel manner,
impedances can be readily matched with each other. Also, the
curl antenna elements disclosed in these patent documents 2
and 3 constitute such directional antennas having high gains
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along zenithal directions thereof due to the ground planes
located opposite to the antenna elements.

The above-described patch antenna elements and curl
antenna elements are manufactured in the three-dimensional
structures, so that thicknesses of antenna elements thereof
become bulky. As a result, these patch antenna elements and
curl antenna elements can be hardly made thinner. That is to
say, in such a case that ground planes located opposite to
antenna elements cannot be installed, the patch antenna ele-
ments and the curl antenna elements cannot be used as circu-
lar polarized antenna elements.

To solve this problem, as the circular polarized antenna
elements, film antennas are known which are adhered to
windshields of vehicles (refer to, for example, patent docu-
ment 4). The film antenna disclosed in the patent document 4
is equipped with a single loop-shaped film antenna capable of
receiving circular polarized waves on a transparent film. This
circular polarized antenna element corresponds to a right-
hand polarized antenna equipped with a loop antenna and a
non-power feeding element. While edge portions of the loop
antenna in the power feeding side are formed in land shapes,
these land shapes construct a first power feeding terminal and
a second power feeding terminal. The first and second power
feeding terminals are connected to first and second connec-
tion terminals of a connector which contains a low noise
amplifier (LNA) circuit. The connector is connected to a
coaxial cable. As a consequence, the first power feeding ter-
minal is connected via the LNA circuit to an inner conductor
of'the coaxial cable, and the second power feeding terminal is
connected to an outer conductor of the coaxial cable.

It should also be noted that as on-vehicle type antenna
apparatuses, on-vehicle type digital terrestrial antenna appa-
ratuses used so as to receive digital terrestrial broadcasting
waves are known.

[Patent Document 1] Japanese Patent Publication No.
2001-339232 A

[Patent Document 2] Japanese Patent Publication No.
2007-235460 A

[Patent Document 3] Japanese Patent Publication No.
2003-218632 A

[Patent Document 4] Japanese Patent Publication No.
2006-013696 A

In the case that such an antenna apparatus which requires a
ground plane located opposite to a radiation element (curl
antenna element), as disclosed in the above-described patent
documents 2 and 3, is manufactured with employment of a
film antenna structure as disclosed in the patent document 4,
in the film antenna, the ground plane located opposite to the
radiation element cannot be formed, so that impedance
matching of the radiation element with respect to the ground
plane becomes very difficult.

SUMMARY

It is therefore one advantageous aspect of the present
invention to provide an antenna apparatus capable of achiev-
ing better impedance matching with respect to a radiation
element which requires a ground plane (for example, curl
antenna element) as a film antenna, even in such a case that the
ground plane located opposite to the radiation element cannot
be sufficiently secured.

It is also one advantageous aspect of the present invention
to provide a composite antenna apparatus which is operable
as both a GPS-purpose antenna and a digital terrestrial broad-
casting receiving-purpose antenna.

According to one aspect of the invention, there is provided
an antenna apparatus comprising:
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a radiation element including a perturbation element;

a first power feeding line, having a first end connected to
the radiation element and configured to feed power to the
radiation element; and

a second power feeding line, having a first end configured
to feed power to the radiation element through electromag-
netic coupling,

wherein the radiation element, the first power feeding line
and the second power feeding line are arranged on a same
plane to constitute a balance type antenna.

The antenna apparatus may be configured such that: the
second power feeding line has a part extending parallel to the
first power feeding line.

The antenna apparatus may further comprise: a transparent
substrate on which the radiation element, the first power
feeding line and the second feeding line are provided.

The antenna apparatus may be configured such that: the
transparent substrate is a resin film.

The antenna apparatus may be configured such that: the
transparent substrate is a glass plate.

The antenna apparatus may further comprise: a transparent
substrate in which the radiation element, the first power feed-
ing line and the second feeding line are embedded.

The antenna apparatus may be configured such that: the
transparent substrate is a glass plate.

The antenna apparatus may be configured such that: the
antenna apparatus is configured to serve as a GPS antenna
receiving a GPS signal of a 1.57 GHz frequency band.

The antenna apparatus may be configured such that: the
second power feeding line is disposed adjacent to the first
power feeding line; the second power feeding line has a part
extending parallel to the first power feeding line; the antenna
apparatus is configured to serve as a balance type antenna
when a second end of the first power feeding line and a second
end of the second power feeding line are electrically discon-
nected; and the antenna apparatus is configured to serve as a
monopole antenna when the second end of the first power
feeding line and the second end of the second power feeding
line are electrically connected.

The antenna apparatus may further comprise: a resonant
circuit, electrically connecting the second end of the first
power feeding line and the second end of the second power
feeding line in a parallel manner, and configured to electri-
cally connect or disconnect the second end of the first power
feeding line and the second end of the second power feeding
line in accordance with a frequency band received by the
antenna apparatus.

The antenna apparatus may be configured such that: the
balance type antenna is configured to serve as a GPS antenna
receiving a GPS signal of a 1.57 GHz frequency band; and the
monopole antenna is configured to serve as a digital terrestrial
antenna receiving digital terrestrial broadcasting signal.

The antenna apparatus may be configured such that: the
radiation element is curl-shaped.

The antenna apparatus may be configured such that: the
electromagnetic coupling is established at a position adjacent
to the first end of the first power feeding line.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a conventional curl
antenna element.

FIG. 2is aplan view showing the conventional curl antenna
element.

FIG. 3 is a plan view showing an antenna apparatus accord-
ing to a first embodiment of the present invention.
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FIG. 41s adiagram showing a radiation characteristic of the
antenna apparatus shown in FIG. 3.

FIG. 5 is a plan view showing such a condition that the
antenna apparatus shown in FIG. 3 is mounted on glass.

FIG. 6 is a plan view showing a composite antenna appa-
ratus according to a second embodiment of the present inven-
tion.

FIG. 7 is a partial enlarged view showing root portions of
power feeding lines of the antenna apparatus shown in FIG. 6.

FIG. 8 is a diagram showing an axial ratio-to-frequency
characteristic of the antenna apparatus shown in FIG. 6 when
a circuit between first and second feeding points is opened.

FIG. 9 is a diagram showing a directivity characteristic of
the antenna apparatus shown in FIG. 6 when the circuit
between the first and second feeding points is opened.

FIG. 10 is a diagram showing a voltage standing wave ratio
(VSWR) characteristic of the antenna apparatus shown in
FIG. 6 when the circuit between the first and second feeding
points is short-circuited.

FIG. 11 is a diagram showing a directivity characteristic of
the antenna apparatus shown in FIG. 6 when the circuit
between the first and second feeding points is short-circuited.

DETAILED DESCRIPTION OF EXEMPLIFIED
EMBODIMENTS

Exemplified embodiments of the invention will be
described below in detail with reference to the accompanying
drawings

Referring to FIG. 3, a description is made of an antenna
apparatus 10 according to a first embodiment of the present
invention. The antenna apparatus 10 shown in this drawing
corresponds to a GPS-purpose antenna capable of receiving
GPS signals transmitted from GPS satellites.

The antenna apparatus 10 shown in the drawings is con-
structed of a film antenna. In other words, the antenna appa-
ratus 10 is constructed by employing a transparent resin film
11, and a GPS antenna pattern 20 formed on the resin film 11.
The GPS antenna pattern 20 is formed on the same plane.

The GPS antenna pattern 20 is arranged by a curl-shaped
radiation element (antenna element) 21 having a perturbation
element 211, afirst power feeding line 22, and a second power
feeding line 23. The first power feeding line 22 is employed in
order to directly feed electric power to the curl-shaped radia-
tion element 21. While the second power feeding line 23 is
elongated parallel to the first power feeding line 22 and is
approximated thereto, the second power feeding line 23 is
employed in order to feed electric power with respect to the
radiation element 21 through electromagnetic coupling. The
power feeding operation by the second power feeding line 23
by utilizing the electromagnetic coupling is performed in
order to easily adjust impedance matching of the antenna
apparatus 10.

The first power feeding line 22 and the second power
feeding line 23, which are shown in the drawings, are elon-
gated shorter than a dimension (diameter) of the radiation
element 21.

The radiation element 21 shown in the drawing has a quad-
rangle (rhombic). In other words, the radiation element 21 has
a first edge 21-1, a second edge 21-2, a third edge 21-3,and a
fourth edge 21-4 along a clockwise direction in this order
from a tip 22a of the first power feeding line 22. One edge of
the above-described perturbation element 211 is connected to
a tip 21-4a of the fourth edge 21-4. In other words, the
perturbation element 211 is provided inside the first edge 21-1
of the radiation element 21. Both the first edge 21-1 and the
fourth edge 21-4 are provided at positions which are approxi-
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mated to both the first power feeding line 22 and the second
power feeding line 23, whereas both the second edge 21-2 and
the third edge 21-3 are provided at positions which are sepa-
rated far from the first power feeding line 22 and the second
power feeding line 23. As a consequence, both the first edge
21-1 and the fourth edge 21-4 are provided in a portion lower
than a dashed line “A” of FIG. 3, whereas the second edge
21-2 and the third edge 21-3 are provided in a portion higher
than the dashed line “A.” In the above-described exemplifi-
cation, such a case is described that the radiation element 21
is provided along the clockwise direction, and the right spiral
circular polarized waves are received by the radiation element
21. In the case that left-hand circular polarized waves are
received, the radiation element 21 is arranged in a counter-
clockwise direction.

A first feeding point 26 is formed at a root portion of the
first power feeding line 22, and a second feeding point 27 is
formed at a root portion of the second power feeding line 23.
A balun (balanced to unbalanced transformer) 29 is arranged
between the first and second feeding points 26 and 27, and
also, an intermediate terminal 29a so as to perform an unbal-
anced power feeding-to-balanced power feeding conversion
between the intermediate terminal 29a, and the first and sec-
ond feeding points 26 and 27, so that electric power is sup-
plied to the first feeding point 26 and the second feeding point
27, respectively. The balun 29 is mounted on a circuit board
provided in a connector 40 (refer to FIG. 5), which will be
discussed later.

In the example shown in the drawing, while the electric
power is directly fed from the first power feeding line 22 to the
first edge 21-1 of the radiation element 21, the electric power
is fed by utilizing the electromagnetic coupling from the
second power feeding line 23 to the fourth edge 21-4 of the
radiation element 21. The second power feeding line 23 has
an electromagnetic coupling portion 231 which is electro-
magnetically coupled to the fourth edge 21-4 of the radiator
element 21.

As previously described, the balance type GPS pattern 20
is constructed by employing the radiation element 21, the first
power feeding line 22, and the second power feeding line 23.
Since the GPS antenna pattern 20 is manufactured in the form
of'the balance type GPS antenna, such a ground plane located
opposite to the radiation element 21 is no longer required.

Inthe above-described antenna apparatus 10 shown in FI1G.
3, an impedance thereof is adjusted by the second power
feeding line 23. An axial ratio thereof is adjusted by the
perturbation element 211. And a reception frequency thereof
is adjusted by an outer circumferential length of the radiation
element 21. As a consequence, the antenna apparatus 10 can
be easily designed.

Next, feeding of the electric power by utilizing the electro-
magnetic coupling effect achieved in the antenna apparatus
10 according to the first embodiment of the present invention
will be described in more detail.

Currents are concentrated in both the first edge 21-1 and the
fourth edge 21-4 of the radiation element 21, which are
located in the portion lower than the dashed line “A” of FIG.
3. As a consequence, a more effect of the power feeding may
be obtained if the power feeding line 23 provided for adjust-
ing the antenna impedance is electromagnetically coupled
with either the first edge 21-1 or the fourth edge 21-4.

Conversely, current distributions are small in both the sec-
ond edge 21-2 and the third edge 21-3 of the radiation element
21, which are located in the portion higher than the dashed
line “A” of FIG. 3. As a consequence, when the power feeding
line 23 for adjusting the impedance is electromagnetically
coupled to either the second edge 21-2 or the third edge 21-3,
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an effect of the power feeding becomes small, as compared
with such a case that the second power feeding line 23 for
adjusting the impedance is electromagnetically coupled to
either the first edge 21-1 or the fourth edge 21-4.

As aconsequence, if the first edge 21-1 and the fourth edge
21-4 of the radiation element 21 can be selected, then the
impedance adjustment may be carried out at any position of
these first and fourth edges 21-1 and 21-4. For instance, the
second power feeding line 23 for adjusting the impedance
may be set at such positions indicated by other dashed lines
shown in FIG. 3.

In the antenna apparatus 10 shown in FIG. 3, an impedance
adjusting operation is carried out as follows: That s, an induc-
tance component “L.” of an impedance can be adjusted by
adjusting a length “a” of the above-described electromagnetic
coupling portion 231 of the second power feeding line 23.
Also, a capacitance component “C” of the impedance can be
adjusted by adjusting a gap width “b” between the fourth edge
21-4 of the radiation element 21 and the electromagnetic
coupling portion 231 of the second power feeding line 23.
Thus, impedance matching of the antenna apparatus 10 can be
easily adjusted in the above-described manner.

As can be understood from FIG. 4, a zenithal direction is a
direction which the gain is high along in the antenna appara-
tus 10. In other words, the antenna apparatus 10 can be made
very thin, and corresponds to such a directional antenna
whose gain is high along the zenithal direction.

Referring to FIG. 5, the antenna apparatus 10 is installed on
an inner side of the glass 30 such as a windshield of an
automobile by utilizing a pressure sensible double-sided
adhesive tape.

In this drawing, a connector (amplifier unit) 40 is con-
nected to both the first feeding point 26 and the second feed-
ing point 27 of the antenna apparatus 10, and a coaxial cable
50 is connected to this connector (amplifier unit) 40.

As previously described, the connector (amplifier unit) 40
contains the above-described balun 29 (refer to FIG. 3)
mounted on the circuit board (not shown) arranged inside the
connector 50. The connector 40 contains a low noise amplifier
(LNA) circuit (not shown), and a ground pattern (not shown),
which are formed on the circuit board. The intermediate ter-
minal 29a (refer to FIG. 3) of the balun 29 is connected to an
input terminal of this LNA circuit.

On the other hand, although not shown in the drawing, as is
well known in this technical field, the coaxial cable 50 has an
inner conductor located at a center, and an outer conductor
having a cylindrical shape. An output terminal of the LNA
circuit is connected to the inner conductor of the coaxial cable
50, and the above-described ground pattern formed on the
circuit board is connected to the outer conductor of the
coaxial cable 50.

In the antenna apparatus 10 shown in FIG. 5, the GPS
antenna pattern 20 is formed on the resin film 11. In contrast
to this antenna structure, alternatively, the GPS antenna pat-
tern 20 may be directly embedded in the windshield 30 of the
automobile. Such an alternative antenna apparatus is referred
to as a glass-printed antenna.

The antenna apparatus (film antenna) 10 shown in FIG. 3 is
marketed as an optional component of a vehicle dealer. As a
consequence, the antenna apparatus (film antenna) 10 is not
mounted in a manufacturing stage of a factory, but is com-
mercially marketed as an appendix component provided by a
vehicle dealer. In contrast to the film antenna 10, the above-
explained glass-printed antenna corresponds to such a GPS-
purpose antenna which is mounted by a manufacturing step in
afactory, and therefore, is commercially available as an OEM
component.
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In the above-described glass-printed antenna, at an edge
portion of the glass 30, a first signal line terminal (not shown)
is connected to the first feeding point 26, and a second signal
line (not shown) is connected to the second feeding point 27.
A connector (not shown) which comprises the balun 29 and
the LNA circuit (not shown) is mounted on these first and
second signal line terminals. In other words, the connector
(amplifier unit) is inserted into the first and second signal line
terminals.

In the glass-printed antenna having the above-described
antenna structure, since printed patterns such as an AM/FM
radio and a rear defogger are formed and at the same time the
GPS antenna pattern 20 is printed on the glass 30, cost (manu-
facturing step number) required for forming the GPS antenna
is not newly produced. Also, since the connector (amplifier
unit) may be merely mounted on the glass 30, the mounting
shape thereof need not be changed with respect to each of
vehicles. In other words, a degree at which antenna products
are commonly manufactured can be improved. Furthermore,
the amplifier unit is mounted on the glass 30 when the glass 30
is supplied from a glass manufacturer, so that a total number
of mounting steps related to the GPS antenna can be reduced
in an automobile manufacturer. Since the glass-printed
antenna is employed, a good appearance of the interior por-
tion of the vehicle can be maintained in the stylish manner, as
compared with such a case that the film antenna is adhered on
the glass in the post stage.

Alternatively, the amplifier unit (connector) is not installed
immediately under the glass 30, but the amplifier unit may be
alternatively installed at a remote place by deriving the con-
nector from the glass 30 by connecting a lead wire (coaxial
signal line) to the connector (namely, amplifier unit).

Referring to FIG. 6, a description is made of a composite
antenna apparatus 10A according to a second embodiment of
the present invention. The composite antenna apparatus 10A
shown in this drawing corresponds to such a composite
antenna apparatus formed by combining a GPS-purpose
antenna capable of receiving GPS signals transmitted from
GPS satellites with a digital terrestrial broadcast receiving-
purpose antenna for receiving digital TV signals in frequency
ranges used in digital terrestrial broadcasting systems.

The composite antenna apparatus 10A shown in the draw-
ing is constructed of a film antenna. In other words, the
composite antenna apparatus 10A is constructed by employ-
ing a transparent resin film (not shown), and a composite
antenna pattern 20A formed on the transparent resin film. The
composite antenna pattern 20A is formed on the same plane.

The composite antenna pattern 20A is arranged by a curl-
shaped radiation element (antenna element) 21 having a per-
turbation element 211, a first power feeding line 22A, and a
second power feeding line 23 A. The first power feeding line
22A is employed in order to directly feed electric power to the
curl-shaped radiation element 21. While the second power
feeding line 23 A is elongated parallel to the first power feed-
ing line 22A and is approximated thereto, the second power
feeding line 23 A is employed in order to feed electric power
with respect to the radiation element 21 through electromag-
netic coupling.

While the composite antenna pattern 20A shown in the
drawing is different from the GPS antenna pattern 20 shown
in FIG. 3, the first power feeding line 22A and the second
power feeding line 23A are elongated longer than a dimen-
sion (diameter) of the radiation element 21.

In other words, in the GPS antenna pattern 20 shown in
FIG. 3, a distance defined from root portions of the first and
second power feeding lines 22 and 23 up to a top of the
radiation element 21 is 63 mm, whereas in the composite
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antenna pattern 20A of FIG. 6, a distance “L” defined from
root portions of the first and second power feeding lines 22A
and 23A up to a top of the radiation element 21 is 120 mm. As
previously described, the lengths of the first and second
power feeding lines 22A and 23 A are made longer in order
that a total length of the composite antenna pattern 20A is
made nearly equal to a V4 wavelength of the frequency band of
600 MHz.

Since a structure of the radiation element 21 shown in FIG.
6 is identical to that of the radiation element 21 shown in FIG.
3, a detailed explanation thereof will be omitted.

A first feeding point 26 is formed at a root portion of the
first power feeding line 22A, and a second feeding point 27 is
formed at aroot portion of the second power feeding line 23 A.
A balun (not shown), as shown in FIG. 3, is arranged between
the first and second feeding points 26 and 27.

Referring to FIG. 7 in addition to FIG. 6, a parallel resonant
circuit 60 having a predetermined frequency band is inserted
between the first feeding point 26 and the second feeding
point 27. In the example shown in these drawings, the prede-
termined frequency band is selected to be 1.5 GHz. As a
consequence, this parallel resonant circuit 60 is designed in
such a manner that the circuit between the first and second
feeding points 26 and 27 are opened at the predetermined
frequency band (namely, 1.5 GHz band), and the circuit
between the first and second feeding points 26 and 27 is
short-circuited in a frequency range other than the predeter-
mined frequency range (1.5 GHz band).

Since the circuit between the first and second feeding
points 26 and 27 is opened, a balance type antenna pattern
20A is constructed by utilizing the radiation element 21, the
first power feeding line 22A, and the second power feeding
line 23A, whereas since the circuit between the first and
second feeding points 26 and 27 is short-circuited, the
antenna pattern 20A can be operated as a monopole antenna.

In the antenna apparatus 10A shown in the drawings, the
balance type antenna pattern 20A is used as such a GPS-
purpose antenna for receiving GPS signals whose predeter-
mined frequency band is selected to be approximately 1.57
GHz, whereas the monopole antenna is used as a digital
terrestrial broadcast receiving-purpose antenna for receiving
digital terrestrial TV broadcasting signals in the use fre-
quency band.

It should also be understood that as shown in FIG. 7, a
matching coil 62 is connected to the first feeding point 26.

FIG. 8 and FI1G. 9 show simulation results as to a radiation
characteristic of the antenna apparatus 10A shown in FIG. 6
when the circuit between the first and second feeding points
26 and 27 is opened. In FIG. 8, an abscissa indicates a fre-
quency in the unit of “GHz”, and an ordinate indicates an
axial ratio in the unit of “dB.” In FIG. 9, a chain line indicates
a gain characteristic of a right-hand circular polarized wave
“RHCP”, and a solid line indicates a gain characteristic of a
left-hand circular polarized wave “LHCP”

As can be understood from FIG. 8, the axial ratio is small
at a frequency (approximately 1.57 GHz) of a GPS signal.
Also, as can be understood from FIG. 9, the gain of the
right-hand circular polarized wave “RHCP” is high along the
zenithal direction (namely, zero degree).

FIG. 10 and FIG. 11 show simulation results as to a radia-
tion characteristic of the antenna apparatus 10A shown in
FIG. 6 when the circuit between the first and second feeding
points 26 and 27 is short-circuited. That is, In FIG. 10, an
abscissa indicates a frequency in the unit of “GHz”, and an
ordinate indicates VSWR. In FIG. 11, a chain line indicates a
gain characteristic of a vertical polarized wave, and a solid
line indicates a gain characteristic horizontal polarized wave.
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As can be understood from FIG. 10, the VSWR is small in
the frequency band (470 MHz to 770 MHz) used in the digital
terrestrial broadcasting system. Also, as can be understood
from FIG. 11, the gain of the horizontal polarized wave is high
in the use frequency band.

As can be understood from the foregoing description, since
the circuit between the first feeding point 26 and the second
feeding point 27 is opened and closed, the antenna apparatus
10A can be operated as the composite antenna apparatus.

Although the preferred embodiments of the present inven-
tion is described, the present invention is not limited only to
the above-described embodiments. For instance, in the
above-described embodiments, as the radiation element (an-
tenna element) 21, although such a curl-shaped antenna ele-
ment having the quadrangle (rhombic) form is used, the
present invention is not limited only to the antenna elements
such shapes. In other words, the form of the radiation element
(antenna element) 21 is not limited only to the quadrangle
(thombic), but curl-shaped antenna elements having circular,
polygonal, and other forms may be alternatively used.
Although in the above-described embodiments, the balun 29
is arranged between the intermediate terminal 29a, and both
the first and second feeding points 26 and 27 so as to feed the
electric power to the first and second feeding points 26 and 27.
Alternatively, the electric power may be fed to the first and
second feeding points 26 and 27 without employing the balun
29.

The radiation element 21 may be formed so as to have a
shape other than the curled-shape. The radiation element 21,
the first power feeding line 22 and the second feeding line 23
may be provided on a transparent substrate such as a glass.
The radiation element 21, the first power feeding line 22 and
the second feeding line 23 may be embedded in a transparent
substrate which is other than a glass.

What is claimed is:

1. An antenna apparatus comprising:

a radiation element including a perturbation element;

a first power feeding line, having a first end connected to
the radiation element and configured to feed power to the
radiation element; and

a second power feeding line, having a first end configured
to feed power to the radiation element through electro-
magnetic coupling,

wherein the radiation element, the first power feeding line
and the second power feeding line are arranged on a
same plane to constitute a balance type antenna.

2. The antenna apparatus set forth in claim 1, wherein:

the second power feeding line has a part extending parallel
to the first power feeding line.

3. The antenna apparatus set forth in claim 1, further com-

prising:

a transparent substrate on which the radiation element, the
first power feeding line and the second feeding line are
provided.

4. The antenna apparatus set forth in claim 3, wherein:

the transparent substrate is a resin film.

5. The antenna apparatus set forth in claim 3, wherein the

transparent substrate is a glass plate.

6. The antenna apparatus set forth in claim 1, further com-

prising:

a transparent substrate in which the radiation element, the
first power feeding line and the second feeding line are
embedded.

7. The antenna apparatus set forth in claim 6, wherein:

the transparent substrate is a glass plate.
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8. The antenna apparatus set forth in claim 1, wherein:
the antenna apparatus is configured to serve as a GPS

antenna receiving a GPS signal of a 1.57 GHz frequency
band.

9. The antenna apparatus set forth in claim 1, wherein:

the second power feeding line is disposed adjacent to the
first power feeding line; and the second power feeding
line has a part extending parallel to the first power feed-
ing line.

10. The antenna apparatus set forth in claim 9, further

comprising:

a resonant circuit, connecting a second end of the first
power feeding line and a second end of the second power
feeding line in a parallel manner, so that the antenna

12

apparatus is configured to serve as both of a balance type
antenna and a monopole antenna.

11. The antenna apparatus set forth in claim 10, wherein:

the balance type antenna is configured to serve as a GPS
antenna receiving a GPS signal ofa 1.57 GHz frequency
band; and

the monopole antenna is configured to serve as a digital
terrestrial antenna receiving digital terrestrial broadcast-
ing signal.

12. The antenna apparatus set forth in claim 1, wherein:

the radiation element is curl-shaped.

13. The antenna apparatus set forth in claim 1, wherein:

the electromagnetic coupling is established at a position
adjacent to the first end of the first power feeding line.

#* #* #* #* #*
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1
AUTOMATIC ANTENNA TUNING UNIT FOR
SOFTWARE-DEFINED AND COGNITIVE
RADIO

RELATED APPLICATIONS

This patent application claims priority to, and incorporates
by reference in its entirety, U.S. Provisional Application No.
60/942,776 entitled “Automatic Antenna Tuning Unit for
Software-Defined and Cognitive Radio,” by Hang Song, et
al., filed on Jun. 8, 2007.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made in part with government support
under Grant No. 0226846 awarded by the National Science
Foundation. The United States Government has certain rights
in the invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to radio systems
and, more particularly, to systems and methods for automatic
antenna matching for software-defined radio systems.

2. Description of Related Art

Atthe present time, there is tremendous demand for anten-
nas with high efficiencies in very small form factors that fit
inside ever-shrinking portable wireless devices like handsets
and personal digital assistants. These antennas must cover a
variety of frequency bands and support different wireless
standards. Traditionally, antenna engineers have designed
antennas for these applications using computationally-inten-
sive full-wave electromagnetic simulation followed by long
hours in the 1ab tweaking performance. It has become increas-
ingly apparent that the requirements of software-defined
radio (SDR) and its proposed successor, cognitive radio, will
render this approach untenable.

One solution involves the use of automatic antenna match-
ing techniques and devices that are widely used at lower radio
frequencies (50 MHz and below). One area of effort has been
to create these types of devices for use in commercial wireless
and military communications systems, with particular con-
cern for SDR systems. In a conventional antenna tuning sys-
tem, the incident and reflected powers are coupled through a
directional coupler in addition to two radio frequency (RF)
power detectors, and then detected power levels are converted
into digital domain; finally the return loss is computed by
finding the difference between the two in digital domain.
However, high accuracy ADCs are expensive, require mod-
erate power and occupy significant space on a printed circuit
board (PCB).

SUMMARY OF THE INVENTION

The present invention includes embodiments having an
architecture with a closed-loop controlled antenna tuning unit
(ATU) system as illustrated in FIG. 1 (only transmitting path
is shown). The present invention does not require the use of
analog-to-digital converters (ADCs). Using the ATU, the nar-
row instantaneous bandwidth of an electrically small antenna
(ESA) is automatically tuned over a much wider frequency
range by the ATU. This matching scheme ensures that the
narrowband antenna is automatically matched to any desired
frequency under all environmental conditions using circuits
with practical component values and tolerances. It is desir-
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2

able that the entire tuning process be completed rapidly using
efficient algorithms and fast hardware, and for these algo-
rithms and hardware to consume as little power as possible.

The advantages of the proposed system are as follows:

1) Since no analog-to-digital converters (ADCs) are used,
the accuracy of the circuit is no longer determined by the
number of bits of the ADCs.

2) Each change of impedance state is completed in one
clock cycle eliminating the trade-off between conversion
speed (number of clock cycles per conversion), number of
bits (accuracy) and power consumption from the ADCs.

3) The simplification of the circuits considerably reduces
the power consumption at the same clock frequency as com-
pared to circuits using ADCs.

4) Use of logarithmic power detectors greatly reduces the
requirements for the dynamic range of subsequent tuning
stages.

5) In addition to the closed-loop system, a coarse-tuning
step is also enabled by changing the state of a control element
in the antenna aperture. This open-loop tuning feature greatly
increases the range of frequencies over which the closed-loop
system can work.

According to an aspect of the invention, an automatic
antenna tuning unit includes a return loss detector connected
to sample an RF signal to provide an analog quality of match
(return loss) signal; a matching state searching circuit con-
nected to receive the return loss signal and, in response,
selectively store a return loss value and an impedance match-
ing state; a central controller responsive to the return loss
value and the impedance matching state for providing a
switch control signal and apply an optimum matching state at
the conclusion of the matching state search; and an imped-
ance synthesizer responsive to the switch control signal for
coupling and matching the RF signal to an antenna.

According to a feature of the invention, the return loss
detector may include a directional coupler connected to
receive the RF signal and provide incident and reflected
sampled signals; an incident power detector receiving the
incident sampled signal to provide an incident power signal;
a reflected power detector receiving the reflected sampled
signal to provide a reflected power signal; and a subtractor
receiving the incident and reflected power signals to provide
the return loss signal. The incident and reflected power detec-
tors may be logarithmic RF power detectors.

According to another feature of the invention, the direc-
tional coupler may be a three-line coupler connected to
receive the radio frequency signal and provide independent
degrees of coupling of incident and reflected signals to pro-
vide incident and reflected sampled signals of desired levels.

According to another feature of the invention, the matching
state searching circuit may include a sample and hold (S/H)
circuit connected to receive and selectively latch the return
loss signal; and a comparator 121 connected to receive the
return loss signal and an output from the S/H circuit and to
provide a storing-action trigger signal.

According to another feature of the invention, the matching
state searching circuit may also include a digital register
connected to receive and selectively store the impedance
matching state.

According to another feature of the invention, the central
controller may be a digital processor operational to set an
initial state of the antenna based on operating frequency infor-
mation and run a search algorithm to thereby provide the
switch control signal. Various searches may be implemented
by the processor such as, for example, a nearest neighbors
search, exhaustive search, etc.
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According to another feature of the invention, the imped-
ance synthesizer may be a lowpass-type pi-matching network
which may then include a series inductor and first and second
banks of parallel switched capacitors connected to respective
opposite terminals of the inductor and ground.

According to another aspect of the invention, a method of
matching the impedance of an antenna to a signal source
includes the steps of generating a clock signal having firstand
second phases; generating a new matching state at a begin-
ning of the first phase; computing a return loss; comparing the
return loss to a previously stored return loss; latching a result
of the step of comparing at a beginning of the second phase;
selectively triggering a sampling action to store the return loss
in response to a first value of the latched result; selectively
storing a current impedance matching state in response to the
first value of the latched result; and at the conclusion of the
matching state search configuring a matching circuit in
response to the stored optimum impedance matching state to
optimize a matching condition.

In a further embodiment of the method, computing a return
loss may also include receiving a radio frequency signal;
providing a sample of an incident signal; providing a sample
of a reflected signal; providing an incident power signal in
response to the sample of the incident signal; providing a
reflected power signal in response to the sample of the
reflected signal; and generating a return loss signal in
response to the incident power signal and the reflected power
signal. Providing the sample of an incident signal and of a
reflected signal may include providing independent degrees
of coupling of' the incident signal and of the reflected signal to
providing the sample of the incident signal and the sample of
the reflected signal at desired levels.

Comparing the return loss to a previously stored return loss
may include receiving the return loss signal; selectively latch-
ing the return loss signal in a sample and hold (S/H) circuit;
and comparing the return loss signal and an output signal
from the S/H circuit. Configuring the matching circuit may
further include setting an initial state of the antenna based on
operating frequency information and running a search algo-
rithm to thereby providing the switch control signal. In a
further embodiment, the method includes storing the imped-
ance matching state in a digital register.

A system for matching the impedance of an antenna to a
signal source is also provided. In one embodiment, the system
includes a signal source configured to generate a radio fre-
quency signal for transmission; a transmission line coupled to
the signal source configured to conduct the radio frequency
signal; an antenna coupled to the transmission line configured
to transmit the radio frequency signal wirelessly; and an
antenna tuning unit coupled to the antenna and to the trans-
mission line. The antenna tuning unit may include a return
loss detector connected to sample the radio frequency signal
to provide a return loss signal; a matching state searching
circuit connected to receive said return loss signal and, in
response, selectively store a return loss value and an imped-
ance matching state; a central controller responsive to said
return loss value and said impedance matching state for pro-
viding a switch control signal and apply optimum matching
state at the conclusion of the matching state search; and an
impedance synthesizer responsive to said switch control sig-
nal for coupling and matching the impedance of said antenna
to said signal source.

It should be noted that, as used herein:

The term “coupled” is defined as connected, although not
necessarily directly, and not necessarily mechanically. Spe-
cifically the term “coupled” includes electrically coupled
either through a direct line or wire connection or through
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electromagnetic coupling of antennas, transmission lines,
and other radio frequency devices.

The terms “a” and “an” are defined as one or more unless
this disclosure explicitly requires otherwise.

The terms “substantially,” “about,” and their variations are
defined as being largely but not necessarily wholly what is
specified as understood by one of ordinary skill in the art, and
in one non-limiting embodiment, the substantially refers to
ranges within 10%, preferably within 5%, more preferably
within 1%, and most preferably within 0.5% of what is speci-
fied.

The terms “comprise” (and any form of comprise, such as
“comprises” and “comprising”), “have” (and any form of
have, such as “has” and “having”), “include” (and any form of
include, such as “includes” and “including”) and “contain”
(and any form of contain, such as “contains” and “contain-
ing”) are open-ended linking verbs. As a result, a method or
device that “comprises,” “has,” “includes™ or “contains” one
or more steps or elements possesses those one or more steps
or elements, but is not limited to possessing only those one or
more elements. Likewise, a step of a method or an element of
adevice that “comprises,” “has,” “includes” or “contains™ one
or more features possesses those one or more features, but is
not limited to possessing only those one or more features.
Furthermore, a device or structure that is configured in a
certain way is configured in at least that way, but may also be
configured in ways that are not listed.

Other features and associated advantages will become
apparent with reference to the following detailed description
of specific embodiments in connection with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specifica-
tion and are included to further demonstrate certain aspects of
the present invention. The invention may be better understood
by reference to one or more of these drawings in combination
with the detailed description of specific embodiments pre-
sented herein.

FIG. 1 shows a block diagram of a closed-loop automatic
antenna tuning unit (ATU) in accordance with embodiments
of the present invention;

FIG. 2 is a schematic diagram of an impedance synthesizer
configuration;

FIG. 3 is a system-level flowchart according to an embodi-
ment of the invention;

FIG. 4 is a flowchart of a method of providing closed-loop
Impedance synthesizer matching state searching according to
an embodiment of the invention;

FIG. 5 is a graph of measurement results (S, ,) of a recon-
figurable shorted patch antenna (SPA);

FIGS. 6 A-6D are Smith Chart type nomograms of a simu-
lated matchable domain with 12 capacitors (N,=N,=6,
2'2=4096 states) at 800 Mhz, 900 Mhz, 1800 MHz and 1900
MHz, respectively;

FIG. 7 is a timing diagram depicting system time domain
operations;

FIG. 8 is a block diagram of an ATU and of an ATU
demonstration setup;

FIG. 9 is a graph of the tuning ability of an ATU according
to an embodiment of the invention with an electrically small
antenna tuned to 1870 MHz;

FIG. 10 is a graph ofthe automatic tuning ability of an ATU
according to an embodiment of the invention;

FIG. 11 illustrates an exemplary embodiment of the analog
return loss detection and matching state searching circuits;
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FIG. 12 is a timing and response diagram illustrating the
operation and response of the exemplary embodiment illus-
trated in FIG. 11; and

FIG. 13 is a schematic flowchart diagram illustrating one
embodiment of a method of matching a transmission line to
an antenna.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The invention and the various features and advantageous
details are explained more fully with reference to the nonlim-
iting embodiments that are illustrated in the accompanying
drawings and detailed in the following description. Descrip-
tions of well known starting materials, processing techniques,
components, and equipment are omitted so as not to unnec-
essarily obscure the invention in detail. It should be under-
stood, however, that the detailed description and the specific
examples, while indicating embodiments of the invention, are
given by way of illustration only and not by way of limitation.
Various substitutions, modifications, additions, and/or rear-
rangements within the spirit and/or scope of the underlying
inventive concept will become apparent to those skilled in the
art from this disclosure.

The present invention comprises systems and methods for
automatically tuning the impedance of radio frequency load
such as an antenna to match the impedance of a radio fre-
quency signal source such as a power amplifier. In one
embodiment, the present invention proves automatic antenna
impedance matching techniques and devices for software-
defined radio systems. In a conventional antenna tuning sys-
tem, the incident and reflected powers are coupled through a
directional coupler in addition to two RF power detectors, and
then detected power levels are converted into digital domain;
finally the return loss is computed by finding the difference
between the two in digital domain. In embodiments of the
present invention, no analog-to-digital converters (ADCs) are
used. Instead, return loss is computed using an analog sub-
tractor; by finding the difference between the outputs of the
two logarithmic power detectors. As the antenna tuning sys-
tem starts searching for the optimum matching state, the
initial value of return loss and impedance synthesizer state are
stored in an analog sample and hold (S/H) and digital register
respectively. The return loss thereafter is compared with the
one stored in the S/H. Whenever the current return loss is
larger than the stored value, the former will replace the latter,
and the digital register will store the new matching state. Thus
the system will find the optimum matching state at the con-
clusion of the matching state search assuming a robust search
algorithm is used. For example, a nearest neighbors search or
exhaustive search technique may be implemented depending
on the number of switch states available, etc.

Referring to FIG. 1, according to one embodiment, an
automatic antenna tuning unit (ATU) 100 may include an
Power Amplifier (PA) 101, a return loss detector 110, match-
ing state searching circuit 120, central controller 104, and
impedance synthesizer 102 connecting a transmitter, receiver
or transceiver circuit (not shown) to antenna 103. Central
controller 104 controls antenna aperture by generating an
appropriate antenna control signal 105 to provide gross tun-
ing of antenna 103. Return loss detector 110 may be con-
nected to sample an RF signal to provide a return loss signal
to matching state searching circuit 120. In response, the
matching state searching circuit 120 generates a storing-ac-
tion trigger signal. Central controller 104 may further store a
current impedance matching state in digital register 123
through switch 107. Switches 107 and 108 are responsive to
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an output level of comparator 121 to store a current return loss
signal in S/H 122 and a current impedance matching state in
digital register 123. Central controller 104 is connected to
provide a switch control signals 106 to impedance synthe-
sizer 102 for coupling the RF signal and matching the imped-
ance of an antenna 103 to power amplifier (PA) 101. Central
controller 104 further applies the optimum matching state to
the impedance synthesizer at the conclusion of the matching
state search.

Return loss detector 110 may include a directional coupler
111 connected to receive the RF signal from, for example, PA
101 and provide incident and reflected sampled signals.
Directional coupler 111 may be and/or constitute a three-line
coupler device. Incident and reflected power detectors 112
and 113 receive the corresponding sampled signals to provide
respective incident and reflected power signals V,, . and V_,
and subtractor 114 receives the incident and reflected power
signals to provide the return loss signal. Preferably, incident
and reflected power detectors 112 and 113 are logarithmic RF
power detectors.

Matching state searching circuit 120 may include a sample
and hold (S/H) circuit 122 connected to receive and selec-
tively latch a return loss signal. Comparator 121 is connected
to receive the current return loss signal from analog subtractor
114 and the previous best return loss signal stored in S/H
circuit 122. The matching state searching circuit may further
comprise a digital register 123 connected to receive and selec-
tively store the current best impedance matching state.

Impedance synthesizer 102 may be in the form of a low-
pass-type pi-matching network including a series inductor
and first and second banks of parallel switched capacitors
connected to respective opposite terminals of the inductor and
ground. Such a pi-matching circuit is illustrated in FIG. 2.

A method of operating a system is shown in FIG. 3. Ini-
tially, at step 301, operating frequency information is
acquired so that, at step 302, antenna aperture state can be
setup. A closed-loop impedance synthesizer matching state
search is performed at step 303 which is used to optimize the
state of the impedance synthesizer at step 304.

Details of the closed-loop impedance synthesizer matching
state search step 303 are shown in the detailed flowchart of
FIG. 4. At step 401 initial return loss is measured and stored
and, at step 402, a resultant new impedance synthesizer state
is applied. A new return loss is measured at step 403 and, if
this value is higher than a previously stored return loss value
(decision 404), a resultant new current impedance synthesizer
state is stored into digital register at step 405; otherwise
processing resumes at decision 406. At 406 a check is per-
formed to see if all impedance synthesizer states have been
considered, assuming an exhaustive search. Alternatively,
only nearest neighbors may be considered in the case of, for
example, a large number of possible synthesizer states that
might preclude or make impractical an exhaustive search of
all possible states. At the conclusion of the search, an opti-
mized impedance synthesizer state is applied at step 407.
Note that other search techniques may be implemented
dependent upon, for example, the various matching criteria,
circuit parameters, impedance synthesizer configuration, etc.

Referring to FIG. 7, according to another embodiment of
the invention, a method of matching the impedance of an
antenna to a signal source may include generating a clock
signal having first and second phases at step 701; generating
a new matching state at a beginning of the first phase at step
702; computing a return loss at step 703; comparing the return
loss to a previously stored return loss at step 704; latching a
result of comparing at a beginning of the second phase at step
705; triggering a sampling action to store the return loss in
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response to a first value of the latched result at step 706;
storing a current impedance matching state in response to the
first value of the latched result at step 707; and configuring a
matching circuit in response to the stored optimum imped-
ance matching state to optimize a matching condition at the
conclusion of the matching state search at step 708.

Antenna Tuning Unit Design

ESAs can be utilized as tunable filters as well as radiating
elements resulting in a simplification of the radio’s RF front-
end design. This approach has the potential to lower the cost
of next generation commercial and military radios while
simultaneously enhancing performance. The measured return
loss for each of the two coarse tuning states of the SPA used
in a hardware demonstration is presented in FIG. 4. As
expected, the response of the fabricated tunable antenna is
very sensitive to its surrounding environment.

To provide a complex-conjugate matching capability for a
wide range of antenna impedances under changing environ-
ments, a lowpass-type pi-matching network is considered due
to its harmonic rejection capability and wide matchable
impedance range. As previously mentioned, FIG. 2 illustrates
the basic topology of the impedance synthesizer. With a fixed
inductor and two binary variable capacitor banks, the match-
ing network is capable of generating a wide range of tuning
possibilities. The values of L., Clmin and C2min, and the
numbers (N1 and N2) of capacitors in the configuration are
determined by the desired operating frequency and required
range of impedances to be matched (i.e., the matchable
domain). The practical realization of the impedance synthe-
sizer may involve trade-offs between the matching domain
and physical limitations of components.

A series of simulations has been performed by varying N1,
N2, L, Clmin and C2minin order to obtain reasonable match-
able domains for the frequency range of 800 MHz to 1900
MHz. FIG. 6 shows the matchable domains at different fre-
quencies. Each dot on the Smith Charts represents a value of
antenna impedance that can be matched exactly to the system
impedance of 50€2. In practice, the losses and parasitic effects
associated with the switch elements can deteriorate imped-
ance synthesizer performance drastically. To reduce the loss
and parasitics inherent in RF switches as well as the nonlin-
earity of the switches that can generate spurious frequency
radiation and distortion of the signal, the use of RF MEMS
switches in the impedance synthesizer is highly desirable.
However, issues of high activation voltage, bulky package
and may be cost prohibitive and thereby detract from using a
large number of switches. Instead, the compromise between
large matchable domains and small losses may dictate in
some limited number of switches such as an impedance syn-
thesizer with 6 PIN diode switches (N1=N2=3, 26=64 states).

To provide feedback information about the quality of
match, an analog return loss detection block consisting of a
coupled-line directional coupler, logarithmic RF power
detectors and analog subtractor is used. In certain applica-
tions (e.g., CDMA), the incident power level is constantly
being adjusted to optimize signal-to-interference-plus-noise
ratio for all users. Hence, in a closed-loop tuning system it is
generally necessary to measure incident power levels as well
as reflected power levels in order to accurately determine the
input reflection coefficient of the antenna.

The main design issue of the directional coupler is to sense
the incident and reflected powers (with a reasonable power
level required for an RF power detector), while delivering the
input power to the antenna with minimum loss. For the con-
comitant weak couplings, a coupled-line coupler is appropri-
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ate for our ATU system. Preferably, the directional coupler is
a three-line coupler that samples the incident and reflected
signals at the input of the impedance synthesizer with differ-
ent levels of coupling. This allows the very weak coupling to
the incident signal (so as to avoid reducing to any noticeable
extent the radio’s transmitted signal), while simultaneously
very strong coupling to the reflected signal (which allows
increased return loss computation accuracy and/or precision).

