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(57) ABSTRACT

A dual-band antenna for use in a wireless network device
comprises first, second, and third radiators. The first and
second radiators are connected by a stand portion. The second
radiator is a generally C-shaped plate having a connecting
section and a free-end portion. A ground end and an input end
are provided at predetermined positions of the connecting
section and are respectively and electrically connected to a
grounding portion and a control circuit of a substrate. The
free-end portion overlaps with the orthogonal projection of
the first radiator and is parallel to the first radiator. The third
radiator is electrically connected to the second radiator via a
conductive post and is parallel to the second radiator. The
second and third radiators are provided on the substrate while
the first radiator is provided outside the substrate. The first,
second, and third radiators are parallel to and spaced apart
from one another.
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(57) ABSTRACT

An object of the present invention is to obtain high radiation
efficiency by strengthening electromagnetic coupling in an
antenna device that supplies a radiation current by the elec-
tromagnetic coupling. An antenna device includes a substrate
110 and a conductor pattern that includes a radiation conduc-
tor 121, a feed conductor 122, and a coupling conductor 123
formed on the substrate 110. Both the feed conductor 122 and
the coupling conductor 123 are formed on a side surface 115
of the substrate 110. One end 1224 of the feed conductor 122
is connected to a feed line, and other end 1224 is connected to
a ground pattern. A coupling portion 1225 of the feed con-
ductor 122 is substantially U-shaped, and the coupling con-
ductor 123 is electromagnetically coupled to the coupling
portion 1225 of the feed conductor 122. Because the feed
conductor 122 is gently curved, an electric filed concentration
can hardly occur. The length of the feed conductor 122 can be
increased, and thus it is possible to obtain a strong electro-
magnetic coupling with the coupling conductor 123.
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A portable terminal comprises a ground portion mounted in a
body of the portable terminal, and configured to form electri-
cal ground of a circuit board which controls the portable
terminal, a conductive member mounted to a case which
forms appearance of the body, and formed of a conductive
material, a first radiator electrically connected to the ground
portion so as to be fed by the ground portion, and configured
to transmit and receive radio electromagnetic waves, a second
radiator formed of a conductive material, and connected to the
conductive member so as to form an antenna pattern together
with the ground portion and the conductive member, the
antenna pattern consecutive with a feed point of the first
radiator, and a connection member configured to electrically
connect edges of the ground portion to the conductive mem-
ber such that the first radiator and the antenna pattern form a
dipole antenna.
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An active tuned loop-coupled antenna capable of optimizing
performance over incremental bandwidths and capable of
tuning over a large total bandwidth to be used in wireless
communications. The active loop is capable of serving as the
radiating element or a radiating element can be coupled to this
active loop. Multiple active tuned loops can be coupled
together to extend the total bandwidth of the antenna. Active
components can be incorporated into the antenna structure to
provide yet additional extension of the bandwidth along with
increased optimization of antenna performance over the fre-
quency range of the antenna.
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A multiband antenna includes a feed portion, a radiating
portion and a matching portion. The radiating portion is oper-
able to transceive electromagnetic signals, and includes a first
radiator, a second radiator and a third radiator. The first radia-
tor is connected to the feed portion, and includes a first free
end and a second free end. The second radiator is bent, and
includes a first feed end and a third free end, wherein the first
feed end is connected to the feed portion. The third radiator is
substantially L shaped, and includes a second feed end and a
fourth free end, wherein the second feed end is electrically
connected to the feed portion. The matching portion is rect-
angularly shaped, and electrically connected to the first radia-
tor, for impedance matching.
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(57) ABSTRACT

A mobile wireless communications device may include a
portable housing, at least one wireless communications cir-
cuit carried by the portable housing, and a wrap-around
antenna assembly carried by the portable housing. The wrap-
around antenna assembly may include a substrate comprising
a first portion and a second portion extending outwardly
therefrom defining an L-shape, and a wrap-around antenna
element lying along adjacent contiguous exterior surfaces of
the first and second substrate portions. The wrap-around
antenna assembly may further include an antenna feed arm
lying along an interior surface of the first substrate portion
and electrically coupled to the wrap-around antenna element,
and a feed arm extension electrically coupled to the antenna
feed arm and extending from the interior surface of the first
substrate portion around to the exterior surface thereof.
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(57) ABSTRACT