The analog matching state searching circuit includes a S/H
and comparator 121 as previously described. In order to
quickly perform the search process, the system timing opera-
tion is arranged as shown in FIG. 7. At the beginning of phase
1 of each clock cycle, the impedance synthesizer begins with
anew matching state, and settles in a time that is a fraction of
phase 1. The analog subtractor rapidly computes the return
loss (i.e., substantially instantaneously), and the result is
compared with the one stored in the S/H. At the beginning of
clock phase 2, the output of the comparator 121 is latched. If
it is equal to HIGH (meaning that the instantaneous return
loss is higher than the one stored), it triggers a sampling
action to store the current value of return loss into S/H, and the
digital register stores the current impedance matching state as
well. At the end of the searching process, the Central Con-
troller (CC) applies the last state stored in the digital register
(having minimum return loss) to the impedance synthesizer
which produces the optimum matching condition. The clock
frequency is set to be 10 KHz, so an exhaustive searching
process takes 6.4 ms. Speed can be greatly increased using an
integrated circuit version of these circuits and more sophisti-
cated search algorithms. For example, a nearest neighbors
search algorithm may be used instead of an exhaustive search
technique where there are a relatively large number of switch
states to be considered.

The role of the CC is to reconfigure the antenna and imped-
ance synthesizer such that the matching state is optimum by
generating the required switch control signals. The CC may
be, for example, some type of digital processor such as a
field-programmable gate array (FPGA) or digital signal pro-
cessor (DSP) that is running a search algorithm (e.g., nearest
neighbors, exhaustive, etc.) and generates the required switch
control signals. In addition, this processor may set the initial
state of the antenna based on frequency information provided
by the radio. After the antenna is initially configured by the
open-loop signal based on the operating frequency informa-
tion, the closed-loop system operates to ensure that the
coarsely tuned antenna is automatically matched to the
desired frequency under all environmental conditions. Based
on return loss level, a search algorithm running on the CC
tries to minimize the impedance mismatch of the antenna.
Here, an exhaustive search may be used for demonstration
purposes, although a more efficient nearest neighbors search
algorithm may be employed as appropriate.

System Prototype and Test

In order to experimentally verify the ATU functionality, the
overall ATU prototype system was assembled and tested as
illustrated in FIG. 8. The test system included a vector net-
work analyzer 801 configured to provide an RF signal at a
specified frequency within the operational frequency band of
the electronically tunable antenna. In an operational environ-
ment, the vector network analyzer may be replaced with
another signal source such as a software defined radio appa-
ratus, a data communication system, a small aperture radar
system, or the like.

At the beginning of the optimum matching state search,
The DSP/FPGA 804 first generates an appropriate antenna
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control signal to provide gross tuning of electronically tun-
able antenna 806. The DSP/FPGA 804 further stores the
initial configuration (matching state) of the impedance syn-
thesizer, and analog return loss detection & matching state
searching circuits 803 stores the initial return loss signal from
direction coupler & RF power Detectors 802. Then the DSP/
FPGA 804 communicates a control signal to change the con-
figuration of the impedance synthesizer. The signal provided
by the vector network analyzer 801 is then sampled by a
directional coupler and RF power detector component 802.
The directional coupler may include a three-line coupler con-
nected to receive the signal from the vector network analyzer
801 and provide independent degrees of coupling of incident
and reflected signals to provide incident and reflected
sampled signals at desired levels. For instance, the coupler
may be configured to provide a reflected sampled signal at a
predetermined ratio to the actual power reflected in the sys-
tem.

The power level of the incident sampled signal and the
reflected sample signal are then detected by the RF power
detectors 802 to provide an incident power signal and a
reflected power signal. The incident power signal and the
reflected power signal indicate a power level of the incident
sampled signal and the reflected sampled signal respectively.
The incident and reflected power signals are then communi-
cated to the analogue return loss detection and matching state
searching circuits 803.

The analogue return loss detection and matching state
searching circuits 803 may include an analogue subtractor
114, a comparator 121, and various other analogue and digital
logic components including capacitors, resistors, digital reg-
isters 123, sample and hold devices 122, and the like. FIG. 11
illustrates an exemplary embodiment of the analogue return
loss detection and matching state searching circuits 803. FIG.
12 is a timing and response diagram illustrating the operation
and response of the exemplary embodiment illustrated in
FIG. 11. The subtractor computes the return loss by finding
the difference of the incident power level and reflected power
level communicated from incident RF power detector and
reflected RF power detector respectively. The comparator 121
compares the current return loss with the return loss previ-
ously stored in S/H 122. The output signal from the compara-
tor 121 is then communicated to a DSP 804. In an alternative
embodiment, the DSP 804 may be replaced with a FPGA,
programmable logic chip (PL.C), microprocessor, or the like.

Depending on the output of the comparator 121, if the
current return loss is higher than the previously stored return
loss, DSP 804 may place a current impedance matching state
data value in a digital register, and the comparator 121 trig-
gers a sampling action in the S/H to store a current return loss.
Changing of the configuration of impedance synthesizer by
DSP/FPGA 804 may be repeated until all matching states
have been scanned. At the conclusion of matching state
search, the optimum matching state stored in the digital reg-
ister is applied to the impedance synthesizer. As described in
FIG. 2, the impedance synthesizer may accomplish imped-
ance matching through switching banks of capacitors in a
low-pass pi-type filter comprising one or more series induc-
tors or inductive elements, and one or more capacitors or
capacitive elements.

For example, consider the case where the frequency of an
RF signal applied to the input of the directional coupler is set
to 1.87 GHz. Initially, the state of the control element in the
aperture of the electronically tunable antenna is set by a
control signal from the CC. The solid line of FIG. 9 is the
measured return loss of the SPA in this state. Next, the closed-
loop scheme running on the CC tries to minimize the imped-
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10

ance mismatch between the antenna and impedance synthe-
sizer. The dotted line of FIG. 9 shows the results achieved by
the prototype. As can be seen, the ATU enables the highly
selective frequency response of the electronically tunable
antenna to be centered on the desired frequency.

Handheld devices are generally used under constantly
changing environment conditions. To demonstrate how well
the ATU compensates for changing environmental condi-
tions, the antenna is brought to close proximity of a human
hand. The solid line in FIG. 10 shows the detuned response of
the antenna when it is in contact with the hand. As can be seen,
significant degradation of the antenna’s performance occurs.
Once the antenna is detuned, the system automatically recon-
figures the impedance synthesizer to correct for this sudden
environmental change as shown by the dash-dot line in FIG.
10.

Referring to FIG. 13, the method of matching a transmis-
sion line (not shown) to an antenna 806 starts be generating
1301 a clock signal. In one embodiment, the clock signal may
be generated by a local oscillator, a reference clock source, an
oscillator associated with the DSP 804 or the like. Preferably,
the clock signal has a first phase and a second phase as
illustrated in FIG. 7.

The central controller 104 may then generate 1302 a new
matching state at the rising clock edge of the first phase of the
clock signal. As described above, the central controller 104
may include a DSP 804. The directional coupler and RF
power detector 802 may then provide the incident power
signal and reflected power signal which are used by the ana-
logue return loss detection circuit 803 to compute 1303 a
return loss. The matching state searching circuit 803, includ-
ing the comparator 121 may then compare 1304 the return
loss to a return loss value previously stored in the S/H 122.
The matching state searching circuit 803 may latch 1305 the
result of comparing. In one embodiment, the result is latched
1305 on the rising edge of the second phase of the clock
signal.

In one embodiment, the DSP 804 may trigger 1306 a sam-
pling action to store the return loss signal in response to a first
value of the latched result. Specifically, it the return loss is
lower than the stored value, the new value may be stored. In a
further embodiment, the sample of the return loss is stored
1306 in the S/H. Additionally, the digital register 123 may
store 1307 a current impedance matching state for reference
by the impedance synthesizer 102. Finally, the impedance
synthesizer 102 configures 1308 a matching circuit in
response to the stored current impedance matching state.

As described herein, embodiments of the present invention
provide an automatic antenna tuning system with efficient
analog return loss detection and matching state searching
circuits for potential use with software defined and cognitive
radios.

All of the apparatus and methods disclosed and claimed
herein can be reduced to practice and executed without undue
experimentation in light of the present disclosure. While the
apparatus and methods of this disclosure may have been
described in terms of preferred embodiments, it will be appar-
ent to those of ordinary skill in the art that variations may be
applied to the apparatus, components, methods and in the
steps or in the sequence of steps of the method described
herein without departing from the concept, spirit and scope of
the disclosure. All such similar substitutes and modifications
apparent to those skilled in the art are deemed to be within the
spirit, scope, and concept of the disclosure as defined by the
appended claims.
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The invention claimed is:

1. An automatic antenna tuning unit comprising:

a return loss detector configured to sample a radio fre-
quency signal to provide an analog quality of match
signal;

a matching state searching circuit configured to receive
said analog quality of match signal and, in response,
selectively store a return loss value and an impedance
matching state;

a central controller responsive to said return loss value and
said impedance matching state connected to provide a
switch control signal and apply an optimum matching
state to an impedance synthesizer at the conclusion of
the matching state search; and

the impedance synthesizer responsive to said switch con-
trol signal for coupling and matching said radio fre-
quency signal to an antenna.

2. The automatic antenna tuning unit according to claim 1,

wherein said return loss detector comprises:

a directional coupler configured to receive said radio fre-
quency signal and provide incident and reflected
sampled signals;

an incident power detector configured to receive said inci-
dent sampled signal to provide an incident power signal;

a reflected power detector configured to receive said
reflected sampled signal to provide a reflected power
signal; and

an analog subtractor configured to receive said incident and
reflected power signals to provide said analog quality of
match signal.

3. The automatic antenna tuning unit according to claim 2,
wherein said incident and reflected power detectors comprise
logarithmic radio frequency power detectors.

4. The automatic antenna tuning unit according to claim 1,
wherein said return loss detector comprises:

a three-line coupler configured to receive said radio fre-
quency signal, providing independent degrees of cou-
pling of incident and reflected signals to provide inci-
dent and reflected sampled signals of desired levels;

an incident power detector configured to receive said inci-
dent sampled signal to provide an incident power signal;

a reflected power detector configured to receive said
reflected sampled signal to provide a reflected power
signal; and

a subtractor configured to receive said incident and
reflected power signals to provide said analog quality of
match signal.

5. The automatic antenna tuning unit according to claim 1,

wherein said matching state searching circuit comprises:

a sample and hold (S/H) circuit configured to receive and
selectively latch analog quality of match signal; and

a comparator configured to receive said analog quality of
match signal and an output from said S/H circuit to
provide said storing-action trigger signal.

6. The automatic antenna tuning unit according to claim 1,
wherein said a central controller comprises a digital processor
operational to set an initial state of said antenna based on
operating frequency information and running a search algo-
rithm to thereby providing said switch control signal.

7. The automatic antenna tuning unit according to claim 1,
wherein said matching state searching circuit further com-
prises a digital register configured to receive and selectively
store said impedance matching state.

8. The automatic antenna tuning unit according to claim 1,
wherein said impedance synthesizer comprises a lowpass-
type pi-matching network.
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9. The automatic antenna tuning unit according to claim 8,
wherein said lowpass-type pi-matching network comprises a
series inductor and first and second banks of parallel switched
capacitors connected to respective opposite terminals of said
inductor and ground.

10. A method of matching a transmission line to an antenna
comprising the steps of:

generating a clock signal having first and second phases;

generating a new matching state at a beginning of said first

phase;

computing a return loss;

comparing said return loss to a previously stored return

loss;

latching a result of said step of comparing at a beginning of

said second phase;

triggering a sampling action to store said return loss in

response to a first value of said latched result;

storing a current impedance matching state in response to

said first value of said latched result; and

configuring a matching circuit in response to said stored

impedance matching state to optimize a matching con-
dition at the conclusion of matching state search.

11. The method according to claim 10, wherein computing
a return loss further comprises:

receiving a radio frequency signal;

providing a sample of an incident signal;

providing a sample of a reflected signal;

providing an incident power signal in response to the

sample of the incident signal;

providing a reflected power signal in response to the

sample of the reflected signal; and

generating an analog quality of match signal in response to

the incident power signal and the reflected power signal.

12. The method according to claim 11, wherein providing
the sample of an incident signal and of a reflected signal
further comprises providing independent degrees of coupling
of'the incident signal and of the reflected signal to providing
the sample of the incident signal and the sample of the
reflected signal at desired levels.

13. The method according to claim 10, wherein comparing
the return loss to a previously stored return loss further com-
prises:

receiving the analogue quality of match signal;

selectively latching the analogue quality of match signal in

a sample and hold (S/H) circuit; and

comparing the analogue quality of match signal and an

output signal from the S/H circuit.

14. The method according to claim 10, wherein configur-
ing the matching circuit further comprises setting an initial
state of the antenna based on operating frequency information
and running a search algorithm to thereby providing the
switch control signal.

15. The method according to claim 10, further comprising
storing the impedance matching state in a digital register.

16. A system for matching a transmission line to an antenna
comprising:

a signal source configured to generate a radio frequency

signal for transmission;

atransmission line coupled to the signal source configured

to conduct the radio frequency signal;

an antenna coupled to the transmission line configured to

transmit the radio frequency signal wirelessly; and

an antenna tuning unit coupled to the antenna and to the

transmission line comprising:

a return loss detector connected to sample the radio
frequency signal to provide an analog quality of
match signal;
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a matching state searching circuit configured to receive
said analog quality of match signal and, in response,
selectively store a return loss value and an impedance
matching state;

a central controller responsive to said return loss value
and said impedance matching state for providing a
switch control signal and apply an optimum matching
state to an impedance synthesizer at the conclusion of
the matching state search; and

the impedance synthesizer responsive to said switch
control signal for coupling and matching said radio
frequency signal to an antenna.

17. The system according to claim 16, further comprising:

a directional coupler configured to receive said radio fre-
quency signal and provide incident and reflected
sampled signals;

an incident power detector configured to receive said inci-
dent sampled signal to provide an incident power signal;

14

a reflected power detector configured to receive said
reflected sampled signal to provide a reflected power
signal; and

a subtractor configured to receive said incident and
reflected power signals to provide said analog quality of
match signal.

18. The system according to claim 17, wherein said inci-
dent and reflected power detectors comprise logarithmic
radio frequency power detectors.

19. The system according to claim 16, wherein said a
central controller comprises a digital processor operational to
set an initial state of said antenna based on operating fre-
quency information and running a search algorithm to
thereby providing said switch control signal.

20. The system according to claim 16, wherein said imped-
ance synthesizer comprises a lowpass-type pi-matching net-
work having a series inductor and first and second banks of
parallel switched capacitors connected to respective opposite
terminals of said inductor and ground.
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POLARIZATION DIVERSITY
MULTI-ANTENNA SYSTEM

TECHNICAL FIELD

The present invention relates to the field of antennas, nota-
bly that of polarization diversity antennas for telecommuni-
cations terminals.

STATE OF THE PRIOR ART

Among the many steps for improving the signal-to-noise
ratio in a mobile telecommunication system, resorting to
transmission and/or reception diversity techniques is known.
At the base station, antennas sufficiently distant from each
other (by a distance larger than at least the half wavelength at
the operating frequency) may for example be used, a network
of antennas for forming beams pointing in distinct angular
directions or antennas transmitting according to distinct
polarizations may be used: depending on the case this is
termed as spatial diversity, angular diversity or polarization
diversity. Similarly, the same diversity techniques are in prin-
ciple applicable to the mobile terminal. Either antennas suf-
ficiently distant from each other will be used so that the
received signals have been subject to non-correlated condi-
tions of propagation, antennas having reception diagrams
pointing in distinct angular directions or further antennas
with distinct polarizations, for example according to linear
polarizations orthogonal to each other, will be used.

Unfortunately, mobile terminals poorly lend themselves to
the application of diversity techniques. Indeed, the small
dimensions of the mobile terminals do not generally allow
sufficient separation of the receiving antennas at the currently
used operating frequencies (80 MHz-6 GHz). As a result, the
signals received by the different antennas are correlated
because of neighbouring conditions of propagation or
because of coupling between antennas. The signals received
may then have simultaneous fading and the mobile terminal
does not fully benefit from the advantages of diversity.

A polarization diversity multi-antenna system for a mobile
terminal was proposed in the article of N. Michishita et al.
entitled <<A polarization diversity antenna by printed dipole
and a patch with a hole>> published in Proc. of IEEE Anten-
nas and Propagation Society International Symposium, Vol.
No. 3, May 2001, pages 368-371. This system consists of a
patch antenna and of a dipole antenna. The patch is perforated
with a hole through which the dipole antenna printed on a
substrate passes. This system is not planar and does not easily
lend itself to integration into a mobile terminal.

A polarization diversity multi-antenna system for a base
station was proposed in the article of N. Kuga et al. entitled
<<A patch-slot composite antenna for VH-polarization diver-
sity base stations>> published in Proc. of Asia-Pacific Micro-
wave Conference, December 2000. It comprises two net-
works of interleaved antennas: a first network consisting of
patch type elements with horizontal polarization and a second
network consisting of patch type elements with vertical polar-
ization. The elements of the first network are excited by slots
cut out in the ground plane whereas the elements of the
second network are excited by microstrip lines. Neither is this
multi-antenna system compatible with integration into a
mobile terminal.

The object of the present invention is to find a remedy to the
aforementioned drawbacks, i.e. to propose a compact diver-
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sity multi-antenna system which may easily be integrated into
a mobile terminal while only having low coupling between
antennas.

DISCUSSION OF THE INVENTION

The present invention is defined by a polarization diversity
multi-antenna system comprising a first slot type antenna and
a second patch type antenna, said first and second antennas
sharing the same ground plane, the slot of the first antenna
being laid out in said ground plane and the patch ofthe second
antenna being at least partly plumb with said slot, said first
and second antennas having a common operating frequency
band, wherein:

said slot is open on one side over its width and its length is

substantially equal to an odd multiple of the quarter of
the guided wavelength in the slot in said operating fre-
quency band and/or

the patch is electrically connected to the ground plane and

its length is substantially equal to an odd multiple of the
quarter of the guided wavelength in the patch at said
operating frequency band.

Particular embodiments of the invention are defined in the
dependent claims.

SHORT DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention will become
apparent upon reading a description of a preferential embodi-
ment of the invention, made with reference to the appended
figures wherein:

FIG. 1 schematically illustrates a multi-antenna system
according to a first embodiment of the invention;

FIG. 2 schematically illustrates a multi-antenna
according to a second embodiment of the invention;

FIG. 3 schematically illustrates a multi-antenna
according to a third embodiment of the invention;

FIG. 4 schematically illustrates a multi-antenna
according to a fourth embodiment of the invention;

FIG. 5 schematically illustrates a multi-antenna
according to a fifth embodiment of the invention;

FIG. 6 schematically illustrates a multi-antenna
according to a sixth embodiment of the invention;

FIG. 7 schematically illustrates a multi-antenna system
according to a seventh embodiment of the invention;

FIG. 8 illustrates a first exemplary arrangement of multi-
antenna systems according to the invention on the ground
plane of a mobile terminal;

FIG. 9 illustrates a second exemplary arrangement of
multi-antenna systems according to the invention on the
ground plane of a mobile terminal;

FIG. 10 illustrates the reflection and coupling coefficients
versus the operating frequency of a multi-antenna system
according to the invention;

FIG. 11 illustrates the directivity diagrams versus the
polarization of the constitutive antennas of a multi-antenna
system according to the invention.

system
system
system
system

system

DETAILED DISCUSSION OF PARTICULAR
EMBODIMENTS

The idea atthe basis of the invention consists of associating
on a same ground plane, a patch type antenna and a slot type
antenna, the patch being at least partly plumb with the slot.
The geometry and the orientation of the patch and of the slot
are selected so that the patch type antenna and the slot type
antenna may each transmit and/or receive according to a
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rectilinear polarization, the polarization directions associated
with both antennas being orthogonal to each other. In areceiv-
ing mode, the signals received by the patch antenna and the
slot antenna respectively, may be combined in order to pro-
vide reception diversity.

More specifically, the geometry and the orientation of the
patch and the slot are selected so that the respective directions
of established resonance in the patch and in the slot are
substantially parallel. Conventionally, it is known that for a
patch the distribution of the electric field along the direction
of established resonance is sinusoidal and has two maxima at
each end of the patch. Similarly, for a slot, the distribution of
electric field along the direction of established resonance is
sinusoidal and has two nulls at each end of the slot. Inone case
as in the other, the number of periods of the sinusoidal distri-
bution depends on the order of the resonance. The electro-
magnetic field generated by the patch is conventionally
denoted TM,, , where n gives the order of the resonance along
the resonance direction x, the electric field being directed
along this direction. Likewise, the electromagnetic field gen-
erated by the slot is conventionally denoted TE,, where n'
gives the order of the resonance along the resonance direction
x', the electric field being orthogonal to X' and parallel to the
plane of the slot.

Surprisingly, it was seen that co-localization of the slot
type antenna and of the patch type antenna according to the
invention did not significantly change the characteristics of
both antennas taken separately. In particular, the coupling
level between the antennas is remarkably low. Further,
impedance matching may be achieved independently for both
of the antennas in a common operating frequency band.

FIG. 1 schematically illustrates a first embodiment of the
multi-antenna system according to the invention. A perspec-
tive view is illustrated in (A) and a vertical sectional view of
the system in its middle plane is illustrated in (B). The latter
comprises a metal ground plane 10 common to the patch type
antenna and to the slot type antenna. The ground plane is
typically made with a metal plate or with a metal layer depos-
ited on a dielectric substrate 15. A slot 20 is laid out in the
ground plane and a metal patch 30 is positioned so as to be at
least partly plumb with the slot. The patch may be made either
with a metal plate or with deposition of metal layer(s) on a
dielectric substrate. The latter may be the same as that of the
ground plane. In this case, the patch is deposited on the face
of'the substrate opposite to the one on which the ground plane
is deposited.

Preferentially, the slot has a trapezoidal shape elongated
along a longitudinal direction. It may however be of any
symmetrical shape, for example rectangular or elliptical, or
even non-symmetrical. Also, the metal patch 30 has an elon-
gated elliptical shape along a longitudinal direction. It may
however be of any symmetrical shape, for example rectangu-
lar or trapezoidal, or even non-symmetrical.

The directions of resonance of the slot and of the patch are
denoted FF' and PP' respectively. As this was seen above, both
of these axes are selected to be substantially parallel. These
axes coincide here with the longitudinal axes of symmetry of
the slot and of the patch, respectively.

The axes FF' and PP' may be shifted sideways with respect
to each other in a plane parallel to the ground plane, or else
contained in a same plane orthogonal to the ground plane, in
which case the orthogonal projection of the axis PP' on the
ground plane advantageously coincides with the FF' axis. In
FIG. 1, both axes FF' and PP'belong to the middle plane of the
system, orthogonal to the ground plane.

The electric field generated by the slot type antenna has
rectilinear polarization orthogonal to the middle plane. On the
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other hand the electric field generated by the patch type
antenna has rectilinear polarization parallel to the PP' axis.
Reciprocally, the signal received by the slot type antenna is
maximum when the electric field has rectilinear polarization
orthogonal to the middle plane and the signal received by the
patch type antenna is maximum when the electric field has
polarization parallel to the PP' axis.

Given that the patch being at least partly plumb with the
slot, the orthogonal projection of the patch on the metal plane
has a non-empty intersection with the latter. According to an
alternative embodiment, the orthogonal projection of the
patch on the ground plane entirely includes the shape of the
slot. The slot type and patch type antennas are thereby co-
localized and the multi-antenna system is particularly com-
pact.

The slot type antenna may be excited by means of a coaxial
cable or a coplanar line in a way known to the one skilled in
the art. Alternatively, the slot may be excited by coupling with
a microstrip line printed on the substrate on the side opposite
to the ground plane.

The patch type antenna may be excited by means of a metal
probe 35 as illustrated in FIG. 1 or a coaxial cable, the core of
which is connected to a point of the patch, the ground being
connected to the ground plane. Alternatively, the patch may
be excited by coupling with a microstrip line printed on the
face of the substrate optionally dedicated to excitation.

More generally, the patch type and slot type antennas may
be excited by direct electric contact and/or by electromag-
netic coupling.

The length of the slot along the FF' axis is selected to be
substantially equal to an integer multiple of half the guided
wavelength, associated with the operating frequency. Also,
the length of the patch along the PP' axis is selected to be
substantially equal to an integer multiple of the half of the
guided wavelength, associated with the operating frequency.
It is recalled that the guided wavelength slightly differs from
the free propagation wavelength because of the presence of
edge fields. It is equal to twice the fundamental resonance
length in the guide. An analytic expression of the guided
wavelength for a slot antenna will for example be found in the
article of R. Garg et al. entitled <<Expressions for wavelength
and impedance of a slotline>> published in the IEEE Trans.
on Microwave Theory, August 1976, page 532. Also, the
guided wavelength A, in a patch may generally be approxi-
mated by A, ~0.982 where A is the free propagation wave-
length in the constitutive medium of the guide (either air or
dielectric).

The operating frequencies of the slot and patch antennas
are advantageously selected to be identical. More generally,
as this will be seen later on, it is possible to use the slot
antenna and the patch antenna in a same band of operating
frequencies without any significant coupling between both
antennas. Typically, for a system intended to be used in a
UMTS (Universal Mobile Telecommunication System) ter-
minal, the operating frequency will be of the order of 2 GHz
and the slot and patch lengths of the order of 6 to 7.5 cm.
These lengths are compatible with the dimensions of amobile
terminal.

In order to further reduce the dimensions of the system, it
is proposed according to a second embodiment, to use half a
slotinstead of an entire slot. More specifically, the slotis open
on one side 21 over the whole of its width. This embodiment
is illustrated in FIG. 2. In this figure, it is assumed for the
purposes of illustration that the entire slot was a rectangle and
that the patch 30 was also rectangular, but other shapes may
be contemplated, as indicated earlier. The half-slot 20 appears
as a notch at the periphery of the ground plane 10. The length
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of the notch along the FF' axis is equal to an integer multiple
of the quarter of the guided wavelength at the operating fre-
quency.

It is also possible to reduce the length of the patch in the PP
direction as indicated in FIG. 3, according to a third embodi-
ment of the multi-antenna system according to the invention.
In this embodiment, a metal return 37 towards the ground
plane is provided at the edge of the patch. This metal return
may be a wire or, as in the embodiment illustrated in FIG. 4,
made by means of a metal plate 37 substantially orthogonal to
the ground plane. This plate then achieves the electrical junc-
tion between the edge of the patch, orthogonal to the longi-
tudinal axis PPP', located on the side opposite to the slot, with
the ground plane. The length of the patch along the PP" axis is
then advantageously selected to be equal to an integer mul-
tiple of the quarter of the guided wavelength (in the patch),
associated with the operating frequency. The slot 20 remains
with a length equal to an integer multiple of half the guided
wavelength (in the slot) as in the first embodiment.

FIG. 4 schematically illustrates a fourth particularly advan-
tageous embodiment of the multi-antenna system according
to the invention. In this embodiment, the slot 20 and the patch
30 have respective lengths substantially equal to integer mul-
tiples of the quarter of the guided wavelength (in the slot and
in the patch, respectively), associated with the operating fre-
quency. The slot opens out at the periphery of the ground
plane as in the second embodiment and a metal return 37 is
provided as a plate at the edge of the patch, as already
described. Of course, the metal return may be a wire, as
illustrated in FIG. 3. Typically, for a system intended to be
used in a UMTS terminal, the slot and patch lengths will be of
the order of 3 cm and the height of the plate 37 acting as a
return to the ground, is of the order 1 cm.

In order to still further reduce the dimensions of the afore-
mentioned antennas, working at even smaller fractions of the
guided wavelength (A/8, 2./10, . .. ) and/or using materials
with higher dielectric constants, allowing a reduction of A
and/or a loading of the antennas with discrete or distributed
components (capacitors, inductors, . . . ) as known to one
skilled in the art, may be contemplated.

In the second, third and fourth embodiments, excitation of
the slot and of the patch may be achieved according to the
same alternatives as discussed for the first embodiment.

FIG. 5 schematically illustrates the sectional view of a
multi-antenna system according to a fifth embodiment of the
invention, in which provision is made for a plurality of patch
antennas 31, 32 with different lengths being plumb with the
slot. The return to the ground 37 is advantageously common
but distinct ground returns may be also be contemplated. The
ground return may be a wire or of the plate type as already
seen above. In the same way, the excitation probe 35 is advan-
tageously common to the different patch antennas but distinct
probes may also be contemplated. The superposed patches
correspond to the same resonance frequency. More specifi-
cally, the lengths of these patches are substantially equal to
odd multiples of the quarter of the guided wavelength in these
patches. As earlier, the operating frequency of the patches is
the same as that of the half-slot antenna 20. The advantage of
such an assembly is to obtain a particularly compact system
with a high gain.

FIG. 6 schematically illustrates the sectional view of a
multi-antenna system according to a sixth embodiment of the
invention, in which the patch antenna 30 is folded back under
the ground plane. The resonance frequency is defined by the
total length of the <<unfolded>> patch. An arrangement
which is more compact than those discussed earlier is thereby
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obtained. If necessary, several superposed patch antennas
may be folded under the ground plane.

FIG. 7 schematically illustrates a multi-antenna system
according to a seventh embodiment of the invention. In this
embodiment, the slot antenna 20 as well as the patch antenna
30 which is plumb with it, although substantially elongated
along a longitudinal direction, has a slight transverse shift at
40. By slight transverse shift is meant a shift by a substantially
lower amplitude than the spatial extension of the system in the
longitudinal direction. Each of both antennas comprises first
and second portions, oriented along a same longitudinal
direction, as well as an intermediate portion joining the first
and second portions, oriented along a transverse direction.
With the transverse shift of the patch and slot antennas, each
of'them may be receiving antennas according to two distinct
polarization modes.

The multi-antenna systems according to the invention may
be combined in order to make up a composite system with
higher gain and/or diversity order. In particular, FIGS. 8 and
9 show two exemplary arrangements of said multi-antenna
systems on the ground plane of a mobile terminal. In the
arrangement of FIG. 9, both multi-antenna systems 51 and 52
are positioned head-to-tail. The respective axes of established
resonance of both antenna systems are substantially parallel.
In FIG. 9, the directions of established resonance of both
systems are selected to be substantially orthogonal. By using
the systems 51 and 52 it is possible to obtain both spatial
diversity due to the spacing between antennas, and polariza-
tion diversity.

FIG. 10 gives the moduli of the coefficients of the matrix S
versus the operating frequency for a multi-antenna system
according to the fourth embodiment of the invention with a
quarter wave patch and slot. IS, | and IS,,| respectively rep-
resent the proportion of reflected energy on the input port of
the antenna 1 (slot type antenna) and on the input port of the
antenna 2 (patch type antenna), in other words the reflection
coefficients on these input ports, expressed in dB. IS, and
IS,, | respectively represent the energy coupling of antenna 1
to antenna 2 and of antenna 2 to antenna 1.

It is seen that in a frequency range around 2 GHz, the
reflection coefficients IS;;1 and IS,,| are both less than -10
dB, which expresses proper impedance matching of the sys-
tem in a common frequency band. Additionally in this same
frequency band, the coupling coefficients IS, ,| and IS,,| are
below -30 dB. With the low coupling level between both
antennas, the polarization diversity may be utilized at best.

FIG. 11 shows the directivity diagrams of the slot type
antenna and of the patch type antenna for a vertically polar-
ized electric field and a horizontally polarized electric field, in
a sectional plane parallel to the ground plane and equidistant
between the latter and the plane containing the metal patch
30. Itis noted that for a given polarization of the electric field,
the maximum of the directivity diagram of an antenna corre-
sponds to the minimum of'the directivity diagram of the other
one.

The invention claimed is:

1. A polarization diversity multi-antenna system compris-
ing a first slot type antenna (20) and at least one second patch
type antenna (30), said first and second antennas sharing the
same ground plane (10), the slot of the first antenna being laid
out in said ground plane and the patch of the second antenna
being at least partly plumb with said slot, said first and second
antennas having a common operating frequency band, char-
acterized in that:
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said slot is open on one side over its width and its length is
substantially equal to an odd multiple of the quarter of
the guided wavelength of the slot, in said operating
frequency band and/or

the patch is electrically connected to the ground plane and

its length is substantially equal to an odd multiple of the
quarter of the guided wavelength in the patch, in said
operating frequency band.

2. The multi-antenna system according to claim 1, charac-
terized in that said first and second antennas have substan-
tially parallel directions of established resonance.

3. The multi-antenna system according to claim 2, charac-
terized in that the patch has a first elongated shape along a first
axis of symmetry, in that the slothas a second elongated shape
along a second axis of symmetry, and in that said first and
second axes of symmetry are substantially parallel.

4. The multi-antenna system according to any of the pre-
ceding claims, characterized in that said antennas are excited
by direct electric contact and/or electromagnetic coupling.

5. The multi-antenna system according to claim 1, charac-
terized in that it comprises a plurality of second antennas of
the patch type having a common operating frequency band
with the first antenna, the patches being electrically con-
nected to the ground plane and having lengths substantially
equal to odd multiples of the quarter of the guided wavelength
in these patches, in said operating frequency band.

8

6. The multi-antenna system according to claim 5, charac-
terized in that said first antenna and said second antennas have
substantially parallel directions of established resonance.

7. The multi-antenna system according to claim 1 or 2,
characterized in that said slot is open on one side, that the
second antenna is entirely plumb therewith and extends at one
of'its ends beyond said side of said slot, said end of the second
antenna being folded under said ground plane.

8. The multi-antenna system according to claim 1 or 2,
characterized in that said first and second antennas respec-
tively have first and second shapes substantially elongated
along a longitudinal axis, said first and second shapes having
along this axis a slight shift along a transverse direction.

9. A mobile terminal comprising a ground plane and at least
two multi-antenna systems according to the preceding
claims, said multi-antenna systems extending along two par-
allel axes and being positioned head-to-tail on said ground
plane.

10. A mobile terminal comprising a ground plane and at
least two multi-antenna systems according to the preceding
claims, said multi-antenna systems extending along two
orthogonal axes on said ground plane.
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1
HANDHELD ELECTRONIC DEVICES WITH
ISOLATED ANTENNAS

This application is a continuation of patent application Ser.
No. 11/650,071, filed Jan. 4, 2007 now U.S. Pat. No. 7,595,
759, which is hereby incorporated by referenced herein in its
entirety.

BACKGROUND

This invention relates generally to wireless communica-
tions circuitry, and more particularly, to wireless communi-
cations circuitry for handheld electronic devices.

Handheld electronic devices are becoming increasingly
popular. Examples of handheld devices include handheld
computers, cellular telephones, media players, and hybrid
devices that include the functionality of multiple devices of
this type.

Due in part to their mobile nature, handheld electronic
devices are often provided with wireless communications
capabilities. Handheld electronic devices may use wireless
communications to communicate with wireless base stations.
For example, cellular telephones may communicate using
cellular telephone bands at 850 MHz, 900 MHz, 1800 MHz,
and 1900 MHz (e.g., the main Global System for Mobile
Communications or GSM cellular telephone bands). Hand-
held electronic devices may also use other types of commu-
nications links. For example, handheld electronic devices
may communicate using the WiFi® (IEEE 802.11) band at
2.4 GHz and the Bluetooth® band at 2.4 GHz.

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. Many
devices use planar inverted-F antennas (PIFAs). Planar
inverted-F antennas are formed by locating a planar resonat-
ing element above a ground plane. These techniques can be
used to produce antennas that fit within the tight confines of a
compact handheld device.

To provide sufficient wireless coverage over all communi-
cations bands of interest, modern handheld electronic devices
sometimes contain multiple antennas. For example, a modern
handheld electronic device might have one antenna for han-
dling cellular telephone communications in cellular tele-
phone bands and another antenna for handling data commu-
nications in a data communications band. Although the
operating frequencies of the cellular telephone antenna and
the data communications antenna are different, there will still
generally be a tendency for undesirable electromagnetic cou-
pling between the antennas.

This electromagnetic coupling forms an undesirable type
of signal interference. Unless the antennas are sufficiently
isolated from each other, simultaneous antenna operation will
not be possible.

Electromagnetic isolation between two antennas can often
be obtained by placing the antennas as far apart as possible
within the confines of the handheld electronic device. How-
ever, conventional spatial separation arrangements such as
these are not always feasible. In some designs, layout con-
straints prevent the use of spatial separation for reducing
antenna interference.
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It would therefore be desirable to be able to provide
improved ways in which to isolate antennas from each other
in a handheld electronic device.

SUMMARY

In accordance with an embodiment of the present inven-
tion, a handheld electronic device with wireless communica-
tions circuitry is provided. The handheld electronic device
may have cellular telephone, music player, or handheld com-
puter functionality. The wireless communications circuitry
may have at least first and second antennas.

The first and second antennas may be located in close
proximity to each other within the handheld electronic
device. With one suitable arrangement, the first antenna is a
hybrid planar-inverted-F and slot antenna and the second
antenna is an [-shaped strip antenna. The first and second
antennas may have respective first and second planar resonat-
ing elements. The first and second planar resonating elements
may be formed on a flex circuit that is mounted to a dielectric
support structure.

A rectangular ground plane element may serve as ground
for the first and second antennas. The handheld electronic
device may have a metal housing portion that is shorted to
ground and may have a plastic cap portion that covers the first
and second planar resonating elements.

The rectangular ground plane element may contain a rect-
angular dielectric-filled slot. The planar resonating elements
may be located above the slot. The first planar resonating
element may have two arms. A first of the two arms may be
tuned to resonate at approximately the same frequency band
as the second antenna. When the first and second antennas are
operated simultaneously, the first arm serves to cancel inter-
ference from the second antenna and thereby serves as an
antenna isolation element that helps to isolate the first and
second antennas from each other. A second of the two arms
may be configured to resonate at the same frequency as the
slot portion of the first antenna to enhance the gain and band-
width of the first antenna at that frequency.

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

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 2 is a schematic diagram of an illustrative handheld
electronic device with an antenna in accordance with an
embodiment of the present invention.

FIG. 3A is a cross-sectional side view of an illustrative
handheld electronic device with an antenna in accordance
with an embodiment of the present invention.

FIG. 3B is a partly schematic top view of an illustrative
handheld electronic device containing two radio-frequency
transceivers that are coupled to two associated antenna reso-
nating elements by respective transmission lines in accor-
dance with an embodiment of the present invention.

FIG. 4 is a perspective view of an illustrative planar
inverted-F antenna (PIFA) in accordance with an embodi-
ment of the present invention.

FIG. 5is across-sectional side view of an illustrative planar
inverted-F antenna of the type shown in FIG. 4 in accordance
with an embodiment of the present invention.
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FIG. 6 is an illustrative antenna performance graph for an
antenna of the type shown in FIGS. 4 and 5 in which standing-
wave-ratio (SWR) values are plotted as a function of operat-
ing frequency.

FIG. 7 is a perspective view of an illustrative planar
inverted-F antenna in which a portion of the antenna’s ground
plane underneath the antenna’s resonating element has been
removed to form a slot in accordance with an embodiment of
the present invention.

FIG. 8 is a top view of an illustrative slot antenna in accor-
dance with an embodiment of the present invention.

FIG. 9 is an illustrative antenna performance graph for an
antenna of the type shown in FIG. 8 in which standing-wave-
ratio (SWR) values are plotted as a function of operating
frequency.

FIG. 10 is a perspective view of an illustrative hybrid
PIFA/slot antenna formed by combining a planar inverted-F
antenna with a slot antenna in which the antenna is being fed
by two coaxial cable feeds in accordance with an embodiment
of the present invention.

FIG. 11 is an illustrative wireless coverage graph in which
antenna standing-wave-ratio (SWR) values are plotted as a
function of operating frequency for a handheld device that
contains a hybrid PIFA/slot antenna and a strip antenna in
accordance with an embodiment of the present invention.

FIG. 12 is a perspective view of an illustrative handheld
electronic device antenna arrangement in which a first of two
handheld electronic device antennas has an associated isola-
tion element that serves to reduce interference with from a
second of the two handheld electronic device antennas in
accordance with an embodiment of the present invention.

FIG. 13 is a graph in which antenna isolation performance
is plotted as a function of operating frequency for an uniso-
lated antenna arrangement and an antenna arrangement with
anisolation element in accordance with an embodiment 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 antennas may be small form factor antennas that
exhibit wide bandwidths and large gains.

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
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. Space is at a pre-
mium in handheld electronics devices, so high-performance
compact antennas can be particularly advantageous in such
devices. The use of handheld devices is therefore generally
described herein as an example, although any suitable elec-
tronic device may be used with the antennas of the invention
if desired.

The handheld devices may be, for example, cellular tele-
phones, media players with wireless communications capa-
bilities, handheld computers (also sometimes called personal
digital assistants), remote controllers, global positioning sys-
tem (GPS) devices, and handheld gaming devices. The hand-
held devices may also be hybrid devices that combine the
functionality of multiple conventional devices. Examples of
hybrid handheld devices include a cellular telephone that
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includes media player functionality, a gaming device that
includes a wireless communications capability, a cellular
telephone that includes game and email functions, and a
handheld device that receives email, supports mobile tele-
phone calls, and supports web browsing. These are merely
illustrative examples.

An illustrative handheld electronic device in accordance
with an embodiment of the present invention is shown in FIG.
1. Device 10 may be any suitable portable or handheld elec-
tronic device.

Device 10 includes housing 12 and includes two or more
antennas for handling wireless communications. Embodi-
ments of device 10 that contain two antennas are described
herein as an example.

Each of the two antennas in device 10 may handle commu-
nications over a respective communications band or group of
communications bands. For example, a first of the two anten-
nas may be used to handle cellular telephone frequency
bands. A second of the two antennas may be used to handle
data communications in a separate communications band.
With one suitable arrangement, which is sometimes
described herein as an example, the second antenna is con-
figured to handle data communications in a communications
band centered at 2.4 GHz (e.g., WiFi and/or Bluetooth fre-
quencies). The design of the antennas helps to reduce inter-
ference and allows the two antennas to operate in relatively
close proximity to each other.

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, case 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 case 12 is not disrupted. In other situations,
case 12 may be formed from metal elements. In scenarios in
which case 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 of case 12 may be
shorted to an internal ground plane in device 10 to create a
larger ground plane element for that device 10.

Handheld electronic device 10 may have input-output
devices such as a display screen 16, buttons such as button 23,
user input control devices 18 such as button 19, and input-
output components such as port 20 and input-output jack 21.
Display screen 16 may be, for example, a liquid crystal dis-
play (LCD), an organic light-emitting diode (OLED) display,
a plasma display, or multiple displays that use one or more
different display technologies. As shown in the example of
FIG. 1, display screens such as display screen 16 can be
mounted on front face 22 of handheld electronic device 10. If
desired, displays such as display 16 can be mounted on the
rear face of handheld electronic device 10, on a side of device
10, on a flip-up portion of device 10 that is attached to a main
body portion of device 10 by a hinge (for example), or using
any other suitable mounting arrangement.

A user ot handheld device 10 may supply input commands
using user input interface 18. User input interface 18 may
include buttons (e.g., alphanumeric keys, power on-off,
power-on, power-oft, and other specialized buttons, etc.), a
touch pad, pointing stick, or other cursor control device, a
touch screen (e.g., a touch screen implemented as part of
screen 16), or any other suitable interface for controlling
device 10. Although shown schematically as being formed on
the top face 22 of handheld electronic device 10 in the
example of FIG. 1, user input interface 18 may generally be
formed on any suitable portion of handheld electronic device
10. For example, a button such as button 23 (which may be
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considered to be part of input interface 18) or other user
interface control may be formed on the side of handheld
electronic device 10. Buttons and other user interface controls
can also be located on the top face, rear face, or other portion
of'device 10. If desired, device 10 can be controlled remotely
(e.g., using an infrared remote control, a radio-frequency
remote control such as a Bluetooth remote control, etc.).

Handheld device 10 may have ports such as bus connector
20 and jack 21 that allow device 10 to interface with external
components. Typical ports include power jacks to recharge a
battery within device 10 or to operate device 10 from a direct
current (DC) power supply, data ports to exchange data with
external components such as a personal computer or periph-
eral, audio-visual jacks to drive headphones, a monitor, or
other external audio-video equipment, etc. The functions of
some or all of these devices and the internal circuitry of
handheld electronic device 10 can be controlled using input
interface 18.

Components such as display 16 and user input interface 18
may cover most of the available surface area on the front face
22 of device 10 (as shown in the example of FIG. 1) or may
occupy only a small portion of the front face 22. Because
electronic components such as display 16 often contain large
amounts of metal (e.g., 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 elements and elec-
tronic components of the device will allow the antennas of
handheld electronic device 10 to function properly without
being disrupted by the electronic components.

With one suitable arrangement, the antennas of device 10
are located in the lower end of device 10, in the proximity of
port 20. An advantage of locating antennas in the lower por-
tion of housing 12 and device 10 is that this places the anten-
nas away from the user’s head when the device 10 is held to
the head (e.g., when talking into a microphone and listening
to a speaker in the handheld device as with a cellular tele-
phone). This reduces the amount of radio-frequency radiation
that is emitted in the vicinity of the user and minimizes
proximity eftects. However, locating both of the antennas at
the same end of device 10 raises the possibility of undesirable
interference between the antennas when the antennas are in
simultaneous operation. To improve isolation to a satisfactory
level, at least one of the antennas may be provided with an
isolation element that reduces electromagnetic coupling
between the antennas. By reducing electromagnetic coupling
in this way, the antennas may be placed in relatively close
proximity to each other without hindering the ability of the
antennas to be operated simultaneously.

A schematic diagram of an embodiment of an illustrative
handheld electronic device is shown in FIG. 2. Handheld
device 10 may be a mobile telephone, a mobile telephone with
media player capabilities, a handheld computer, a remote
control, a game player, a global positioning system (GPS)
device, a combination of such devices, or any other suitable
portable electronic device.

As shown in FIG. 2, handheld device 10 may include
storage 34. Storage 34 may include one or more different
types of storage such as hard disk drive storage, nonvolatile
memory (e.g., flash memory or other electrically-program-
mable-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
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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 WiFi®, protocols for other
short-range wireless communications links such as the Blue-
tooth® protocol, 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 and user
input interface 18 of FIG. 1 are examples of input-output
devices 38.

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

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

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

Computing equipment 48 may be 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 handheld electronic device
10), or any other suitable computing equipment.

The antennas and wireless communications devices of
device 10 may support communications over any suitable
wireless communications bands. For example, wireless com-
munications devices 44 may be used to cover communica-
tions 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 Universal Mobile
Telecommunications System), the WiFi® (IEEE 802.11)
bands at 2.4 GHz and 5.0 GHz, the Bluetooth® band at 2.4
GHz, and the global positioning system (GPS) band at 1550
MHz. These are merely illustrative communications bands
over which devices 44 may operate. Additional local and
remote communications bands are expected to be deployed in
the future as new wireless services are made available. Wire-
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less devices 44 may be configured to operate over any suitable
band or bands to cover any existing or new services of inter-
est. If desired, three or more antennas may be provided in
wireless devices 44 to allow coverage of more bands,
although the use of two antennas is primarily described herein
as an example.

A cross-sectional view of an illustrative handheld elec-
tronic device is shown in FIG. 3A. In the example of FIG. 3A,
device 10 has a housing that is formed of a conductive portion
12-1 and a plastic portion 12-2. Conductive portion 12-1 may
be any suitable conductor. With one suitable arrangement,
case portion 12-1 is formed from metals such as stamped 304
stainless steel. Stainless steel has a high conductivity and can
be polished to a high-gloss finish so that it has an attractive
appearance. If desired, other metals can be used for case
portion 12-1 such as aluminum, magnesium, titanium, alloys
of these metals and other metals, etc.

Housing portion 12-2 may be formed from a dielectric. An
advantage of using dielectric for housing portion 12-2 is that
this allows antenna resonating elements 54-1A and 54-1B of
antennas 54 in device 10 to operate without interference from
the metal sidewalls of housing 12. With one suitable arrange-
ment, housing portion 12-2 is a plastic cap formed from a
plastic based on acrylonitrile-butadiene-styrene copolymers
(sometimes referred to as ABS plastic). These are merely
illustrative housing materials for device 10. For example, the
housing of device 10 may be formed substantially from plas-
tic or other dielectrics, substantially from metal or other con-
ductors, or from any other suitable materials or combinations
of materials.

Components such as components 52 may be mounted on
one or more circuit boards in device 10. Typical components
include integrated circuits, LCD screens, and user input inter-
face buttons. Device 10 also typically includes a battery,
which may be mounted along the rear face of housing 12 (as
an example). Transceiver circuits 52A and 52B may also be
mounted to one or more circuit boards in device 10. If desired,
there may be more transceivers. In a configuration for device
10 in which there are two antennas and two transceivers, each
transceiver may be used to transmit radio-frequency signals
through a respective antenna and may be used to receive
radio-frequency signals through a respective antenna. For
example, transceiver 52A may be used to transmit and receive
cellular telephone radio-frequency signals and transceiver
52B may be used to transmit signals in a communications
band such as the 3G data communications band at 2170 MHz
band (commonly referred to as UMTS or Universal Mobile
Telecommunications System), the WiFi® (IEEE 802.11)
bands at 2.4 GHz and 5.0 GHz, the Bluetooth® band at 2.4
GHz, or the global positioning system (GPS) band at 1550
MHz.

The circuit board(s) in device 10 may be formed from any
suitable materials. With one illustrative arrangement, device
10 is provided with a multilayer printed circuit board. At least
one of the layers may have large uninterrupted planar regions
of conductor that form a ground plane such as ground plane
54-2. In a typical scenario, ground plane 54-2 is a rectangle
that conforms to the generally rectangular shape of housing
12 and device 10 and matches the rectangular lateral dimen-
sions of housing 12. Ground plane 54-2 may, if desired, be
electrically connected to conductive housing portion 12-1.

Suitable circuit board materials for the multilayer printed
circuit board include paper impregnated with phonolic resin,
resins reinforced with glass fibers such as fiberglass mat
impregnated with epoxy resin (sometimes referred to as
FR-4), plastics, polytetrafiuoroethylene, polystyrene, poly-
imide, and ceramics. Circuit boards fabricated from materials
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such as FR-4 are commonly available, are not cost-prohibi-
tive, and can be fabricated with multiple layers of metal (e.g.,
four layers). So-called flex circuits, which are formed using
flexible circuit board materials such as polyimide, may also
be used in device 10. For example, flex circuits may be used
to form the antenna resonating elements for antennas 54.

As shown in the illustrative configuration of FIG. 3A,
ground plane element 54-2 and antenna resonating element
54-1A may form a first antenna for device 10. Ground plane
element 54-2 and antenna resonating element 54-1B may
form a second antenna for device 10. If desired, other anten-
nas can be provided for device 10 in addition to these two
antennas. Such additional antennas may, if desired, be con-
figured to provide additional gain for an overlapping fre-
quency band of interest (i.e., a band at which one of these
antennas 54 is operating) or may be used to provide coverage
in a different frequency band ofinterest (i.e., a band outside of
the range of antennas 54).

Any suitable conductive materials may be used to form
ground plane element 54-2 and resonating elements 54-1A
and 54-1B in the antennas. Examples of suitable conductive
materials for the antennas include metals, such as copper,
brass, silver, and gold. Conductors other than metals may also
be used, if desired. The conductive elements in antennas 54
are typically thin (e.g., about 0.2 mm).

Transceiver circuits 52A and 52B (i.e., transceiver cir-
cuitry 44 of FIG. 2) may be provided in the form of one or
more integrated circuits and associated discrete components
(e.g., filtering components). These transceiver circuits may
include one or more transmitter integrated circuits, one or
more receiver integrated circuits, switching circuitry, ampli-
fiers, etc. Transceiver circuits 52A and 52B may operate
simultaneously (e.g., one can transmit while the other
receives, both can transmit at the same time, or both can
receive simultaneously).

Each transceiver may have an associated coaxial cable or
other transmission line over which transmitted and received
radio frequency signals are conveyed. As shown in the
example of FIG. 3A, transmission line 56A (e.g., a coaxial
cable) may be used to interconnect transceiver 52A and
antenna resonating element 54-1A and transmission line 56B
(e.g., acoaxial cable) may be used to interconnect transceiver
52B and antenna resonating element 54-1B. With this type of
configuration, transceiver 52B may handle WiFi transmis-
sions over an antenna formed from resonating element 54-1B
and ground plane 54-2, while transceiver 52A may handle
cellular telephone transmission over an antenna formed from
resonating element 54-1A and ground plane 54-2.

A top view of an illustrative device 10 in accordance with
an embodiment of the present invention is shown in FIG. 3B.
As shown in FIG. 3B, transceiver circuitry such as transceiver
52A and transceiver 52B may be interconnected with antenna
resonating elements 54-1A and 54-1B over respective trans-
mission lines 56A and 56B. Ground plane 54-2 may have a
substantially rectangular shape (i.e., the lateral dimensions of
ground plane 54-2 may match those of device 10). Ground
plane 54-2 may be formed from one or more printed circuit
board conductors, conductive housing portions (e.g., housing
portion 12-1 of FIG. 3A), or any other suitable conductive
structure.

Antennaresonating elements 54-1A and 54-1B and ground
plane 54-2 may be formed in any suitable shapes. With one
illustrative arrangement, one of antennas 54 (i.e., the antenna
formed from resonating element 54-1A) is based at least
partly on a planar inverted-F antenna (PIFA) structure and the
other antenna (i.e., the antenna formed from resonating ele-
ment 54-1B) is based on a planar strip configuration.
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Although this embodiment may be described herein as an
example, any other suitable shapes may be used for resonat-
ing element 54-1A and 54-1B if desired.

Anillustrative PIFA structure that may be used indevice 10
is shownin FI1G. 4. As shown in FIG. 4, PIFA structure 54 may
have a ground plane portion 54-2 and a planar resonating
element portion 54-1. Antennas are fed using positive signals
and ground signals. The portion of an antenna to which the
positive signal is provided is sometimes referred to as the
antenna’s positive terminal or feed terminal. This terminal is
also sometimes referred to as the signal terminal or the center-
conductor terminal of the antenna. The portion of an antenna
to which the ground signal is provided may be referred to as
the antenna’s ground, the antenna’s ground terminal, the
antenna’s ground plane, etc. In antenna 54 of FIG. 4, feed
conductor 58 is used to route positive antenna signals from
signal terminal 60 into antenna resonating element 54-1.
Ground terminal 62 is shorted to ground plane 54-2, which
forms the antenna’s ground.

The dimensions of the ground plane in a PIFA antenna such
as antenna 54 of FIG. 4 are generally sized to conform to the
maximum size allowed by housing 12 of device 10. Antenna
ground plane 54-2 may be rectangular in shape having width
W in lateral dimension 68 and length L in lateral dimension
66. The length of antenna 54 in dimension 66 affects its
frequency of operation. Dimensions 68 and 66 are sometimes
referred to as horizontal dimensions. Resonating element
54-1 is typically spaced several millimeters from ground
plane 54-2 along vertical dimension 64. The size of antenna
54 in dimension 64 is sometimes referred to as height H of
antenna 54.

A cross-sectional view of PIFA antenna 54 of FIG. 4 is
shown in FIG. 5. As shown in FIG. 5, radio-frequency signals
may be fed to antenna 54 (when transmitting) and may be
received from antenna 54 (when receiving) using signal ter-
minal 60 and ground terminal 62. In a typical arrangement, a
coaxial conductor or other transmission line has its center
conductor electrically connected to point 60 and its ground
conductor electrically connected to point 62.

A graph of the expected performance of an antenna of the
type represented by illustrative antenna 54 of FIGS. 4 and 5 is
shown in FIG. 6. Expected standing wave ratio (SWR) values
are plotted as a function of frequency. The performance of
antenna 54 of FIGS. 4 and 5 is given by solid line 63. As
shown, there is a reduced SWR value at frequency f, indi-
cating that the antenna performs well in the frequency band
centered at frequency f;. PIFA antenna 54 also operates at
harmonic frequencies such as frequency f,. Frequency f,
represents the second harmonic of PIFA antenna 54 (i.e.,
f,=21)). The dimensions of antenna 54 may be selected so that
frequencies f; and f, are aligned with communication bands
ofiinterest. The frequency f, (and harmonic frequency 2f)) are
related to the length L. of antenna 54 in dimension 66 (L is
approximately equal to one quarter of a wavelength at fre-
quency 1)).

The height H of antenna 54 of FIGS. 4 and 5 in dimension
64 is limited by the amount of near-field coupling between
resonating element 54-1A and ground plane 54-2. For a speci-
fied antenna bandwidth and gain, it is not possible to reduced
the height H without adversely affecting performance. All
other variables being equal, reducing height H will cause the
bandwidth and gain of antenna 54 to be reduced.

As shown in FIG. 7, the minimum vertical dimension of the
PIFA antenna can be reduced while still satisfying minimum
bandwidth and gain constraints by introducing a dielectric
region 70 in the area under antenna resonating element
54-1A. The dielectric region 70 may be filled with air, plastic,
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or any other suitable dielectric and represents a cut-away or
removed portion of ground plane 54-2. Removed or empty
region 70 may be formed from one or more holes in ground
plane 54-2. These holes may be square, circular, oval, polygo-
nal, etc. and may extend though adjacent conductive struc-
tures in the vicinity of ground plane 54-2. With one suitable
arrangement, which is shown in FIG. 7, the removed region
70 is rectangular and forms a slot. The slot may be any
suitable size. For example, the slot may be slightly smaller
than the outermost rectangular outline of resonating elements
54-1A and 54-2 as viewed from the top view orientation of
FIG. 3B. Typical resonating element lateral dimensions are
on the order of 0.5 cm to 10 cm.

The presence of slot 70 reduces near-field electromagnetic
coupling between resonating element 54-1A and ground
plane 54-2 and allows height H in vertical dimension 64 to be
made smaller than would otherwise be possible while satis-
fying a given set of bandwidth and gain constraints. For
example, height H may be in the range of 1-5 mm, may be in
the range of 2-5 mm, may be in the range of 2-4 mm, may be
in the range of 1-3 mm, may be in the range of 1-4 mm, may
be in the range of 1-10 mm, may be lower than 10 mm, may
be lower than 4 mm, may be lower than 3 mm, may be lower
than 2 mm, or may be in any other suitable range of vertical
displacements above ground plane element 54-2.

If desired, the portion of ground plane 54-2 that contains
slot 70 may be used to form a slot antenna. The slot antenna
structure may be used at the same time as the PIFA structure
to form a hybrid antenna 54. By operating antenna 54 so that
it exhibits both PIFA operating characteristics and slot
antenna operating characteristics, antenna performance can
be improved.

A top view of an illustrative slot antenna is shown in FIG.
8. Antenna 72 of FIG. 8 is typically thin in the dimension into
the page (i.e., antenna 72 is planar with its plane lying in the
page). Slot 70 may be formed in the center of antenna 72. A
coaxial cable such as cable 56A or other transmission line
path may be used to feed antenna 72. In the example of FIG.
8, antenna 72 is fed so that center conductor 82 of coaxial
cable 56A is connected to signal terminal 80 (i.e., the positive
or feed terminal of antenna 72) and the outer braid of coaxial
cable 56 A, which forms the ground conductor for cable 56A,
is connected to ground terminal 78.

When antenna 72 is fed using the arrangement of FIG. 8,
the antenna’s performance is given by the graph of FIG. 9. As
shown in FIG. 9, antenna 72 operates in a frequency band that
is centered about center frequency f,. The center frequency f,
is determined by the dimensions of slot 70. Slot 70 has an
inner perimeter P that is equal to two times dimension X plus
two times dimensionY (i.e., P=2X+2Y). At center frequency
f,, perimeter P is equal to one wavelength.

Because the center frequency f, can be tuned by proper
selection of perimeter P, the slot antenna of FIG. 8 can be
configured so that frequency f, of the graph in FIG. 9 coin-
cides with frequency f, of the graph in FIG. 6. In an antenna
design in which slot 70 is combined with a PIFA structure, the
presence of slot 70 increases the gain of the antenna at fre-
quency f,. In the vicinity of frequency f,, the increase in
performance from using slot 70 results in the antenna perfor-
mance plot given by dotted line 79 in FIG. 6.

The position of terminals 80 and 78 may be selected for
impedance matching. If desired, terminals such as terminals
84 and 86, which extend around one of the corners of slot 70
may be used to feed antenna 72. In this situation, the distance
between terminals 84 and 86 may be chosen to properly adjust
the impedance of antenna 72. In the illustrative arrangement
of FIG. 8, terminals 84 and 86 are shown as being respectively
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configured as a slot antenna ground terminal and a slot
antenna signal terminal, as an example. If desired, terminal 84
could be used as a ground terminal and terminal 86 could be
used as a signal terminal. Slot 70 is typically air-filled, but
may, in general, by filled with any suitable dielectric.

By using slot 70 in combination with a PIFA-type resonat-
ing element such as resonating element 54-1, a hybrid PIFA/
slot antenna is formed. Handheld electronic device 10 may, if
desired, have a PIFA/slot hybrid antenna of this type (e.g., for
cellular telephone communications) and a strip antenna (e.g.,
for WiFi/Bluetooth communications).

An illustrative configuration in which the hybrid PIFA/slot
antenna formed by resonating element 54-1A, slot 70, and
ground plane 54-2 is fed using two coaxial cables (or other
transmission lines) is shown in FIG. 10. When the antenna is
fed as shown in FIG. 10, both the PIFA and slot antenna
portions of the antenna are active. As a result, antenna 54 of
FIG. 10 operates in a hybrid PIFA/slot mode. Coaxial cables
56A-1 and 56A-2 have inner conductors 82-1 and 82-2,
respectively. Coaxial cables 56 A-1 and 56 A-2 also each have
a conductive outer braid ground conductor. The outer braid
conductor of coaxial cable 56A-1 is electrically shorted to
ground plane 54-2 at ground terminal 88. The ground portion
of cable 56A-2 is shorted to ground plane 54-2 at ground
terminal 92. The signal connections from coaxial cables
56A-1 and 56A-2 are made at signal terminals 90 and 94,
respectively.

With the arrangement of FIG. 10, two separate sets of
antenna terminals are used. Coaxial cable 56A-1 feeds the
PIFA portion of the hybrid PIFA/slot antenna using ground
terminal 88 and signal terminal 90 and coaxial cable 56A-2
feeds the slot antenna portion of the hybrid PIFA/slot antenna
using ground terminal 92 and signal terminal 94. Each set of
antenna terminals therefore operates as a separate feed for the
hybrid PIFA/slot antenna. Signal terminal 90 and ground
terminal 88 serve as antenna terminals for the PIFA portion of
the antenna, whereas signal terminal 94 and ground terminal
92 serve as antenna feed points for the slot portion of antenna
54. These two separate antenna feeds allow the antenna to
function simultaneously using both its PIFA and its slot char-
acteristics. If desired, the orientation of the feeds can be
changed. For example, coaxial cable 56A-2 may be con-
nected to slot 70 using point 94 as a ground terminal and point
92 as a signal terminal or using ground and signal terminals
located at other points along the periphery of slot 70.

When multiple transmission lines such as transmission
lines 56A-1 and 56-2 are used for the hybrid PIFA/slot
antenna, each transmission line may be associated with a
respective transceiver circuit (e.g., two corresponding trans-
ceiver circuits such as transceiver circuit 52A of FIGS. 3A
and 3B).

In operation in handheld device 10, a hybrid PIFA/slot
antenna formed from resonating element 54-1A of FIG. 3B
and a corresponding slot that is located beneath element
54-1A in ground plane 54-2 can be used to cover the GSM
cellular telephone bands at 850 and 900 MHz and at 1800 and
1900 MHz (or other suitable frequency bands), whereas a
strip antenna (or other suitable antenna structure) can be used
to cover an additional band centered at frequency f, (or
another suitable frequency band or bands). By adjusting the
size of the strip antenna or other antenna structure formed
from resonating element 54-1B, the frequency f, may be
controlled so that it coincides with any suitable frequency
band of interest (e.g., 2.4 GHz for Bluetooth/WiFi, 2170 MHz
for UMTS, or 1550 MHz for GPS).

A graph showing the wireless performance of device 10
when using two antennas (e.g., a hybrid PIFA/slot antenna
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formed from resonating element 54-1A and a corresponding
slot and an antenna formed from resonating element 54-2) is
shown in FIG. 11. In the example of FIG. 11, the PIFA
operating characteristics of the hybrid PIFA/slot antenna are
used to cover the 850/900 MHz and the 1800/1900 MHz
GSM cellular telephone bands, the slot antenna operating
characteristics of the hybrid PIFA/slot antenna are used to
provide additional gain and bandwidth in the 1800/1900 MHz
range, and the antenna formed from resonating element
54-1B is used to cover the frequency band centered at £, (e.g.,
2.4 GHz for Bluetooth/WiFi, 2170 MHz for UMTS, or 1550
MHz for GPS). This arrangement provides coverage for four
cellular telephone bands and a data band.

If desired, the hybrid PIFA/slot antenna formed from reso-
nating element 54-1A and slot 70 may be fed using a single
coaxial cable or other such transmission line. An illustrative
configuration in which a single transmission line is used to
simultaneously feed both the PIFA portion and the slot por-
tion of the hybrid PIFA/slot antenna and in which a strip
antenna formed from resonating element 54-1B is used to
provide additional frequency coverage for device 10 is shown
in FIG. 12. Ground plane 54-2 may be formed from metal (as
an example). Edges 96 of ground plane 54-2 may be formed
by bending the metal of ground plane 54-2 upward. When
inserted into housing 12 (FIG. 3A), edges 96 may rest within
the sidewalls of metal housing portion 12-1. If desired,
ground plane 54-2 may be formed using one or more metal
layers in a printed circuit board, metal foil, portions of hous-
ing 12, or other suitable conductive structures.

In the embodiment of FIG. 12, resonating element 54-1B
has an L-shaped conductive strip formed from conductive
branch 122 and conductive branch 120. Branches 120 and 122
may be formed from metal that is supported by dielectric
support structure 102. With one suitable arrangement, the
resonating element structures of FIG. 12 are formed as part of
apatterned flex circuit that is attached to support structure 102
(e.g., by adhesive).

Coaxial cable 56B or other suitable transmission line has a
ground conductor connected to ground terminal 132 and a
signal conductor connected to signal terminal 124. Any suit-
able mechanism may be used for attaching the transmission
line to the antenna. In the example of FIG. 12, the outer braid
ground conductor of coaxial cable 56B is connected to
ground terminal 132 using metal tab 130. Metal tab 130 may
be shorted to housing portion 12-1 (e.g., using conductive
adhesive). Transmission line connection structure 126 may
be, forexample, a mini UFL coaxial connector. The ground of
connector 126 may be shorted to terminal 132 and the center
conductor of connector 126 may be shorted to conductive
path 124.

When feeding antenna 54-1B, terminal 132 may be con-
sidered to form the antenna’s ground terminal and the center
conductor of connector 126 and/or conductive path 124 may
be considered to form the antenna’s signal terminal. The
location along dimension 128 at which conductive path 124
meets conductive strip 120 can be adjusted for impedance
matching.

Planar antenna resonating element 54-1A of the hybrid
PIFA/slot antenna of FIG. 12 may have an F-shaped structure
with shorter arm 98 and longer arm 100. The lengths of arms
98 and 100 and the dimensions of other structures such as slot
70 and ground plane 54-2 may be adjusted to tune the fre-
quency coverage and antenna isolation properties of device
10. For example, length L. of ground plane 54-2 may be
configured so that the PIFA portion of the hybrid PIFA/slot
antenna formed with resonating element 54-1A resonates at
the 850/900 MHz GSM bands, thereby providing coverage at
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frequency f; of FIG. 11. The length of arm 100 may be
selected to resonate at the 1800/1900 MHz bands, thereby
helping the PIFA/slot antenna to provide coverage at fre-
quency f, of FIG. 11. The perimeter of slot 70 may be con-
figured to resonate at the 1800/1900 MHz bands, thereby
reinforcing the resonance of arm 100 and further helping the
PIFA/slot antenna to provide coverage at frequency f, of FIG.
11 (i.e., by improving performance from the solid line 63 to
the dotted line 79 in the vicinity of frequency f,, as shown in
FIG. 6).

Arm 98 can serve as an isolation element that reduces
interference between the hybrid PIFA/slot antenna formed
from resonating element 54-1A and the L-shaped strip
antenna formed from resonating element 54-1B. The dimen-
sions of arm 98 can be configured to introduce an isolation
maximum at a desired frequency, which is not present without
the arm. It is believed that configuring the dimensions of arm
98 allows manipulation of the currents induced on the ground
plane 54-2 from resonating element 54-1A. This manipula-
tion can minimize induced currents around the signal and
ground areas of resonating element 54-1B. Minimizing these
currents in turn reduces the signal coupling between the two
antenna feeds. With this arrangement, arm 98 can be config-
ured to resonate at a frequency that minimizes currents
induced by arm 100 at the feed of the antenna formed from
resonating element 54-1B (i.e., in the vicinity of paths 122
and 124).

Additionally, arm 98 can act as a radiating arm for element
54-1A. Its resonance can add to the bandwidth of element
54-1A and can improve in-band efficiency, even though its
resonance may be different than that defined by slot 70 and
arm 100. Typically an increase in bandwidth of radiating
element 51-1A that reduces its frequency separation from
element 51-1B would be detrimental to isolation. However,
extra isolation afforded by arm 98 removes this negative
effect and, moreover, provides significant improvement with
respect to the isolation between elements 54-1A and 54-1B
without arm 98.

The impact that use of an isolating element such as arm 98
has on antenna isolation performance in device 10 is shown in
the graph of FIG. 13. The amount of signal appearing on one
antenna as a result of signals on the other antenna (the S,
value for the antennas) is plotted as a function of frequency.
The amount of isolation that is required for device 10 depends
on the type of circuitry used in the transceivers, the types of
data rates that are desired, the amount of external interference
that is anticipated, the frequency band of operation, the types
of applications being run on device 10, etc. In general, isola-
tion levels of 7 dB or less are considered poor and isolation
levels of 20-25 dB are considered good. An illustrative
desired minimum isolation level for a handheld electronic
device is depicted by solid line 142. As this example illus-
trates, there may be a frequency dependence to the amount of
antenna interference that a given design may tolerate. Isola-
tion requirements may (as an example) be less for operation in
the vicinity of frequency f, than when operating at frequen-
cies f; and f,,.

In the example of FIG. 13, the strip antenna has been
configured for operation at 2.4 GHz (e.g., for WiFi/Blue-
tooth). Dashed-and-dotted line 144 represents the isolation
performance of the antennas when no isolation element such
as arm 98 is used. As shown by line 144, isolation perfor-
mance for this type of antenna arrangement is poor, because
isolation at 2.4 GHz is less than 7 dB. In contrast, dashed line
140 depicts the isolation performance of antennas of the type
shown in FIG. 12 in which an isolation element such as arm
98 is used. When arm 98 is used, isolation performance is
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improved. As shown by the position of line 140, the isolation
performance of the illustrative antennas of FIG. 12 meets or
exceeds the minimum requirements set by line 142.

As shown in FIG. 12, arms 98 and 100 of resonating ele-
ment 54-1A and resonating element 54-1B may be mounted
on support structure 102. Support structure 102 may be
formed from plastic (e.g., ABS plastic) or other suitable
dielectric. The surfaces of structure 102 may be flat or curved.
The resonating elements 54-1A and 54-1B may be formed
directly on support structure 102 or may be formed on a
separate structure such as a flex circuit substrate that is
attached to support structure 102 (as examples).

Resonating elements 54-1A and 54-B may be formed by
any suitable antenna fabrication technique such as metal
stamping, cutting, etching, or milling of conductive tape or
other flexible structures, etching metal that has been sputter-
deposited on plastic or other suitable substrates, printing from
a conducive slurry (e.g., by screen printing techniques), pat-
terning metal such as copper that makes up part of a flex
circuit substrate that is attached to support 102 by adhesive,
screws, or other suitable fastening mechanisms, etc.

A conductive path such as conductive strip 104 may be
used to electrically connect the resonating element 54-1A to
ground plane 54-2 at terminal 106. A screw or other fastener
at terminal 106 may be used to electrically and mechanically
connect strip 104 (and therefore resonating element 54-1A) to
edge 96 of ground plane 54-2. Conductive structures such as
strip 104 and other such structures in the antennas may also be
electrically connected to each other using conductive adhe-
sive.

A coaxial cable such as cable 56A or other transmission
line may be connected to the hybrid PIFA/slot antenna to
transmit and receive radio-frequency signals. The coaxial
cable or other transmission line may be connected to the
structures of the hybrid PIFA/slot antenna using any suitable
electrical and mechanical attachment mechanism. As shown
in the illustrative arrangement of FIG. 12, mini UFL coaxial
connector 110 may be used to connect coaxial cable 56A or
other transmission lines to antenna conductor 112. A center
conductor of the coaxial cable or other transmission line is
connected to center connector 108 of connector 110. An outer
braid ground conductor of the coaxial cable is electrically
connected to ground plane 54-2 via connector 110 at point
115 (and, if desired, may be shorted to ground plane 54-2 at
other attachment points upstream of connector 110).

Conductor 108 may be electrically connected to antenna
conductor 112. Conductor 112 may be formed from a con-
ductive element such as a strip of metal formed on a sidewall
surface of support structure 102. Conductor 112 may be
directly electrically connected to resonating element 54-1A
(e.g., at portion 116) or may be electrically connected to
resonating element 54-1A through tuning capacitor 114 or
other suitable electrical components. The size of tuning
capacitor 114 can be selected to tune antenna 54 and ensure
that antenna 54 covers the frequency bands of interest for
device 10.

Slot 70 may lie beneath resonating element 54-1A of FIG.
12. The signal from center conductor 108 may be routed to
point 106 on ground plane 54-2 in the vicinity of slot 70 using
a conductive path formed from antenna conductor 112,
optional capacitor 114 or other such tuning components,
antenna conductor 117, and antenna conductor 104.

The configuration of FIG. 12 allows a single coaxial cable
or other transmission line path to simultaneously feed both
the PIFA portion and the slot portion of the hybrid PIFA/slot
antenna.
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Grounding point 115 functions as the ground terminal for
the slot antenna portion ofthe hybrid PIFA/slot antenna that is
formed by slot 70 in ground plane 54-2. Point 106 serves as
the signal terminal for the slot antenna portion of the hybrid
PIFA/slot antenna. Signals are fed to point 106 via the path
formed by conductive path 112, tuning element 114, path 117,
and path 104.

For the PIFA portion of the hybrid PIFA/slot antenna, point
115 serves as antenna ground. Center conductor 108 and its
attachment point to conductor 112 serve as the signal terminal
for the PIFA. Conductor 112 serves as a feed conductor and
feeds signals from signal terminal 108 to PIFA resonating
element 54-1.

In operation, both the PIFA portion and slot antenna por-
tion of the hybrid PIFA/slot antenna contribute to the perfor-
mance of the hybrid PIFA/slot antenna.

The PIFA functions of the hybrid PIFA/slot antenna are
obtained by using point 115 as the PIFA ground terminal (as
with terminal 62 of FIG. 7), using point 108 at which the
coaxial center conductor connects to conductive structure 112
as the PIFA signal terminal (as with terminal 60 of FIG. 7),
and using conductive structure 112 as the PIFA feed conduc-
tor (as with feed conductor 58 of FIG. 7). During operation,
antenna conductor 112 serves to route radio-frequency sig-
nals from terminal 108 to resonating element 54-1A in the
same way that conductor 58 routes radio-frequency signal
from terminal 60 to resonating element 54-1A in FIGS. 4 and
5, whereas conductive line 104 serves to terminate the reso-
nating element 54-1 to ground plane 54-2, as with grounding
portion 61 of FIGS. 4 and 5.

The slot antenna functions of the hybrid PIFA/slot antenna
are obtained by using grounding point 115 as the slot antenna
ground terminal (as with terminal 86 of FIG. 8), using the
conductive path formed of antenna conductor 112, tuning
element 114, antenna conductor 117, and antenna conductor
104 as conductor 82 of FIG. 8 or conductor 82-2 of FIG. 10,
and by using terminal 106 as the slot antenna signal terminal
(as with terminal 84 of FIG. 8).

The illustrative configuration of FIG. 10 demonstrates how
slot antenna ground terminal 92 and PIFA antenna ground
terminal 88 may be formed at separate locations on ground
plane 54-2. In the configuration of FIG. 12, a single coaxial
cable may be used to feed both the PIFA portion of the
antenna and the slot portion of the hybrid PIFA/slot antenna.
This is because terminal 115 serves as both a PIFA ground
terminal for the PIFA portion of the hybrid antenna and a slot
antenna ground terminal for the slot antenna portion of the
hybrid antenna. Because the ground terminals of the PIFA
and slot antenna portions of the hybrid antenna are provided
by a common ground terminal structure and because conduc-
tive paths 112, 117, and 104 serve to distribute radio-fre-
quency signals to and from the resonating element 54-1A and
ground plane 54-2 as needed for PIFA and slot antenna opera-
tions, a single transmission line (e.g., coaxial conductor 56)
may be used to send and receive radio-frequency signals that
are transmitted and received using both the PIFA and slot
portions of the hybrid PIFA/slot antenna.

If desired, other antenna configurations may be used that
support hybrid PIFA/slot operation. For example, the radio-
frequency tuning capabilities of tuning capacitor 114 may be
provided by a network of other suitable tuning components,
such as one or more inductors, one or more resistors, direct
shorting metal strip(s), capacitors, or combinations of such
components. One or more tuning networks may also be con-
nected to the hybrid antenna at different locations in the
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antenna structure. These configurations may be used with
single-feed and multiple-feed transmission line arrange-
ments.

Moreover, the location of the signal terminal and ground
terminal in the hybrid PIFA/slot antenna may be different
from that shown in FIG. 12. For example, terminals 115/108
and terminal 106 can be moved relative to the locations shown
in FIG. 12, provided that the connecting conductors 112,117,
and 104 are suitably modified.

The PIFA portion of the hybrid PIFA/slot antenna can be
provided using a substantially F-shaped conductive element
having one or more arms such as arms 98 and 100 of FIG. 12
or using other arrangements (e.g., arms that are straight, ser-
pentine, curved, have 90° bends, have 180° bends, etc.). The
strip antenna formed with resonating element 54-1B can also
be formed from conductors of other shapes. Use of different
shapes for the arms or other portions of resonating elements
54-1A and 54-1B helps antenna designers to tailor the fre-
quency response of antenna 54 to its desired frequencies of
operation and maximize isolation. The sizes of the structures
in resonating elements 54-1A and 54-1B can be adjusted as
needed (e.g., to increase or decrease gain and/or bandwidth
for a particular operating band, to improve isolation at a
particular frequency, etc.).

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. Wireless communications circuitry in a handheld elec-
tronic device comprising:

first and second wireless transceiver circuits that transmit

and receive radio-frequency signals;

first and second transmission lines associated respectively

with the first and second wireless transceiver circuits for
conveying the radio frequency signals;

first and second antennas, wherein the first antenna is con-

nected to the first transmission line and wherein the
second antenna is connected to the second transmission
line; and

an isolation element associated with the first antenna that

resonates in a frequency band in which the second
antenna operates and reduces interference between the
first antenna and the second antenna during simulta-
neous antenna operation, wherein the first antenna com-
prises a planar antenna resonating element and wherein
the isolation element is formed as a part of the planar
antenna resonating element that is coplanar with the
planar antenna resonating element.

2. The wireless communications circuitry defined in claim
1 wherein the first antenna comprises a hybrid planar-in-
verted-F and slot antenna.

3. The wireless communication circuitry defined in claim 1
wherein the first antenna further comprises a slot antenna,
wherein the planar antenna resonating element comprises a
shorter arm and a longer arm, and wherein the isolation ele-
ment is formed from the shorter arm.

4. The wireless communication circuitry defined in claim 1
wherein the first antenna comprises a slot antenna, wherein
the second antenna comprises a strip antenna, wherein the
planar antenna resonating element comprises a shorter arm
and a longer arm, and wherein the isolation element is formed
from the shorter arm.

5. Wireless communications circuitry in a handheld elec-
tronic device comprising:

first and second wireless transceiver circuits that transmit

and receives radio-frequency signals;
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first and second antennas comprising respective first and
second antenna resonating elements, wherein the first
antenna and first wireless transceiver circuit operate in at
least a first communications band and wherein the sec-
ond antenna and second wireless transceiver circuit
operate in at least a second communications band that is
different than the first communications band;
an antenna isolation element associated with the first
antenna resonating element, wherein the antenna isola-
tion element and the second antenna are configured to
resonate in the second communications band and
wherein when the second wireless transceiver circuit
transmits wireless radio-frequency signals through the
second antenna, the antenna isolation element reduces
signal interference between the first antenna and the
second antenna, wherein the first antenna is configured
to operate in a third communications band that is differ-
ent from the first communications band and the second
communications band; and
a signal terminal and a ground terminal that serve as
antenna terminals for the first antenna, wherein there is
at least one signal path between the signal terminal and
the ground terminal that does not pass through the iso-
lation element.
6. The wireless communications circuitry defined in claim
5 further comprising a first coaxial cable connected between
the first wireless transceiver and the first antenna and a second
coaxial cable connected between the second wireless trans-
ceiver and the second antenna.
7. The wireless communications circuitry defined in claim
5 further comprising a first coaxial cable connected between
the first wireless transceiver and the first antenna and a second
coaxial cable connected between the second wireless trans-
ceiver and the second antenna, wherein the second commu-
nications band comprises a 2.4 GHz communications band.
8. The wireless communications circuitry defined in claim
5 further comprising a first coaxial cable connected between
the first wireless transceiver and the first antenna and a second
coaxial cable connected between the second wireless trans-
ceiver and the second antenna, wherein the first communica-
tions band covers cellular telephone frequencies of 850 MHz
and 900 MHz and wherein the third communications band
covers cellular telephone frequencies of 1800 MHz and 1900
MHz.
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9. The wireless communications circuitry defined in claim
5 further comprising a first coaxial cable connected between
the first wireless transceiver and the first antenna and a second
coaxial cable connected between the second wireless trans-
ceiver and the second antenna, wherein the first communica-
tions band covers cellular telephone frequencies of 850 MHz
and 900 MHz, wherein the third communications band covers
cellular telephone frequencies of 1800 MHz and 1900 MHz,
and wherein the second communications band comprises a
2.4 GHz communications band.

10. The wireless communications circuitry defined in
claim 5 wherein the isolation element is formed as part of the
antenna resonating element of the first antenna.

11. Wireless communications circuitry in an electronic
device, the wireless communications circuitry comprising:

a first antenna having an antenna resonating element;

a signal terminal and a ground terminal that serve as

antenna terminals for the first antenna;

a second antenna; and

an isolation element that reduces interference between the

first antenna and the second antenna, wherein the isola-
tion element is formed as part of the antenna resonating
element of the first antenna, and wherein there is at least
one signal path between the signal terminal and the
ground terminal that does not pass through the isolation
element.

12. The wireless communications circuitry defined in
claim 11 wherein the antenna resonating element of the first
antenna comprises a shorter arm and a longer arm and
wherein the isolation element is formed from the shorter arm.

13. The wireless communications circuitry defined in
claim 11 wherein the isolation element resonates in a fre-
quency band in which the second antenna operates.

14. The wireless communications circuitry defined in
claim 11 further comprising a ground element that serves as
ground for at least the first antenna resonating element,
wherein the first antenna comprises a slot antenna formed in
the ground element.

15. The wireless communication circuitry defined in claim
11 wherein the second antenna comprises a strip antenna.
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1
MOBILE TERMINAL

This nonprovisional application claims priority under 35
U.S.C. §119(a) on Patent Application No. 10-2008-0119542
filed in Republic of Korea on Nov. 28, 2008 the entire con-
tents of which are hereby incorporated by reference.

BACKGROUND

1. Field

This document relates to a mobile terminal having an
antenna and a printed circuit board (PCB).

2. Related Art

A mobile terminal is a compact and light wireless commu-
nication terminal device that can be carried around and has
one or more functions such as voice/video call communica-
tion function, information input/output function, data storage
function, or the like. The mobile wireless communication
terminal further includes supplementary functions support-
ing capturing of images or video, playing music or video files,
playing games, receiving broadcasts, or the like, so as to be
advanced as a composite multimedia player.

Mobile terminals perform radio communications by using
a printed circuit board (PCB) with various circuits mounted
thereon and an antenna that radiates electromagnetic waves
upon receiving power from the PCB. A user makes or receives
a call by closely putting a mobile terminal to his ear, so he
cannot avoid the influence of electromagnetic waves from the
PCB and the antenna of the mobile terminal. Thus, bases or
references for minimizing the electromagnetic waves of the
mobile terminal affecting the user, for example, hearing aid
compatibility (HAC), a specific absorption rate (SAR), or the
like, are forcibly standardized. Therefore, a method that may
satisfy the references of the wireless mobile communication
sectors such as the HAC/SAR or the like by reducing elec-
tromagnetic waves that affect the human bodies is urgently
required.

SUMMARY

An aspect of this document is to provide a mobile terminal
capable of minimizing electromagnetic waves that make a
bad influence on the human body and satisfying standards
such as hearing aid compatibility (HAC), a specific absorp-
tion rate (SAR), or the like, regarding controlling of electro-
magnetic waves.

In one aspect, a mobile terminal comprises a front case and
a rear case which are fastened with a printed circuit board
(PCB) and an antenna connected with the PCB interposed
therebetween; a battery protection cover opening and closing
a battery receiving space provided on the rear case; and a
conductive coupling element formed on one of the rear case
and the battery protection cover such that the conductive
coupling element is overlapped with at least one of one edge
and the other edge of the antenna

In another aspect, a mobile terminal comprises a first
printed circuit board (PCB) installed in a first body; a second
PCB connected with the first PCB via a flexible PCB (FPCB),
and connected with an antenna, wherein the second PCB is
installed in a second body; a battery protection cover opening
and closing a battery receiving space provided on a rear case
of the second body; and a conductive coupling element
formed on one of the rear case and the battery protection cover
such that the conductive coupling element is overlapped with
at least one of one edge and the other edge of the antenna.
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BRIEF DESCRIPTION OF THE DRAWINGS

The implementation of this document will be described in
detail with reference to the following drawings in which like
numerals refer to like elements.

FIG. 1 is a front perspective view of a mobile terminal
according to an embodiment of the present disclosure.

FIG. 2 is a rear perspective view of the mobile terminal
shown in FIG. 1.

FIG. 3 is a block diagram showing the mobile terminal as
shown in FIG. 1 in detail.

FIGS. 4A and 4B are plan views showing a coupling ele-
ment and an antenna according to an embodiment of the
present disclosure.

FIG. 5 is a vertical sectional view showing a coupling
element and an antenna of a slide type mobile terminal
according to an embodiment of the present disclosure.

FIG. 6 is a vertical sectional view showing a coupling
element and an antenna of a bar type mobile terminal accord-
ing to an embodiment of the present disclosure.

FIGS. 7A to 7C are views showing various modifications
of'the coupling elements shown in FIGS. 5 and 6.

FIG. 8 is an exploded perspective view of the coupling
element and the antenna of the slide type mobile terminal
according to an embodiment of the present disclosure.

FIG. 9 is a rear exploded perspective view of the mobile
terminal showing a battery protection cover, a coupling ele-
ment and an antenna according to an embodiment of the
present disclosure.

FIGS. 10 and 11 are views showing coupling elements 1A
and 1B formed at the battery protection cover 27a of the
mobile terminal.

DETAILED DESCRIPTION

The foregoing and other objects, features, aspects and
advantages of the present invention will become more appar-
ent from the following detailed description of the present
invention when taken in conjunction with the accompanying
drawings. Throughout the specification, the same reference
numerals may be used for the elements. In describing the
present invention, if a detailed explanation for a related
known function or construction is considered to unnecessar-
ily divert the gist of the present invention, such explanation
has been omitted but would be understood by those skilled in
the art.

The mobile terminal according to exemplary embodiments
of'the present disclosure will now be described in detail with
reference to the accompanying drawings. In the following
description, usage of suffixes such as ‘module’, ‘part’ or ‘unit’
used for referring to elements is given or mixedly used merely
to facilitate explanation of the present disclosure, without
having any discriminated meaning or role by themselves.

The mobile terminal explained in this specification may
include mobile phones, smart phones, notebook computers,
digital broadcast terminals, personal digital assistants
(PDAs), portable multimedia players (PMPs), navigation ter-
minals, and the like.

The mobile terminal according to the present disclosure
will now be described in detail with reference to the accom-
panying drawings.

With reference to FIGS. 1 and 2, the mobile terminal
according to an embodiment of the present disclosure
includes a firstbody 10 fastened to a second body 20 such that
the first body 10 can be slidably movable.

In the below description, a state in which the first body 10
is disposed to overlap with the second body 20 is defined as a
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closed configuration (or retracted position), and as shown in
FIGS. 1 and 2, a state in which the first body 20 has been
slidably moved from the second body 20 so at least a portion
of the second body 20 is exposed is defined as an open
configuration (or extended use position). In the closed con-
figuration, the mobile terminal mainly operates in a standby
mode (idle mode), and the standby mode may be released
according to a user manipulation. The mobile terminal oper-
ates mainly in a call mode or the like in the open configura-
tion, and it can be changed to the standby mode according to
a user manipulation or with the lapse of a certain time.

The case (a casing, a housing, a cover, or the like) consti-
tuting the external appearance of the first body 10 includes a
front case 11 and a rear case 12. A slide printed circuit board
(PCB) is installed in a space formed between the frontcase 11
and the rear case 12. One or more intermediate cases may be
additionally disposed between the front case 11 and the rear
case 12. The cases may be formed by injection-molding a
synthetic resin or may be made of a metallic material such as
stainless steel (STS) or titanium (T1), etc.

A display unit 13, a first audio output unit 14, a first image
input unit 15, a first manipulation unit 16, or the like, may be
located on the front case 11. The display unit 13 may include
aliquid crystal display (LCD), an organic light emitting diode
(OLED) module, and the like, that visually displays informa-
tion. The display unit 13 may be combined with a touch
sensor, a proximity sensor, or the like, so as to be configured
as a touch screen that detects a touch input or a proximity
input, and in this case, the display unit 13 also serves as an
input device for receiving user information as well as serving
as an output device for outputting video signals. The audio
output unit 14 includes a receiver or a speaker and outputs
audio signals. The first image input unit 15 includes a camera
module for capturing a photo image (image) or video in front
of the mobile terminal. The first manipulation unit 16
includes one or more of a keypad, a dome switch, a touch pad,
a jog wheel, a jog switch, a track ball, and a joy stick, and
receives a user instruction or user data for controlling the
operation of the mobile terminal.

A main PCB to which an antenna is connected is installed
between the front case 21 and the rear case 22 of the second
body 20. A slide PCB installed in the first body 10 and the
main PCB installed in the second body 20 are electrically
connected via a flexible printed circuit board (FPCB). The
FPCB may include a flexible wire (FW), a flexible circuitry
(FC), or the like.

A second manipulation unit 23 may be disposed on a front
surface of the front case 21. The second manipulation unit 23
may include one or more of the keypad, the dome switch, the
touch pad, the jog wheel, the jog switch, the track ball, and the
joy stick.

A third manipulation unit 24, an audio input unit 25, and an
interface 26 may be displayed on at least one of the front case
21 and the rear case 22. The first to third manipulation units
16, 23, and 24 may be collectively called a manipulating
portion, and any method can be employed for the manipulat-
ing portion so long as it can be operated by the user in a tactile
manner. For example, the manipulating portion may be
implemented as a dome switch, a touch screen, or a touch pad
that can receive an instruction or information according to
user’s pushing or touching, or may be implemented in the
form of a wheel that rotates a key, a jog element, the joystick,
or the like.

The user may input instructions such as starting, ending,
scrolling, or the like, via the first manipulating unit 16, and
input numbers, characters, symbols, or the like, via the second
manipulating unit 23. The third manipulating unit 24 may be
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operated as a hot key for performing a special function such as
activation of the first image input unit or the like.

The audio input unit 25 may be implemented in the form of,
for example, a microphone in order to receive the user’s voice
or other sounds.