Antennas are provided for electronic devices such as portable
computers. An electronic device may have a housing in which
an antenna is mounted. The housing may have an antenna
window for the antenna. The antenna window may be formed
from dielectric or from antenna window slots in a conductive
member such as a conductive wall of the electronic device
housing. An antenna may have an antenna resonating element
that is backed by a conductive antenna cavity. The antenna
resonating element may have antenna resonating element
slots or may be formed using other antenna configurations
such as inverted-F configurations. The antenna cavity may
have conductive vertical sidewalls and a conductive rear wall.
The antenna cavity walls may be formed from conductive
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(57) ABSTRACT

An antenna apparatus and a mobile terminal having the same
are disclosed. The antenna apparatus includes: a first antenna
portion patterned at one surface of the electronic circuit
board; and a can type second antenna portion electrically
connected to one end of the first antenna portion and sepa-
rated from the one surface of the electronic circuit board,
wherein one end of the second antenna portion is connected to
the one end of the first antenna portion using a SMD method
and the other end of the second antenna portion is connected
to the one surface of the electronic circuit board using a SMD
method through a floating pad formed in the one surface of the
electronic circuit board.
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ABSTRACT

A housing antenna system is proposed, by means of which
automatic mass production of basic electrical or electronic
devices having such a housing antenna system may be carried
out in an economical and time-saving manner. This is
achieved in that the housing antenna system is based on
pressure contacting between the metallic antenna housing
and the associated electronic circuit in order to operate the
antenna housing as a housing antenna, using elastic elements.
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(57) ABSTRACT

An antenna element includes: a first conductive plate which is
approximately rectangular; a second conductive plate which
shares one side of the first conductive plate in the width
direction, which is placed substantially perpendicularly to the
first conductive plate, and which is approximately rectangu-
lar; a third conductive plate which shares another side of the
second conductive plate in the width direction, the other side
being opposed to the one side shared with the first conductive
plate, which is placed perpendicularly to be opposed to the
first conductive plate, and which is approximately rectangu-
lar; a fourth conductive plate which shares one sides of the
first conductive plate, the second conductive plate, and the
third conductive plate; a sixth conductive plate which extends
from one side of the fourth conductive plate that does not
share one sides of the first conductive plate, the second con-
ductive plate, and the third conductive plate, and which is
placed substantially perpendicularly to the fourth conductive
plate; slits which are disposed respectively between the sixth
conductive plate, and the first conductive plate and the third
conductive plate; a short pin which connects the ground plate
to the first conductive plate or the second conductive plate;
and a feed pin which is connected to the first conductive plate
or the second conductive plate in parallel to the short pin and
in adjacent to the short pin.
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(57) ABSTRACT

Embodiments of the present invention provide an inlay for
use in multiple applications including a contact smart card, a
contactless smart card, a ticket, a secured document, a combi
smart card and a dual interface smart card. The inlay may
include an inlay substrate; an antenna on the inlay substrate,
the antenna having at least two terminal pads; and a polymer
PCB bonded to and making an electrical connection between
each of the terminal pads; wherein the terminal pads and
polymer PCB are positioned to allow the inlay to be used in a
desired smart card application, the application selected from
a group consisting of a contact smart card, a contactless smart
card, a ticket, a secured document, a combi smart card and a
dual interface smart card; wherein, when the inlay is to be
used in a contactless smart card, ticket, secured document or
combi smart card, the polymer PCB functions as a carrier for
a chip; and wherein, when the inlay is to be used in a dual
interface or contact smart card, end portions of the polymer
PCB function as strap leads to connect an embedded chip of
the dual interface or contactless smart card to the antenna.
One method for producing the inlays is also disclosed.
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combiner (27) that combines the second output of the band
splitter with a signal from the second antenna to provide an
input signal to the dual band transceiver.
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A portable terminal comprises a ground portion mounted in a
body of the portable terminal, and configured to form electri-
cal ground of a circuit board which controls the portable
terminal, a conductive member mounted to a case which
forms appearance of the body, and formed of a conductive
material, a first radiator electrically connected to the ground
portion so as to be fed by the ground portion, and configured
to transmit and receive radio electromagnetic waves, a second
radiator formed of a conductive material, and connected to the
conductive member so as to form an antenna pattern together
with the ground portion and the conductive member, the
antenna pattern consecutive with a feed point of the first
radiator, and a connection member configured to electrically
connect edges of the ground portion to the conductive mem-
ber such that the first radiator and the antenna pattern form a
dipole antenna.
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PORTABLE TERMINAL

CROSS-REFERENCE TO a RELATED
APPLICATION

[0001] This application claims the benefit of priority of
Korean Application No. 10-2009-0060349 and Korean
Application No. 10-2009-0066027, both filed on Jul. 2, 2009
and Jul. 20, 2009 respectively, both of which are herein
expressly incorporated by reference in their entireties.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a portable terminal,
and particularly, to a portable terminal having an antenna for
transmitting or receiving radio electromagnetic waves.
[0004] 2. Background of the Invention

[0005] Ingeneral, aterminal may be classified into amobile
(portable) terminal and a stationary terminal according to a
moveable state. The mobile terminal may be also classified
into ahandheld terminal and a vehicle mount terminal accord-
ing to a user’s carriage method.