The interface 26 provides an interface communication path
allowing the mobile terminal according to the present disclo-
sure to exchange data with an external device. For example,
the interface 26 may include at least one of a connection port
for connecting an earphone to the mobile terminal via a fixed
or wireless means, a port for short-range communications
(e.g., an Infrared Data Association (IrDA) port, a Bluetooth™
port, a wireless LAN port, etc.), power supply ports for pro-
viding power to the mobile terminal, and the like. The inter-
face 26 may include a card socket for accommodating an
identification module or a detachable external card including
an external memory. The identification module is a chip that
stores various information for authenticating the authority of
using the mobile terminal, and includes a subscriber identity
module (SIM), a universal subscriber identity module
(USIM), and the like.

A power supply unit 27 is mounted on the rear case 22 to
supply power to the mobile terminal. The power supply unit
27 includes a rechargeable battery, a battery protection cover,
or the like. The battery is connected to a power input terminal
of the main PCB that penetrates the rear case 22. A coupling
element is formed at an external case of the power supply unit
27 or the rear case 22 such that it partially overlaps with the
antenna. The coupling element forms coupling with the
antenna to serve to distribute current flowing across the main
PCB, the FPCB, and the slide PCB to thereby weaken the
current flowing toward an upper end of the first body 10,
namely, toward the first audio output unit 14. The coupling
element will be described in detail with reference to FIGS. 4A
to 9 later.

A second image input unit 28 may be additionally mounted
ona rear surface of the rear case 22 of the second body 20. The
second image input unit 28 has a rear image capture direction
which is substantially the opposite to that of the first image
input unit (15 in FIG. 1). The second image input unit 28 may
include a camera supporting a different number of pixels as
that of the first image input unit 15. For example, the first
image input unit 15 may be a camera operating with a rela-
tively lower resolution to capture the user face and transmit
the same to another party during video call communication or
the like, while the second image input unit 28 may a camera
operating with a relatively higher resolution to capture a
general subject with high picture quality and not immediately
transmit the same.

A flash 29 and a mirror unit 30 may be additionally dis-
posed on the rear surface of the rear case 22. When an image
of'the subject is captured with the second image input unit 28,
the flash 29 illuminates the subject. The mirror unit 30 allows
the user to see himself when he wants to capture his own
image (self-image capturing) by using the second image input
unit 28.

A second audio output unit 31 may be additionally dis-
posed on the rear case 22. The second audio output unit 31
may implement a stereophonic function in conjunction with
the first audio output unit (14 in FIG. 1) and may be also used
for call communication in a speaker phone mode.

A broadcast signal receiving antenna 32 may be disposed at
one side of the rear case 22, in addition to an antenna that
supports call communications. The broadcast signal receiv-
ing antenna 32 can be configured to be retractable from the
second body 20.
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One part of a slide module 33 that slidably combines the
first body 10 and the second body 20 may be disposed on the
rear case 12 of the first body 10. The other part of the slide
module 33 may be disposed on the front case 21 of the second
body 20.

In the above description, the second image input unit 28
and so on is disposed on the second body 20, but such con-
figuration is not meant to be limited. For example, one or
more of the elements (e.g., 28 to 32) such as the second image
input unit 28 and so on, which are disposed on the rear case 22
in the above description, may be mounted on the first body 10.
Inthe mobile terminal, the second image input unit 28 may be
omitted and the first image input unit 15 may be configured to
rotate to thus allow image capturing in various directions
including the image capture direction of the second image
input unit 28.

In the present disclosure, the slide type mobile terminal is
shown as an example in FIGS. 1 and 2. The present disclosure
may be also applicable for the mobile terminal having the first
body 10 and the second body 20 which are combined such
that they are relatively movable, such as the slide type mobile
terminal, a folder type mobile terminal, a swing type mobile
terminal, and the like. Also, it should be understood that the
present disclosure may be applicable for any types of mobile
terminals.

FIG. 3 is a block diagram illustrating the configuration of
the mobile terminal in detail according to an embodiment of
the present disclosure.

As shown in FIG. 3, the mobile terminal includes a mobile
communication module 41, the manipulation units 16, 23,
and 24, the image input units 15 and 28, the audio input unit
25, the display unit 13, the audio output units 14 and 31, a
sensing unit 46, the interface 26, a broadcast receiving mod-
ule 45, a memory 44, the power supply unit 27, and a con-
troller 40.

The controller 40 typically controls the general operations
of the mobile terminal. For example, the controller 40 per-
forms controlling and processing associated with every func-
tion that can be executed in the mobile terminal, such as voice
calls, data communications, video calls, image transmission/
reception, e-mail transmission/reception, photo image/video
capturing, voice recording, and the like.

The mobile communication module 41 transmits/receives
radio signals to/from a mobile communication base station
via the antenna 2. For example, the mobile communication
module 41 handles transmission/reception of voice data, text
data, image data, and control data under the control of the
controller 40, and may include a transmitting unit 42 that
modulates a signal to be transmitted and transmits the modu-
lated signal and a receiving unit 43 that demodulates a
received signal. The mobile communication module 41 may
include a short-range communication module.

The manipulation units 16, 23, and 24 may include one or
more of a keypad, the dome switch, the touch pad, the jog
wheel, the jog switch, the track ball, and the joy stick, and
receive a user construction and user data and supply the same
to the controller 40.

The image input units 15 and 28 process image frames such
as a still image, video, or the like, obtained by an image sensor
in a video call mode or an image capture mode. The image
data processed by the image input units 15 and 28 are con-
verted into image data that can be displayed on the display
unit 13 via the controller 40, and then outputted to the display
unit 13. The image frame processed by the image input units
15 and 28 may be stored in the memory 44 or transmitted to
the exterior via the mobile communication module 41 under
the control of the controller 40.
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The audio input unit 25 receives an external audio signal
via the microphone in a phone call mode, recording mode or
avoice recognition mode and processes it into electrical voice
data. The voice data processed by the audio input unit 25 is
converted into a format transmittable to a mobile communi-
cation base station via the mobile communication module 41
in case of the phone call mode, and then outputted to the
mobile communication module 41. When the mobile terminal
is operated in the recording mode, the voice data processed by
the audio input unit 25 is stored in the memory 44. The audio
input unit 25 may include various types of noise canceling
algorithms to cancel noise or interference generated in the
course of receiving external audio signals.

The display unit 13 displays video information processed
in the mobile terminal. For example, the display unit 13 may
display a user interface (UI) or a graphic user interface (GUI)
associated with call communications under the control of the
controller 40 or display photo image/video according to a
user input.

The audio output units 14 and 31 output audio data
received from the mobile communication module 41 or audio
data stored in the memory 44 in a call signal reception mode,
the phone call mode, the recording mode, the voice recogni-
tion mode, a broadcast receiving mode, or the like, under the
control of the controller 40. The audio output units 14 and 31
output audio signals associated with various events, for
example, a call signal reception sound, a message reception
sound, or the like, performed in the mobile terminal. To this
end, the audio output units 14 and 31 include a speaker, a
receiver, a buzzer, or the like.

The sensing unit 46 detects a current status of the mobile
terminal such as an open/close state of the mobile terminal, a
location of the mobile terminal, presence or absence of user
contact with the mobile terminal, etc., and generates a sensing
signal for controlling the operation of the mobile terminal.
The sensing unit 46 may include sensors for detecting
whether or not the power supply unit 27 supplies power or
whether or not the interface 26 is coupled with an external
device, or the like. In addition, the sensing unit 46 may
include a touch sensor or a proximity sensor for recognizing
atouch input or a proximity input by the user, or a gyro sensor
oraterrestrial magnetic sensor for recognizing a change in the
angle of the mobile terminal, a movement of the mobile
terminal, acceleration of the mobile terminal, or the like.

The interface 26 serves as an interface with every external
device connected with the mobile terminal, and the external
devices may include wired/wireless headsets, external power
chargers, wired/wireless data ports, identification module
card sockets, external memory card sockets, or the like. The
interface 26 may be used to receive data or power from an
external device and transfer the received inputs to each ele-
ment within the mobile terminal or transfer data from the
mobile terminal to an external device.

The memory 44 may store software programs used for the
processing and controlling performed by the controller 180,
or may store a phonebook, messages, images, video, or the
like. The memory 44 may include at least one type of storage
medium including a flash memory type, a hard disk type, a
multimedia card micro type, a card-type memory (e.g., SD or
DX memory, etc), a random access memory (RAM), a read-
only memory (ROM), an electrically erasable programmable
read-only memory (EEPROM), programmable read-only
memory (PROM), a magnetic memory, a magnetic disk, and
an optical disk.

The broadcast receiving module 45 receives a broadcast
signal transmitted via a satellite channel or a terrestrial chan-
nel, converts the received signal into a format of broadcast
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data that can be outputted to the display unit 13, and then
outputs the converted data to the controller 40. In addition, the
broadcast receiving module 45 receives supplementary data
(e.g., electric program guide (EPG)) associated with broad-
casts. The broadcast data converted by the broadcast receiv-
ing module 45 and the supplementary data may be stored in
the memory 44.

The power supply unit 27 generates power required by the
various components of the mobile terminal, upon receiving
external power or internal power under the control of the
controller 40.

The driving circuit such as the display unit 13, the audio
output units 14 and 31, the first image input unit 15, or the
like, are mounted on the slide PCB installed in the first body
10 and connected with the first manipulation unit 16. The
circuits such as the mobile communication module 41 con-
nected with the antenna 2, the image input unit 28, the sensing
unit 46, the interface 26, the broadcast receiving module 45,
the memory, the power supply unit 27, the controller 40, and
the like, are mounted on the main PCB installed in the second
body 20 and connected with the audio input unit 25 and the
manipulation units 23 and 24.

FIGS. 4A to 6 are drawing illustrating coupling elements
1A and 1B of the mobile terminal according to an embodi-
ment of the present disclosure.

With reference to FIGS. 4A to 6, the mobile terminal
includes one or more coupling elements 1A and 1B disposed
to overlap with one edge of the antenna 2 or overlap with one
edge and the other edge of the antenna 2.

The antenna 2 includes a terminal (Feed) feeding with an
RF (Radio Frequency) signal from the mobile communica-
tion module 41, a terminal connected with a base voltage
source (GND), and an RF discharging unit connected with the
terminals and transmitting an RF signal. The RF discharging
unit is bent one or more times in order to reduce a space
occupied by the antenna 2. One side and/or the other side of
the antenna 2 overlaps with the coupling elements 1A and 1B
by a certain width (A0). The antenna 2 is disposed at a lower
end of the second body 20 of the mobile terminal so as to be
separated and away from the user’s ear. In the slide type
mobile terminal, as shown in FIG. 5, the antenna 2 is disposed
atthe lower end of the second body 20 and connected with the
main PCB 3. In a bar type mobile terminal, all the elements as
shown in FIG. 3 are disposed in one body, and the PCB as
shown in FIG. 6 is installed in the body. Accordingly, in the
bar type mobile terminal, as shown in FIG. 6, the antenna 2 is
connected with a main PCB 9 which is not electrically con-
nected with the slide PCB, and disposed at a lower end of the
body where the main PCB 9 is installed.

The coupling elements 1A and 1B are non-fed conductive
floating patterns which are not connected to any power and
formed at the external case of the power supply unit 27 or at
the rear case 22. The coupling elements 1A and 1B have a
length of about A/4. Here, A is one wavelength of electromag-
netic waves transmitted at a transmission band frequency.
Experimentation results reveal that an optimum current dis-
tribution effect (to be described) is obtained when the lengths
of the coupling elements 1A and 1B are A/4.

The coupling elements 1A and 1B overlap with one edge
and/or the other edge of the antenna 2 with an dielectric
interposed therebetween to form coupling with the antenna 2.
According to the coupling, an induction current flows across
the coupling elements 1A and 1B and a weak electric field is
formed between the coupling elements 1A and 1B and the
antenna 2. The electric field formed between the coupling
elements 1A and 1B and the antenna 2 forms a closed loop
with a main PCB 3 to reduce the amount of current flowing to
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the slide PCB 5 via the main PCB 3 and an FPCB 4 to thus
weaken an electric field formed at an end of the slide PCB 5.
Accordingly, the coupling between the coupling elements 1A
and 1B and the antenna 2 can distribute the current flowing
from the main PCB 3 and thus reduce the strength of electro-
magnetic waves formed at an upper end of the body of the
mobile terminal which is close to the user’s ear.

An electric field formed at the side of the audio output units
14 and 31 close to the user’s ear can be weakened by using the
coupling between the coupling elements 1A and 1B and the
antenna 2, to thus minimize electromagnetic waves of the
mobile terminal that may affect an electronic hearing aid.
Thus, the mobile terminal can satisfy the regulations such as
hearing aid compatibility (HAC), a specific absorption rate
(SAR), or the like. In addition, because the coupling elements
1A and 1B are disposed to overlap with one and the other
edges of the antenna 2, avoiding a main RF discharge part
discharging an RF radiation pattern at the antenna 2, and the
distances among the coupling elements 1A and 1B, the
antenna 2, and the battery of the power supply unit 27 are
optimally designed to satisfy the below conditions to thereby
restrain a change in the antenna characteristics, the antenna
characteristics-related references or bases of the mobile ter-
minal such as total isotropic sensitivity (TIS), total radiated
power (TRP), or the like, can be satisfied.

If the gap (Ag) between the coupling elements 1A and 1B
and the antenna 2 is too small, the coupling elements 1A and
1B would be operated as antennas to change the antenna
characteristics. If the gap (Ag) between the coupling elements
1A and 1B and the antenna 2 is too large, coupling would be
too reduced to obtain the HAC reduction effect. Thus, the gap
(Ag) between the coupling elements 1A and 1B and the
antenna 2 is preferably within the range of 0.5 mm to 2 mm.

The antenna 2, the coupling elements 1A and 1B, and the
battery of the power supply unit 27 are disposed at the lower
end of the body of the mobile terminal. Accordingly, if the gap
between the coupling elements 1A and 1B and the battery is
too small, coupling would be formed therebetween, possibly
causing the antenna characteristics to be changed. Thus, the
coupling elements 1A and 1B and the battery should not
overlap with each other and the gap between them should be
atleast 0.5 mm or larger. When the size of the mobile terminal
and the disposition space of the antenna 2, the coupling ele-
ments 1A and 1B, the battery of the power supply unit 27, and
the like, are considered, the coupling elements 1A and 1B and
the battery of the power supply unit 27 should be spaced apart
by the interval within the range of 0.5 mm to 2 mm.

As shown in FIGS. 7A to 7C, the coupling elements 1A and
1B may be patterned in various forms. That is, the coupling
elements 1A and 1B may be formed in the form of a straight
line or may be bent one or more times. The portions of the
coupling elements 1A and 1B overlapping with the antenna 2
may have a thicker width than other portions as shown in
FIGS. 7B and 7C. In other words, as shown in FIGS. 7TAto 7C,
the coupling elements 1A and 1B may have a longer side
portion and a shorter side portion bent from the longer side
portion, and in this case, the width of the shorter side portion
overlapping with the antenna 2 may be thicker than the longer
side portion.

FIGS. 8 and 9 are exploded perspective views showing an
example of the coupling elements 1A and 1B that can be
actually applicable for the mobile terminal.

With reference to FIGS. 8 and 9, a battery receiving space
6 for receiving the battery of the power supply unit 27 is
formed on the rear surface of the rear case 22. A power
terminal connected with the main PCBs 3 and 9, an identifi-
cation module socket, an external memory socket, or the like,
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may be disposed in the battery receiving space 6. A battery
protection cover 27a of the power supply unit 27 may be
detachably combined with the rear case 22 to open and close
the battery receiving space 6. The battery, an identification
module, an external memory, or the like, may be mounted in
the battery receiving space 6 provided between the rear case
22 and the battery protection cover 27a. Side wall ribs 7a and
7b are formed to be protruded from left and right edges of the
battery receiving space 6 to define the left and right sides of
the battery receiving space 6 at the rear case 22. The battery
protection cover 27a includes side walls 8a and 85 facing the
side wall ribs 7a and 75 of the rear case 22. The side walls 8a
and 8b are bent toward the side wall ribs 7a and 75 of the rear
case 22 from both sides of a plane base part of the battery
protection cover 27a.

A metal is attached on or a conductive polymer is coated on
the surfaces of the side wall ribs 7a and 75 of the rear case 22
or on the surfaces of the side walls 8a and 85 of the battery
protection cover 274 to allow the coupling elements 1A and
1B to overlap with the antenna 2 and be separated from the
battery. The coupling elements 1A and 1B may be insertedly
positioned in the side wall ribs 7a and 75 of the rear case 22
or in the side walls 8a and 85 of the battery protection cover
27a.

FIGS.10and 11 are views of the coupling elements formed
at the battery protection cover 27a of the mobile terminal.

With reference to FIGS. 10 and 11, the coupling elements
1A and 1B may be formed on the edge portions of the surface
of' the battery protection cover 274 facing the battery receiv-
ing space. Also, the coupling elements 1A and 1B may be
formed at both edges of the plane base part positioned near the
side walls 8a and 85 of the battery protection cover 274 such
that they do not overlap with the battery. A pigment may be
coated on the coupling elements 1A and 1B in the same color
as that of the battery protection cover 27a as shown in FIG.
11.

The above-described embodiments have been described
based on the antenna 2 that transmits electromagnetic waves
at the frequency of the mobile communication band, but the
coupling elements may also overlap with one edge of the
broadcast signal receiving antenna 32 to weaken the electro-
magnetic waves and current formed near the user’s ear.

In the mobile terminal, because the non-fed conductive
coupling elements are allowed to overlap with at least one of
one edge and the other edge of the antenna, the electric field
formed at the upper end of the mobile terminal close to the
user’s ear can be weakened. Consequently, the electromag-
netic waves of the mobile terminal that makes a bad influence
on the human body can be minimized without changing the
antenna characteristics, and thus, the mobile terminal satis-
fying the HAC and the SAR can be implemented.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A mobile terminal comprising:

a front case and a rear case which are fastened with a
printed circuit board (PCB) and an antenna connected
with the PCB interposed therebetween;

a battery protection cover opening and closing a battery
receiving space provided on the rear case; and

a conductive coupling element formed on one of the rear
case and the battery protection cover such that the con-
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ductive coupling element is overlapped with at least one
of one edge and the other edge of the antenna.

2. The mobile terminal of claim 1, wherein the gap between
the antenna and the conductive coupling element is within the
range of about 0.5 mm to 2 mm.

3. The mobile terminal of claim 1, further comprising:

a battery mounted in the battery receiving space provided
on the rear case, and the conductive coupling element
and the battery do not overlap with each other.

4. The mobile terminal of claim 3, wherein the gap between
the conductive coupling element and the battery is 0.5 mm or
larger.

5. The mobile terminal of claim 1, wherein the conductive
coupling element is formed on at least one of one edge and the
other edge of the rear case.

6. The mobile terminal of claim 1, wherein the conductive
coupling element is formed on at least one of one edge and the
other edge of the battery protection cover.

7. The mobile terminal of claim 1, wherein the conductive
coupling element is bent one or more times.

8. The mobile terminal of claim 7, wherein the conductive
coupling element comprises a longer side portion and a
shorter side portion bent from the longer side portion and
overlapping with the antenna, and the width of the shorter side
portion is thicker than the longer side portion.

9. The mobile terminal of claim 1, further comprising:

a pigment coated on the conductive coupling element, and
the pigment comprises a pigment of color similar to that
of the battery cover.

10. The mobile terminal of claim 1, wherein the length of
the conductive coupling element is substantially A/4, wherein
A is a wavelength of electromagnetic waves transmitted at a
transmission band frequency of the mobile terminal.

11. A mobile terminal comprising:

a first printed circuit board (PCB) installed in a first body;

a second PCB connected with the first PCB via a flexible
PCB (FPCB), and connected with an antenna, wherein
the second PCB is installed in a second body;

a battery protection cover opening and closing a battery
receiving space provided on a rear case of the second
body; and

a conductive coupling element formed on one of the rear
case and the battery protection cover such that the con-
ductive coupling element is overlapped with at least one
of one edge and the other edge of the antenna.

12. The mobile terminal of claim 11, wherein the gap
between the antenna and the conductive coupling element is
within the range of about 0.5 mm to 2 mm.

13. The mobile terminal of claim 11, further comprising:

a battery mounted in the battery receiving space provided
on the rear case, and the conductive coupling element
and the battery do not overlap with each other.

14. The mobile terminal of claim 13, wherein the gap
between the conductive coupling element and the battery is
0.5 mm or larger.

15. The mobile terminal of claim 11, wherein the conduc-
tive coupling element is formed on at least one of one edge
and the other edge of the rear case.

16. The mobile terminal of claim 11, wherein the conduc-
tive coupling element is formed on at least one of one edge
and the other edge of the battery protection cover.

17. The mobile terminal of claim 11, wherein the conduc-
tive coupling element is bent one or more times.

18. The mobile terminal of claim 17, wherein the conduc-
tive coupling element comprises a longer side portion and a
shorter side portion bent from the longer side portion and
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overlapping with the antenna, and the width of the shorter side 20. The mobile terminal of claim 11, wherein the length of
portion is thicker than the longer side portion. the conductive coupling element is substantially A/4, wherein
19. The mobile terminal of claim 11, further comprising: A is a wavelength of electromagnetic waves transmitted at a
a pigment coated on the conductive coupling element, and transmission band frequency of the mobile terminal.

the pigment comprises a pigment of color similar to that 5
of the battery cover. I T S






_1388253503.pdf
US008094076B2

a2 United States Patent
Zhang et al.

US 8,094,076 B2
Jan. 10, 2012

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

(54) MULTIBAND ANTENNA

(75) Inventors: Chong Zhang, Shenzhen (CN); Cho-Ju
Chung, Taipei Hsien (TW)

(73) Assignees: Ambit Microsystems (Shanghai) Ltd.,
Shanghai (CN); Hon Hai Precision
Industry Co., Ltd., Tu-Cheng, New
Taipei (TW)

(*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 345 days.

@
(22)

Appl. No.: 12/582,783
Filed:  Oct. 21,2009

Prior Publication Data

US 2011/0032166 Al Feb. 10, 2011

(65)

(30) Foreign Application Priority Data

Aug. 6, 2009
D

(52)

(CN) e 2009 2 0307494 U

Int. CL.

H010Q 1738 (2006.01)

US.CL ... 343/700 MS; 343/824; 343/826;
343/846; 343/829; 343/752

Field of Classification Search ....................... None

See application file for complete search history.

(58)

(]GO

(56) References Cited

U.S. PATENT DOCUMENTS

6,552,686 B2* 4/2003 Ollikainen et al. .... 343/700 MS
7,050,010 B2* 5/2006 Wangetal. .............. 343/702
7,180,463 B2 2/2007 Chung

7,576,698 B2* 82009 Cheng ... ... 343/700 MS
7,755,545 B2* 7/2010 Takeietal ........... 343/702
7,825,863 B2* 11/2010 Martiskainen etal. ....... 343/702
7,973,726 B2* 7/2011 Tsengetal. ............ 343/702
7,986,274 B2* 7/2011 Yangetal. ... 343/700 MS

* cited by examiner

Primary Examiner — Trinh Dinh
(74) Attorney, Agent, or Firm — Altis Law Group, Inc.

(57) ABSTRACT

A multiband antenna includes a feed portion, a radiating
portion, and a ground via. The feed portion includes a first
feed section and a second feed section paralleled to each
other. The radiating portion includes a first radiator, a second
radiator and a third radiator. The first radiator is L shaped with
a free end. The second radiator is L. shaped with a free end.
The free ends of the second radiator and the first radiator
extend toward to each other and partially overlap to define a
slot therebetween. The third radiator includes a trapezoid
section and a connecting section. The short portion includes a
first short section and a second short section. The first short
section connects the first radiator to the ground via, and the
second short section connects the second radiator and the
third radiator to the ground via.
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1
MULTIBAND ANTENNA

RELATED APPLICATIONS

This application is based upon and claims the benefit of
priority under 35 U.S.C. 119 from an application CHINA
200920307494.2 filed on Aug. 6, 2009, the contents of which
are incorporated herein by reference.

BACKGROUND

1. Technical Field

Embodiments of the present disclosure relate to antennas,
and especially to a multiband antenna.

2. Description of Related Art

Wireless location area network (WLAN) protocol includes
both BLUETOOTH and IEEE 802.11a/b/g standards. BLUE-
TOOTH operates in frequency bands of approximately 2.4
GHz, IEEE 802.11a operates in frequency bands of approxi-
mately 5.18 GHz to 5.825 GHz, IEEE 802.11b (also named
WiFi) and IEEE 802.11g operates in frequency bands of
approximately 2.4 GHz. An antenna is required capable of
covering the frequency bands described, complying with the
needs of BLUETOOTH and IEEE 802.11a/b/g standard, with
development of WL AN technology.

However, frequency bands narrow as dimensions of the
antennas decrease. Therefore, development of an antenna
with reduced dimensions retaining compatibility with
BLUETOOTH and IEEE 802.11a/b/g standard is a priority.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of an embodiment of a
multiband antenna according to the present disclosure;

FIG. 2 is a graph showing return loss of a first radiator of the
multiband antenna of FIG. 1; and

FIG. 3 is a graph showing return loss of a second radiator
and a third radiator of the multiband antenna of FIG. 1.

DETAILED DESCRIPTION

Referring to FIG. 1, a schematic diagram of an embodi-
ment of a multiband antenna 100 as disclosed is shown. The
multiband antenna 100 comprises a substrate 10, a feed por-
tion 20, aradiating portion 30 and a short portion 40, a ground
via 50 and a matching portion 60. In one embodiment, the
feed portion 20, the radiating portion 30 and the short portion
40 are configured on a top side of the substrate 10, a ground
portion on a bottom side of the substrate 10, and the radiating
portion 30 connected to a ground portion through the ground
via 50.

The feed portion 20 is configured for feeding electromag-
netic signals, and comprises a first feed section 21 and a
second feed section 22. The first feed section 21 and the
second feed section 22 are elongated and parallel to each
other. The first feed section 21 is configured for feeding first
frequency signals, such as 2.4 GHz usable in BLUETOOTH
and IEEE 802.11b/g standards, and the second feed section
22 is configured for feeding the first frequency signals and
second frequency signals, second frequency signals such as 5
GHz usable in IEEE 802.11a standard.

The radiating portion 30 is electrically connected to the
feed portion 20, to transceive electromagnetic signals. The
radiating portion 30 comprises a first radiator 31, a second
radiator 32 and a third radiator 33.

The first radiator 31 is L shaped, and connected to the first
feed section 21, to transceive the first frequency signal. The
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2

first radiator 31 comprises a first perpendicular section 311
and a first horizontal section 312. In one embodiment, one end
of'the first perpendicular section 311 is connected inline with
the first feed section 21. The first horizontal section 312 has a
free end.

The second radiator 32 is L shaped, and connected to the
second feed section 22, to transceive the second frequency
signal. The second radiator 32 comprises a second perpen-
dicular section 321 and a second horizontal section 322. In
one embodiment, one end of the second perpendicular section
321 is connected inline with the second feed section 22. The
second horizontal section 322 has a free end.

In one embodiment, the first perpendicular section 311 is
parallel to the first perpendicular section 321. The first hori-
zontal section 312 and the second horizontal section 322
extend toward to each other so that the second horizontal
section 322 and the first horizontal section 312 partially over-
lap, and define a slot 70 therebetween.

The third radiator 33 is connected to the second feed sec-
tion 22, to transceive the second frequency signal. The third
radiator 33 comprises a connecting section 333, a trapezoid
section 331 and a third horizontal section 332. In one embodi-
ment, the connecting section 333 connects the second feed
section 22 to a top side of the trapezoid section 331. The third
horizontal section 332 is elongated and connects to a bottom
side of the trapezoid section 331. The third horizontal section
332 neighbors the second horizontal section 322. The third
horizontal section 332 and the second horizontal section 322
define the slot 70 therebetween.

The short portion 40 connects the radiating portion 30 to
the ground via 50. The short portion 40 comprises a first short
section 41 and a second short section 42. The short section 41,
bent at an angle, connects the first radiator 31 to the ground
via 50. The second short section 42 connects the second
radiator 32 and the third radiator 33 to the ground via 50. In
one embodiment, the first short section 41 in the angle, is
flexible in design, and the slots 70 defined by the radiating
portion 30 can increase the coupling effectiveness and
improve the return loss of the multiband antenna 100.

In one embodiment, the first feed section 21, the first radia-
tor 31, and the first short section 41 form a planar F antenna.
The second feed section 22, the second radiator 32, the con-
necting section 333, and the second short section 42 form a
planar inverted F antenna (PIFA).

The matching portion 60 is elongated, and connected to the
first connecting section 333 of the third radiator 33, for
impedance matching. In one embodiment, the matching por-
tion 60 is perpendicular to the second short section 42.

Referring to FIG. 2 and FIG. 3, return loss of the multiband
antenna 100 is shown. As shown in FIG. 2, when the first
radiator 31 operates at approximately 2.4 GHz, the return loss
is less than —10 dB, in accordance with the industry standard.
As shown in FIG. 3, when the second radiator 32 operates at
approximately 2.4 GHz, the return loss is less than —10 dB,
and when the third radiator 33 operates at approximately 5
GHz, the return loss is less than —10 dB, in accordance with
the industry standard. Additionally, the frequency bands
described cover the BLUETOOTH and IEEE 802.11a/b/g
standards.

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.
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What is claimed is:

1. A multiband antenna, comprising:

a feed portion operable to feed electromagnetic signals and
comprising a first feed section and a second feed section
parallel to the first feed section;

a radiating portion connected to the feed portion, to trans-
ceive electromagnetic signals, comprising:

a first radiator being I shaped, comprising one end con-
nected to the first feed section, and the other end being
a free end;

a second radiator being [ shaped, comprising one end
connected to the second feed section, and the other
end being a free end, wherein the free ends of the
second radiator and the first radiator extend toward to
each other so that the second radiator and the first
radiator partially overlap, and define a slot therebe-
tween; and

a third radiator comprising a trapezoid section and a
connecting section, wherein the connecting section
connects the trapezoid section to the second feed sec-
tion; and

a short portion connecting the radiating portion to a ground
via, the short portion comprising:

a first short section connecting the first radiator to the
ground via, and

a second short section connecting the second radiator
and the third radiator to the ground via.

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

the first feed section, the first radiator, and the first short
section form a planar F antenna.
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3. The multiband antenna as claimed in claim 2, wherein
the second feed section, the second radiator, the connecting
section, and the second short section form a planar inverted F
antenna.

4. The multiband antenna as claimed in claim 1, further
comprising a matching portion, connected to the third radia-
tor and configured for impedance matching.

5. The multiband antenna as claimed in claim 1, wherein
first feed section and the second feed section are rectangular.

6. The multiband antenna as claimed in claim 5, wherein
the first radiator comprises a first perpendicular section and a
first horizontal section, and wherein the first perpendicular
section is inline with the first feed section, and the first hori-
zontal section has the free end.

7. The multiband antenna as claimed in claim 6, wherein
the second radiator comprises a second perpendicular section
and a second horizontal section, and wherein the second
perpendicular section is in line of the second feed section, and
the second horizontal section has the free end.

8. The multiband antenna as claimed in claim 7, wherein
the first horizontal section neighbors the second horizontal
section, and defines the slot therebetween.

9. The multiband antenna as claimed in claim 8, wherein
the third radiator further comprises a third horizontal section
connected to the trapezoid section.

10. The multiband antenna as claimed in claim 9, wherein
the third radiator neighbors the second horizontal section, and
define the slot therebetween.

11. The multiband antenna as claimed in claim 1, wherein
the first short section is bent at an angle.

#* #* #* #* #*
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1
FOLDING PORTABLE WIRELESS
APPARATUS

TECHNICAL FIELD

The present invention relates a folding-type portable wire-
less equipment having an antenna for radio communication,
in which two cases are coupled to each other via a bendable
plane-shaped coupling member so as to be opened and closed.

BACKGROUND ART

In recent years, although portable wireless equipments
such as portable telephones have been widely spread, various
types of the portable telephones have been developed. Among
the various types of the portable telephones, compact folding-
types have been widely used in each of which upper and lower
cases are folded in an unused state thereby to enhance the
portability. Such a portable telephone has the structure
capable of changing its configuration in accordance with a
using state, so that it is important to secure the antenna per-
formance in each of opened and closed states. In such a
folding-type portable telephone, the miniaturization and the
multi-functioning have been advanced. As the multi-func-
tioning in recent years, the improvement of design and the
differentiation from other portable telephones have been
advanced. As one of the demands requested in such the multi-
functioning, there is the antenna configuration having no
projection. Further, a new design having no conventional
mechanical hinge structure has been requested in the meaning
of'the differentiation. Conventionally, in the folding-type por-
table telephone, the following three configurations are gen-
erally known as the configuration for obtaining good antenna
performance in each of the opened and closed states.

The first configuration of the folding-type portable tele-
phone is arranged in a manner that a projection type antenna
is mounted on the hinge side of the lower case. A helical
antenna or an extensible monopole antenna is generally used
as the projection type antenna. In the opened state, the
antenna acts as a resonance element which vibrates the upper
case, whereby the entirety of the portable telephone operates
as the dipole antenna in which an upper board and a lower
board act as a radiation element. Further, since the antenna
portion protrudes from the case, the antenna gain can be made
high advantageously in a state where the portable telephone is
held by a hand. Furthermore, in the closed state, the wave-
length is shortened by the radiation element such as the heli-
cal antenna, so that the telephone operates as the monopole
antenna of A/4.

The second configuration of the folding-type portable tele-
phone is arranged in a manner that the antenna is contained
within the case thereby to eliminate the projection portion,
that is, for example, an L-shaped antenna or a reverse
F-shaped antenna etc. is mounted within the case. Such an
antenna operates in a state of being completely housed within
the case.

The third configuration of the folding-type portable tele-
phone is arranged to apply the operation theory of the first
configuration in a manner that the antenna is mounted on the
hinge side of the lower case thereby to use the upper case as
the radiation element in the opened state. That is, the antenna
is configured so as to have no projection and the upper case is
directly vibrated thereby to use as the radiation element in the
opened state.
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FIG. 5 is a diagram showing the schematic configuration of
a folding-type portable telephone described in a patent docu-
ment 1, in which (a) shows an opened state and (b) shows a
closed state.

As shown in FIG. 5, the folding-type portable telephone
described in the patent document 1 is arranged in a manner
that an upper case 1 and a lower case 2 are coupled via a hinge
portion 3 to each other so as to be foldable. The upper case 1
is provided with a shield box 4 for shielding a circuit board
contained therein, and the shield box 4 also has the function of
an antenna. The lower case 2 is provided with a shield box 5
for shielding a circuit board on which a transmission circuit 6
etc. are formed. The transmission circuit 6 is coupled to the
shield box 4 of the upper case 1 via a flexible board 7 housed
within the hinge portion 3. According to this configuration,
since there is no height limitation in the case from which radio
wave is radiated and the entirety of the case can be made large
as an effective area of the antenna, the antenna performance
of'a large band and a high gain can be obtained.

Patent Document 1: JP-A-2002-335180

DISCLOSURE OF THE INVENTION
Problems that the Invention is to Solve

According to the first configuration, the projection portion
of the antenna spoils the general view as the portable tele-
phone. Further, since a whip antenna requires a space to be
housed within the case, it is an obstacle to the miniaturization
and the thinning of the portable wireless equipment. Further-
more, since the antenna portion protrudes from the cases, the
antenna gain can be made high advantageously in the state
where the portable telephone is held by a hand. However,
since a current flows concentrically at the antenna portion as
the radiation element, the characteristics at the time of speech
varies largely since it is largely influenced by a hand or a face
at the time of speech.

According to the second configuration, in the case of the
construction where the [-shaped antenna is mounted on the
hinge side of the lower case, the antenna operates as the
resonance element for vibrating the upper case like the case of
using the helical antenna. However, since the length of the
monopole antenna contained within the case is limited in its
length, the coupling degree thereof with the upper case is
week in the opened state and so the characteristics is
degraded. Further, in the case of the structure where the
reverse F-shaped antenna is mounted in the upper case, in
order to secure the antenna characteristics, it is necessary to
take a sufficient distance between the antenna and the circuit
board within the upper case and also to make the area of a
plate-shaped antenna large. To this end, such requirements
becomes an obstacle to the miniaturization and the thinning
of the portable telephone.

According to the folding-type portable telephone
described in the patent document 1, as shown in FIG. 5(a), in
the opened state, a current a flowing through the upper case 1
and a current b flowing through the lower case 2 flow in the
same direction, so that the telephone operates as an ideal
dipole antenna of A/2. However, in the closed state, as shown
in FIG. 5(b), since the current a flowing through the upper
case 1 and the current b flowing through the lower case 2 flow
in the opposite directions to each other, both the currents
cancel to each other, so that the telephone does not operate
theoretically.

FIG. 6 shows the results of an experimentation in which the
antenna performance of the folding-type portable telephone
shown in FIG. 5 was inspected. In this experimentation,
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graphs were prepared in a manner that the used frequency was
900 MHz and the abscissa represents the frequency (MHz)
and the ordinate represents VSWR (Voltage Standing Wave
Ratio). In FIG. 6, a symbol a shows the graph representing
change of the antenna characteristics (VSWR) in the opened
state and a symbol § shows the graph representing change of
the antenna characteristics (VSWR) in the closed state. As
clear from the experimental result shown in FIG. 6, the width
of the frequency band satisfying VSWR<3 (the reflection
wave is equal to 50% or less) which is one of conditions for
obtaining good antenna characteristics was 350 MHz or more
in the opened state. In contrast, in the closed state, there was
no frequency band satisfying VSWR<3, whereby the large
degradation of the characteristics could be confirmed. Thus,
another antenna operating in the closed state is required, so
that the circuit configuration becomes complicated.

The invention is performed in view of the aforesaid cir-
cumstances and an object of the invention is to provide a
folding-type portable wireless equipment which can obtain
good antenna characteristics in each of opened and closed
states with a simple configuration without spoiling miniatur-
ization.

Means for Solving the Problem

The folding-type portable wireless equipment according to
the invention is the folding-type portable wireless equipment
having a first case and a second case, which includes: a first
circuit board disposed at the first case; a second circuit board
disposed at the second case; a bendable plane-shaped cou-
pling member which mechanically couples the first case and
the second case; a flexible coupling conductor which electri-
cally couples the first circuit board and the second circuit
board; a radio circuit portion provided at the second circuit
board; an antenna coupled to the radio circuit portion via a
feeder line; and a switching means which selectively connects
and disconnects between the first circuit board and the
antenna in accordance with an opened/closed state of the
folding-type portable wireless equipment, wherein the
antenna and the feeder line are dispose at positions almost
along the plane-shaped coupling member.

According to this configuration, in the configuration of
opening and closing the cases by using the bendable plane-
shaped coupling member, itis possible to obtain good antenna
characteristics in each of the opened and closed states with a
simple configuration without spoiling miniaturization.

Further, the folding-type portable wireless equipment
according to the invention is arranged in a manner that the
switching means connects between the first circuit board and
the antenna when the folding-type portable wireless equip-
ment is in the opened state, and disconnects between the first
circuit board and the antenna when the folding-type portable
wireless equipment is in the closed state.

According to this configuration, in the opened state, the
first circuit board and the antenna are coupled and so the
antenna is configured by the first case and the second circuit
board. Thus, in the opened state, the antenna characteristics
substantially same as that of the antenna configuration in
which the upper case is directly vibrated can be obtained. In
contrast, in the closed state, the first circuit board is not
coupled with the antenna and so the antenna is configured by
the antenna and the second circuit board. Since the antenna
and the feeder line are disposed at the positions almost along
the plane-shaped coupling member, the antenna is disposed at
the position away from the first circuit board and the second
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circuit board in the closed state, whereby the antenna perfor-
mance in the closed state can be improved.

Advantages of the Invention

According to the invention, it is possible to provide the
folding-type portable wireless equipment which can obtain
good antenna performance in each of the opened and closed
states with a simple configuration without spoiling miniatur-
ization.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing the external configu-
ration of a folding-type portable wireless equipment in order
to explain the embodiment of the invention.

FIG. 2 is a front view showing the configuration of a main
portion of the folding-type portable wireless equipment in an
opened state thereof'in order to explain the embodiment of the
invention.

FIG. 3 is a side view showing the configuration of the main
portion of the folding-type portable wireless equipment in a
closed state thereof in order to explain the embodiment of the
invention.

FIG. 41is a diagram showing the results of experimentations
in which the antenna performance of the folding-type por-
table wireless equipment according to the embodiment in the
closed state was inspected and also the antenna performance
of the folding-type portable telephone according to the con-
ventional structure was inspected.

FIG. 5 is a diagram showing the schematic configuration of
a folding-type portable telephone described in the patent
document 1.

FIG. 6 is a diagram showing the results of an experimen-
tation in which the antenna performance of the folding-type
portable telephone shown in FIG. 5 was inspected.

DESCRIPTION OF REFERENCE NUMERALS

100 folding-type portable wireless equipment
11 first case

12 second case

13 coupling portion

101 first circuit board
102 second circuit board
103 coupling element
104 antenna element
105 feeder line

106 radio circuit portion
109 switching portion

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, the explanation will be made with reference to
drawings as to a folding-type portable wireless equipment
represented by a portable telephone etc. in order to explain an
embodiment of the invention.

FIG. 1 is a perspective view showing the external configu-
ration of a folding-type portable wireless equipment in order
to explain the embodiment of the invention. FIG. 2 is a front
view showing the configuration of a main portion of the
folding-type portable wireless equipment in an opened state
thereof in order to explain the embodiment of the invention.
FIG. 3 is a side view showing the configuration of the main
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portion of the folding-type portable wireless equipment in a
closed state thereof in order to explain the embodiment of the
invention.

As shown in FIGS. 1 to 3, the folding-type portable wire-
less equipment according to the embodiment includes a first
case 11 and a second case 12. The wireless equipment is
configured in a manner that the first case 11 and the second
case 12 are coupled to each other via a coupling portion 13
constituting a bendable plane-shaped coupling member 13 so
as to be able to bend (bend or curve) the first case and the
second case, whereby the coupling portion 13 is bendable so
as to take the closed state where the first case 11 and the
second case 12 are opposed and overlapped and take the
opened state where the first case 11 and the second case 12 are
not opposed nor overlapped. That is, the wireless equipment
is configured so as to be foldable. The first case 11 is provided
with a display portion 21 constituted by a liquid crystal dis-
play device etc. and a receiver 22 etc. The second case 12 is
provided with an operation portion 23 having a plurality of
operation key buttons and a microphone 24 etc.

The coupling portion 13 has an exterior portion which is
formed by polymer material etc. with flexibility and includes
therein a flexible wiring cable, and an antennal element 104,
and a holding member 105 (see FIGS. 2 and 3) etc. The
coupling portion 13 couples the short side portions of the first
case 11 and the second case 12 each having a rectangular
shape. Further, although not shown, the coupling portion 13 is
provided with a coupling member formed by a metal plate etc.
for holding the opened state of the cases, and the exterior
portions etc. of the cases are provided with a holding mecha-
nism for holding the closed state.

As shownin FIGS. 2 and 3, the first case 11 contains therein
a first circuit board 101, a reactance element 110 and a switch-
ing portion 109 etc. and the second case 12 contains therein a
second circuit board 102. The first circuit board 101 and the
second circuit board 102 are electrically coupled to each other
by means of a flexible coupling element 103 which is pro-
vided at the coupling portion 13 and serves as a coupling
conductor. The switching portion 109 is coupled at its one end
to the antenna 104 and coupled at its the other end to the first
circuit board 101 via the reactance element 110.

On the first circuit board 101, a ground pattern is formed
and further an opened/closed state detection portion (for
example, a Hall element) 111 for detecting the opened and
closed states of the folding-type portable wireless equipment
100 is provided. On the second circuit board 102, a ground
pattern is formed, and further an opened/closed state detec-
tion portion (for example, a permanent magnet) 108 for
detecting the opened and closed states of the folding-type
portable wireless equipment 100, a matching circuit 107 for
performing the impedance matching and a radio circuit por-
tion 106 etc. are provided.

The matching circuit 107 is coupled to the antenna element
104 via a feeder line 105. The radio circuit portion 106 is
coupled to the antenna element 104 via the matching circuit
107 and the feeder line 105.

The antenna element 104 is configured by a conductive
wire with a diameter of 1 mm, for example, and is disposed
between the first circuit board 101 and the second circuit
board 102 at the side portion of the coupling element 103 in
the coupling portion 13.

The coupling element 103, the antenna element 104 and the
feeder line 105 are disposed at positions almost along the
coupling portion 13 constituting the plane-shaped coupling
member. The antenna element 104 is set to a position where
the antenna element does not overlap with the first circuit
board 101, the second circuit board 102 and the coupling
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element 103 in the opened state shown in FIG. 2. For
example, the antenna element is disposed at the center portion
which is away by the same distance from each of the end
portions of the first circuit board 101 and the second circuit
board 102 each contacting with the coupling element 103.

When the folding-type portable wireless equipment 100 is
closed (folded) and so the element 111 opposes to the magnet
108 (the state shown in FIG. 3) thereby to detect the magnet
108, the Hall element outputs to the switching portion 109 a
closed signal representing that the folding-type portable wire-
less equipment 100 is in the closed state. In contrast, when the
folding-type portable wireless equipment 100 is opened and
so the element 111 does not detect the magnet 108, the Hall
element outputs to the switching portion 109 an opened signal
representing that the folding-type portable wireless equip-
ment 100 is in the opened state.

The switching portion 109 selectively connects the antenna
element 104 to the first circuit board 101 via the reactance
element 110 in accordance with the opened/closed state of the
folding-type portable wireless equipment 100. That is, the
switching portion 109 connects the antenna element 104 to
the reactance element 110 when the opened signal is received
from the element 111, whilst disconnects the antenna element
104 from the reactance element 110 when the closed signal is
received from the element 111.

When the reactance element 110 and the antenna element
104 are connected to each other by the switching portion 109,
that is, when the folding-type portable wireless equipment
100 is in the opened state as shown in FIG. 2, the entirety of
the first case 11 operates as an upper side antenna element.
The matching circuit 107 performs the function of matching
the impedance of the upper side antenna element to the input
impedance of the radio circuit portion 106, and the ground
pattern on the second circuit board 102 operates as a lower
side antenna element. In this case, the antenna element 104
serves as a feeder line, and the first case 11 and the ground
pattern on the second circuit board 102 operate as a dipole
antenna. Thus, like the patent document 1, the characteristics
substantially same as that of the antenna configuration in
which the upper case is directly vibrated can be obtained.

In contrast, when the reactance element 110 and the
antenna element 104 are disconnected to each other by the
switching portion 109, that is, when the folding-type portable
wireless equipment 100 is in the closed state as shown in FI1G.
3, the antenna element 104 operates as the monopole antenna
of /4. In a state where the cases are closed as shown in FIG.
3, the first circuit board 101 and the second circuit board 102
are disposed so as to be overlapped almost in parallel to each
other in a state that the first and second circuit boards are
opposed to each other. The antenna element 104 is disposed at
the position outside of the boards in the Z direction in FIG. 3,
that is, in the extended direction in parallel to the first circuit
board 101 and the second circuit board 102. When the longi-
tudinal direction of the circuit boards is set in the vertical
direction (Z direction) as shown in FIG. 3, the antenna ele-
ment 104 is disposed at the high position protruding in the
longitudinal direction from the first circuit board 101 and the
second circuit board 102, whereby the metal portion near the
position is only the coupling element 103. Thus, when a
distance D1 between the antenna element 104 and the end
portions of the first circuit board 101 and the second circuit
board 102 is designed so as to be large in the state shown in
FIG. 3, the antenna performance in the closed state can be
improved.

FIG. 4 shows the results of experimentations in which the
antenna performance of the folding-type portable wireless
equipment 100 according to the embodiment in the closed
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state was inspected and also the antenna performance of the
folding-type portable telephone according to the conven-
tional structure described in the patent document 1 was
inspected. In this experimentation, graphs were prepared in a
manner that the used frequency was 900 MHz and the
abscissa represents the frequency (MHz) and the ordinate
represents VSWR. In FIG. 4, a symbol § shows the graph
representing change of the antenna characteristics (VSWR)
in the closed state of the folding-type portable telephone
according to the conventional structure and a symbol y shows
the graph representing change of the antenna characteristics
in the closed state of the folding-type portable wireless equip-
ment 100.

As clear from the experimental result shown in FIG. 4, as to
the width of the frequency band satistying VSWR<3 (the
reflection wave is equal to 50% or less) which is one of
conditions for obtaining good antenna characteristics, it was
confirmed that although there is no frequency band satisfying
VSWR<3, the folding-type portable wireless equipment 100
has the width of 180 MHz or more.

As described above, according to the folding-type portable
wireless equipment 100 of the embodiment, in the opened
state, since the antenna element 104 acts as the feeder line, the
dipole antenna can be formed by the first case 11 and the
ground pattern on the second circuit board 102, so that the
antenna performance substantially same as that of the con-
ventional configuration in which the upper case is directly
vibrated can be obtained. On the other hand, in the closed
state, the antenna element 104 can be configured as the mono-
pole antenna of A/4. In the closed state, since the antenna
element 104 is disposed at the position outside in the longi-
tudinal direction of the boards from the end portions of the
first and second circuit boards, the degradation of the antenna
performance can be prevented. Thus, according to the fold-
ing-type portable wireless equipment 100 of the embodiment,
in each of the opened and closed states, the antenna perfor-
mance better than that of the conventional configuration can
be obtained. Further, since the antenna is configured by using
the single antenna element in each of the opened and closed
states, the circuit configuration can be made simple and it
becomes possible to miniaturize the cases and reduce the
manufacturing costs and so on.

Incidentally, the configuration of the antenna element 104
is not limited to the aforesaid configuration example, and the
antenna element may be configured in a helical configuration,
a monopole configuration or a meander configuration, for
example. Further, it is possible to resonate at various frequen-
cies by suitably selecting the length of the antenna element
104. Furthermore, although the aforesaid portable wireless
equipment is configured in a manner that the antenna element
104 is disposed almost along the coupling portion 13 within
the coupling portion 13, the antenna element 104 is not lim-
ited to be disposed within the coupling portion and may be
provided along the rear surface of the coupling portion 13, for
example.

The invention is not limited to the aforesaid embodiment
and may be implemented in various modifications within a
range not departing from the gist of the invention.

Although the invention has been explained in detail with
reference to the particular embodiment, it should be obvious
for those skilled in the art that various changes and modifi-
cations may be made without departing from the spirit and the
scope of the invention.

The present application is based on Japanese Patent appli-
cation No. 2004-167138 filed on Jun. 4, 2004, the content of
which is hereby incorporated by reference into this applica-
tion.
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INDUSTRIAL APPLICABILITY

The invention has the effects that the antenna performance
can be improved in the folding-type portable wireless equip-
ment having the structure that the bendable plane-shaped
coupling member is used for the opening and closing mecha-
nism of the cases. The invention is useful for the folding-type
portable wireless equipment etc. having the radio communi-
cation antenna in which the two cases are coupled to each
other by the bendable plane-shaped coupling member so as to
be able to open and close.

The invention claimed is:

1. A folding-type portable wireless equipment including a
first case and a second case, comprising:

a first circuit board associated with the first case;

a second circuit board associated with the second case;

a bendable plane-shaped coupling member which is non-
conductive and mechanically couples the first case and
the second case;

a flexible coupling conductor which is arranged in the
bendable plane-shaped coupling member and electri-
cally couples the first circuit board and the second circuit
board;

a radio circuit portion associated with the second circuit
board;

an antenna element which is arranged in the bendable
plane-shaped coupling member, electrically coupled to
the radio circuit portion via a feeder line and electrically
connected to a ground pattern on the second circuit
board; and

a switching means which,

when the folding-type mobile wireless equipment is
opened, electrically connects the first circuit board and
the antenna element, whereby the first circuit board and
the ground pattern on the second circuit board perform
as a first antenna and the antenna element performs as an
extension of the feeder line to the first antenna, and

when the folding-type mobile wireless equipment is
closed, electrically disconnects the first circuit board
and the antenna element, whereby the antenna element
performs as a second antenna.

2. A folding-type portable wireless apparatus, comprising:

a first case associated with a first circuit board;

a second case associated with a second circuit board;

a bendable plane-shaped coupling member that is noncon-
ductive and mechanically couples the first case and the
second case;

a flexible coupling conductor that is arranged in the bend-
able plane-shaped coupling member and electrically
couples the first circuit board and the second circuit
board;

a radio circuit portion associated with the second circuit
board;

an antenna element that is arranged in the bendable plane-
shaped coupling member, electrically coupled to the
radio circuit portion via a feeder line and electrically
connected to a ground pattern on the second circuit
board; and

a switch that

when the folding-type mobile wireless equipment is
opened, electrically connects the first circuit board and
the antenna element, whereby the first circuit board and
the ground pattern on the second circuit board perform
as a first antenna and the antenna element performs as an
extension of the feeder line to the first antenna, and

when the folding-type mobile wireless equipment is
closed, electrically disconnects the first circuit board
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and the antenna element, whereby the antenna element
performs as a second antenna.

3. A folding-type portable wireless apparatus having an

opened state and a closed state, comprising:

a first case having a first circuit board disposed therein;

a second case having a second circuit board disposed
therein;

a bendable coupling member that is nonconductive and
mechanically interconnects the first case and the second
case, wherein the coupling member bends as the folding-
type portable wireless apparatus transitions between the
opened state and the closed state;

a flexible coupling conductor that is arranged in the bend-
able coupling member and electrically couples the first
circuit board and the second circuit board;

a radio circuit portion associated with the second circuit
board;

an antenna element that is arranged in the bendable cou-
pling member, electrically coupled to the radio circuit
portion via a feeder line and electrically connected to
ground pattern on the second circuit board; and

a switch configured to,

electrically connect the first circuit board and the antenna
element in the opened state, whereby the first circuit
board and the ground pattern on the second circuit board
perform as a first antenna and the antenna element per-
forms as an extension of the feeder line to the first
antenna, and

electrically disconnect the first circuit board and the
antenna element in the closed state, whereby the antenna
element performs as a second antenna.
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4. The folding-type portable wireless apparatus according
to claim 3, wherein the antenna element is disposed in-be-
tween the first and second circuit boards.

5. The folding-type portable wireless apparatus according
to claim 4, wherein the flexible coupling conductor is
arranged in the bendable coupling member at a position
spaced from the antenna element.

6. The folding-type portable wireless apparatus according
to claim 3, wherein the antenna element is disposed substan-
tially equidistant from the first circuit board and the second
circuit board when the apparatus is in the closed state.

7. The folding-type portable wireless apparatus according
to claim 3, wherein the first and second cases are opposed and
substantially overlap in the closed state.

8. The folding-type portable wireless apparatus according
to claim 7, wherein the first and second cases are not opposed
and do not overlap in the opened state.

9. The folding-type portable wireless apparatus according
to claim 3, wherein

the first antenna is a dipole antenna, and the second antenna

is a monopole antenna.

10. The folding-type portable wireless apparatus according
to claim 3, wherein

the portable wireless apparatus includes a front surface

including a display portion and an operation portion and
a rear surface opposite the front surface, the antenna
element and the flexible coupling member being dis-
posed in the bendable plane-shaped coupling member
such that the antenna element and the flexible coupling
member do not overlap each other in a direction extend-
ing from the front surface to the rear surface.

#* #* #* #* #*
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WALL-MOUNTED ELECTRICAL DEVICE
WITH MODULAR ANTENNA BEZEL FRAME

BACKGROUND

1. Technical Field

The subject matter described herein relates to wall
mounted electrical control devices that can be remotely con-
trolled and monitored via radio frequency transmissions. The
subject matter described herein also relates to remote control
devices for controlling and monitoring the wall mounted elec-
trical control devices. More particularly, the subject matter
described herein relates to electrical devices that can include
one or more interchangeable key capsules, one or more asso-
ciated interchangeable bezel frames which include a radio
frequency antenna element, and one or more interchangeable
radio frequency circuitry components.

2. Background Art

The field of home automation is rapidly developing. The
ability to control electrical fixtures, appliances, and electron-
ics remotely or through a central location is becoming more
and more common place. Remote electronic control devices,
such as lighting dimmers, include control circuitry and pro-
cessors which can be powered by internal power supplies that
derive power from high voltage house wiring that is typically
120 VAC (volts, alternating current) in the United States.

Wall mounted switching devices such as light switches and
dimmers are typically placed inside a junction box or mount-
ing fixture. In commercial construction, metal wallboxes are
often used. A metal electrical wallbox along with a metal
faceplate can act as a Faraday cage that significantly attenu-
ates the transmission of radio frequency electromagnetic
radiation from the antenna. As such, antenna location is an
important factor.

Traditional radio Frequency (RF)-Controlled lighting dim-
mers have typically operated using RF frequencies, such as
418 megahertz (MHz), that have a relatively long Y4 wave-
length (i.e. 634 inches) with respect to the physical dimen-
sions of a residential single-gang wallbox that conforms to
National Electrical Manufacturers Association (NEMA)
specifications (i.e., 2% inches (W)x3% inches (L)x34
inches (D)). Those skilled in the art will recognize that the
physical dimensions of an antenna, particularly the ‘length’
dimension, are primary determined by the Y4 wavelength (A)
of the operating frequency of the antenna. Various methods
have been employed in the prior art to accommodate unde-
sirable long antennas used to satisfy the ¥4 wavelength (A)
standard at operational frequencies such as 418 MHz.

As an example, some traditional devices use a printed
circuit board (PCB) antenna that includes capacitors to help
balance the inherent inductive load. Prior art FIG. 1 depicts a
wall mounted RF-controlled lighting dimmer 20, that incor-
porates a PCB antenna with dimensions much smaller than a
V4 wavelength () of the intended operating frequency. This
allows the antenna (not visible) to fit behind a faceplate 6 that
covers the opening of a wall 7 cut to accommodate an elec-
trical wallbox. A perimeter of the faceplate 6 includes left
edges 31, right edges 32, top edges 33, and bottom edges 34.
Prior art FIG. 2 depicts a wallbox 8 covered by a front surface
9 of a faceplate as part of an RF-controlled lighting control
device according to a traditional system. The system includes
a printed circuit board (PCB) antenna that fits behind a front
surface of the faceplate and within the area defined by the
faceplate. Prior art FIG. 3 shows a typical PCB antenna 24
that is used in traditional devices.

Prior art FIG. 4 illustrates an attempt to accommodate an
extended wire antenna 242. As illustrated in FIG. 4, the
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extended wire antenna 242 extends for several inches outside
of'awall-mounted electrical device, such as alighting dimmer
20. As illustrated, the extended wire antenna 242 that extends
from the lighting dimmer 20 is wrapped around the lighting
dimmer 20 in order to conceal the extended wire antenna
behind a faceplate 6 (indicated by the dashed lines). Such a
solution is not practical for use behind a metal-faced face-
plate, such as those typically found in residential kitchens and
bathrooms, commercial buildings, etc.

SUMMARY

An illustrative electrical device configured to install within
a wall mounted electrical box includes a bezel frame that fits
within a faceplate. The bezel frame includes an antenna ele-
ment.

Another illustrative electrical device includes an antenna
bezel frame. The antenna element is mounted within the
antenna bezel frame such that at least a portion of the antenna
bezel frame is located in front of a plane that contains a front
surface of a faceplate when the electrical device is installed.

An illustrative device kit includes a first antenna bezel
frame and a first antenna element. The first antenna element is
mounted to the first antenna bezel frame such that the first
antenna element is located a distance forward of a plane that
contains a front surface of a faceplate when the first antenna
bezel frame is installed in a field configurable electrical
device. At least a portion of the first antenna bezel frame that
includes the first antenna element protrudes through an open-
ing in the faceplate.

An illustrative process for controlling a load includes
receiving, at a first electrical device, a control signal with an
antenna element of the first electrical device. The antenna
element is mounted within a bezel frame of the first electrical
device such that the antenna element is located a distance
forward of a plane that contains a front surface of a faceplate
when the first electrical device is installed in a wallbox. Con-
trol information is obtained from the control signal using at
least a radio frequency circuitry component of the first elec-
trical device, where the radio frequency circuitry component
is in electrical communication with the antenna element. A
load in electrical communication with the first electrical
device is controlled based on the control information.

Other principal features and advantages will become
apparent to those skilled in the art upon review of the follow-
ing drawings, the detailed description, and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures further illustrate the present
invention. The components in the drawings are not necessar-
ily drawn to scale, emphasis instead being placed upon
clearly illustrating the principles of the present subject matter.
In the drawings, like reference numerals designate corre-
sponding parts throughout the several views.

Prior art FIG. 1 depicts a traditional wall mounted lighting
dimmer as might typically be found in residential construc-
tion.

Prior art FIG. 2 depicts a three-dimensional region avail-
able for mounting a traditional internal antenna of a light
dimmer.

Prior art FIG. 3 depicts a typical printed circuit board
antenna used in a traditional light dimmer

Prior art FIG. 4 depicts a light dimmer with an extended
wire antenna positioned behind a faceplate.
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FIG. 5 depicts a field configurable wall-mounted electrical
device with an external antenna bezel frame in accordance
with an illustrative embodiment.

FIG. 6 depicts the antenna element location of the wall
mounted electrical device of FIG. 5 in accordance with an
illustrative embodiment.

FIG. 7 depicts a magnified partial view of the antenna
element location ofthe wall mounted electrical device of FIG.
5 in accordance with an illustrative embodiment.

FIG. 8 depicts a measured antenna propagation pattern
about a vertical axis in accordance with an illustrative
embodiment.

FIG. 9 depicts a measured antenna propagation pattern
about a horizontal axis in accordance with an illustrative
embodiment.

FIG. 10 is an exploded view of a field configurable wall-
mounted electrical device in accordance with an illustrative
embodiment.

FIG. 11 depicts key capsule assemblies that may be
installed on a wall-mounted electrical device in accordance
with an illustrative embodiment.

FIG. 12 depicts various antenna configurations that may be
used with a wall-mounted electrical device in accordance
with an illustrative embodiment.

The following is a list of the major elements in the drawings
in numerical order.

3 faceplate

4 wall

5 electrical wallbox

6 faceplate in prior art configuration

7 wall in prior art configuration

8 electrical wallbox in prior art configuration

9 front surface of faceplate in prior art configuration

20 RF-controlled lighting dimmer in prior art configuration

24 printed circuit board antenna in prior art configuration

31 left edges of faceplate in prior art configuration

32 right edges of faceplate in prior art configuration

33 top edges of faceplate in prior art configuration

34 bottom edges of faceplate in prior art configuration

35 front surface of faceplate 3

41 back housing portion

42 support plate

61 rocker switch key capsule assembly

62 two-button key capsule assembly

64 four-button key capsule assembly

71 housing

72 electrical interface assembly

73 housing cover

74 antenna bezel frame

242 extended wire antenna in prior art configuration

618 rocker switch mechanical actuator

721 connector

722 radio frequency circuitry component

725 status indicator

728 push button switch

731 spring-loaded connector

732 spring-loaded connector

735 light pipes

739 fastening screw

741 air gap lever actuator

742 antenna element

942 monopole antenna element

943 loop antenna element

DETAILED DESCRIPTION

Reference will now be made to the illustrative embodi-
ments depicted in the drawings, and specific language will be
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used herein to describe the same. It will nevertheless be
understood that no limitation of the scope of the subject
matter described herein is thereby intended. Alterations and
further modifications of the embodiments illustrated and
described herein, and additional applications of the embodi-
ments illustrated and described herein, which would occur to
one skilled in the relevant art and having possession of this
disclosure, are to be considered within the scope of the sub-
ject matter described herein. Unless the context clearly
requires otherwise, throughout the description and the claims,
the words ‘comprise’, ‘comprising’, and the like are to be
construed in an inclusive sense as opposed to an exclusive or
exhaustive sense; that is to say, in the sense of “including, but
not limited to”.

In the last several years, wireless infrastructure has devel-
oped at a rapid pace. Residential home wireless networks are
now common place. Standards like “Bluetooth”, “Wi-Fi”,
“Zigbee”, and “Zwave” have been developed and each of
these standards allow multiple wireless devices, from various
vendors, to coexist. Advantageously, these new wireless stan-
dards typically operate in relatively high frequency bands,
such as the ISM band centered about 2.440 GHz, that have
correspondingly short wavelengths (e.g., V4 wavelength=1.2
inches). As such, the inventors have perceived that it is pos-
sible to design traditional antenna configurations (i.e. mono-
pole, dipole, etc.) within the physical dimensions of a resi-
dential single-gang wallbox for a device that operates in the
GHz range. At the relatively short Y4 wavelengths (A) associ-
ated with frequencies such as 2.440 GHz, special antenna
configurations such as the those used in the prior art can be
avoided.

As described above, the prior art antenna systems for wall-
mounted dimmers are located behind a front surface of the
faceplate and have a limited ability to transmit/receive due to
interference, poor reception, etc. In addition, because of the
low, static frequencies used in the prior art, existing devices
do not allow for field-modifying of an RF controlled device to
operate at a different operating frequency.

Described herein is a field configurable electrical device
such as a light dimmer where the antenna element and the
radio frequency (RF) circuitry component (or transceiver)
can be changed to an alternate operating frequency (i.e. 2.440
GHz, 3.670 GHz, 5.220 GHz, etc.) in the situation where
interference is experienced at a particular frequency. The RF
circuitry component can be in the form of a miniaturized
packaged configuration, such as a monolithic surface
mounted integrated circuit, so that design can be standardized
among various vendors and more complex circuitry can be
used. The antenna element is mounted to a bezel frame to
allow for rapid replacement of the antenna element (and bezel
frame) if a change in operating frequency is implemented. In
an illustrative embodiment, the bezel frame and the antenna
element mounted thereto extend outward from a front surface
of'afaceplate (through an opening in the faceplate) so that the
effect of surrounding metal, such as metal faceplates, and
other components on antenna performance is minimized. The
field configurable electrical device is also configurable in an
aesthetically pleasing manner in order to provide for a uni-
form look with other appliances. In alternative embodiments,
the electrical devices described herein may not be field con-
figurable.

Refer now to FIG. 5, which depicts components of an
illustrative field configurable electrical device. In an illustra-
tive embodiment, the field configurable electrical device can
be a local unit that is configured to receive control commands
directly from a user or remotely from a remote control (or
master) unit. The local unit is in electrical communication
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with a load (such as a light, fan, window blinds, etc.) to
control the load based on the control commands. Alterna-
tively, the field configurable electrical device can be a remote
control unit that is remotely located from the local unit and
that is used to provide RF signals to control the local unit
based on a user command received at the remote control unit.
Inanillustrative embodiment, the field configurable electrical
device is configured as a lighting dimmer having a rocker
switch actuator 618 installed within an antenna bezel frame
74. The rocker switch actuator 618 can be used to control the
on/off status of the load, a dimmer setting of the load, etc. The
antenna bezel frame 74 also incorporates an air gap lever
actuator 741 as known to those of skill in the art. In an
illustrative embodiment, the antenna bezel frame 74, the
rocker switch actuator 618, and/or the air gap lever actuator
741 can be fabricated from plastic, where the particular color
of the plastic is selected to aesthetically match an overall
installation. Alternatively, other materials may be used.

The antenna bezel frame 74 and the associated color-
matched elements are located in front of a housing 71 that
contains various electronic components, including control
circuitry that is used to control the load based on control
commands received through the rocker switch actuator 618 or
from a remote control unit. The control circuitry can include
and/or be in communication with a microprocessor as known
to those of skill in the art. In one embodiment, the control
circuitry may include a gated electronic switching device,
such as a triac, in order to control voltage going to the load.
Alternatively, other types of control circuits known to those of
skill in the art may also be used. The housing 71 also houses
an RF circuitry component 722 (illustrated in FIG. 10). The
RF circuitry component can be a receiver, a transmitter, or a
transceiver depending on the embodiment. A housing cover
73 is attached to the front of the housing 71 by screws 739 or
other suitable fastening means that may be known to those
skilled in the art. Spring-loaded connectors 731 and 732
provide an electrical connection between the RF circuitry
component 722 (which is internally mounted within the hous-
ing 71) and an antenna element 742 (not visible in FIG. 9)
through the housing cover 73. In alternative embodiments,
additional or fewer connectors may be used. In another alter-
native embodiment, the connectors may not be spring-loaded.

Light pipes 735 transmit light from status indicators, such
as light-emitting diodes (LED), located within housing 71,
for external visibility. The LEDs can indicate the dimmer
setting of the load, the on/off status of the load, the speed of
the load, etc. In one embodiment, a sensor assembly including
a sensor may be mounted within the antenna bezel frame 74.
The sensor can be configured to sense one or more environ-
mental parameters such as infra-red, ultrasonic, humidity,
temperature, ambient light, etc. In such an embodiment, the
LEDs and/or a liquid crystal display (or other type of display)
can be used to display the sensor reading(s).

The inventors have discovered that widespread develop-
ment of digital communication in the gigahertz (GHz) fre-
quency range provides many potential benefits, such as small
antenna size, immunity from electrical and triac switching
noise, and higher emitted power being allowed by regulatory
authorities such as the Federal Communications Commission
(FCC). The inventors have also discovered that these benefits
can be used in RF-controlled residential devices such as the
field configurable electrical device. In one embodiment, the
antenna element 742 is a % wavelength (A) ‘F’ type antenna
element developed to operate within an ISM frequency band
centered around 2.440 GHz. In other embodiments, the
antenna element 742 and the RF circuitry component 722 can
be designed to operate within other frequency bands, such

20

25

30

35

40

45

50

55

60

65

6

those centered about 3.670 GHz, 5.220 GHz, etc. Should
other gigahertz frequency bands become allocated for the
purpose of home automation, the antenna element 742 can be
adapted to be compatible with those bands. As discussed in
more detail with reference to FIGS. 8 and 9, the inventors
have embedded an antenna element into a bezel frame of a
prototype lighting dimmer as described herein, and have mea-
sured advantageous results.

In an illustrative embodiment, the antenna element 742 is
mounted to or within the antenna bezel frame 74 and is
connected to the RF circuitry component 722 (shown in FIG.
10) via the spring-loaded connectors 731 and 732. The
antenna element 742 can be mounted to or within the antenna
bezel frame 74 during or after manufacture by methods such
as press-fitting, in-place molding, one or more adhesives,
heat-staking, etc. In one embodiment, the antenna element
742 may be fabricated from conductive tape that is configured
to adhere to a surface of the antenna bezel frame 74. In an
illustrative embodiment, the antenna element 742 is mounted
such that the antenna element 742 is not visible when the field
configurable electrical device is installed in a wall mounted
electrical box. For example, the antenna element 742 can be
mounted so that at least a portion of the front surface (or front
portion) of the antenna bezel frame 74 covers the antenna
element 742 (i.e., the antenna element 742 may be molded
into the front surface of the antenna bezel frame 74 such that
the antenna element 742 is encapsulated within the antenna
bezel frame 74, the antenna element 742 may be mounted to
a rear side of the front surface of the antenna bezel frame 74,
etc.) Alternatively, the antenna element 742 may be visible to
a user through a transparent portion of the antenna bezel
frame 74, or the antenna element 742 may be mounted such
that at least a portion of the antenna element 742 is on a front
side of the front surface of the antenna bezel frame 74.

In contrast to some prior art implementations in which the
antenna is located behind one or more key capsules, the
antenna element 742 of the field configurable electrical
device is located to the side of the key capsules (or buttons),
which allows for the use of metallic decorative elements on
the key capsules where the use of such decorative elements
would not be practical using the antennas taught in the prior
art. In one embodiment, the key capsules used with the field
configurable electrical device may even be made from a
metal, such as aluminum. In prior art systems in which an
antenna is mounted behind the key capsule, a metal key
capsule would lead to interference and poor reception, and
would be impractical. Alternatively, plastic may also be used
for the key capsule(s).

Refer now to FIG. 6 which shows the antenna bezel frame
74 of the field configurable electrical device located in rela-
tive position to a faceplate 3 after a typical residential instal-
lation. More specifically, FIG. 6 shows the relative location of
the antenna element 742 portion (illustrated as a dashed line)
of the antenna bezel frame 74 with respect to the forward (or
front) surface 35 of the faceplate 3 after installation. In con-
trastto the prior art, the antenna element 742 is mounted to the
antenna bezel frame 74. In an illustrative embodiment, the
antenna element 742 is molded into the front surface of the
antenna bezel frame 74.

FIG. 7 illustrates further details, in a magnified cross-
sectional view, regarding an illustrative location of the
antenna element 742. As illustrated, a rear edge of the face-
plate 3 contacts the wall 4 on which the faceplate 3 is
installed. Also shown are details around the area where
antenna bezel frame 74 partially protrudes through the face-
plate 3. In an illustrative embodiment, the antenna element
742 is located, after installation, at a predetermined distance
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forward (or in front) of a plane that contains the front surface
35 of'the faceplate 3. The predetermined distance can be one
or more millimeters, one or more centimeters, etc. As used
herein, forward of the front surface of the faceplate can refer
to the antenna element 742 being positioned in a direction that
extends outward from the plane that contains the front surface
of the faceplate (and the wall on which the faceplate is
mounted) and into a room or space that is defined by the wall
4.

Refer now to FIG. 8, which depicts antenna propagation
measurements that illustrate the performance of a % wave-
length (M) F type antenna installed in the bezel of a prototype
lighting dimmer device. More specifically, FIG. 8 depicts a
measured antenna propagation pattern (vertical polarization)
about a vertical axis of the antenna element for a particular
external antenna bezel frame, and demonstrates the particu-
larly favorable characteristics that are obtained by locating
the antenna element forward of the front surface of the face-
plate. FIG. 8 illustrates the gain in dBi (decibels referenced
against an isotropic radiator), where the maximum gain is
6.02 dBi and the average gain is 0.15 dBi. FIG. 9 depicts a
measured antenna propagation pattern (vertical polarization)
about a horizontal axis of the antenna for the same particular
external antenna bezel frame. FIG. 9 illustrates the gain in
dBi, where the maximum gain is 2.82 dBi and the average
gain is —-0.81 dBi. FIG. 9 also demonstrates that the same
favorable characteristics are obtained by locating the antenna
element forward of the front surface of the faceplate.

The measured results illustrated in FIGS. 8 and 9 translate
into approximately a 50% theoretical improvement in RF
range as compared to any of the embodiments known in the
prior art. Those skilled in the art will recognize that the %
wavelength (A) F type antenna used in the prototype has
approximately a 2 decibel (dB) gain advantage over a mono-
pole antenna in a similar configuration.

In an illustrative embodiment in which the field config-
urable electrical device is a local unit, the antenna element
742 can be used to communicate with a remote device such as
a remote control (i.e., master) field configurable electrical
device or a separate local field configurable electrical device.
For example, a remote control field configurable electrical
device can be used to control the lighting within a house,
room, or building. The remote control field configurable elec-
trical device can communicate with the local field config-
urable electrical device via the antenna element 742. The
remote control field configurable electrical device can, in
response to a user command, transmit a control signal to the
antenna element 742 such that a user can remotely control the
load (i.e., turn the load on/off, adjust the speed of the load,
adjust a dimmer setting of the load, etc.). The control signal is
received by the antenna element and provided to the radio
frequency circuitry component 722 through the spring-
loaded connectors 731 and 732. Control information can be
obtained from the control signal using the RF circuitry com-
ponent 722 and/or other components such as a microproces-
sor, etc. by any method known to those of skill in the art.
Control circuitry can be used to control the load based on the
control information. Status information can also be transmit-
ted by the antenna element 742 of the local field configurable
electrical device to an antenna element of the remote control
field configurable electrical device to provide the remote con-
trol field configurable electrical device with a status of the
local field configurable electrical device. For example, the
local field configurable electrical device may transmit infor-
mation regarding a most recent command received at the local
field configurable electrical device (regardless of whether the
command originated at the local unit or the remote control
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unit). The remote control unit can receive the status informa-
tion and update a display (such as one or more LEDs, a liquid
crystal display, etc.) that presents the status of the local unit.

In an illustrative embodiment, the field configurable elec-
trical devices described herein can be configured to be nodes
of a mesh network. A wireless network based on the IEEE
802.11b/g standard typically has each node in the network
communicate with a central source, which is typically part of
a wired network. In contrast, each node in a mesh network can
communicate with other nodes in the network. In one
embodiment, every node in the mesh network can communi-
cate with every other node. In another embodiment, nodes can
communicate with other intermediary nodes in the mesh net-
work that are not within radio frequency range. As such,
devices which are remotely located from one another (i.e., out
of'range) may be able to communicate to one another through
other devices in the mesh network.

FIG. 10 is an exploded view of a field configurable wall-
mounted electrical device incorporating an external antenna
bezel frame in accordance with an illustrative embodiment. A
mechanical actuator, such as the rocker switch actuator 618,
is installed within the antenna bezel frame 74, which can be
color matched. The antenna bezel frame 74 is located in front
of the housing 71.

The housing 71 further comprises the housing cover 73, an
electrical interface assembly 72, a support plate 42, and a
back housing portion 41. The support plate 42, which can be
formed from a material having a high thermal and electrical
conductivity, such as aluminum, can be used to dissipate heat
from the triac or other control circuitry components. The
support plate 42 can also act to provide RF shielding between
the antenna element and other electronics components
mounted within the housing 72.

The electrical interface assembly 72 includes the RF cir-
cuitry component 722, status indicators 725 (such as LEDs),
pushbutton switches 728, and a connector 721 to connect with
the remainder of the electrical components that are mounted
in the back housing portion 41. Advantageously, adding the
connector 721 to the electrical assembly 72 allows for easy
change-out or replacement of the RF circuitry component
722. The housing cover 73 includes light pipes 735 to transmit
light from the status indicators on the electrical interface
assembly 72 to a user of the device through the antenna bezel
frame 74. The housing 71 may further house a power supply
circuit (and/or regulator) as known to those of skill in the art.
The power supply circuit can be wired in parallel with a
controlled load and that is directly connected to electrical
neutral. Alternatively, the power supply circuit may be wired
in series with the controlled load and may be connected to
electrical neutral only through the controlled load. Alterna-
tively, any other wiring configuration known to those of skill
in the art may be used.

The housing 71 may further house a computer-readable
medium, such as a tangible memory, that is configured to
store computer-readable instructions. The computer-readable
instructions can be executed by a microprocessor and/or other
components of the field configurable electrical device. Upon
execution, the computer-readable instructions can cause the
field configurable electrical device to perform any of the
operations described herein, such as controlling the load,
extracting control information from a control signal, gener-
ating status information to be transmitted, etc.

FIG. 11 depicts various key capsule assemblies that may be
installed within a wall-mounted electrical device in accor-
dance with an illustrative embodiment. In alternative embodi-
ments, different key capsule (or button) configurations may
be used. In order to perform simple up-down light dimming
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functions, an embodiment of the field configurable electrical
device can incorporate the rocker switch actuator 618 (as part
of a rocker switch key capsule assembly 61) and/or a two-
button mechanical actuator as part of a two-button key cap-
sule assembly 62. In order to perform multiple functions,
such as light dimming and window shade control, a further
embodiment of the field configurable electrical device can
incorporate a four-button mechanical actuator as part of a
four-button key capsule assembly 64. As described herein, the
wall-mounted electrical devices can be configured in the
field, such as by an installation technician, in order to accom-
modate many site-specific requirements. Field configuration
can include installation of an appropriate key capsule con-
figuration based on the type of load, the available settings for
the load, etc. Advantageously, such field configurability
allows an installation technician to adapt the electrical device
to changing field requirements (or design specifications).

In one embodiment, the field configurable electrical device
can be provided as a kit that includes at least two bezel frames,
where each of the bezel frames has a mounted antenna ele-
ment that operates at a different operating frequency. The kit
can also include at least two radio frequency circuitry com-
ponents that correspond to the at least two operating frequen-
cies of the antenna elements. As such, in the event of noise or
signal interference, a user can replace the first bezel frame
(and antenna element) and the first RF circuitry component
operating at a first frequency with the second bezel frame (and
antenna element) and the second RF circuitry component
operating at a second frequency. Additional sets of bezel
frames and RF circuitry components may also be included in
the kit. As an example, RF interference may result from the
use of the field configurable electrical device with a first bezel
frame (including a first antenna element) and a first RF cir-
cuitry component that operate at a first frequency of 2.440
GHz. To eliminate the RF interference, the first bezel frame
(and the first antenna element) and the first RF circuitry
component can be replaced with a second bezel frame (in-
cluding a second antenna element) and a second RF circuitry
component which operate at a second frequency of 3.670
GHz. In one embodiment, the kit can also include a plurality
of key capsule configurations.

FIG. 12 depicts various antenna configurations used in
illustrative embodiments of the field configurable electrical
device. A vertically oriented F type antenna element 742
installed within the antenna bezel frame 74 is used in an
illustrative embodiment, although other antenna configura-
tions are also contemplated by the inventors. For example,
two alternate embodiments use a monopole antenna element
942 and a loop antenna element 943, respectively. Advanta-
geously, each of these alternate antenna element configura-
tions uses the same spring-loaded connectors 731 and 732
that extend through the housing cover 73. However, the exact
positioning of the spring-loaded connectors 731 and 732 are
dependent on the specific antenna element and the operating
frequency. In alternative embodiments, different antenna
configurations may also be used.

Although dimmers have specifically been mentioned, addi-
tional embodiments can include other devices mounted in an
electrical wallbox, such as keypads.

The embodiments described herein solve the aforemen-
tioned problems in the prior art and have wide ranging indus-
trial applicability. The field configurable electrical devices
are modular to help prevent and avoid RF interference. The
field configurable electrical device also utilize an antenna
element configuration that results in improved reception and
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transmission. The antenna element configuration, along with
the frequency ranges used, also contribute to devices that are
aesthetically pleasing.

The following is a list of the acronyms/abbreviations/sym-
bols used in the specification in alphabetical order.

AC alternating current

dB decibel

FCC Federal Communications Commission

GHz gigahertz

ISM instrument, scientific, and medical (RF band)

LAN local area network

LED light emitting diode(s)

MHz megahertz

NEMA National Electrical Manufacturers Association

PCB printed circuit board

RF radio frequency

VAC volts, alternating current

A wavelength

The foregoing description of illustrative embodiments has
been presented for purposes of illustration and of description.
It is not intended to be exhaustive or limiting with respect to
the precise form disclosed, and modifications and variations
are possible in light of the above teachings or may be acquired
from practice of the disclosed embodiments. It is intended
that the scope of the invention be defined by the claims
appended hereto and their equivalents.

What is claimed is:

1. An electrical device, comprising:

(a) a bezel frame configured to fit within a faceplate,

wherein the bezel frame includes an antenna element;

(b) a radio frequency circuitry component in electrical
communication with the antenna element and config-
ured to receive a control signal from the antenna ele-
ment;

(c) a housing having a housing cover, wherein the housing
cover is located between the antenna element and the
radio frequency circuitry component; and

(d) one or more connectors configured to place the antenna
element and the radio frequency circuitry component in
electrical communication, wherein the one or more con-
nectors protrude through the housing cover.

2. The electrical device of claim 1, wherein the one or more

connectors comprise spring loaded connectors.

3. The electrical device of claim 1, further comprising a
power supply located in the housing, wherein the power sup-
ply is wired in series with a controlled load, and wherein the
power supply is connected to electrical neutral through the
controlled load.

4. The electrical device of claim 1, wherein the antenna
element and the radio frequency circuitry component operate
at a frequency, and wherein the frequency is in the gigahertz
range.

5. The electrical device of claim 1, wherein the antenna
element is mounted to the antenna bezel frame via press-
fitting, in-place molding, one or more adhesives, or heat-
staking.

6. The electrical device of claim 1, wherein the antenna
element is fabricated from conductive tape.

7. The electrical device of claim 1, wherein the antenna
element is molded into a front surface of the bezel frame.

8. A device kit, comprising:

(a) a first antenna bezel frame; and

(b) a first antenna element mounted to the first antenna
bezel frame such that the first antenna element is located
adistance forward of a plane that contains a front surface
of a faceplate when the first antenna bezel frame is
installed in a field configurable electrical device; and
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wherein at least a portion of the first antenna bezel frame
that includes the first antenna element is configured to
protrude through an opening in the faceplate.

9. The device kit of claim 8, further comprising:

(a) afirst radio frequency circuitry component correspond-
ing to the first antenna element, wherein the first antenna
element and the first radio frequency circuitry compo-
nent operate at a first frequency;

(b) asecond antenna bezel frame, at least a portion of which
is configured to protrude through an opening in the face-
plate, and a second antenna element mounted to the
second antenna bezel frame such the second antenna
element is located at least the distance forward of the
plane that contains the front surface of the faceplate
when the second antenna bezel frame is installed in the
field configurable electrical device; and

(c) a second radio frequency circuitry component corre-
sponding to the second antenna element, wherein the
second antenna element and the second radio frequency
circuitry component operate at a second frequency.

10. The device kit of claim 9, wherein the first antenna
element and the second antenna element are fabricated from
conductive tape.

11. The device kit of claim 9, wherein the first antenna
element is molded into a front surface of the first antenna
bezel frame.

12. The device kit of claim 9, further comprising:

(a) a housing having a housing cover, wherein the housing
cover is located between the first antenna element and
the first radio frequency circuitry component when the
first antenna element and the first radio frequency cir-
cuitry component are installed in the field configurable
electrical device; and

(b) one or more connectors configured to place the first
antenna element and the first radio frequency circuitry
component in electrical communication when the first
antenna element and the first radio frequency circuitry
component are installed in the field configurable electri-
cal device, wherein the one or more connectors protrude
through the housing cover.

13. The device kit of claim 12, wherein the one or more

connectors comprise spring-loaded connectors.
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14. The device kit of claim 9, wherein the first antenna
element comprises one of an F type antenna element, a mono-
pole antenna element, or a loop antenna element.

15. The device kit of claim of claim 9, wherein the first
frequency is different than the second frequency, and wherein
the first frequency and the second frequency comprise one of
2.440 gigahertz (GHz), 3.670 GHz, or 5.220 GHz.

16. An electrical device, comprising:

(a) a bezel frame configured to fit within a faceplate,

wherein the bezel frame includes an antenna element;

(b) a radio frequency circuitry component in electrical
communication with the antenna element and config-
ured to receive a control signal from the antenna ele-
ment;

(c) a housing having a housing cover, wherein the housing
cover is located between the antenna element and the
radio frequency circuitry component; and

(d) one or more connectors configured to place the antenna
element and the radio frequency circuitry component in
electrical communication;

(e) wherein the one or more connectors protrude through
the housing cover; and

() wherein the one or more connectors comprise spring
loaded connectors.

17. The electrical device of claim 16, further comprising a
power supply located in the housing, wherein the power sup-
ply is wired in series with a controlled load, and wherein the
power supply is connected to electrical neutral through the
controlled load.

18. The electrical device of claim 16, wherein the antenna
element and the radio frequency circuitry component operate
at a frequency, and wherein the frequency is in the gigahertz
range.

19. The electrical device of claim 16, wherein the antenna
element is mounted to the antenna bezel frame via press-
fitting, in-place molding, one or more adhesives, or heat-
staking.

20. The electrical device of claim 16, wherein the antenna
element is fabricated from conductive tape.
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1
SELF-INSTALLABLE SWITCHABLE
ANTENNA

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 11/609,722 entitled “Self-Installable Switchable
Antenna” filed Dec. 12, 2006, and claims priority to U.S.
provisional patent application Ser. No. 60/749,401, filed Dec.
12, 2005, entitled “Design of a System and Method for Swit-
chable Antenna Selection Based on an Optimized Configu-
ration,” and U.S. provisional application Ser. Nos. 60/763,
196, filed Jan. 27, 2006, and 60/774,428 filed Feb. 17, 2006,
both entitled “Design of a Self-Installable System and
Method for Switchable Antenna Selection Based on a Quality
Ranking of OFDM and OFDMA Signals” all of which are
hereby incorporated by reference in their entirety.

BACKGROUND

1. Field of the Invention

This invention relates to multi-antenna systems for com-
munication systems and more particularly to selection of
antenna within a multi-antenna system for use in communi-
cation systems.

2. Description of Related Art

A conventional wireless communication system facilitates
two-way communication between a plurality of subscriber
units and a wireless network infrastructure. Typically the
wireless infrastructure is fixed and the subscriber units can be
fixed or mobile, or a combination of both fixed and mobile. A
typical environment where a wireless network operates
includes many structures and obstructions that can block or
reflect the wireless signal as it propagates between the sub-
scriber units and the infrastructure. For example, as the signal
propagates it may be reflected off of walls, people or other
obstacles within the wireless environment. As the signal
propagates, and is reflected, it may arrive at a receiver from a
different angle than a direct path between the transmitter and
receiver.

The wireless environment also changes over time. For
example, in a wireless LAN, the obstacles within the envi-
ronment move, such as people walking, or furniture or equip-
ment being moved. In addition, if the wireless receiver or
transmitter are mobile, their movement also changes the loca-
tion of the obstacle relative to the receiver or transmitter. As
the wireless environment changes so does the path that a
signal takes as it propagates through the environment. The
change in propagation path means that it is unknown what
direction the signal will arrive at the receiver from a transmit-
ter.

FIG.1is adiagram of an example wireless network 100. As
shown in FIG. 1, the wireless network includes a transmitter
102 and a receiver 104. In a typical environment where a
wireless network 100 operates there are also obstacles 106. In
an outdoor environment, examples of obstacles 106 include
people, buildings, cars, trees, etc. In an indoor environment
some examples of obstacles 106 include walls, people, furni-
ture, equipment, people, etc. As noted above, the environment
also changes over time and the obstacles 106, transmitter 102,
or receiver 104, move in relation to each other.

As illustrated in FIG. 1, as the radio signal propagates
between from the transmitter 102 and is received at an
antenna 120 of the receiver 104 it can be blocked, and
reflected by the obstacles 106 in the surrounding environ-
ment. The example illustrated in FIG. 1 may be referred to as
anon-line of sight (NLOS) propagation environment because
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the direct line-of-sight (LOS) path 110 is blocked by one of
the obstacles 106. Likewise other instances of the signal
propagate through the environment, being reflected off of
obstacles and traveling various different paths. Four
examples of these “multipath” signals 110,112, 114, and 116
are illustrated in FIG. 1. As shown in the example of FIG. 1,
the multipath signals can arrive at the receiver 104 from
different directions.

To account for this unknown direction of the receive signal,
many wireless devices use an omni direction antenna. While
an omni directional antenna can receive signals from any
direction, the received signal is not optimal because there is
no antenna gain. A directional antenna has antenna gain over
an omni antenna, but because it is directional it can only
receive signals from a particular direction. However, because
the wireless environment may be changing a fixed directional
antenna may not provide adequate performance.

A technique used to enhance the performance of direc-
tional antennas is an antenna switching system. A typical
antenna switching system includes multiple antennas, or
antenna elements, arranged in a pattern that enables reception
of a signal from any direction. With the antenna switching
system, individual antenna elements may be selected such
that the antenna “pointed” in the direction of the received
signal is selected for use.

Therefore, there is a need for methods and apparatus to
optimize antenna selection in a multi-antenna system.

SUMMARY

The systems and methods have several features, no single
one of which is solely responsible for its desirable attributes.
Without limiting the scope as expressed by the claims which
follow, its more prominent features will now be discussed
briefly. After considering this discussion, and particularly
after reading the section entitled “Detailed Description” one
will understand how the features of the system and methods
provide several advantages over traditional framing tech-
niques.

In accordance with the invention, it is desirable to optimize
an antenna system diversity in Non Line-of-Sight (NLOS) or
Obstructed Line-of-Sight (OLOS) propagation environments
when two or more receive antennas are employed. In other
words, it is desirable to optimize spatial diversity for systems
that employ one or more antenna feeds that are operating in
heavy multipath fading environments. It is also desirable to
provide characteristics of omni-directional antenna coverage
in NLOS or OLOS environments while also increasing the
system gain. The system is self-installable in customer pre-
mises equipment (CPE) or Subscriber Station (SS), espe-
cially in NLOS environments where a direct antenna align-
ment is not possible by optical means. The system is also
adaptive to support antenna alignment for time-varying
NLOS or OLOS propagation environments.

In one aspect, a method of selecting a combination of
antennas from a plurality of antennas includes selecting one
antenna that is part of an array of antennas. Then measuring
characteristics of radio signals received at the antenna. The
selection and measuring of characteristic is repeated for a
desired number of antennas in the array, then the measure-
ments are combined and ranked. From the ranking a combi-
nation, or set of combinations, of antennas are selected foruse
during operation of a radio system.

The radio signals may be orthogonal frequency division
multiplexed (OFDM) signals. Also, measuring characteris-
tics of the radio signal includes, for example, measuring a
degree of correlation of an amble (a preamble, midamble, or
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a postamble) in the signal to a known amble, combining
signals received from two or more antennas and then measur-
ing a degree of correlation of an amble in the combined signal
to a known amble, measuring an error vector measurement, a
signal to noise ratio, a carrier to signal ratio, or a signal fade
measurement.

In another aspect, an antenna system includes a plurality of
antennas. The system also includes a switch matrix in com-
munication with the plurality of antennas and adapted to
couple a selected antenna to a switch output. A radio module
is in communication with the switch output and adapted to
receiveradio frequency signals. There is a measurement mod-
ule in communication with the radio module, the measure-
ment module is adapted to measure characteristics of the
radio frequency signals received by the radio module. And a
control module that is adapted to receive the measured char-
acteristics and to control selection of which of the plurality of
antennas is coupled to the switch output of the switch matrix.

The control module can select antennas one at a time, or
simultaneously, and rank the antennas based upon a combi-
nation of the measurements of the individual antennas. Then
the control module selects a combination of antennas, or a set
of'antennas combinations, for use during an operational phase
based upon the rankings The antenna system can also include
a second switch output, and a second radio module in com-
munication with the second switch output. In this configura-
tion, the control module selects one antenna, or set of anten-
nas whose signals are combined, to be communicatively
coupled to the first radio module and a second antenna, or set
of antennas whose signals are combined, to be communica-
tively coupled to the second radio module. Any desired num-
ber switch outputs and radios can be used.

Other features and advantages of the present invention
should be apparent from the following description which
illustrates, by way of example, aspects of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of an example wireless network.

FIG. 2 is a diagram of an example multi-antenna module
that can be used at a receiver.

FIG. 3 is a diagram of a wireless network illustrating
aspects of the invention.

FIG. 4 is a diagram of another example multi-antenna
module that can be used at a receiver.

FIG. 5 is a functional block diagram of an embodiment of
an antenna system.

FIG. 6 is aflow diagram illustrating selection of antennas in
a multi-antenna array.

FIG. 7 is a set of charts graphically illustrating the relative
“performance” of the individual antennas.

FIG. 8 is a set of charts graphically illustrating the relative
“performance” of the various combinations of antennas.

DETAILED DESCRIPTION

After reading this description it would become apparent to
one skilled in the art how to implement the invention in
various alternative embodiments and alternative applications.
However, although various embodiments of the present
invention will be described herein, it is to be understood that
these embodiments are presented by way of example only,
and not limitations. As such, this detailed description of vari-
ous embodiments should not be construed to limit the scope
or breadth of the present invention.

It is desirable to optimize an antenna systems diversity in
Non Line-of-Sight (NLOS) or Obstructed Line-of-Sight
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(OLOS) propagation environments when two or more receive
antennas are employed. In other words, it is desirable to
optimize spatial diversity for systems that employ one or
more antenna feeds that are operating in heavy multipath
fading environments. It is also desirable to provide character-
istics of omni-directional antenna coverage in NLOS or
OLOS environments while also increasing the system gain.
The system should be self-installable in customer premises
equipment (CPE) or Subscriber Station (SS), especially in
NLOS environments where a direct antenna alignment is not
possible by optical means. There is also a need for adaptive
antenna alignment for time-varying NLOS or OLOS propa-
gation environments.

FIG. 2 is a diagram of an example multi-antenna module
200 that can be used at a receiver. In the example antenna
module 200 shown in FIG. 2, there are four directional anten-
nas 202, 204, 206, and 208, each configured to receive or
transmit signals in approximately a 90 degree sector. Selec-
tion which of the antennas 202, 204, 206, and 208, to activate
during operation of a radio system, such as during reception
ortransmission of signals can improve the performance of the
radio system.

FIG. 3 is a diagram of a wireless network illustrating
aspects of the invention. FIG. 3 is similar to FIG. 1, with the
antenna 120 at the receiver 104 replaced with the antenna
module 200 of FIG. 2. In the example of FIG. 3, the multipath
signals 112, 114, 116, and 118 that arrive at the antenna
module 200, arrive at different antennas 202, 204, 206, and
208 ofthe antenna module 200. Because the multipath signals
112, 114, 116, and 118 are typically of differing “quality” it
may be preferred to receive selected versions of the multipath
signals, and discard the others. For example, the multipath
signal 112 is only reflected once before it is received at
antenna 202, while multipath signal 116 is reflected five times
before it is received at antenna 206. Likewise multipath sig-
nals 114 and 118 are reflected twice before being received at
antennas 204 and 208 respectively.

Because the multipath signals 112, 114, 116, and 118 each
travel different paths they will generally undergo differing
amounts of degradation or distortion. For example, multipath
signal 112 may undergo the least degradation because it is
only reflected once. While multipath signals 114 and 118 are
both reflected twice, multipath signal 114 may undergo less
degradation because it travels a shorter overall path length
than multipath signal 118. And, multipath signal 116 may
undergo the most degradation because it is reflected five
times. Because the multipath signals arrive at the antenna
after undergoing differing amounts of degradation the signals
will be of different “quality.” Thus, it may be preferred to only
activate selected antennas and deactivate other antennas.

FIG. 4 is a diagram of another example multi-antenna
module 400 that can be used at a receiver. In this example
antenna module 400, the antenna system includes eight direc-
tional antennas 402, 404, 406, 408, 410, 412, 414, and 416
each configured to receive signals from approximately a 45
degree sector. Selection of which of the antennas are active
can improve the performance of a receiver. Each of the anten-
nas in antenna module 400 cover a small sector thereby
increasing the antenna gain over the antennas in antenna
module 200 of FIG. 2. While FIGS. 2 and 4 illustrated four
antennas and eight antennas, any desired number of antennas
may be used.

Multi-antenna modules, such as illustrated in FIGS. 2 and
4 also provide spatial diversity. Using spatial diversity,
incoming signals from two or more spatially diverse antennas
are combined mathematically to produce a signal that is of
better quality than either of the two individual signals from
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the antennas. A selectable antenna array can be used to opti-
mize spatial diversity while also enabling a user-installable
antenna. The selection criteria may be based on choosing an
optimal pair, or set, of receive antennas which will maximize
the performance of the combining scheme.

FIG. 5 is a functional block diagram of an embodiment of
an antenna system 500. The antenna system 500 can support
MIMO (multiple-in multiple-out) technology. The antenna
system 500 includes a plurality of configurable antennas 502-
508. Although four configurable antennas are depicted, more
or fewer such elements can be used. An antenna switch matrix
510 communicatively couples selected antennas 502-508 to a
radio module 512.

The radio module 512 receives radio frequency (RF) sig-
nals from the selected antenna 502-508, demodulates the
received signal and communicates a baseband signal to data
interface module 514. The radio module 512 also receives
baseband signals from the data interface module 514, modu-
lates the baseband data and communicates an RF signal to the
selected antenna 502-508. The radio module 512 is also com-
municatively coupled to a measurement module 516. As
described further below, the measurement module 516 evalu-
ates characteristics of the signal received by the radio from the
selected antenna. For example, the measurement module 614
may determine the power level, or degree of correlation, or
other characteristic of the received signal.

In one embodiment, during a selection operation of the
antenna system, signals from desired antennas 502-508 are
communicated to the radio module 512. An output of the
radio module is in communication with the measurement
module 516. For example, signals from each available
antenna 502-508 can be communicated, one at a time, to the
radio module 512 where the signal is communicated to the
measurement module 516. The measurement module 516
analyzes the received signal to determine a “quality” of the
signal. In one example, each antenna signal is communicated
to the radio module 512 for a period long enough to capture at
least an amble (preamble, postamble, midamble) from the
signal received from the respective antenna. The measure-
ment module 516 then analyzes the signal to determine its
quality by measuring the degree of correlation of the received
amble(s) with known reference amble signal(s). The amble
correlation can be used as a criterion for received signals
assigned to the same transmitter, or base station, for ranking
the quality of the antenna feeds. A Base Station Identification
(BSID) may be used to make a decision between two received
signals with the same degree of amble correlation, transmit-
ted by different base stations or peer subscriber stations (SS).

The measurement module 516 communicates the deter-
mined signal quality for each antenna selected to control
module 518. The control module 518 communicates with the
antenna switch matrix 510 to selective couple a desired
antenna to the radio module 512. As described further below,
the control module 518 evaluates the signal quality received
from the measurement module 516 for each antenna 502-508
selected. After evaluating a desired number of antennas 502-
508, the control module 518 can select antennas to couple to
radio modules 512 and 520 during operation. It is noted that
the control module 512 also controls the antenna switch
matrix to selectively couple the antennas 502-508 to the radio
module 512 during the selection phase.

The control module 518 evaluates various combinations of
antenna signals to determine preferred antenna combinations.
As described further below, the control module 518 uses
various analysis techniques to evaluate which combination of
antenna signals provides a preferred characteristic, for
example, the “flattest” response. In one embodiment, the
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various combination of antenna signals are raked by deter-
mining a “measurement” of the combinations’ performance
relative to other combinations. Table 1 below is an illustrative
example of possible rankings for five antenna array where itis
desired to determine the optimal combination of two antennas
within an array of five antennas. In Table 1, a value closer to
“1” represents enhanced performance over a value closer to
“«

TABLE 1
Antenna 1 Antenna? Antenna3 Antenna4 Antennal

Antenna 1 0.8 0.9 0.3 0.1
Antenna 2 0.8 0.3 0.3 0.2
Antenna 3 0.9 0.3 0.2 0.4
Antenna 4 0.3 0.3 0.2 0.6
Antenna 5 0.1 0.2 0.4 0.6

The values listed in Table 1, which are merely illustrative,
show that in this example the combination of signals from

antennas 1 and 3 are preferred over the other combinations of
antennas. The example illustrated in Table 1 evaluated the
combinations of only two antennas. In other examples, any
number of desired antennas may be combined and the com-
binations evaluated for performance.

Returning to FIG. 5, signals from each of the desired anten-
nas 502-508 can be sampled, one at a time, and then the
samples combined to evaluate the performance of the com-
bination. In another embodiment, samples from multiple
antennas may be sampled at the same time, and then the
samples combined to evaluate the performance of the com-
bination. For example, if combinations of two antennas are
being evaluated, then using a second radio module 520 in
addition to the first radio module 512, two antennas can be
sampled simultaneously. For example a first antenna 502
signal can be communicated to the first radio module 512
while at the same time a second antenna 506 signal can be
communicated to the second radio module 520. The radio
signals from the two radio modules 512 and 520 can be
communicated to the measurement module 516 where a qual-
ity of the two signals is determined and communicated to the
control module 518. While the example shown in FIG. 5 has
only two radio modules, any desired number of radio module
may be used to acquire a desired number of samples simul-
taneously.

The antenna system 500 can be selectively configured in
response to control signals to create different antenna con-
figurations which can include different antenna patterns. By
selecting one or more antennas 502-508, the antenna system
can direct or steer the gain of the overall antenna system 500.

A system can require one receive antenna feed like in
Multiple In Single Out (MISO) or Space Time Coding (STC)
2x1 selection spatial diversity configurations or two or more
receive feeds like in Multiple In Multiple Out (MIMO) or
STC 2x2 receive configurations. During an operational
phase, depending on whether the system requires a single
antenna feed or multiple antenna feeds, the highest-ranking
antenna feeds determined during the selection phase can be
enabled and the other antennas in the array disabled. If the
system is a multiple antenna system, combining techniques
can be applied to the plurality of signals to form an input
signal for the receiver.

For example, in a NLOS environment the direction of the
best performance Radio Frequency (RF) energy is unknown
due to the multiple reflections and/or diffractions. As illus-
trated in FIG. 3, the “best” performance RF signals could
arrive atthe receiver from unpredictable directions. Therefore
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360 degrees of antenna coverage is desirable. However, using
an omni directional antenna may not be an optimal solution
considering the low antenna gain associated with this type of
antenna. Therefore, sectorized coverage may be used to help
optimize the system gain, using spatial combining schemes.
Returning to FIG. 3, the antenna system 200 includes four
antennas 202-208, each having a 90 degree horizontal cover-
age pattern. The received signals that offer the best spatial
combining performance could be received, for example, on
the antennas 202 and 206 aligned opposite to each other, or
any other combination of antennas.

System gain can be increased further if more complex
antenna systems are employed. For example, using an eight-
antenna system 400 as illustrated in FIG. 4 can provide
increased gain. As an example, the best RF signals could be
received on the antennas 404 and 414 each having a 45 degree
horizontal coverage pattern and a corresponding increase in
gain. Although the examples illustrated in FIGS. 2 and 4
shown antenna arrays with each antenna in the array having
the same coverage pattern, other configurations are possible.
For example, an antenna system can include antennas with
differing coverage patterns such as some elements having 90
degree coverage patterns and other antennas having 45 degree
coverage pattern, or any other combination of desired cover-
age patterns.

In addition, the selection phase, or process, may be used
periodically to account for changes in the propagation envi-
ronment and the related signal degradation as monitored by
anupper layer application (Data Link Layer). For example, an
environment that has a high rate of change may require a
higher antenna re-selection rate be used than that required in
a fixed environment.

Using the techniques for antenna selection described can
significantly improve the operation of RF systems operating
in heavy NLOS multipath environments. For example, if a
multiple antenna system is an array of 90-degree sector anten-
nas, the gain is typically 10-12 dB higher than a single omni
antenna, based on the H polarity gain difference for the same
vertical beam angle of the corresponding radiation pattern. It
should be noted that insertion losses in an antenna switch used
to selectan antenna could degrade the receiver’s related noise
figure and therefore lower the system gain. The expected
system gain improvement is:

ASysGain=Gy; o005~ Cr_onmrLs Equation 1

where:
ASysGain: is the system gain difference between the SS
operation based on selection of'a 90 degree sector antenna and
an omni-directional antenna with the same vertical angle of
the corresponding radiation pattern.
Gy _ooueg: 18 the horizontal antenna gain for a 90 degree
sectorial antenna based on a same vertical radiation pattern
angle, expressed in dBi.
Gy oamy 18 the horizontal antenna gain for an omni-direc-
tional antenna based on the same vertical radiation pattern
angle, expressed in dBi.
Lg: is the aggregate insertion losses for the operational fre-
quency of the antenna switch, expressed in dB.

Using Equation 1, in one example where G g6,4,,=14 dBi,
Gy oan=4 dBi and Lg =2 dB, the expected delta system

gain improvement is:
ASysGain>=8 dB

Various other techniques can be used to determine which
antenna, or set of antennas to select. For example, one tech-
nique is to examine a signal from each antenna individually.
An amble signal can be compared with a known amble signal
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by a correlation process. Then a measure of correlation for
each antenna is used to compare performance of the indi-
vidual antennas and to select the one, two, or more “best”
candidates for selection. If there are M antennas available in
the system, then there would be M correlation operations.

In one embodiment, cross-correlation of the incoming sig-
nal against a known sequence is performed. The cross-corre-
lation operation results in a peak corresponding to the quality
of the incoming amble signal. In the example where two
signals are to be used, the tallest two peaks are used. Another
property of the correlation technique is that multipath reflec-
tions result in secondary, tertiary, and sometimes other cor-
relation peaks. Detection of significant peaks outside of the
expected correlation peak indicate strong multipath and could
be used to rule out a given element. In one example, selection
could be performed by measuring the normalized magnitude
of the main correlation peak, then measuring the magnitude
of the next largest peak and recording the difference. Corre-
lation for a single element is performed as follows:

N-m-1 Equation 2

Yo = > Xyl
n=0
where N is the length of the correlation sequence.

The peak value is detected and a normalization process is
used to ensure comparison between elements is on the same
scale. This results in a single numerical value that represents
element signal quality based on correlation. For single-output
applications, the element with the highest numerical value is
selected.

Another technique that can be used to determine which
antenna, or set of antennas, to select combines the received
signals from two or more elements before performing the
correlation measurement. The correlations from different
combinations are then used to determine the “best” candidate
combinations for selection. In this scenario, if there are M
antennas available in the system and N output streams, this
requires ,,C,, correlation operations. For example, if there is
an eight antenna array, and it is desired to select one two
antenna set, then there would be 28 correlation operations.

Still other techniques for determining which antenna, or set
of antennas, to select may be based on the time domain signal
for a simple determination of “best” antenna combination in
an array. For example, evaluation various antenna combina-
tions to determine characteristics of the combination, such as,
average received power of the incoming signal, signal-to-
noise ratio (SNR), etc.

In addition, using properties of an Orthogonal Frequency
Division Multiplex (OFDM) signal, antenna comparisons
may be made in the frequency domain. For example, an amble
sequence from each antenna may be converted to the fre-
quency domain using a discrete Fourier transform (DFT) or
some other equivalent process. The quality of the signal may
then be determined using, for example, an error vector mag-
nitude measurement, signal-to-noise ratio (SNR), carrier-to-
signal ratio (CIR), signal fade measurement, or some other
metric or combination of metrics. Two or more “best” candi-
dates can then be selected based on the determined quality of
the signal. Using this technique, if there are M antennas
available in an array, then there would be M frequency
domain measurement operations.

As with the above frequency domain signal performance
measurements, an amble sequence can be converted to the
frequency domain using a discrete Fourier transform (DFT)
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or some other equivalent process. If there are M input array
antennas and N required output streams, N combinations of
the M input streams are combined before the frequency
domain signal is measured. The quality of the signal can then
be measured, for example, using an error vector magnitude
measurement, signal-to-noise ratio (SNR), carrier-to-signal
ratio (CIR), signal fade measurement, or some other metric or
combination of metrics. Two or more “best” candidates can
be selected based on these results. If there are M antennas
available in the array and N required output streams, this
requires ,,C,, frequency domain measurement operations.

For example, if the signal is transmitted during two time
frames as illustrated in Table 2:

TABLE 2
Tx Antenna 0 Tx Antenna 1
Time t So Si
Timet+T —-s* so*

the notation for the received signals at the two receive anten-
nas are listed in Table 3:

TABLE 3
Rx Antenna 0 Rx Antenna 1
Time t 1o 1
Timet+ T 1, 13

In a two-antenna receiver system, the values r, 5 are
combined to recover the original s, s, values transmitted. The
invention can be used to select a combination of antennas with
optimal signals for use with the space-time receiver. To do
this, the amble signals r,, r; from one element and r,,, r; from
a second element are combined to get an estimated s, s,
signal. The combing process follows techniques described by
S. Alamouti, in “A Simple Transmit Diversity Technique for
Wireless Communications,” IEEE Journal on Select Areas in
Communications, October 1998, pp 1451-1458, incorporated
by reference herein.

An error vector magnitude measurement is taken to create
a numerical value for the quality of the selected element
combination. This process is repeated for the other possible
array combinations and the highest quality combination (low-
est total error vector magnitude) is selected.

To improve the coherence of mixed array antenna signals,
a relative feed delay can be calculated, for example, using the
results of the time domain correlation of each signal or phase
detection/correction circuitry in the frequency domain. Delay
circuitry before the DFT or phase rotation circuitry following
the DFT could be used to align the timing or phase of the
signals prior to combining them. For example, if an antenna
system includes a four-antenna array, similar to the array
illustrated in FIGS. 2 and 5 above, then one or more antennas
with “strong” signals can be selected to feed a receiver, and
there would be an increase in system gain because directional
antennas have more gain than an omni directional antenna.

In one example, a channel estimate is performed in the
frequency domain using the amble. Timing/phase adjust-
ments are made to the incoming signals based on phase error
measurements. The signal is transformed to the frequency
domain, and parts of the bandwidth under fade are noted for
each antenna. Antenna elements are selected and combined
(in the frequency domain) based on their ability to comple-
ment each other. The fade measurement process includes
measuring the magnitude of the signal in each frequency bin
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and storing a vector containing the values for each element.
Next, the antenna combinations are compared by summing
the vectors for two candidates and calculating the variance for
the resulting sum vector. In the case of a 4x4 array, the
combination of two elements with the lowest variance is
selected. This results in two streams of two combined ele-
ments.

For a four-element array (using A . . . D to designate each
of the four elements), the following comparisons are made:

min(var(A+B),var(A+C),var(A+D),var(B+C),var(B+

D),var(C+D)) Equation 3

where “min” is the minimum function, and “var” is the
variance calculation:

& Equation 4
2 _ =2
o° = N;(x‘ X)

In another example, any number of desired antennas in an
array, including all of the antennas, can be selected and their
respective phases, or timing, adjusted to create a signal to feed
a receiver. For example, using the example above of a four-
antenna array, if a signal is transmitted and received by a first
antenna in the array, it will have a first phase shift depending,
at least in part, on the path the signal travels to the antenna. If
a second antenna of the array receives the transmitted signal,
and the signal follows a different path than the signal to the
first antenna, then the signal received at the second antenna
will have a second phase shift that is typically different than
the first phase shift. If an omni directional antenna were used
in this example, the differing phase shifts of the multipath
signals received would cause fades. Using the antenna system
described herein, adjustment of the phases, or timing, of
signals received at different antennas can result in a signal, to
feed to the receiver, that is of better quality and reduces, or
eliminates, fades.

In one embodiment, timing/phase correction can be
applied. In one example, alignment is performed on com-
bined signals to reduce fades caused by phase mismatch.
Rough timing correction can be calculated from the location
of the correlation peak in the time domain; phase detection/
correction can be performed in the frequency domain. Both
calculations can be done on the amble signal.

Returning to the example of FIG. 5, the antenna system
includes four antennas 502-508 and two radios 512 and 520.
In other embodiments different numbers of antennas and
radios can be used. In addition, the data interface 514 can
receive baseband data and convert it into data packets to be
communicated to another system (not shown). Likewise, the
data interface 514 can receive data packets from another
system and convert it to baseband data to be communicated to
the radio modules 512 and 520. In addition, the data interface
514 can be configured to communicate baseband data, inter-
mediate frequency (IF) signals, or RF signals, to and from
another system.

In other embodiments, other forms of the signals can be
provided to a receiver in another system. For example, if it is
desired to provide “raw” RF signals from the antennas to the
receiver, the antenna signals 550 and 552 can be communi-
cated from the antenna switch matrix 510 to the other system.
This example illustrates an example where there are two raw
RF signals communicated to the other system. In other
examples, any desired number of raw RF signals can be
provided to another system. In addition, if it is desired to
provide baseband data from selected antennas to another
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system, baseband signals 560 and 562 can be provided to the
other system. Inthe example of FIG. 5, baseband signals from
the two radio modules 510 and 520 are provided to the other
system, in other examples with additional radio modules,
additional baseband signals can be provided to another sys-
tem. In yet another example, after the antenna signal has been
transformed from the time domain into the frequency domain,
such as in the radio modules 510 and 520, the “raw” fre-
quency domain signals 570 and 572 can be provided to the

12

ranked. Flow then continues to block 620, and in response to
the ranking, a preferred combination of antenna elements is
selected for an operation phase. Flow then continues to block
606 and stops.

Another example illustrating advantages to using fre-
quency domain combining is illustrated below. Table 4 illus-
trates an example set of values representing magnitudes of the
bins sampled from four antennas, A-D.

other system. In a like manner, raw RF signals, baseband 10
signals, or raw frequency domain signals may also be TABLE 4
recs:ived.from a transmitter in the other system and used to Bin Magnitudes
radiate signals from selected antennas 502-508.
In one example, during an operational phase, a first antenna A 50 55 48 60 72 60 50 40 30 20 25 27
may be in communication with the first radio module 510, and 15 B30 20025 27 28 29 3535 40 5152 60
. o . C 60 70 66 65 48 47 46 50 30 20 25 27
a second antenna may be in communication with the second D 30 20 25 27 28 20 35 35 40 51 52 35
radio module 520. The antenna signals may be demodulated
by the radio modules 510 and 520 and baseband data may be
communicated to the data interface 514 where the two Table 5 shows values illustrating a measure of performance
antenna signals are combined and a combined signal output 20 for various combinations of the antennas. In this example the
from the data interface 514. The combined signal output by values of the combinations are determined by adding the bin
the data interface 514 can be baseband data, intermediate magnitudes for combinations of two antennas and then aver-
frequency (IF) signals, or RF signals. aging the magnitudes. For example, the combination of
Replacement of a conventional antenna with an antenna antennas A and B in the first bin is (50+30)/2=40. Other
system such as the antenna system 500 in FIG. 5 can improve 25 techniques for combining the bin magnitudes are also pos-
the performance of existing systems. For example, if an exist- sible.
TABLE 5
A+B 40 375 365 435 50 445 425 375 35 355 385 435
A+C 55 625 57 625 60 535 48 45 30 20 25 27
A+D 40 375 365 435 50 445 425 375 35 355 385 31
B+C 45 45 455 46 38 38 405 425 35 355 385 435
B+D 30 20 25 27 28 29 35 35 40 51 52 475
C+D 45 45 455 46 38 38 405 425 35 355 385 31
35
ing system uses an omni-directional antenna, the omni-direc- Various statistical techniques can be used to evaluate the
tional antenna can be replaced with a multi-antenna system combinations to determine, for example, a ranking of the
that can select antennas that provide improved performance ~ various combinations. Table 6 below illustrates an example
over the omni-directional antenna. Referring to FIG. 5, the analysis of the combinations illustrated in Table 5.
interface between the antenna system 500 and an existing
system can be at different points in the signal flow. For TABLE 6
example, data can be communicated between the antenna Var Min Max Avg
system 500 and the existing system at the data interface 514.
In addition, baseband data can be communicated between the 45 i + 2 1;2'6 z 3 2 gz ig;
radio modules 512 and 520 and the existing system. Likewise A : D 96.3 31 1 46.2
RF signals can be communicated between the antenna switch B+C 74.4 35 72 46.2
matrix 510 and the existing system. B+D 134 20 62.5 46.2
FIG. 6 is aflow diagram illustrating selection of antennas in c+D 723 31 62.5 462
a multi-antenna array. Flow begins in block 600. Flow then 50
continues to bock 602 where it is determined if it is desired to FIG. 7 is a set of charts graphically illustrating the relative
bypass the automatic selection process. If it is desired to “performance” of the individual antennas listed in Table 5. As
bypass the automatic selection process flow continues to shown in FIG. 7, the bin magnitudes for antenna A 702,
block 604 where antennas are manually selected. And flow antenna B 704, antenna C 706, and antenna D 708 are plotted.
continues to block 606 and stops. 55 FIG. 8 is a set of charts graphically illustrating the relative
Returning to block 602, if it is desired to automatically “performance” of the various combinations of antennas. As
select antennas flow continues to block 608 and the first shown in FIG. 8, there is a chart for the combinations of
antenna is selected. Flow then continues to block 610 where antennas A and B 802, antennas A and C 804, antennas A and
characteristics of signals received by the selected antenna are D 806, antennas B and C 808, antennas B and D 810, and
determined. Flow continues to block 614 where it is deter- 60 antennas C and D 812. Inspection of the charts of FIG. 8
mined if all of the desired antennas have been evaluated. If all shows that the combination of antennas A and B 802 is the
of the desired antennas have not been ranked, then flow con- flattest response across all of the bins. Further, the combina-
tinues to block 616 where another antenna is selected and tion of antennas A and B 802 is flatter than either antenna A or
flow continues to block 610. Returning to block 614, if all of B individually, 702 and 704 in FIG. 7 respectively. This
the desired antennas have been ranked, flow continues to 65 example illustrates graphically how the combination of

block 618 and the characteristics of various combinations of
antennas are combined and the combinations evaluated and

antennas can have preferred performance characteristics over
individual antennas that make up the combination.
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Various illustrative implementations of the present inven-
tion have been described. However, one of ordinary skill in
the art will see that additional implementations are also pos-
sible and within the scope of the present invention. For
example, while the above description describes specific
examples for determining which antennas within an array of
antennas to use for radio communication by a control module,
these aspects can be performed by other types of controllers
and be within the scope herein.

Accordingly, the present invention is not limited to only
those implementations described above. Those of skill in the
art will appreciate that the various illustrative modules and
method steps described in connection with the above
described figures and the implementations disclosed herein
can often be implemented as electronic hardware, software,
firmware or combinations of the foregoing. To clearly illus-
trate this interchangeability of hardware and software, vari-
ous illustrative modules and method steps have been
described above generally in terms of their functionality.
Whether such functionality is implemented as hardware or
software depends upon the particular application and design
constraints imposed on the overall system. Skilled persons
can implement the described functionality in varying ways
for each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the invention. In addition, the grouping of func-
tions within a module or step is for ease of description. Spe-
cific functions can be moved from one module or step to
another without departing from the invention.

Moreover, the various illustrative modules and method
steps described in connection with the implementations dis-
closed herein can be implemented or performed with a gen-
eral purpose processor, a digital signal processor (“DSP”), an
application specific integrated circuit (“ASIC”), field pro-
grammable gate array (“FPGA”) or other programmable
logic device, discrete gate or transistor logic, discrete hard-
ware components, or any combination thereof designed to
perform the functions described herein. A general-purpose
processor can be a microprocessor, but in the alternative, the
processor can be any processor, controller, microcontroller,
or state machine. A processor can also be implemented as a
combination of computing devices, for example, a combina-
tion of a DSP and a microprocessor, a plurality of micropro-
cessors, one or more microprocessors in conjunction with a
DSP core, or any other such configuration.

Additionally, the steps of a method or algorithm described
in connection with the implementations disclosed herein can
be embodied directly in hardware, in a software module
executed by a processor, or in a combination of the two. A
software module can reside in RAM memory, flash memory,
ROM memory, EPROM memory, EEPROM memory, regis-
ters, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium including a network storage
medium. An exemplary storage medium can be coupled to the
processor such the processor can read information from, and
write information to, the storage medium. In the alternative,
the storage medium can be integral to the processor. The
processor and the storage medium can also reside in an ASIC.

The above description of the disclosed implementations is
provided to enable any person skilled in the art to make or use
the invention. Various modifications to these implementa-
tions will be readily apparent to those skilled in the art, and the
generic principles described herein can be applied to other
implementations without departing from the spirit or scope of
the invention. Thus, it is to be understood that the description
and drawings presented herein represent example implemen-
tations of the invention and are therefore representative of the
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subject matter which is broadly contemplated by the present
invention. Thus, the invention is not intended to be limited to
the embodiments show herein, but is to be accorded the wid-
est scope consistent with the appended claims.

The invention claimed is:
1. An antenna system comprising:
a plurality of antennas;
a switch matrix in communication with the plurality of
antennas and adapted to couple selected antennas to a
plurality of switch outputs;
aradio module in communication with a first switch output
and adapted to receive orthogonal frequency division
multiplexing (OFDM) radio frequency signals having a
plurality of frequency bins;
a measurement module in communication with the radio
module, and adapted to measure a degree of correlation
of an amble in a received signal to a known amble; and
a control module adapted to control selection of which of
the plurality of antennas is coupled to the first switch
output, wherein during a selection phase the control
module
selectively couples one desired antenna at a time to the
first switch output and

receives the measured degree of correlation of the radio
frequency signal received by the selected antenna,

the control module continues selecting and receiving
measurements from a desired number of the plurality
of antennas one at a time,

then the control module combines the measurements
from combinations of the antennas and determines a
desired combination of antennas for simultaneous use
during an operational phase, wherein the desired
combination of antennas has preferred performance
characteristics over individual antennas that make up
the desired combination and wherein the desired com-
bination of antennas provides the flattest response
across all of the bins of the OFDM radio frequency
signal.

2. The antenna system of claim 1, wherein the control
module during the selection phase ranks the antennas based
upon the measured characteristics.

3. The antenna system of claim 1, wherein the combina-
tions of antennas includes measurements from at least two
antennas.

4. The antenna system of claim 1 further comprising:

a second switch output; and

a second radio module in communication with the second
switch output, wherein the control module selects one
antenna to be communicatively coupled to the radio
module and a second antenna to be communicatively
coupled to the second radio module, wherein character-
istics of the radio signal received by the second radio are
communicated to the measurement module.

5. The antenna system of claim 4, wherein measurements
of the radio signal received by the radio module and the
second radio module are made simultaneously.

6. A method of selecting a set of antennas from a plurality
of antennas, the method comprising:

selecting one antenna within an array of antennas;

receiving an orthogonal frequency division multiplexing
(OFDM) radio frequency signal from the selected one
antenna with the received signal including at least a
portion of an amble;

measuring a degree of correlation of the amble in the
received signal to a known amble;
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repeating selecting, receiving and measuring, on a desired
number of antennas within the array, wherein the select-
ing, receiving and measuring are performed for one
antenna at a time;

combining the measurements of the desired antennas into a
plurality of combination measurements;

ranking the antenna combinations based upon the combi-
nation measurements; and

selecting a desired combination of antennas for use during
operation of a radio system, wherein the desired combi-
nation of antennas has preferred performance character-
istics over individual antennas that make up the desired
combination and the desired combination of antennas
provides the flattest response across all of the bins of the
OFDM radio frequency signal.

7. The method of claim 6, wherein measuring characteris-
tics of the radio signal comprise combining signals received
from two or more antennas and then measuring a degree of
correlation of an amble in the combined signal to a known
amble.

8. The method of claim 6, wherein measuring characteris-
tics of the radio signal comprises an error vector measure-
ment.

9. The method of claim 6, wherein measuring characteris-
tics of the radio signal comprises measuring a signal to noise
ratio.

10. The method of claim 6, wherein measuring character-
istics of the radio signal comprises measuring a carrier to
signal ratio.

11. The method of claim 6 wherein the amble is selected
from the group consisting of a preamble, a midamble and a
postamble.

12. The method of claim 6, further comprising:

determining a phase of signals received from the desired
number of antennas; and

adjusting the phase of the signals of the selected set of
antennas.

13. The method of claim 6, further comprising:

determining a timing of signals received from the desired
number of antennas; and

adjusting the timing of the signals of the selected set of
antennas.

14. An antenna system comprising:

an array of antennas;

a switch matrix in communication with the array of anten-
nas and adapted to couple selected antennas to a plural-
ity of switch outputs;

aradio module in communication with a first switch output
and adapted to receive orthogonal frequency division
multiplexing (OFDM) radio frequency signals;

a measurement module in communication with the radio
module, and adapted to measure a degree of correlation
of'an amble in a received signal to a known amble of the
OFDM radio frequency signals received by the radio
module; and

a control module adapted to control the switch matrix to
selectively couple one desired antenna at a time to the
first switch output and receive the measured character-
istics of the radio frequency signal received by the
selected antenna, the control module continues selecting
and receiving measurements from a desired number of
the plurality of antennas, then combining the measure-
ments of the plurality of antennas into a plurality of
combination measurements and based upon the combi-
nation measurements, providing independent communi-
cation streams from selected combinations of antennas
to a receiver wherein the selected combination of anten-
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nas provides the flattest response across all of the bins of
the OFDM radio frequency signal.
15. The antenna system of claim 14, further comprising
measuring characteristics of the radio signal.
16. The antenna system of claim 15, wherein measuring
characteristics of the radio signal comprises measuring a
degree of correlation of an amble in the signal to a known
amble.
17. The antenna system of claim 15, wherein measuring
characteristics of the radio signal comprises an error vector
measurement.
18. The antenna system of claim 15, wherein measuring
characteristics of the radio signal comprises measuring a
signal to noise ratio.
19. The antenna system of claim 15, wherein measuring
characteristics of the radio signal comprises measuring a
carrier to signal ratio.
20. The antenna system of claim 14, wherein the amble is
selected from the group consisting ofa preamble, a midamble
and a postamble.
21. The antenna system of claim 15, wherein measuring
characteristics of the radio signal comprises measuring the
phase of the radio signal.
22. The antenna system of claim 15, wherein measuring the
characteristics of the radio signal comprises measuring the
timing of the radio signal.
23. A method of'selecting a set of antennas from an array of
antennas, the method comprising:
selecting an antenna within an array of antennas;
measuring characteristics of an orthogonal frequency divi-
sion multiplexing (OFDM) radio signal received at the
selected antenna, wherein the characteristics include a
degree of correlation of an amble in a received signal to
a known amble;

repeating selecting, and measuring, on a desired number of
antennas within the array, wherein the selecting and
measuring of antennas is performed one at a time;

combining the measurements of selected antennas into a

plurality of combination measurements;

ranking the combinations of antenna base upon the com-

bination measurements; and

selecting a combination of antennas to thereby provide

independent communication streams from the combina-
tion to a receiver,

wherein the selected combination combinations of anten-

nas has preferred performance characteristics over indi-
vidual antennas that make up the selected combinations
and wherein the selected combination of antennas pro-
vides the flattest response across all of the bins of the
OFDM radio frequency signal.

24. The method of claim 23, wherein the measuring occurs
in the frequency domain.

25. The method of claim 23, wherein the amble is selected
from the group consisting of a preamble, a midamble and a
postamble.

26. The method of claim 23, wherein measuring character-
istics of the radio signal further comprise combining signals
received from two or more antennas and then measuring a
degree of correlation of an amble in the combined signal to a
known amble.

27. The method of claim 23, wherein measuring character-
istics of the radio signal further comprises an error vector
measurement.

28. The method of claim 23, wherein measuring character-
istics of the radio signal further comprises measuring a signal
to noise ratio.
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29. The method of claim 23, wherein measuring character-
istics of the radio signal further comprises measuring a carrier
to signal ratio.

30. The method of claim 23, wherein measuring character-
istics of the radio signal further comprises a signal fade mea-
surement.

31. The method of claim 23, further comprising:

determining a phase of signals received from the desired

number of antennas; and

18

adjusting the phase of the signals of the selected set of
antennas.

32. The method of claim 23, further comprising:

determining a timing of signals received from the desired
number of antennas; and

adjusting the timing of the signals of the selected set of
antennas.
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1
CONTACTLESS SMART SIM

FIELD OF THE INVENTION

The present invention relates to mobile communicators
generally.

BACKGROUND OF THE INVENTION

The following publications, the disclosures of which are
hereby incorporated by reference, are believed to represent
the current state of the art:

U.S. Pat. No. 6,719,206;

U.S. Published Patent Applications 2005212690;
2003085285; and Japanese Patent Publication JP2004-
348235.

SUMMARY OF THE INVENTION

The present invention seeks to provide a mobile commu-
nicator having contactless smart card functionality.

There is thus provided in accordance with a preferred
embodiment of the present invention a mobile communicator
including a housing including a main portion and a removable
portion, cellular telephone circuitry located within the main
portion of the housing, a SIM card mounted in the main
portion of the housing, a battery mounted between the remov-
able portion of the housing and the SIM card and a contactless
functionality antenna mounted intermediate the removable
portion and the battery and communicating with the SIM
card.

Preferably, the contactless functionality antenna is
mounted on a substrate containing a paramagnetic material.
Additionally, the contactless functionality antenna is
mounted on a ferrite substrate.

Preferably, the mobile communicator also includes first
and second short range antennas, the first short range antenna
being associated with the SIM card and the second short range
antenna being coupled to the contactless functionality
antenna. Additionally, the second short range antenna is
mounted on the substrate. Additionally, the second short
range antenna is mounted on a surface of the substrate oppo-
site to a surface of the substrate on which the contactless
functionality antenna is mounted. Preferably, the second
short range antenna is mounted on a portion of the substrate
which lies between the SIM card and the battery.

Preferably, wherein the contactless functionality antenna
communicates with the SIM card via a wired connection.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated
more fully from the following detailed description, taken in
conjunction with the drawings in which:

FIG. 1 is a simplified exploded-view illustration of a
mobile communicator having contactless smart card func-
tionality which is constructed and operative in accordance
with a first embodiment of the present invention;

FIGS. 2A and 2B are simplified illustration of the mobile
communicator of FIG. 1 in respective partially assembled and
assembled states;

FIG. 3 is a simplified sectional illustration, taken along the
lines III-III in FIG. 2B;

FIG. 4 is a simplified exploded-view illustration of a
mobile communicator having contactless smart card func-
tionality which is constructed and operative in accordance
with a second embodiment of the present invention;
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FIGS. 5A and 5B are simplified illustration of the mobile
communicator of FIG. 4 in respective partially assembled and
assembled states;

FIG. 6 is a simplified sectional illustration, taken along the
lines VI-VI in FIG. 5B;

FIG. 7 is a simplified exploded-view illustration of a
mobile communicator having contactless smart card func-
tionality which is constructed and operative in accordance
with a third embodiment of the present invention;

FIGS. 8A and 8B are simplified illustration of the mobile
communicator of FIG. 7 in respective partially assembled and
assembled states; and

FIG. 9 is a simplified sectional illustration, taken along the
lines IX-IX in FIG. 8B.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Reference is now made to FIG. 1, which is a simplified
exploded-view illustration of a mobile communicator having
contactless smart card functionality which is constructed and
operative in accordance with a first embodiment of the
present invention, to FIGS. 2A and 2B, which are simplified
illustration of the mobile communicator of FIG. 1 in respec-
tive partially assembled and assembled states, and to FIG. 3,
which is a simplified sectional illustration, taken along the
lines ITI-11T in FIG. 2B.

As seen in FIGS. 1-3, there is provided a mobile commu-
nicator 100, preferably a mobile telephone such as a cellular
telephone, as shown, but alternatively another type of por-
table electronic device such as a PDA, which includes a main
housing portion 102, a removable cover 104, a SIM card 106
disposed in a SIM card socket 108 located within housing 102
and a battery 109, which is disposed between the housing 102
and the cover 104.

In accordance with a preferred embodiment of the present
invention, a contactless functionality antenna 110 is mounted
on a first surface 111 of a substrate 112, preferably formed of
a paramagnetic material such as ferrite, and located between
battery 109 and cover 104. It is a particular feature of the
present invention that a substrate 112 formed of a paramag-
netic material, such as ferrite, is employed, since such mate-
rial effectively prevents an unacceptable level of interference
between the antenna of the mobile communicator 100 and
contactless functionality antenna 110.

In accordance with a preferred embodiment of the inven-
tion SIM card 106 is formed with a short range communica-
tion antenna 114 which communicates with a corresponding
antenna 116 formed on a second surface 117 of substrate 112,
opposite to contactless functionality antenna 110 and coupled
thereto. SIM card 106 preferably includes integrated circuit
functionality for operating the mobile communicator as well
as for providing contactless smart card functionality, such as
contactless payment functionality in cooperation with a con-
tactless receiver (not shown).

Reference is now made to FIG. 4, which is a simplified
exploded-view illustration of a mobile communicator having
contactless smart card functionality which is constructed and
operative in accordance with a second embodiment of the
present invention, to FIGS. 5A and 5B, which are simplified
illustration of the mobile communicator of FIG. 4 in respec-
tive partially assembled and assembled states, and to FIG. 6,
which is a simplified sectional illustration, taken along the
lines VI-VI in FIG. 5B.

As seen in FIGS. 4-6, there is provided a mobile commu-
nicator 130, preferably a mobile telephone such as a cellular
telephone, as shown, but alternatively another type of por-
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table electronic device such as a PDA, which includes a main
housing portion 132, a removable cover 134, a SIM card 136
disposed in a SIM card socket 138 located within housing 132
and a battery 139, which is disposed between the housing 132
and the cover 134.

In accordance with a preferred embodiment of the present
invention, a contactless functionality antenna 140 is mounted
on a first surface 141 of a substrate 142, preferably formed of
a paramagnetic material such as ferrite, and located between
battery 139 and cover 134. It is a particular feature of the
present invention that a substrate 142 formed of a paramag-
netic material, such as ferrite, is employed, since such mate-
rial effectively prevents an unacceptable level of interference
between the antenna of the mobile communicator 130 and
contactless functionality antenna 140.

In accordance with a preferred embodiment of the inven-
tion a wire connection 143 is provided to communicate
between contactless functionality antenna 140 and SIM card
136. SIM card 136 preferably includes integrated circuit
functionality for operating the mobile communicator as well
as for providing contactless smart card functionality, such as
contactless payment functionality in cooperation with a con-
tactless receiver (not shown).

Reference is now made to FIG. 7, which is a simplified
exploded-view illustration of a mobile communicator having
contactless smart card functionality which is constructed and
operative in accordance with a third embodiment of the
present invention, to FIGS. 8A and 8B, which are simplified
illustration of the mobile communicator of FIG. 7 in respec-
tive partially assembled and assembled states, and to FIG. 9,
which is a simplified sectional illustration, taken along the
lines IX-IX in FIG. 8B.

As seen in FIGS. 7-9, there is provided a mobile commu-
nicator 160, preferably a mobile telephone such as a cellular
telephone, as shown, but alternatively another type of por-
table electronic device such as a PDA, which includes a main
housing portion 162, a removable cover 164, a SIM card 166
disposed in a SIM card socket 168 located within housing 162
and a battery 169, which is disposed between the housing 162
and the cover 164.

In accordance with a preferred embodiment of the present
invention, a contactless functionality antenna 170 is mounted
on a first portion 171 of a substrate 172, preferably formed of
a paramagnetic material such as ferrite, and located between
battery 169 and cover 164. It is a particular feature of the
present invention that a substrate 172 formed of a paramag-
netic material, such as ferrite, is employed, since such mate-
rial effectively prevents an unacceptable level of interference
between the antenna of the mobile communicator 160 and
contactless functionality antenna 170.
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In accordance with a preferred embodiment of the inven-
tion SIM card 166 is formed with a short range communica-
tion antenna 174 which communicates with a corresponding
antenna 176 disposed adjacent SIM card 166 and mounted on
a second portion 177 of substrate 172 extending from portion
171 and folded to lie under battery 169 as shown. Antenna 176
is connected by a wire connection 178 with contactless func-
tionality antenna 170. SIM card 166 preferably includes inte-
grated circuit functionality for operating the mobile commu-
nicator as well as for providing contactless smart card
functionality, such as contactless payment functionality in
cooperation with a contactless receiver (not shown).

It will be appreciated by persons skilled in the art that the
present invention is not limited to what has been particularly
shown and described hereinabove. Rather the scope of the
present invention includes combinations and subcombina-
tions of various feature shown and described hereinabove as
well as variations and meodifications thereof which would
occur to a person skilled in the art upon reading the foregoing
description and which are not in the prior art.

The invention claimed is:

1. A mobile communicator comprising:

a housing including a main portion and a removable por-
tion;

cellular telephone circuitry located within said main por-
tion of said housing;

a SIM card mounted in said main portion of said housing;

a battery mounted between said removable portion of said
housing and said SIM card;

a contactless functionality antenna mounted on a substrate
containing a paramagnetic material intermediate said
removable portion and said battery and communicating
with said SIM card; and

first and second short range antennas, said first short range
antenna being associated with said SIM card and said
second short range antenna being coupled to said con-
tactless functionality antenna, said second short range
antenna being mounted on a surface of said substrate
opposite to a surface of said substrate on which said
contactless functionality antenna is mounted.

2. A mobile communicator according to claim 1 and
wherein said second short range antenna is mounted on a
portion of said substrate which lies between said SIM card
and said battery.

3. A mobile communicator according to claim 1 and
wherein said contactless functionality antenna is mounted on
a ferrite substrate.
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1
DIPOLE ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 97150318, filed on Dec. 23, 2008. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of specifi-
cation.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a dipole antenna, which
can be applied to an ultra-high frequency (UHF) band.

2. Description of Related Art

The radio frequency identification (RFID) tag is widely
used nowadays, for example, passports, transportation pay-
ments, and product tracking. The function of the RFID tag is
to transmit data to the remote terminal. Some of the RFID
devices are applied in the UHF band (860-930 MHz). Usu-
ally, an RFID tag consists of an antenna and a chip IC. The
most common type of the antenna is the dipole antenna.

Design of the dipole antenna is diversified. FIG. 1 is a
schematic diagram illustrating a structure of a conventional
dipole antenna. Referring to FIG. 1, the conventional dipole
antenna includes a radiation metal line 100, wherein a size
thereof corresponds to a required operation frequency. The
conventional dipole further includes a rectangular loop 102. A
distance between a middle area of the rectangular loop 102
and the radiation metal line 100 is d. One end of the rectan-
gular loop 102 has an opening 104 served as a feeding termi-
nal. The radiation metal line 100 and the rectangular loop 102
can be formed on a circuit board, for example, a printed RFID
tag, which can be easily fabricated.

FIG. 2 is a schematic diagram illustrating an equivalent
circuit of the dipole antenna of FIG. 1. Referring to FIG. 2, the
feeding terminal 106 is connected to an external chip. The
radiation metal line 100 is inductively coupled to the rectan-
gular loop 102. A signal can be input through the feeding
terminal 106, and can be sent out through the radiation metal
line 100. Conversely, the radiation metal line 100 can receive
the signal, and the feeding terminal 106 can output the signal.

Generally, the impedance of the chip IC is capacitive. In
order to deliver the maximum power to the antenna, the
impedance of the antenna must be designed to be inductive
for conjugate matching. For different operating frequencies
and the size reduction requirement, various antenna designs
and matching techniques were developed.

SUMMARY OF THE INVENTION

The present invention is directed to a dipole antenna, in
which a real part value and an imaginary part value matching
a complex form input impedance Z of a chip can be easily
adjusted.

The present invention provides a dipole antenna used in an
operation frequency, which includes a dipole radiation main
body, a first semi-loop metal line and a second semi-loop
metal line. The dipole radiation main body has a first radiation
line arm and a second radiation line arm aligned in a straight
line, wherein a gap exists therebetween to form a feeding
terminal. The first semi-loop metal line has two ends respec-
tively connected to the first radiation line arm and the second
radiation line arm to form a first matching loop covering the
feeding terminal. The second semi-loop metal line has two
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ends respectively connected to the first radiation line arm and
the second radiation line arm to form a second matching loop,
which is larger than the first matching loop.

The aforementioned dipole antenna may have diversified
variations, which at least includes variations described in
following embodiments and claims.

In order to make the aforementioned and other objects,
features and advantages of the present invention comprehen-
sible, a preferred embodiment accompanied with figures is
described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG. 1 is a schematic diagram illustrating a structure of a
conventional dipole antenna.

FIG. 2 is a schematic diagram illustrating an equivalent
circuit of the dipole antenna of FIG. 1.

FIG. 3 is a schematic diagram illustrating a structure
mechanism of a dipole antenna according to an embodiment
of the present invention.

FIG. 4 is a schematic diagram illustrating variations of a
real part value and an imaginary part value when structural
parameters of an antenna of FIG. 3 are changed.

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

FIG. 6 is a schematic diagram illustrating an adjustment
mechanism of a dipole antenna of FIG. 5.

FIG. 7 is a schematic diagram illustrating effects caused by
tail parts bending according to an embodiment of the present
invention.

FIG. 8 is a simulation diagram of radiation patterns of a
dipole antenna on two planes according to an embodiment of
the present invention.

FIG. 9 is asimulation diagram illustrating effects of match-
ing loops of a dipole antenna according to an embodiment of
the present invention.

FIG. 10 is a flowchart illustrating a design of a dipole
antenna according to an embodiment of the present invention.

FIG. 11 is a schematic diagram illustrating frequency
responses of simulating return loss of a dipole antenna
according to an embodiment of the present invention.

FIG. 12 is a schematic diagram illustrating variations of a
dipole antenna according to an embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

The present invention provides a dipole antenna design
based on the dipole antenna structure of the related art, which
can easily adjust a real part value and an imaginary part value
matching a chip impedance. Embodiments are provided
below for describing the present invention, though the present
invention is not limited to provide embodiments, and the
provided embodiments can also be mutually combined.

FIG. 3 is a schematic diagram illustrating a structure
mechanism of a dipole antenna according to an embodiment
of'the present invention. Referring to FIG. 3, aradiation main
body of the dipole antenna 200 has a first radiation line arm
202 and a second radiation line arm 204 aligned in a straight
line, wherein a gap exits therebetween to form a feeding
terminal 206. Lengths of the first radiation line arm 202 and
the second radiation line arm are respectively a quarter of a
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wavelength of a corresponding operation frequency. A semi-
loop metal line, such as a semi-rectangular metal line, has two
ends respectively connected to the first radiation line arm 202
and the second radiation line arm 204 to form a matching loop
208. A right part of FIG. 3 is an equivalent circuit of the dipole
antenna 200, which includes a capacitor (C), aresistor (R) and
inductors (L). A function of the matching loop 208 is to
preliminarily adjust a real part value R and an imaginary part
value X of a matching impedance 7, wherein Z is a complex
quantity represented by Z=R+jX.

Theoretically, the dipole antenna can provide an omnidi-
rectional radiation pattern to receive electromagnetic signals
of different angles. Taking a RFID antenna as an example,
since impedances of most RFID chips are capacitive, in order
to match the capacitive impedances of integrated circuits with
various tags, an inductive effect generated by the imaginary
part value X of the input impedance has to be considered
during design of the antenna, so as to eliminate the capacitiv-
ity of the chip impedance. Referring to FIG. 3, the semi-loop
metal line is connected to two ends of the feeding terminal
206 to form the first matching loop 208, which can be a
rectangular matching loop 208. Based on a function of the
matching loop 208, the input impedance of the antenna may
have an inductance, and the real part value and the imaginary
part value of the input impedance of the antenna can be
adjusted. Generally, the real part value and the imaginary part
value of the input impedance can be increased by increasing
the size of the matching loop 208.

Taking the rectangular matching loop 208 as an example,
the size and the line width can be adjusted by a few param-
eters,e.g.1,,,1,,,1,, etc. In case of the RFID antenna, and the
operation frequency thereof being a UHF band, for example,
915 MHz, the length of a single line arm is about a quarter of
the wavelength of the corresponding operation frequency.
Moreover, two tail parts of the line arms 202 and 204 can be
bent towards a direction of the feeding terminal 206 to form a
bending region 202a, by which an area of the dipole antenna
200 can be reduced. Moreover, by adjusting a size of the
bending area 2024, the operation frequency can be further
fine-tuned, wherein a result thereof is described later. The gap
between the two line arms 202 and 204 is the feeding terminal
206. By adding the matching loop 208 to the feeding terminal
206, an inductance is generated, and the matching impedance
can be adjusted. The real part input impedance of the dipole
antenna is about 70 ohms, and the imaginary part impedance
is capacitive. However, generally, the real part input imped-
ance of the circuit chip is relatively small, and the imaginary
part input impedance is relatively great and is capacitive. To
achieve a maximum power output, the inputimpedance of the
antenna is designed to be conjugated match. Namely, the
input impedance of the antenna has to be inductive. There-
fore, by applying the matching loop 208 to the feeding termi-
nal 206, not only the input impedance of the whole antenna
can be inductive, but also the real part impedance of the input
impedance can be changed, so as to achieve a matching effect.

FIG. 4 is a schematic diagram illustrating variations of the
real part value and the imaginary part value when structural
parameters of the antenna of FIG. 3 are changed. Referring to
FIG. 4, the solid lines represent that the real part value (R) and
the imaginary part value (X) are varied along with the fre-
quencies F in case that 1,,=17 mm, 1,,=3 mm, wherein the
variation of the real part value (R) is represented by a lower
solid line, and the variation of the imaginary part value (X) is
represented by the upper solid line. Moreover, the dash lines
represent variations of the real part value (R) and the imagi-
nary part value (X)in casethat1l,;=19 mm, 1,;,=4 mm. The dot
lines represent variations of the real part value (R) and the
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imaginary part value (X)in case that1,,=21 mm, 1,,=5 mm. In
addition, the other parameters are, for example, 1=100 mm,
w=15mm, 1,=29 mm and 1, =2 mm. Accordingly, by increas-
ing the size of the matching loop 208, the real part value (R)
and the imaginary part value (X) are all increased. Regarding
the line width, it is relatively simple to design the whole
antenna into an equal line width. However, the line width can
be varied according to actual requirement, so that the whole
antenna is unnecessary to have the equal line width, and for
the matching loop itself, the equal line width is also unnec-
essary.

According to the variations of FIG. 4, when the antenna is
designed, a first matching loop 208 is first designed, so that
the imaginary part value (X) can approach an actually
required imaginary part value (X). However, since when the
imaginary part value (X) of the impedance is adjusted, the real
part value (R) of the impedance is also changed, during design
of the antenna, how to adjust the real part value (R) has to be
considered, so as to increase an adjusting freeness thereof.

FIG. 5 is a schematic diagram illustrating a dipole antenna
according to an embodiment of the present invention. Refer-
ring to FIG. 5, another mating loop 210 is added to the basic
structure of the antenna 200 of FIG. 3 to form the dipole
antenna 300, and an equivalent circuit thereof is shown at the
right part of the figure. By applying the relatively large match-
ing loop 210, the real part value (R) and the imaginary part
value (X) of the input impedance Z can further be adjusted.
The matching loop 210 can be disposed at a side different to
that of the matching loop 208. However, the matching loop
210 is preferably disposed at peripheral of the matching loop
208, so as to save the antenna area. The matching loop 210 is
used for increasing the bandwidth and the adjusting freeness
of' the real part and the imaginary part of the antenna imped-
ance. A size of the matching loop 210 is, for example 1 ,=24
mm and 1,,=6 mm.

FIG. 6 is a schematic diagram illustrating an adjustment
mechanism of the dipole antenna of FIG. 5. Referring to F1G.
6, the fine lines represent variations of the real part and the
imaginary part along with the frequencies in case that the
antenna structure only has the matching loop 208, as shown in
FIG. 3. The thick lines represent variations of the real part and
the imaginary part along with the frequencies in case that the
antenna structure has the matching loops 208 and 210, as
shown in FIG. 5. The dash lines represent a simulation result
of the corresponding equivalent circuit. Regarding the UFH
band around a range of 900 MHz, application of the matching
loop 210 can reduce the real part value (R) of the impedance,
though a variation of the imaginary part (X) of the impedance
is relatively small. Therefore, the real part value (R) and the
imaginary part value (X) of the impedance can be preliminar-
ily adjusted through the matching loop 208, wherein the
imaginary part value (X) is mainly considered, which can be
adjusted to approach the imaginary part value actually
required by the chip impedance. Now, the real part value is
probably overlarge. Then, the real part value (R) and the
imaginary part value (X) of the impedance can be further
adjusted through the matching loop 210. According to the
characteristics shown in FIG. 6, the real part value (R) is
mainly adjusted to reduce the real part value (R), while the
imaginary part value (X) is approximately maintained.
According to such antenna structure, the required impedance
value is easy to be reached, and therefore a relatively great
adjusting freeness can be achieved. Moreover, since the
added matching loop 210 can slow down a variation of the
impedances along with the frequencies, the antenna band-
width can be increased.
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FIG. 7 is a schematic diagram illustrating effects caused by
tail parts bending according to an embodiment of the present
invention. Referring to FIG. 5 and FIG. 7, a main effect of
changing the length 1, of the bending region 202a is to adjust
the operation frequency. The fine lines correspond to 1,=26
mm, the dot lines correspond to 1, =29 mm, and the thick lines
correspond to 1,=32 mm. The dash lines represent a simula-
tion result of the corresponding equivalent circuit. Shown as
anarrow of'the figure, if the parameter1, ofthe bending region
202a is increased, the corresponding operation frequency is
then decreased.

FIG. 8 is a simulation diagram of radiation patterns of a
dipole antenna on two planes according to an embodiment of
the present invention. Referring to FIG. 8, the radiation pat-
tern on the left side is located on a X7 plane, and the radiation
pattern on the right side is located on a YZ plane. In case that
the operation frequency is 915 MHz, the chip input imped-
ance is Zc=13.3-j64 ohm, and a preferable antenna imped-
ance is Za=13.3+j64 ohm. A maximum antenna gain is, for
example, 1.63 dB, and a radiation efficiency is 85.3%.

In the aforementioned embodiment, two matching loops
are taken as an example. However, the present invention is not
limited to the only two matching loops, and in an actual
design, another matching loop can be added to form three
matching loops. FIG. 9 is a simulation diagram illustrating
effects of matching loops of a dipole antenna according to an
embodiment of the present invention. Referring to FIG. 9, the
dot lines represent a simulation result of a single matching
loop, the solid lines represent a simulation result of dual
matching loops, and the dash lines represent a simulation
result of triple matching loops. In case that the operation
frequency is 900 MHz, adding the matching loop can reduce
the real part value, though the imaginary part value is approxi-
mately maintained unchanged, and the variation of the
impedance is further slowed down, so that the bandwidth is
increased.

FIG. 10 is a flowchart illustrating a design of a dipole
antenna according to an embodiment of the present invention.
Referring to FIG. 10, in step S100, the chip impedance Zc is
determined. In step S102, the antenna impedance Za=Ra+
jXa=Zc* is determined. Namely, the antenna impedance Za is
a conjugated complex of the chip impedance Zc. In step S104,
a length of the dipole antenna is determined. In step S106, a
size of a first matching loop is adjusted, wherein the imagi-
nary part value Xa of the impedance is first adjusted to
approach the required value. In step S108, a second matching
loop is added for mainly adjusting the real part value Ra of the
impedance. In step S110, a size of the tail bending part 1, is
changed for fine-tuning characteristics of the antenna, for
example, changing values of the inductor (La), resistor (Ra)
and capacitor (Ca), etc. shown in FIG. 7, so as to match the
required operation frequency.

FIG. 11 is a schematic diagram illustrating frequency
responses of simulating return loss of a dipole antenna
according to an embodiment of the present invention. Refer-
ring to FIG. 11, the frequency responses of three different
antenna designs are compared. The solid line represents a
design of the dual matching loops of the present invention,
and a RL value thereof is:

Za—Zc*
Za+Zc

RL= —ZOIOg‘

The dash line represents a design of the single matching loop.
The dot line represents the conventional antenna design.
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According to a characteristic of the frequency response, the
design of dual matching loops of the present invention is
suitable to be applied to the UHF band in case that the return
loss thereof is 10 dB, and meanwhile a relatively great band-
width can be achieved. In case that the dual matching loops
are designed corresponding to the operation frequency of 915
MHz, the antenna impedance Za is Za=17.3+j64.2.

FIG. 12 is a schematic diagram illustrating variations of the
dipole antenna according to an embodiment of the present
invention. Taking the dual matching loops as an example,
referring to FIG. 12(a), the matching loops are unnecessarily
to be overlapped. Referring to FIG. 12(5), shapes of the
matching loops can be polygons, or can be triangles changed
from rectangles. Moreover, the so-called rectangle generally
refers to a rectangular quadrilateral, which includes a design
of square, etc. Referring to FIG. 12(c), the shapes of the
matching loops can be curves, for example, semicircles.
Referring to FIG. 12(d), a bending mode of the tail part is
neither limited to a rectangular bending, which can also be a
curved bending, for example, a circular bending. Moreover,
as described above, the line widths are unnecessarily to be
equal, for example, line widths of the two matching loops are
unnecessarily to be equal. Namely, for the whole antenna, at
least a part of the line widths can be different. Actual varia-
tions of the antenna size of the present invention are not
limited to the aforementioned embodiments, and the provided
embodiments can also be mutually combined.

In the dipole antenna structure of the present invention, a
plurality of the matching loops is applied to facilitate adjust-
ing the impedance, so as to preferably match the chip imped-
ance.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What is claimed is:

1. A dipole antenna, used in an operation frequency, com-
prising:

a dipole radiation main body, having a first radiation line
arm and a second radiation line arm aligned in a straight
line, wherein a gap exists therebetween to form a feeding
terminal;

a first semi-loop metal line, having two ends respectively
connected to the first radiation line arm and the second
radiation line arm to form a first matching loop covering
the feeding terminal; and

a second semi-loop metal line, having two ends respec-
tively connected to the first radiation line arm and the
second radiation line arm to form a second matching
loop, wherein the second matching loop is larger than
the first matching loop.

2. The dipole antenna as claimed in claim 1, wherein the

operation frequency is within a range of ultra-high frequency.

3. The dipole antenna as claimed in claim 1, wherein two
tail parts of the first radiation line arm and the second radia-
tion line arm are respectively a bending structure bent inside
towards the feeding terminal.

4. The dipole antenna as claimed in claim 1, wherein two
tail parts of the first radiation line arm and the second radia-
tion line arm are respectively a rectangular bending structure
bent inside towards the feeding terminal, which are used for
shifting the operation frequency.

5. The dipole antenna as claimed in claim 1, wherein the
first matching loop generates a real part value and an imagi-
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nary part value of an input impedance, and the second match-
ing loop decreases the real part value, and approximately
maintains the imaginary part value.

6. The dipole antenna as claimed in claim 1 further com-
prising a third semi-loop metal line having two ends respec-
tively connected to the first radiation line arm and the second
radiation line arm to form a third matching loop, wherein the
third matching loop is larger than the second matching loop.

7. The dipole antenna as claimed in claim 1, wherein the
dipole radiation main body, the first semi-loop metal line and
the second semi-loop metal line all have a same line width.

8. The dipole antenna as claimed in claim 1, wherein the
dipole radiation main body, the first semi-loop metal line and
the second semi-loop metal line do not all have a same line
width.

9. The dipole antenna as claimed in claim 1, wherein
shapes of the first matching loop and the second matching
loop are rectangles, curves or polygons.

10. The dipole antenna as claimed in claim 1, wherein the
first matching loop and the second matching loop are a first
rectangular matching loop and a second rectangular matching
loop.

11. The dipole antenna as claimed in claim 10, wherein the
second rectangular matching loop surrounds peripheral of the
first rectangular matching loop.

20
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12. The dipole antenna as claimed in claim 11 further
comprising a third semi-rectangular metal line, wherein the
semi-rectangular metal line has two ends respectively con-
nected to the first radiation line arm and the second radiation
line arm to form a third rectangular matching loop surround-
ing peripheral of the second rectangular matching loop.

13. The dipole antenna as claimed in claim 11, wherein the
first rectangular matching loop generates a real part value and
an imaginary part value of an input impedance, and the sec-
ond rectangular matching loop decreases the real part value,
and approximately maintains the imaginary part value.

14. The dipole antenna as claimed in claim 13, wherein the
operation frequency is within a range of ultra-high frequency.

15. The dipole antenna as claimed in claim 14, wherein the
operation frequency is about 915 MHz.

16. The dipole antenna as claimed in claim 11, wherein
each of the first loop metal line and the second loop metal line
has a same line width.

17. The dipole antenna as claimed in claim 11, wherein line
widths of the first loop metal line and the second loop metal
line are not totally the same.
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1
ANTENNA DEVICE AND RADIO
COMMUNICATION DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Applications No.
2007-336557, filed on Dec. 27, 2007, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna device and a
radio communication device.

2. Related Art

Because of the advantages of low distortion and low loss,
the use of a MEMS (Micro Electro Mechanical System)
capacitor as a variable capacitor for a tunable antenna has
been researched. There has also been researched the use of a
MEMS bank which varies its capacitance value by switching
the ON/OFF states of a plurality of MEMS capacitors con-
nected in parallel to create different combinations of the
ON/OFF states.

However, a MEMS capacitor is a mechanical part and may
suffer from the problem of stiction specific to MEMS ele-
ments, which is a phenomenon where electrodes may cling to
each other during repetitions of ON/OFF operation and lock
up in ON state. To cope with this, it is conceivable to provide
in advance a spare MEMS capacitor to serve as a substitute for
a locked-up element. However, the additional capacitance of
the locked-up MEMS capacitor increases the lowest capaci-
tance value. As a result, the frequency is shifted to the low-
frequency side, thereby preventing achievement of a desired
high frequency.

Non-patent Document 1: Gabriel M. Rebeiz, “RF MEMS:

Theory, Design and Technology™

SUMMARY OF THE INVENTION

According to an aspect of the present invention, there is
provided with a conductive ground plane;

an antenna including a radiating element;

at least one variable capacitor having one end connected to
the conductive ground plane;

aplurality of switch elements having one ends connected to
the other end of said at least one variable capacitor and other
ends connected to the antenna at different locations;

a switch controlling unit configured to control an ON/OFF
state of each of the switch elements; and

a capacitor controlling unit configured to control a capaci-
tance of said at least one variable capacitor.

According to an aspect of the present invention, there is
provided with a radio communication device comprising:

an antenna device according to claim 1; and

a radio processing unit configured to perform radio com-
munication through the antenna device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is adiagram showing the schematic configuration of
an antenna device according to a first embodiment of the
present invention;

FIG. 2 is a chart showing an example of an operation setup
table 110 according to the first embodiment;
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FIG. 3 is a view showing an antenna device in which an
inverted F antenna element is provided at a short side of a
conductive board;

FIG. 4 is a graph for explaining the antenna efficiency of
the antenna device in FIG. 3;

FIG. 5 is a diagram showing an example of an antenna
device using a capacitor with a fixed capacitance;

FIG. 6 is a diagram and a graph for explaining the VSWR-
frequency characteristic of the antenna device in FIG. 5;

FIG. 7 is a diagram showing the schematic configuration of
an antenna device according to a second embodiment of the
present invention;

FIG. 8 is a chart showing an example of an operation setup
table 120 according to the second embodiment;

FIG. 9 is a flow chart for explaining the operation of the
antenna device in FIG. 7;

FIG. 10 is a diagram showing the schematic configuration
of an antenna device according to a third embodiment of the
present invention;

FIG. 11 is a diagram showing respective variations of the
antenna devices in FIGS. 1 and 7;

FIG. 12 is a diagram showing a variation of the antenna
device in FIG. 7,

FIG. 13 is a diagram showing a variation of the antenna
device in FIG. 7,

FIG. 14 is a diagram showing a variation of the antenna
device shown in FIG. 7;

FIG. 15 is a diagram showing a variation of the antenna
device in FIG. 14;

FIG. 16 is a diagram showing a variation of the antenna
device shown in FIG. 7;

FIG. 17 is a diagram showing a variation of the antenna
device shown in FIG. 13;

FIG. 18 is a view showing the schematic configuration of a
radio communication terminal having the antenna device in
FIG. 11(B) mounted therein; and

FIG. 19 is a view schematically showing a variation of the
radio communication terminal in FIG. 18.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described in
detail below with reference to the drawings.

FIG. 1 is a diagram showing the schematic configuration of
an antenna device according to a first embodiment of the
present invention.

The antenna device includes a conductive ground plane
101, an antenna element (an antenna having a radiating ele-
ment) 102, a feeding point P through which power is supplied
to the antenna element 102, a MEMS capacitor (variable
capacitor) 107 having one end connected to the conductive
ground plane 1, a plurality of switch elements (hereinafter
simply referred to as switches) 104 A to 104C having one ends
connected to the other end of the MEMS capacitor 107 and
the other ends connected to the antenna element 102 at dif-
ferent locations (denoted by reference characters A, B, and C,
starting from the left in FIG. 1), a switch controlling unit 105
which controls the ON/OFF states of the plurality of switches
104A to 104C, a MEMS controlling unit (capacitor control-
ling unit) 108 which controls the capacitance of the MEMS
capacitor 107, a MEMS operation determining unit 109
which determines the operating state of the MEMS capacitor
107, and an operation setup table 110.

The antenna element 102 is an [.-shaped monopole antenna
element. One end of the antenna element 102 is connected to
the conductive ground plane 1 through the feeding point P,
and the other end is open.
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The switch controlling unit 105 independently controls the
ON/OFF states of the plurality of switches 104A to 104C. In
this embodiment, only any one of the switches 104 A to 104C
is turned on while the others are turned off. The present
invention, however, is not limited to this and may include a
case where two or more of the switches 104A to 104C are
simultaneously turned on.

The MEMS capacitor 107 is an example of a variable
capacitor, and can be configured to have multiple levels of
capacitance. In this embodiment, two levels of capacitance
can be set. The two levels of capacitances include a capaci-
tance when electrodes of the MEMS capacitor 107 are in
contact with each other (an ON-state capacitance) and a
capacitance when the electrodes are spaced apart from each
other by a predetermined distance (an OFF-state capaci-
tance). Since the MEMS capacitor 107 is a mechanical part, it
may fail during repetitions of ON/OFF operation while being
in ON state or OFF state. Electrodes of a failed MEMS
capacitor become unable to move, and the MEMS capacitoris
fixed at either ON state or OFF state. A method for detecting
a failure in a MEMS element is well known, and a method for
determining whether there is stiction in a MEMS capacitor is
disclosed in, e.g., IP-A 2006-032587 (Kokai). This publica-
tion mentions a method of monitoring the amount of charge
stored or a pull-out voltage when a MEMS capacitor is OFF,
and the like.

The MEMS operation determining unit 109 checks the
operating state of the MEMS capacitor 107 and determines
whether there is a failure in the MEMS capacitor 107. If there
is a failure, the MEMS operation determining unit 109 further
detects whether the MEMS capacitor 107 is in ON state or
OFF state. The MEMS operation determining unit 109
includes a capacitor failure detecting unit which detects a
failure in a variable capacitor and a capacitance level detect-
ing unit which detects the capacitance level of a failed vari-
able capacitor. The MEMS operation determining unit 109
notifies the switch controlling unit 105 and MEMS control-
ling unit 108 of the result of the operation determination (the
presence or absence of a failure and, in the event of a failure,
the capacitance).

The operation setup table 110 holds an operating frequency
of the antenna element 102 for each of combinations of the
capacitance level of the MEMS capacitor 107 and the
ON/OFF states of the plurality of switches 104A to 104C.
FIG. 2 shows an example of the operation setup table 110. The
plurality of switches 104 A to 104C are set such that any one
of them is ON while the others are OFF. For example, when
the MEMS capacitor 107 is ON, the switch 104A is ON, and
the switches 104B and 104C are OFF, the operating frequency
(resonant frequency) of the antenna element 102 is “F4.”
Operating frequencies of “F3” and “F2” can be achieved
either when the MEMS capacitor 107 is ON or when itis OFF.

A value indicating a desired operating frequency of the
antenna element 102 is inputted to the MEMS controlling unit
108 and switch controlling unit 105 from an external unit
(radio unit etc.). That is, the MEMS controlling unit 108 and
switch controlling unit 105 include an operating frequency
receiving unit which receives the desired operating frequency
from the external unit (radio unit etc.). The MEMS control-
ling unit 108 and switch controlling unit 105 control the
capacitance of the MEMS capacitor and the ON/OFF states of
the switches so that the antenna element has the desired
operating frequency received by the operating frequency
receiving unit.

More specifically, the MEMS controlling unit 108 and
switch controlling unit 105 refer to the operation setup table
110 and select a setting (combination) having the desired
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operating frequency. The MEMS controlling unit 108 and
switch controlling unit 105 include a detecting unit which
refers to the operation setup table 110 to detect a setting
(combination) having the desired operating frequency. If
there are a plurality of settings having the desired operating
frequency, the MEMS controlling unit 108 and switch con-
trolling unit 105 select one of the settings which turns on, of
the switches to be turned on by the settings, one closest to the
tip (open end) of the antenna element 102. This is because the
closer a selected switch is to the tip of the antenna element
102, the higher achieved antenna efficiency is. The details
will be described later. The switch 104A is closest to the tip of
the antenna element 102, followed in order by the switch
104B and switch 104C.

For example, assume that “F2” is given as the desired
operating frequency. In this case, the MEMS controlling unit
108 and switch controlling unit 105 refer to the operation
setup table 110, search for a setting by which “F2” is
achieved, and find two settings. The two settings are one to
turn on the switch 104B and one to turn on the switch 104C.
Since the switch 104B is closer to the tip of the antenna
element 102, the MEMS controlling unit 108 and switch
controlling unit 105 select the setting to turn on the switch
104B.

Note that if the MEMS controlling unit 108 and switch
controlling unit 105 are notified of a failure in the MEMS
capacitor 107 by the MEMS operation determining unit 109,
they make a selection in consideration of the state of the
MEMS capacitor 107. For example, if the MEMS capacitor
107 is fixed at ON state due to a failure, the MEMS control-
ling unit 108 and switch controlling unit 105 select, from
settings for the MEMS capacitor 107 in ON state in the
operation setup table 110, one by which the desired operating
frequency can be achieved. If the desired operating frequency
is “F2,” the MEMS controlling unit 108 and switch control-
ling unit 105 select a setting to turn on the switch 104C and
turn off the switches 104A and 104B. Note that since the
MEMS controlling unit 108 has been notified of the failure in
the MEMS capacitor 107, it stops operation.

The reason why the closer a selected (turned-on) switch is
to the tip of the antenna element, the higher achieved antenna
efficiency is will be described with reference to FIG. 3.

FIG. 3 shows an antenna device in which an inverted F
antenna element 202 whose length from the feeding point P to
an open end is 128 mm is provided at a short side of a
conductive ground plane 201 (110 mmx65 mm in size). The
series resistance component of a MEMS capacitor (variable
capacitor) 203 is set to 4.23Q, and the inverted F antenna
element 202 and conductive ground plane 201 are short-
circuited by the MEMS capacitor 203. FIG. 4 shows the result
of calculating overall antenna efficiency, which is a combi-
nation of radiation efficiency and a power transmission coef-
ficient, while varying a location where the antenna element
202 and MEMS capacitor 203 are connected among 5 mm, 25
mm, 45 mm, 60 mm, and 80 mm from the tip of the antenna.
Capacitance values for the MEMS capacitor 203 correspond-
ing to the connecting locations are 0.8 pF, 0.9 pF, 1.2 pF, 1.4
pF, and 2.0 pF, respectively. It can be seen from FIG. 4 that the
closer the connecting location is to the tip of the antenna
element, the higher achieved efficiency is. In other words, a
capacitance value required decreases with a decrease in the
distance to the tip of the antenna element, and loss becomes
more unnoticeable with the decrease in capacitance value.
Accordingly, the closer the connecting location is to the tip of
the antenna element, the higher achieved antenna efficiency
is.
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As described above, in the antenna device in FIG. 1, the
operating frequency of the antenna can be made variable by
varying the capacitance of the MEMS capacitor 107 and a
location where the antenna element 102 and MEMS capacitor
107 are connected (i.e., varying the ON/OFF states of the
switches). This will be described in detail below. An example
of an antenna device using a capacitor with a fixed capaci-
tance instead of the MEMS capacitor 107 is shown in FIG. 5,
for simplicity of illustration. The relationship among the
ON/OFF states of the switches 104A to 104C and an operat-
ing frequency is set in a switch table 106. A value indicating
a desired operating frequency is input to a switch controlling
unit 115, and a setting by which the value is achieved is
acquired from the switch table 106, thereby controlling the
ON/OFF states of the switches 104A to 104C.

FIG. 6(A) shows the schematic configuration and VSWR-
frequency characteristic when the switch 104A is selected in
the antenna device in FIG. 5. Similarly, FIGS. 6(B) and 6(C)
show the schematic configuration and VSWR-frequency
characteristic when the switch 104B is selected and the sche-
matic configuration and VSWR-frequency characteristic
when the switch 104C is selected, respectively.

When an antenna element of the monopole type is in reso-
nant state with standing waves, the voltage amplitude is large
at the tip of the antenna element. For this reason, the closer a
capacitor to be connected to the antenna element is connected
to the tip of the antenna element, the more the antenna ele-
ment is affected by the capacitor. Accordingly, as can be seen
from FIGS. 6(A) to 6(C), the closer the capacitor is connected
to the tip of an antenna element, the more the operating
frequency of the antenna element is shifted to the low-fre-
quency side.

Note that if the capacitor is not connected to the antenna
element, the operating frequency of the antenna element is
shifted more to the high-frequency side than that in FIG. 6(C).
Ithas been confirmed from simulations by the present inven-
tors that if the plurality of switches are turned on (the capaci-
tor is connected at a plurality of locations), an operating
frequency corresponding to one of the connecting locations
which is closest to a feeding point is achieved.

As described above, switching of a location where an
antenna element and a capacitor are connected makes the
operating frequency of the antenna element variable. Addi-
tionally, the MEMS capacitor 107 can be used as a capacitor,
as in FIG. 1, to set more operating frequencies depending on
the number of possible levels of the variable capacitor.

FIG. 7 is adiagram showing the schematic configuration of
an antenna device according to a second embodiment of the
present invention.

Although the number of MEMS capacitors is one in the
antenna device in FIG. 1, the antenna device in FIG. 7
includes three MEMS capacitors 107A to 107C. One ends of
the MEMS capacitors 107 A to 107C are connected to a con-
ductive ground plane 101, and the other ends are respectively
connected to one ends of switches 104A to 104C. A digital
variable capacitor with a variable capacitance value is imple-
mented by combining the ON/OFF states of the plurality of
MEMS capacitors. Since the number of MEMS capacitors is
larger than that in F1G. 1, an operation setup table 120 is set in
detail accordingly. FIG. 8 shows an example of the operation
setup table 120.

InFIG. 8, reference characters A, B, and C denote locations
where an antenna element 102 and MEMS capacitors are
connected. More specifically, the connecting location A
means turning on the switch 104A and turning off the
switches 104B and 104C; the connecting location B, turning
on the switch 104B and turning off the switches 104A and
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104C; and the connecting location C, turning on the switch
104C and turning off the switches 104 A and 104B.

Combination of the ON/OFF states of the MEMS capaci-
tors and the ON/OFF states of the switches makes it possible
to achieve a larger number of operating frequencies than those
of the antenna device in FIG. 1 and obtain a large number of
settings by which a single operating frequency is achieved.
For example, if the antenna element is desired to be operated
at an operating frequency of “F4,” there are available three
combinations: connecting location A, 107A ON, 107B OFF,
107C OFF; connecting location B, 107A OFF, 107B ON,
107C OFF; and connecting location C, 107A ON, 107B ON,
107C OFF. Assume that, letting Ca, Cb, and Cc be the ON-
state capacitances of the MEMS capacitors 107A, 107B, and
107C, the relationship Ca<Cb<Cc holds.

FIG. 9 is a flow chart for explaining the operations of a
MEMS controlling unit 108, a switch controlling unit 105,
and a MEMS operation determining unit 109 in the antenna
device in FI1G. 7.

First, the MEMS operation determining unit 109 checks
whether there is a malfunction (failure) in each of the MEMS
capacitors 107A to 107C (S1).

If there is no malfunction (NO in S2), the switch control-
ling unit 105 selects a connecting location which is closest to
the tip of the antenna element 102 on the basis of a desired
operating frequency (S3), and the MEMS controlling unit 108
selects one corresponding to the connecting location (a total
capacitance) from combinations of the ON/OFF states of the
MEMS capacitors (S4).

The switch controlling unit 105 turns on one of the
switches corresponding to the selected connecting location
and turns off the remaining switches (S5). The MEMS con-
trolling unit 108 switches the ON/OFF states of the MEMS
capacitors 107A to 107C on the basis of the selected combi-
nation (S5).

On the other hand, if there is a malfunction in any of the
MEMS capacitors 107A to 107C (YES in S2), the MEMS
operation determining unit 109 detects whether the failed
MEMS capacitor is fixed at ON state or OFF state. The
MEMS operation determining unit 109 notifies the switch
controlling unit 105 and MEMS controlling unit 108 of infor-
mation identifying the failed MEMS capacitor and the state of
the failed MEMS capacitor (ON or OFF).

The switch controlling unit 105 and MEMS controlling
unit 108 identify combinations of the ON/OFF states of the
MEMS capacitors other than the failed MEMS capacitor and
switches by which the desired operating frequency can be
achieved, on the premise of the state of the failed MEMS
capacitor (S6). The switch controlling unit 105 and MEMS
controlling unit 108 select one of the combinations which
allows a switch closest to the tip of the antenna element to be
turned on (S7).

The switch controlling unit 105 and MEMS controlling
unit 108 control the ON/OFF states of the switches 104A to
104C and MEMS capacitors (excluding the failed one) in
accordance with the selected combination.

Inthe above-described manner, it is possible to compensate
for a malfunction in a MEMS capacitor while maintaining as
high antenna efficiency as possible for a desired operating
frequency.

FIG. 10 is a diagram showing the schematic configuration
of an antenna device according to a third embodiment of the
present invention.

The antenna device is characterized in that the switches
104 A to 104C in the antenna device according to the second
embodiment (see FIG. 7) are replaced with switch elements
114A to 114C.
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A MEMS operation determining unit 109 checks the oper-
ating states of the switch elements 114 A to 114C and deter-
mines whether there is a failure. If there is a failure, the
MEMS operation determining unit 109 detects whether each
of the switch elements 114A to 114C is fixed at ON state or
OFF state. The MEMS operation determining unit 109
includes a switch failure detecting unit which detects a failure
in a switch and a switch state detecting unit which detects the
ON/OFF state of a failed switch. The MEMS operation deter-
mining unit 109 notifies a switch controlling unit 105 and a
MEMS controlling unit 108 of the result of the switch opera-
tion determination.

The switch controlling unit 105 and MEMS controlling
unit 108 make a selection based on an operation setup table
110 in consideration of the states of the MEMS switches, in
addition to the operations described in the second embodi-
ment. Assume that the contents of the operation setup table
110 are the same as those shown in FIG. 8. For example, ifone
of the MEMS switches fails while being in OFF state, the
switch controlling unit 105 and MEMS controlling unit 108
select one from combinations which do not turn on the failed
MEMS switch. On the other hand, if one of the MEMS
switches fails while being in ON state, the switch controlling
unit 105 and MEMS controlling unit 108 select one having a
desired operating frequency from combinations which turn
on the failed MEMS switch. If there is no combination having
the desired operating frequency, the switch controlling unit
105 and MEMS controlling unit 108 select one having the
desired operating frequency from combinations which turn
on one(s) of the switches that is (are) closer to an antenna
feeding point than the failed MEMS switch. This is because if
a plurality of switches are turned on, an operating frequency
obtained when one of the switches closest to a feeding point
is turned on is obtained, as has been described with reference
to FIGS. 6(A) to 6(C). In other words, even if one of the
switches which is closer to the tip of the antenna than the
failed MEMS switch is turned on, obtained characteristics are
little different from those before the turn-on.

FIG. 11(A) shows a variation of the antenna device in FIG.
1, and FIG. 11(B) shows a variation of the device in FIG. 7.
While the antenna elements in FIGS. 1 and 7 have an L-shape,
antenna elements 212 in FIGS. 11(A) and 11(B) have a mean-
der shape. The antenna element of the antenna device in FIG.
10 may be configured to have a meander shape. Configuring
anantenna element to have a meander shape makes it possible
to set the interval between connecting locations on the
antenna element to be longer without changing intervals at
which switches are arranged. This allows easy implementa-
tion of a configuration capable of widely varying a frequency.

FIG. 12 shows a variation of the antenna device in FIG. 7.
The variation is characterized in that an antenna element 222
has a plate-like shape. Configuring an antenna element to
have a plate-like shape allows an increase in bandwidth. The
antenna element in FIG. 10 may be configured to have a
plate-like shape.

FIG. 13 shows a variation of the antenna device in FIG. 7.
While the antenna element shown in FIG. 7 is of the mono-
pole type, an antenna device may have an antenna element of
the dipole type, like an antenna element 232 in this variation.
The switches 104A to 104C and MEMS capacitors 107A to
107C are provided for each of radiating elements on the two
sides of the feeding point P. An antenna element configured to
be of the dipole type has the advantages of high noise resis-
tance, ease in obtaining desired directivity, and the like. The
antenna element in FIG. 10 may be configured to be of the

dipole type.
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FIG. 14 shows a variation of the antenna device shown in
FIG. 7. An antenna element in FIG. 14 is of the folded dipole
type. The antenna element in FIG. 10 may be configured to be
of the folded dipole type. The conductive ground plane 101
and a conductive plate 241 function as radiating elements.
The conductive ground plane 101 and conductive plate 241
face each other, and the switches 104A to 104C and MEMS
capacitors 107A to 107C intervene between the conductive
ground plane 101 and the conductive plate 241. This configu-
ration leads to the advantages of high noise resistance, ease in
obtaining desired directivity, smaller size, and the like.
Assume a case where the antenna device in FIG. 14 is applied
to, e.g., a flip mobile phone. In this case, configuring the
mobile phone such that the conductive ground plane 101 and
conductive plate 241 face each other, as shown in FIG. 14,
when the mobile phone is closed makes it possible to perform
communication with the above-described advantages in
closed state. The mobile phone may be configured to perform
normal communication through the plate-like dipole antenna
using the conductive ground plane 101 and conductive plate
241 as the radiating elements when it is opened such that the
conductive ground plane 101 and conductive plate 241 are
substantially flush with each other.

FIG. 15 shows a variation of the antenna device in FIG. 14.
While the feeding point P is located at the center of the
antenna element in the antenna device in FIG. 14, a feeding
point is offset from the center in an antenna device in FIG. 15.
This configuration leads to the advantages of an increase in
design flexibility, ease in increasing bandwidth by multiple
resonance, and the like. Reference numeral 251 denotes a
conductive ground plane; 252, a conductive plate; 253, a
linear element; and 254, a connecting element. These com-
ponents 251 to 254 form the antenna element (substantially %2
wavelength).

FIG. 16 shows a variation of the antenna device shown in
FIG. 7. The variation is obtained by replacing the antenna
element in FIG. 7 with a passive element 261, and the passive
element 261 is spaced apart from a feeding element 262 by a
predetermined distance. This use of a passive element as an
antenna element leads to the advantages of an increase in the
flexibility in the design of the feeding element 262, case in
increasing bandwidth by multiple resonance, and the like. A
passive element may be used as the antenna element of the
antenna device shown in FIG. 10.

FIG. 17 shows a variation of the antenna device shown in
FIG. 13. The variation is obtained by replacing the antenna
element (dipole antenna element) in FIG. 13 with a passive
element 271, and the passive element 271 is spaced apart from
the feeding element 262 by a predetermined distance. This
configuration makes it possible to have the advantages of an
increase in the flexibility in the design of the feeding element
262, ease in increasing bandwidth by multiple resonance,
ease in obtaining desired directivity, and the like.

FIG. 18 shows the schematic configuration of a radio com-
munication terminal having the antenna device in FIG. 11(B)
mounted therein.

The meander-shaped antenna element 212 is set on a PCB
(Printed Circuit Board) board 220 of the radio communica-
tion terminal, and the conductive ground plane 101 is formed
in a region different from a region where the antenna element
212 is set. A radio processing unit 225 generates a radio
frequency signal by subjecting data to be transmitted to radio
processing, including modulation, frequency conversion, and
amplification, and supplies the generated radio frequency
signal to the feeding point P of the antenna element 212
through a feeding line 224. A module 221 includes the
switches 104A to 104C and MEMS capacitors 107A to 107C.
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The module 221 is connected to the meander-shaped antenna
element 212 at three points through the switches 104A to
104C and is also connected to the conductive ground plane
101 through the MEMS capacitors 107A to 107C. The
MEMS controlling unit, MEMS operation determining unit,
and switch controlling unit are connected to the module 221
through connecting wires.

FIG. 19 schematically shows a variation of the radio com-
munication terminal in FIG. 18.

A dielectric block 226 with a dielectric constant higher
than that of the PCB board 220 is provided along an edge of
the PCB board 220, and a main part of the antenna element
212 is formed at a longitudinal side (on the outer side of the
board) of the dielectric block 226. The part of the antenna
element 212 other than the main part is formed on the PCB
board 220. The part extends from the feeding point P, is
pressed down by the dielectric block 226 against the PCB
board 220 midway therethrough, is led out to the side of the
dielectric block 226, and is connected to the main part. Wires
connecting the module 221 and antenna element 212 are
formed on the PCB board 220. The wires extend from the
module 221, are pressed down by the dielectric block 226
against the PCB board 220, are led out to the side of the
dielectric block 226, and are connected to the antenna ele-
ment 212. The formation of the antenna element at the dielec-
tric block 226 with the high dielectric constant makes it
possible to make the antenna element shorter due to the wave-
length shortening effect and thus allows a decrease in the size
of an antenna device.

An antenna device according to the present invention,
embodiments of which have been described above, can also
be operated as an antenna for receiving digital terrestrial
broadcasting by being mounted in a portable terminal, a note-
book PC, or an FPD (Flat Panel Display).

The present invention is not limited to the exact embodi-
ments described above and can be embodied with its compo-
nents modified in an implementation phase without departing
from the scope of the invention. Also, arbitrary combinations
of'the components disclosed in the above-described embodi-
ments can form various inventions. For example, some of the
all components shown in the embodiments may be omitted.
Furthermore, components from different embodiments may
be combined as appropriate.

What is claimed is:

1. An antenna device comprising:

a conductive ground plane;

an antenna including a radiating element;

at least one variable capacitor having a first end connected
to the conductive ground plane;

a plurality of switch elements having respective first ends
connected to a second end of said at least one variable
capacitor and respective second ends connected to the
antenna at different locations;

a switch controlling unit configured to control an ON/OFF
state of each of the switch elements; and

a capacitor controlling unit configured to control a capaci-
tance of said at least one variable capacitor;

an operation setup table configured to hold operating fre-
quencies of the antenna, each corresponding to a com-
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bination between a capacitance level of said at least one
variable capacitor and ON/OFF states of the switch ele-
ments; and

a detecting unit configured to detect one combination cor-
responding to a desired operating frequency from
among the combinations in the operation setup table,
wherein

the capacitor controlling unit controls said at least one
variable capacitor in accordance with the detected com-
bination, and

the switch controlling unit controls the switch elements in
accordance with the detected combination.

2. The device according to claim 1, further comprising:

an operating frequency receiving unit configured to receive
information of the desired operating frequency from an
external device, wherein

the detecting unit specifies the desired operating frequency
based on received information.

3. The device according to claim 1, further comprising:

a feeding point configured to supply power to a first end of
the antenna.

4. The device according to claim 1, wherein

the radiating element is a passive element, and one end of
the radiating element is connected to the conductive
ground plane.

5. The device according to claim 3, wherein

when there are a plurality of combinations corresponding
to the desired operating frequency in the operation setup
table, the detecting unit selects one combination which
allows the switch element closest to a second end of the
antenna to be turned on, from the plurality of combina-
tions.

6. The device according to claim 1, further comprising:

a capacitor failure detecting unit configured to detect a
failure in a variable capacitor; and

a capacitance level detecting unit configured to detect a
capacitance level of a failed variable capacitor, wherein

the detecting unit selects one combination in which a
capacitance level of the failed variable capacitor accords
with a detected capacitance level from among the com-
binations in the operation setup table.

7. The device according to claim 1, further comprising:

a switch failure detecting unit configured to detect a failure
in a switch element; and

a switch state detecting unit configured to detect whether a
failed switch element is in an ON state or OFF state,
wherein

the detecting unit selects one combination in which a state
of the failed switch element accords with a detected state
from among the combinations in the operation setup
table.

8. The device according to claim 1, wherein

said at least one variable capacitor is a MEMS capacitor.

9. The device according to claim 1, wherein

the switch elements are MEMS switches, respectively.

10. A radio communication device comprising:

an antenna device according to claim 1; and

a radio processing unit configured to perform radio com-
munication through the antenna device.

#* #* #* #* #*






_1388253299.pdf
a2 United States Patent

Minemura et al.

US008089413B2

US 8,089,413 B2
Jan. 3, 2012

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

(54)

(735)

(73)

")

@

(22)

(65)

(30)

Aug. 29, 2008

(1)

(52)
(58)

RADIO APPARATUS AND ANTENNA
ADAPTED FOR CONTACTLESS
COMMUNICATION

Inventors: Takashi Minemura, Tokyo (JP); Naoto
Ito, Tokyo (IP)

Assignee: Kabushiki Kaisha TOSHIBA, Tokyo

(P)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 477 days.

Appl. No.: 12/402,647
Filed: Mar. 12, 2009

Prior Publication Data

US 2010/0052999 A1l Mar. 4,2010
Foreign Application Priority Data
(P) e 2008-222699

Int. CL.

H010 124 (2006.01)

US.CL . 343/702; 343/742; 343/867

Field of Classification Search .................. 343/702,
343/741, 866, 867

See application file for complete search history.

40 50

(56) References Cited
U.S. PATENT DOCUMENTS
2005/0040997 Al* 2/2005 Akihoetal. .......... 343/866
2006/0114159 Al* 6/2006 Yoshikawa et al. ... 343/702
2008/0252551 Al* 10/2008 Kuboetal. ... 343/867
FOREIGN PATENT DOCUMENTS
Jp 2005-026865 A 1/2005
Jp 2005-134942 A 5/2005

* cited by examiner

Primary Examiner — Hoanganh Le
(74) Attorney, Agent, or Firm — Holtz, Holtz, Goodman &
Chick, PC

(57) ABSTRACT

A radio apparatus having a casing and an antenna is provided.
The casing has first, second and third faces. The second face
and the third face correspond to a side face and another side
face of the first face, respectively. The antenna is formed by a
conductive line in such a way that the conductive line forms a
first loop shape, a second loop shape and a third loop shape,
that the first loop shape includes a first portion and a second
portion positioned adjacent to a third portion of the second
loop shape and a fourth portion of the third loop shape,
respectively, that directions of currents distributed on the first
portion and the third portion if the antenna is fed are almost
same, and that directions of currents distributed on the second
portion and the fourth portion if the antenna is fed are almost
same.

12 Claims, 4 Drawing Sheets






U.S. Patent Jan. 3,2012 Sheet 1 of 4 US 8,089,413 B2

CLOSE 1ST & - -
2ND SECTIONS,





U.S. Patent Jan. 3,2012 Sheet 2 of 4 US 8,089,413 B2

1






U.S. Patent Jan. 3,2012 Sheet 3 of 4 US 8,089,413 B2

: f&t &
- o ANTENNA 40~ A
g —2 i /7 \s s ;.‘.\
: b *‘l / AN
ANTENNA 457" . SN
L -40 4t Sl S
- e N ¢ ‘ L
: . ; ’/N/ * \.\‘ \\:\‘:x -
-60 gy e
I e Tl
@ T b
: _&0 ’ : ‘1
i ]
| i ]
[ \
o100 —
I
- [
120 ! ! \
oL 1o !
- i
L | I |
140 —
i | LS Y] [ b4 - | S I I | R i
040 <008 006 004 -002 000 002 004 008 008 0.0
Hi

Fig. 5

1 |
o &
L} [
TITTITTTY
*
<
b
A
¥

ANTENNA 40 : L

R N N R ]






U.S. Patent Jan. 3,2012 Sheet 4 of 4 US 8,089,413 B2

Fig. 7





US 8,089,413 B2

1
RADIO APPARATUS AND ANTENNA
ADAPTED FOR CONTACTLESS
COMMUNICATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2008-
222699 filed on Aug. 29, 2008; the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to a radio apparatus and an
antenna, and in particular to a radio apparatus configured to
face an external apparatus so as to perform contactless com-
munication with the external apparatus, and to an antenna
provided in the radio apparatus.

(i) Description of the Related Art

Radio frequency identification (which will be abbreviated
to RFID hereinafter) technology has been widely used for
automatic ticket gates of railroads, working hour manage-
ment of companies or offices, various kinds of electronic
money and so on. In an RFID system, information is
exchanged through radio transmission and reception between
a device called a reader/writer and a data medium called a
card or a tag (which is called contactless data communica-
tion). Recently, mobile phones of some types are equipped
with RFID, starting from a card function and then covering a
reader/writer function.

In the RFID system, an antenna included in the reader/
writer and an antenna included in the card are arranged oppo-
site and close to each other so as to communicate with each
other, so that the reader/writer may write data to the card and
read data from the card. A planer loop-shaped coil-like ele-
ment is usually used as the antenna of the RFID system.

In a mobile phone naming the card function, e.g., a loop-
shaped antenna of the RFID system is usually arranged close
to either one of a front side or a back side of a casing of the
mobile phone. In this case, dueto a thickness of the casing, the
antenna exhibits a magnetic field distribution characteristic
deflected towards the side to which the antenna is arranged
close. Thus, success or failure, or an error rate, in the contact-
less data communication is limited by an orientation of the
casing to the reader/writer as well as by a separation between
the casing and the reader/writer.

Related art to address such a problem is known as disclosed
in, e.g., Japanese Patent Publication of Unexamined Applica-
tions (Kokai), No. 2005-26865 or No. 2005-134942. JP 2005-
26865 discloses a data communication apparatus having an
antenna arranged around and alone sides of a casing. IP
2005-134942 discloses a reader/writer having an antenna unit
formed by a printed board contained in a main body and
having multiple antennas having antenna axes in multiple
directions.

The apparatus of JP 2005-26865 is configured to correct
the deflection of the magnetic field distribution by positioning
the antenna near a center in a thickness direction of the casing.
Such a configuration, however, has a limited effectina case of
lots of mobile phones, e.g., where pivotally connected two
casings are being closed to each other.

The antenna unit of the reader/writer of JP 2005-134942
has the antenna axes in a direction of a side of the main body
by means of a thickness of the printed board or a layered
structure of multiple printed boards. As having an effect
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2
depending on the thickness and/or the number of the printed
boards, however, the antenna unit of JP 2005-134942 has
difficulty in exhibiting the effect in a case where the casing is
made thin.

SUMMARY OF THE INVENTION

Accordingly, an advantage of the present invention is to
reduce deflection of magnetic field distribution that occurs if
power is fed to an antenna regardless of a configuration and/or
a size of a casing of a radio apparatus, so as to expand space
in which contactless communication is available.

To achieve the above advantage, one aspect of the invention
is to provide aradio apparatus having a casing and an antenna.
The casing has a first face, second face and a third face. The
second face and the third face correspond to a side face and
another side face of the first face, respectively. The antenna is
formed by a conductive line in such a way that the conductive
line forms a first loop shape, a second loop shape and a third
loop shape, that the first loop shape includes a first portion and
a second portion positioned adjacent to a third portion of the
second loop shape and a fourth portion of the third loop shape,
respectively, that directions of currents distributed on the first
portion and the third portion if the antenna is fed are almost
same, and that directions of currents distributed on the second
portion and the fourth portion if the antenna is fed are almost
same.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a configuration of a
radio apparatus (a mobile communication terminal) of an
embodiment of the invention.

FIG. 2 is a perspective view showing a direction and a
position of an antenna provided to the mobile communication
terminal of the embodiment in a state that two casings of the
mobile communication terminal are closed.

FIG. 3 is a perspective view of the antenna arranged in a
first section of the mobile communication terminal of the
embodiment of the invention.

FIG. 4 is a perspective view showing a configuration of the
antenna of the embodiment of the invention.

FIG. 5 is a graph illustrating an example of a magnetic field
distribution estimated by a simulation in a horizontal (left-to-
right) direction while the mobile communication terminal of
the embodiment of the invention is viewed from a hinge
section in a direction parallel to a back face.

FIG. 6 is a graph illustrating an example of a magnetic field
distribution estimated by a simulation in a vertical direction
while the mobile communication terminal of the embodiment
of the invention is viewed from the hinge section in the
direction parallel to the back face.

FIG. 7 is a perspective view of a configuration having
portions corresponding to left and right sides of an ordinary
loop-shaped antenna, and bent in the directions of the sides of
the casing.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, an embodiment of the present invention will
be described with reference to FIGS. 1-7. In following
descriptions, terms such as upper, lower, left, right, horizontal
or vertical used while referring to a drawing shall be inter-
preted on a page of the drawing unless otherwise noted. A
same reference numeral given in no less than two drawings
shall represent a same member or a same portion.
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FIG. 1 is a perspective view showing a configuration of a
mobile communication terminal 1, i.e., a radio apparatus of
the embodiment of the invention. The mobile communication
terminal 1 includes a first section 10 and a second section 20
pivotally connected through a hinge section 30. FIG. 1 shows
user side faces of the first section 10 and the second section 20
being open to each other while being used.

The first section 10 and the second section 20 may be open
or closed to each other, forming but not limited to a flip type
structure or a two-axis hinge (double swivel) type structure.
The hinge section 30 is a portion arranged between the first
section 10 and the second section 20, containing a mechanism
configured to allow the first section 10 and the second section
20 to be open or closed to each other, and shown as sur-
rounded by a dashed ellipse in FIG. 1. As illustrated by a
dot-and-dash arc with an arrow in FIG. 1, the first section 10
may pivot against the second section 20 on the hinge section
30 so that the first section 10 and the second section 20 may be
closed to each other.

The first section 10 has a display unit 11 formed by, e.g., a
liquid crystal device on a front face (a face facing a user in
FIG. 1) of the first section 10 (another display unit may be
provided on another face such as a back face of the first
section 10 or of the second section 20). The second section 20
has an operation unit including plural operation keys is pro-
vided on a front face of the second section 20 (some of the
operation keys may be provided on another face such as a side
face of the first section 10 or of the second section 20).

FIG. 2 is a perspective view showing a direction and a
position (indicated by a block arrow) of an antenna 40 pro-
vided in the first section 10 in a state that the first section 10
of the mobile communication terminal 1 is closed to the
second section 20, as viewed from a back side of the first
section 10. A back of the front face of the first section 10 is
called a back face 12. As viewed in the direction shown in
FIG. 2, the mobile communication terminal 1 has a right side
face 13 being on a right side of the back face 12, and a left side
face 14 being on a left side of the back face 12.

The antenna 40 is an antenna for a card function of a radio
frequency identification (RFID) system. The antenna 40 is
connected to a feed circuit, that is not shown, at a feed portion
50 indicated by a symbol in FIG. 2 after being provided in the
mobile communication terminal 1 so as to form a resonance
circuit that may be resonant in a 13 MHz band. The antenna
40 may be formed but, as described later, not limited to by a
metal sheet arranged in the first section 10, as intuitively
expected from FIG. 2.

FIG. 3 is a perspective view of the antenna 40 arranged in
the first section 10 of the mobile communication terminal 1,
as viewed in the same direction as shown in FIG. 2. Each of
portions shown in FIG. 3 is a same as the corresponding one
given the same reference numeral in FIG. 2, and its explana-
tion will be omitted.

FIG. 4 is a perspective view showing a configuration of the
antenna 40, as viewed in the same direction as shown in FIG.
3. The antenna 40 is formed by a conductive line in such a way
that a first loop shape 41, a second loop shape 42 and a third
loop shape 43 (each of which is shown as surrounded by a
dashed frame) are formed by the conductive line. The shape
of the conductive line will be described in detail in order of
numbers of block arrows starting from the feed portion 50.

The conductive line starting from the feed portion 50 in a
right direction, e.g., sequentially passes through a portion
indicated by a block arrow (1), turns rightward to pass
through a potion indicated by a block arrow (2) and turns
downward to pass through a portion indicated by a block
arrow (3). The conductive line then sequentially passes
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4

through a portion indicated by a block arrow (4) in a direction
opposite the portion indicated by the block arrow (6), turns
upward to pass through a portion indicated by a block arrow
(5) and a portion indicated by a block arrow (6) in the same
direction as the portion indicated by the block arrow (2).

The conductive line then turns rightward to pass through a
portion indicated by a block arrow (7), turns rightward to pass
through a portion indicated by a block arrow (8), and turns
downward to pass through a portion indicated by a block
arrow (9) in order. The conductive line then passes through a
portion indicated by a block arrow (10) that is in a direction
opposite the portion indicated by the block arrow (8), turns
upward to pass through a portion indicated by a block arrow
(11), passes through a portion indicated by a block arrow (12)
in the same direction as the portion indicated by the block
arrow (8), turns rightward to pass through a portion indicated
by a block arrow (13) and reaches the feed portion 50. The
conductive line may pass through the above path more than
once.

The first loop shape 41 includes the portions indicated by
the block arrows, (1), (2), (7), (12) and (13) among the above
portions of the conductive line. The second loop shape 42
includes the portions indicated by the block arrows (3), (4),
(5) and (6) among the above portions of the conductive line.
The third loop shape 43 includes the portions indicated by the
block arrows (8), (9), (10) and (11) among the portions of the
conductive line.

The first loop shape 41 is almost parallel to the back face 12
of the first section 10. The second loop shape 42 is almost
parallel to the right side face 13 of the first section 10. The
third loop shape 43 is almost parallel to the left side face 14 of
the first section 10. The first to the third loop shapes 41-43
may have plural turns.

The antenna 40 may form a magnetic field distribution
mainly in a direction perpendicular to the back face 12 of the
first section 10, due to the first loop shape 41. The antenna 40
may form a magnetic field distribution mainly in a direction
perpendicular to the right side face 13 of the first section 10,
due to the second loop shape 42. The antenna 40 may form a
magnetic field distribution mainly in a direction perpendicu-
lar to the left side face 14 of'the first section 10, due to the third
loop shape 43.

The potion indicated by the block arrow (2) of the first loop
shape 41 and the portion indicated by the block arrow (6) of
the second loop shape 42 are positioned adjacent to each
other. As shown by the same direction of the block arrows,
currents distributed on the above adjacent portions are spa-
tially almost in a same direction while the antenna 40 is being
fed. The portions positioned adjacent to each other may be
arranged close to and along an intersection side of the back
face 12 and the right side face 13 of the first section 10.

The currents distributed on the portions of the first loop
shape 41 and the second loop shape 42 positioned adjacent to
each other are spatially almost in the same direction as
described above, so as to mutually enhance the magnetic field
distribution around the above portions, thus contributing to
expansion of space in which the contactless communication
is available.

The portion indicated the block arrow (12) of the first loop
shape 41 and the portion indicated by the block arrow (8) of
the third loop shape 43 are positioned adjacent to each other.
As shown by the same direction of the block arrows, currents
distributed on the above adjacent portions are spatially almost
in a same direction while the antenna 40 id being fed. The
portions positioned adjacent to each other may be arranged
close to and along an intersection side of the back face 12 and
the left side face 14 of the first section 10.
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The currents distributed on the portions of the first loop
shape 41 and the third loop shape 43 positioned adjacent to
each other are spatially almost in the same direction as
described above, so as to mutually enhance the magnetic field
distributions around the above portions, thus contributing to
expansion of the space in which the contactless communica-
tion is available.

Having a portion close to the right side face as a right half
and a remaining portion close to the left side face 14 as a left
half, the first loop shape 41 may be shaped almost left-right
symmetric. The second loop shape 42 and the third loop shape
43 may similarly be shaped almost left-right symmetric to
each other. The symmetry of the loop shapes may enhance a
symmetric feature of the magnetic field distributions in a case
where the mobile communication terminal 1 is viewed from
the hinge section 30 in a direction parallel to the back face 12
as shown in FIG. 3. Thus, variation of the space in which the
contactless communication is available depending on direc-
tions may be reduced.

The conductive line of the antenna 40 may be formed by a
sheet metal as described above and may be attached to the first
section 10. The conductive line of the antenna 40 may be
formed by a conductive pattern of a flexible printed board and
may be contained in the first section 10 or may be stuck to a
surface of material of the first section 10. The conductive line
of the antenna 40 may be formed by a conductive pattern
plated or stuck to an outer surface (aesthetic surface), an inner
surface or both of the material that forms the first section 10.

More specifically, e.g., the material forming the first sec-
tion 10 may be provided on the outer or inner surface with an
adhesive layer made of dielectric material different from the
material of the first section 10. The conductive pattern may be
plated through the adhesive layer. Due to the adhesive layer,
the conductive pattern may be provided regardless of akind of
the dielectric material of the first section 10. Therefore, rein-
forced dielectric material that is necessary for making the
mobile communication terminal 1 thinner may be selected as
the material of the first section 10.

If being provided with the conductive pattern of the
antenna 40 formed on both of the outer and inner surfaces, the
material of the first section 10 needs a via hole so as to
electrically connect the outer and inner surfaces. This method
for forming the conductive pattern may increase a degree of
freedom of a loop shape of the antenna 40.

An example of a characteristic estimation of the embodi-
ment of the present invention will be described with reference
to FIGS. 5 and 6. FIG. 7 shows an antenna 45 to be estimated
in comparison with the antenna 40. The antenna 45 has por-
tions corresponding to left and right sides of an ordinary loop
shaped antenna and bent in the directions of the sides of the
casing as shown in FIG. 7 and as viewed in the same direction
as in FIG. 4.

FIG. 5 s a graph illustrating an example of a magnetic field
distribution estimated by a simulation in a horizontal (left-to-
right) direction (the left side 14 and the right side 13 corre-
spond to left and right, respectively), while the mobile com-
munication terminal 1 is viewed from the hinge section 30 in
adirection parallel to the back face 12 shown in FIG. 3 and the
antenna 40 is being fed. The graph has a horizontal axis
representing a length measured leftiward and rightward from
a central portion of the mobile communication terminal 1 in
the horizontal direction. The graph has a vertical axis repre-
senting strength of the magnetic field distribution. A charac-
teristic of a configuration that the antenna 40 is replaced by
the antenna 45 has been estimated for comparison by a similar
simulation.
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It is assumed that a threshold of the magnetic field distri-
bution strength that determines success or failure in the com-
munication ill the above horizontal direction is, e.g., —60 dB.
As shown in FIG. 5, the antenna 40 and the antenna 45 show
lengths of 75 millimeters (mm) and 66 mm in the leftward
direction in association with the above threshold, respec-
tively. That means the antenna 40 gains improvement of 9 mm
in comparison with the antenna 45. In addition, in an almost
entire range in the horizontal direction included in FIG. 5, the
magnetic field strength generated by the antenna 40 is higher
than the magnetic field strength generated by the antenna 45,
which may prove an effect of the embodiment.

FIG. 6 is a graph illustrating an example of a magnetic field
distribution estimated by a simulation in a vertical direction (a
direction normal to the back face 12) while the mobile com-
munication terminal 1 is viewed from the hinge section 30 in
the direction parallel to the back face 12 shown in FIG. 3 and
the antenna 40 is being fed. The graph has a horizontal axis
representing a length measured upward and downward from
the central position of the mobile communication terminal 1.
The graph has a vertical axis representing strength of the
magnetic field distribution. A characteristic of the configura-
tion that the antenna 40 is replaced by the antenna 45 has been
estimated for comparison by a similar simulation.

It is assumed that a threshold of the magnetic field distri-
bution strength that determines success or failure in the com-
munication in the above vertical direction is, e.g., =80 dB. As
shown in FIG. 6, the antenna 40 and the antenna 45 show
lengths of 132 mm and 142 mm in the downward direction
(the direction opposite the back face 12) in association with
the above threshold, respectively. That means the antenna 40
gains improvement of 10 mm in comparison with the antenna
45. In addition, in an almost entire range in the vertical direc-
tion included in FIG. 6, the magnetic field strength generated
by the antenna 40 is higher than the magnetic field strength
generated by the antenna 45, which may prove an effect of the
embodiment.

According to the embodiment of the invention described
above, the antenna configured that the loop shapes are
directed in plural directions of the casing and the currents
distributed on the adjacent portions of the loop shapes are
directed in the same direction may expand space in which the
contactless communication is available.

In the above description of the embodiment, the shapes of
the loops and other portions of the antenna, the number of
turns of the loop, the layout, the relative position, the route
and the order of the portions of the conductive line of the
antenna, and conditions defined in the simulations are exem-
plary only, and may be variously modified within the scope of
the invention.

The foregoing description of the embodiments of the
present invention has been provided for the purposes of illus-
tration and description. It is not intended to be exhaustive or
to limit the invention to the precise forms disclosed. Obvi-
ously, many modifications and variations will be apparent to
practitioners skilled in the art. The embodiments where cho-
sen and described in order to best explain the principles of the
invention and its practical applications, thereby enabling oth-
ers skilled in the art to understand the invention for various
embodiments and with the various modifications as are suited
to the particular use contemplated. It is intended that the
scope of the invention be defined by the following claims and
their equivalents.
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(Drawings)

FIG. 1

CLOSE 1ST & 2ND SECTIONS
FIG. 5

ANTENNA 40

ANTENNA 45

FIG. 6

ANTENNA 40

ANTENNA 45

What is claimed is:

1. A radio apparatus comprising:

a casing having a first face, a second face corresponding to

a side face of the first face, and a third face correspond-
ing to another side face of the first face; and

an antenna formed by a conductive line in such a way that

the conductive line forms a first loop shape, a second
loop shape and a third loop shape, that the first loop
shape includes a first portion and a second portion posi-
tioned adjacent to a third portion of the second loop
shape and a fourth portion of the third loop shape,
respectively, that directions of currents distributed on the
first portion and the third portion if the antenna is fed are
almost same, and that directions of currents distributed
on the second portion and the fourth portion if the
antenna is fed are almost same.

2. The radio apparatus of claim 1, wherein the first portion
and the third portion are arranged close to and along an
intersection side of the first loop shape and the second loop
shape.

3. The radio apparatus of claim 1, wherein the second
portion and the fourth portion are arranged close to and along
an intersection side of the first loop shape and the third loop
shape.

4. The radio apparatus of claim 1, wherein

if the casing is viewed from such a direction that the second

face and the third face correspond to a left side face and
a right side face of the casing, respectively, the first loop
shape is shaped left-right symmetric, and that the second
loop shape and the third loop shape are shaped left-right
symmetric to each other.

5. The radio apparatus of claim 1, wherein at least a portion
of the conductive line is formed on a surface of a material
forming the casing.

20

25

30

35

40

8

6. The radio apparatus of claim 1, wherein at least a portion
of the conductive line is formed on an outer surface and an
inner surface of a material forming the casing.

7. An antenna formed by a conductive line provided in an
apparatus casing having a first face, a second face correspond-
ing to a side face of'the first face, and a third face correspond-
ing to another side face of the first face, comprising:

a first loop-shaped portion arranged almost parallel to the
first face, the first loop-shaped portion including a first
portion and a second portion;

a second loop-shaped portion arranged almost parallel to
the second face, the second loop-shaped portion includ-
ing a third portion arranged adjacent to the first portion,
the second loop-shaped portion arranged in such a way
that directions of currents distributed on the first portion
and the third portion if the antenna is fed are almost
same; and

a third loop-shaped portion arranged almost parallel to the
third face, the third loop-shaped portion including a
fourth portion arranged adjacent to the second portion,
the third loop-shaped portion arranged in such a way that
directions of currents distributed on the second portion
and the fourth portion if the antenna is fed are almost
same.

8. The antenna of claim 7, wherein the second portion and
the fourth portion are arranged close to and along an inter-
section side of the first loop shape and the third loop shape.

9. The antenna of claim 7, wherein the second portion and
the fourth portion are arranged close to and along an inter-
section side of the first loop shape and the third loop shape.

10. The antenna of claim 7, wherein

ifthe casing is viewed from such a direction that the second
face and the third face correspond to a left side face and
a right side face of the casing, respectively, the first
loop-shaped portion is shaped left-right symmetric, and
that the second loop-shaped portion and the third loop-
shaped portion are shaped left-right symmetric to each
other.

11. The antenna of claim 7, wherein at least a portion of the
conductive line is formed on a surface of a material forming
the casing.

12. The antenna of claim 7, wherein at least a portion of the
conductive line is formed on an outer surface and an inner
surface of a material forming the casing.
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INFORMATION EQUIPMENT WITH A
PLURALITY OF RADIO COMMUNICATION
ANTENNAS

CROSS-REFERENCE TO RELATED 5
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 11/802,149, filed May 21,2007, now U.S. Pat. No. 7,522,
109, and for which priority is claimed under 35 U.S.C. §120.
This application is based upon and claims the benefit of
priority under 35 U.S.C. §119 from Japanese Patent Applica-
tion No. 2006-148799, filed May 29, 2006, the entire contents
of both applications are incorporated herein by reference in
their entireties.

BACKGROUND

1. Field

An embodiment of the present invention relates to infor-
mation equipment with a plurality of radio communication
antennas, and more particularly, relates to information equip-
ment, such as a personal computer (hereinafter, referred to as
PC), which has an antenna to be used for a radio system in
which frequency bands are adjacent to one another, or over-
lapped with one another.

2. Description of the Related Art

A laptop PC with a radio communication antenna has been
developed up to now. For example, Jpn. Pat. Appln. KOKAI
Publication No. 2002-73210 discloses a configuration to
mount a plurality of radio communication antennas at upper
end parts of a display unit (LCD) attached to a main body.
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A general architecture that implements the various features
of the invention will now be described with reference to the
drawings. The drawings and the associated description are
provided to illustrate embodiments of the invention and not to
limit the scope of the invention.

FIG. 1A is a first exemplary view depicting frequency
bands of three radio systems A, B and C in a first example of
an embodiment of the invention;

FIG. 1B is a second exemplary view depicting frequency
bands of three radio systems A, B and C in the first example
of the embodiment of the invention;

FIG. 2 is an exemplary view depicting a concrete arrange-
ment of antennas in the first example of the embodiment of
the invention;

FIG. 3 is an exemplary view depicting frequency bands of
two radio systems A and C in a second example of the
embodiment of the invention;

FIG. 4 is an exemplary view depicting a concrete arrange-
ment of antennas in the second example of the embodiment of
the invention;

FIG. 5 is an exemplary appearance perspective view of a
laptop PC to which the embodiment of the invention is
applied thereto;

FIG. 6 is an exemplary view depicting an antenna arrange-
ment regarding the first embodiment of the invention;

FIG. 7 is an exemplary view depicting frequency bands of
three radio systems (wireless LAN, UWB (Ultra Wide Band)
and cellular system) in comparison with one another;

FIG. 8 is an exemplary view depicting frequency ranges of
antennas to be used for a cellular system;
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FIG. 9 is an exemplary view depicting an antenna arrange-
ment regarding the second embodiment of the invention;

FIG. 10 is an exemplary view depicting an antenna
arrangement regarding the third embodiment of the inven-
tion; and

FIG. 11 is an exemplary view depicting an antenna
arrangement regarding the fourth embodiment of the inven-
tion.

DETAILED DESCRIPTION

Various embodiments according to the invention will be
described hereinafter with reference to the accompanying
drawings. In general, according to one embodiment of the
invention, there is provided information equipment, compris-
ing: a display housing which is equipped with a display unit;
a first radio communication antenna which is disposed at an
end part of the display housing; a second radio communica-
tion antenna which is disposed at an end part of the display
housing, and uses a frequency band adjacent to or overlapped
with that of the first radio communication antenna; and a third
radio communication antenna which is disposed at an end
part of the display housing between the first radio communi-
cation antenna and the second radio communication antenna,
and uses a frequency band not adjacent to nor overlapped with
those of the first and the second radio communication anten-
nas.

Hereinafter, embodiments of the invention will be
described in detail by referring to the drawings.

A basic concept of the embodiment will be described
firstly. Here, the case in which radio communication antennas
(hereinafter, simply referred to as antennas) corresponding to
radio systems the frequency bands of which are adjacent or
overlapped are mounted in a PC, etc., will be set forth.

A first example will be described. FIG. 1A is a view illus-
trating frequency bands of three radio systems A, Band C. As
cleared from FIG. 1A, the frequency bands of the radio sys-
tem A and the radio system C are adjacent to each other. In
contrast, the radio system B uses a frequency band apart from
those of the radio systems A and C.

FIG. 1B is a view illustrating the frequency bands of three
radio systems A, B and C. As cleared from FIG. 1B, the
frequency bands of the radio system A and the radio system C
are overlapped with each other. In contrast, the radio system
Buses a frequency band apart from those of the radio systems
A and C in the same way as that of FIG. 1A.

In such cases of FIG. 1A and FIG. 1B given above, arrang-
ing the antenna to be used for the radio system A and the
antenna to be used for the radio system C so as to be adjacent
to or overlapped with each other causes interference and
deteriorates a property in each radio system A and C.

Therefore, in the first embodiment, as shown in FIG. 2, an
antenna A-1 to be used for the radio system A and an antenna
C-1 to be used for the radio system C are arranged with a
prescribed space at an end part 10-2 of a display housing 10
with an LCD 10-1 as a display unit, and an antenna B-1 to be
sued in the radio system B using a frequency band differing
from those of the radio systems A and C is arranged between
the antennas A-1 and C-1. Such an arrangement reduces the in
interference between the radio system A and the radio system
C to improve the property at each radio system A and C.

Wherein, the end part 10-2 of the display unit 10 is a part
and its neighboring which surrounds the LCD 10-1 of the
display housing 10. In general, a characteristic of an antenna
deteriorating in characteristic by overlapping with the LCD
10-1, the antenna may enhance its characteristic by being
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arranged at an end part of the display housing 10 so that a
power feeding part of the antenna does not overlap with the
LCD 10-1.

Next to this, a second example will be described. FIG. 3 is
a view depicting the frequency bands of two radio systems A
and C. As cleared from FIG. 3, the frequency bands of the
radio systems A and C are adjacent to each other. These
arrangements of the antennas, which are adjacent to each
other and used for the radio systems A and C, cause interfer-
ence and deteriorate the property of each radio system A and
C.

Therefore, in the first embodiment, as shown in FIG. 4, the
antenna A-1 to be used for the radio system A and the main
antenna C-1 to be used for transmission/reception in the radio
system C-1 are arranged with a predetermined space at the
end part 10-2 of' the display housing 10 with the LCD 10-1 as
the display unit. Further, a sub antenna C-2 for reception,
which is used in either the radio system A or the radio system
C (here, it is supposed to be used in radio system C), is
arranged between the antenna A-1 and the antenna C-1.

According to such an arrangement, the interference
between the radio system A and the radio system C is reduced,
and the property at each radio system A and C is enhanced.

As to an example of this radio system C, for example, a
wireless LAN, or the like is a possible approach.

The display housing 10 includes not only a display housing
to be connected to a main body housing of information equip-
ment, such as a laptop PC, but also a display housing of
information equipment, such as a liquid crystal television
receiver in which a display unit and a main body are inte-
grated into each other.

Hereinafter, an antenna arrangement in accordance with a
concrete radio system in applying the embodiment to the
laptop PC will be described in detail. Specifically, when a
plurality of antennas are arranged in small-sized equipment,
such as a laptop PC, intervals among each antenna becoming
small, the interference among each antenna is likely to occur.
Such an antenna arrangement in the embodiment is appropri-
ate to the antenna arrangement in the laptop PC.

FIG. 5 is an appearance perspective view of a laptop PC to
which the embodiment is applied. A laptop PC 100 consists of
a display unit 10, a main body housing 102 to be rotatably
connected to the display housing 103 by a hinge unit 104.

Wherein, an end part in almost parallel with a length direc-
tion of the hinge unit 104 among the end parts of the display
housing 103 is defined as an upper end part 103-1, and right
and left end parts almost orthogonal to the length direction of
the hinge unit 104 are defined as a right end part 103-2 and a
left end part 103-3, respectively. “Right” and “left” used here
are corresponding to directions of the right and the left when
auser faces an LCD 106 of the display housing 103. The same
goes for “upper” and “lower”.

As depicted in FIG. 5, the display housing 103 includes the
LCD 106 as a display unit. The main body housing 102 has a
circuit board with a CPU, etc, mounted thereon, a storage
medium, and radio communication modules, which are con-
nected to each antenna through cables, etc (all of them not
shown). The main body has them as built-in. Further, a key-
board 105 that is an input means, is disposed on an upper
surface 102a.

First Embodiment

FIG. 6 is a view illustrating an antenna arrangement regard-
ing the first embodiment of the invention. Antennas 20-1 and
20-2 for wireless LAN (WLAN), an antenna 21-1 for a cel-
Iular system, and an antenna 22 for UWB are mounted at the
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upper end part 103-1 of the display housing 103 in order from
the left. An antenna 21-2 for a cellular system is mounted at
the right end part 103-2 of'the display housing 103. The hinge
unit 104 is disposed at the lower end part 103-4 of the display
housing 103.

The reason for mounting two pieces of antennas 20-1 and
20-2 for the WLAN is to make the laptop PC 100 have
diversity functions. The reason for disposing toe pieces of the
antennas 21-1 and 21-2 for the cellular systems is also to
make the laptop PC 100 have diversity functions. The antenna
21-11is a sub antenna, and the antenna 21-2 is a main antenna.
The main antenna 21-2 is, for example, an antenna for trans-
mission/reception, and the sub antenna 21-1 is, for example,
an antenna for reception only. Here, it is presumed that the
cellular systems 21-1 and 21-2 can be used for mobile phone.

Especially, disposing the antennas 21-1 and 21-2 for the
cellular system by angles differing by 90-degree from each
other and receiving different polarized waves enables enhanc-
ing a polarized wave diversity effect. The antennas 21-1 and
21-2 are not adjacent each other, and the UWB antenna 22 are
arranged between the antennas 21-1 and 22-2. These antenna
arrangements enable enhancing a space diversity effect.

FIG. 7 is a view illustrating the frequency bands of the
foregoing three radio systems (WLAN, UWB and cellular
system) in comparison with one another. FIG. 8 shows the
frequency range of the antenna to be used in the cellular
system. As cleared from FIG. 7, in general, the frequency
band of the WLAN is 5.15-5.825 GHz, and the frequency
band of the UWB is 3.1-10.6 GHz. The frequency band of the
cellular system is, in general, around 800 MHz and around 2
GHz, and in addition, frequencies between them are used
arbitrarily. As shown in FIG. 7, the frequency band of the
WLAN and the frequency band of the UWB are overlapped
with each other; however, the frequency band of the cellular
system is different from those of the two radio systems
(WLAN and UWB).

Therefore, in the first embodiment, the antenna 21-1 for the
cellular system having different frequency band from those of
the two radio systems (WLAN and UWB) is arranged
between the antenna 20-1 for the WLAN and the antenna 22
for the UWB. According to such an antenna arrangement, the
interference between the radio LAN and the UWB may be
decreased, and the properties at the WL AN and the UWB may
be improved.

Shownin FIG. 6, the antennas 20-1 and 20-2 for the WLAN
and the antenna 22 for the UWB may be replaced with each
other.

Furthermore, as shown in FIG. 6, the main antenna 21-2
being arranged at the right end part 10-2 closer to the main
housing 102 with the radio communication module (not
shown) built therein; the cable length from the main antenna
21-2 to the radio communication module through the hinge
unit 104 can be made shorter. Thereby, a cable loss may be
decreased to improve the communication performance of the
main antenna 21-2. Even when the main antenna 21-2 is
disposed at the left end part 103-2, the same effect may be
obtained.

Second Embodiment

FIG. 9is aview showing an antenna arrangement regarding
the second embodiment of the invention. The antennas 20-1
and 20-2 for the WLAN, the antenna 21-1 for the cellular
system, and the antenna 22 for the UWB are mounted on the
upper end part 103-1 of the display housing 103 in order from
the left to the right.
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According to the configuration of the second embodiment,
the antenna 21 for the cellular system having a frequency
band differing from those of the two radio systems (WLAN
and UWB) is disposed between the antenna 20 for the WLAN
and the antenna 22 for the UWB. Depending on such an
arrangement, the interference between the WLAN and the
UWB is reduced and the characteristic at the WLAN and the
UWRB are enhanced.

The arrangements of the antenna 20 for the WLAN and the
antenna 22 for the UWB shown in FIG. 9 may be replaced
with each other.

Third Embodiment

FIG.10is a view depicting an antenna arrangement regard-
ing the third embodiment of the invention. The antenna 20 for
the WL AN, the antenna 21 for the cellular system, and the
antenna 22 for the UWB are mounted at the right end part
103-2 of the display housing 103 in order from the top to the
bottom.

According to the configuration of the third embodiment,
the antenna 21 for the cellular system 21 having a frequency
band differing from those of the two radio systems (UWB and
WLAN) is disposed between the antenna 22 for the UWB and
the antenna 20 for the WLAN. Such an arrangement reduces
the interference between the WL AN and the UWB to improve
the characteristics at the WLAN and the UWB.

The arrangements of the antenna 22 for the UWB and the
antenna 20 for the WL AN shown in FIG. 10 may be replaced
with each other.

Fourth Embodiment

FIG. 11 is a view illustrating an antenna arrangement
regarding the fourth embodiment of the invention. The
antenna 20 for the WLAN and the antenna 21 for the cellular
system are mounted on the upper end part 103-1 of the display
housing 103 in order from the left to the right. The antenna 22
for the UWB is mounted to the right end part 103-2 of the
display housing 103.

According to the configuration of the fourth embodiment,
the antenna 20 for the WLAN and the antenna 22 for the UWB
are arranged at two end parts orthogonal to each other, and the
antenna 21 for the cellular system having frequency band
differing from those of the two radio systems (WLAN and
UWB) is disposed therebetween. Such an arrangement
decreases the interference between the WLAN and the UWB
to improve the characteristics at the WLWN and the UWB.

The distance from the antenna 22 for the UWB up to the
radio communication module mounted in the main housing
102 becomes shorter than that from the antenna 20 for the
WLAN by disposing the antenna 22 for the UWB at the
position close to the hinge unit 104. Usually, a loss becoming
bigger in proportion to a communication cable length, the
increase ratio of the loss grows as the frequency band to be
used for a communication becomes higher. Therefore, it is
preferable to arrange the antenna 22 for the UWB which uses
a frequency band higher than that of the antenna 20 for the
WLAN nearby the hinge unit 104.

The arrangements of the antenna 20 for the WLAN and the
antenna 22 for the UWB depicted in FIG. 11 may be replaced
with each other.

According to the aforementioned embodiments, the infor-
mation equipment with the plurality of radio communication
antennas becomes possible to decrease the interference
among radio systems and improves its characteristics in each
radio system.
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While certain embodiment of the inventions have been
described, these embodiments have been presented by way of
example only, and are not intended to limit the scope of the
inventions. Indeed, the novel methods and systems described
herein may be embodied in a variety of other forms; further-
more, various omissions, substitutions and changes in the
form of the methods and systems described herein may be
made without departing from the spirit of the inventions. The
accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall within the
scope and spirit of the inventions.

What is claimed is:

1. Information equipment comprising:

a rectangular display housing which comprises a display
unit and having an upper end part, a lower end part, a left
end part, a right end part;

a first radio communication antenna which is disposed at
approximately a left end of the upper end part of the
display housing and uses a first communication system;

a second radio communication antenna which is disposed
at approximately a right end of the upper end part of the
display housing, and uses a second communication sys-
tem different from the first communication system hav-
ing a frequency band adjacent to or overlapped with that
of the first communication system, the second radio
communication antenna being disposed at a predeter-
mined distance from the first radio communication
antenna to avoid interference with the first radio com-
munication antenna; and

a third radio communication antenna which is disposed at
approximately a center position of the upper end part of
the display housing between the first radio communica-
tion antenna and the second radio communication
antenna, and uses a third communication system differ-
ent from the first communication system and the second
communication system and having a frequency band not
adjacent to nor overlapped with those of the first radio
communication antenna and the second radio commu-
nication antenna.

2. The information equipment of claim 1, wherein another
third radio communication antenna is disposed at approxi-
mately a center position of the right end part of the display
housing.

3. The equipment according to claim 1, wherein the hous-
ing is a display housing which contains a display, the equip-
ment being a laptop personal computer which further com-
prises a main body housing rotatably connected to the display
housing.

4. The equipment according to claim 1, wherein the first,
second and third wireless communication antennas are dis-
posed linearly at an end part of the housing.

5. Information equipment comprising:

a rectangular display housing which comprises a display
unit and having an upper end part, a lower end part, a left
end part, a right end part;

a first radio communication antenna which is disposed at
approximately a upper end of the right end part of the
display housing and uses a first communication system;

a second radio communication antenna which is disposed
at approximately a lower end of the right end part of the
display housing, and uses a second communication sys-
tem different from the first communication system and
having a frequency band adjacent to or overlaps with that
of the first communication system, the second radio
communication antenna being disposed at a predeter-





US 8,089,411 B2

7

mined distance from the first radio communication
antenna to avoid interference with the first radio com-
munication antenna; and

a third radio communication antenna which is disposed at

approximately a center position of the right end part of
the display housing between the first radio communica-
tion antenna and the second radio communication
antenna, and uses a third communication system differ-
ent from the first communication system and the second
communication system and having a frequency band not
adjacent to nor overlapped with those of the first radio
communication antenna and the second radio commu-
nication antenna.

6. The equipment of claim 5, wherein the first radio com-
munication antenna is an antenna for a wireless LAN;

the second radio communication antenna is an antenna for

a cellular system capable of performing transmission
and reception;

and the third radio communication antenna is an antenna

for a cellular system only for reception.

7. The equipment according to claim 5, wherein the hous-
ing is a display housing which contains a display, the equip-
ment being a laptop personal computer which further com-
prises a main body housing rotatably connected to the display
housing.

8. The equipment according to claim 5, wherein the first,
second and third wireless communication antennas are dis-
posed linearly at the right end part of the housing.
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9. Information equipment, comprising:

a rectangular display housing which comprises a display
unit and having an upper end part, a lower end part, a left
end part, a right end part;

a first radio communication antenna which is disposed at
approximately a center position of the upper end part of
the display housing and uses a first communication sys-
tem;

a second radio communication antenna which is disposed
at approximately a center position of the right end part of
the display housing, and uses a second communication
system different from the first communication system
and having a frequency band adjacent to or overlapped
with that of the first communication system, the second
radio communication antenna being disposed at a pre-
determined distance from the first radio communication
antenna to avoid interference with the first radio com-
munication antenna; and

a third radio communication antenna which is disposed at
approximately a right end of the upper end part of the
display housing between the first radio communication
antenna and the second radio communication antenna,
and uses a third communication system different from
the first communication system and the second commu-
nication system and having a frequency band not adja-
cent to nor overlapped with those of the first radio com-
munication antenna and second ratio communication
antenna.