[0006] As functions of the terminal become more diversi-
fied, the terminal can support more complicated functions
such as capturing images or video, reproducing music or
video files, playing games, receiving broadcast signals, and
the like. By comprehensively and collectively implementing
such functions, the mobile terminal may be embodied in the
form of a multimedia player or device.

[0007] Various attempts have been made to implement
complicated functions in such a multimedia device by means
of hardware or software. For instance, a User Interface (UI)
environment is provided in a portable terminal to enable a
user to easily and conveniently search for or select a desired
function among available functions.

[0008] Besides, a method for enhancing a function of the
hardware may be considered, and a function of an antenna of
the portable terminal may be enhanced.

SUMMARY OF THE INVENTION

[0009] Therefore, an object of the present invention is to
provide a portable terminal having an antenna capable of
reinforcing an intensity of a body and transceiving (transmit-
ting and receiving) radio electromagnetic waves.

[0010] Another object of the present invention is to provide
aportable terminal having an antenna capable of transmitting
and receiving radio electromagnetic waves of multi bands.
[0011] Still another object of the present invention is to
provide a portable terminal having an antenna of a slimmer
size.

[0012] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, there is provided a portable
terminal, comprising: a ground portion mounted in a body of
the portable terminal, and configured to form electrical
ground of a circuit board which controls the portable termi-
nal; a conductive member mounted to a case which forms
appearance of the body, and formed of a conductive material;
a first radiator electrically connected to the ground portion so
as to be fed by the ground portion, and configured to transmit
and receive radio electromagnetic waves; a second radiator
formed of a conductive material, and connected to the con-
ductive member so as to form an antenna pattern together
with the ground portion and the conductive member, the

Jan. 6, 2011

antenna pattern consecutive with a feed point of the first
radiator; and a connection member configured to electrically
connect edges of the ground portion to the conductive mem-
ber such that the first radiator and the antenna pattern form a
dipole antenna.

[0013] Here, at least one of the first and second radiators
may be patterned on a surface of the case.

[0014] According to one embodiment of the present inven-
tion, the edge of the ground portion, the conductive member
and the connection member may form a conductive loop. The
conductive loop may form a closed loop. The first and second
radiators may be connected to different parts of the closed
loop. The conductive loop may transmit and receive radio
electromagnetic waves of a frequency band different from
that of the dipole antenna by being combined with the first
radiator. The portable terminal may further comprise a third
radiator. The third radiator may be electrically connected to
the conductive loop so as to form an antenna together with the
first radiator, the antenna which transmits and receives a
frequency band different from that of the dipole antenna.

[0015] According to another embodiment of the present
invention, the connection member may be protruding from
the conductive member, and may elastically pressurize a con-
nection port provided at the circuit board. The conductive
member may be formed along edges of the body so as to form
a frame of the body.

[0016] According to another embodiment of the present
invention, the ground portion may include a conductive sup-
porting member configured to support a display module
which displays image information. And, the conductive sup-
porting member may be provided with a connection port
electrically connected to the connection member.

[0017] According to another aspect of the present inven-
tion, there is provided a portable terminal, comprising: a body
having a display unit for displaying image information; a
conductive frame portion mounted to a case which forms
appearance of the body, and formed along edges of the body;
a ground portion configured to form electrical ground of a
circuit board which controls the display unit; a conductive
connection portion configured to connect the ground portion
and the conductive frame portion to each other at a plurality of
locations so as to form slots together with the ground portion
and the conductive frame portion; and a feeding portion con-
figured to feed the slot such that the slot radiates electromag-
netic waves. The portable terminal may further comprise an
insulating portion configured to cover the conductive frame
portion, and formed of an insulating material.

[0018] According to another embodiment of the present
invention, the conductive frame portion may be formed to
encompass the ground portion when projected in a direction
perpendicular to the display unit. The conductive frame por-
tion may include side frames and a connection frame. The
side frames may be formed along two edges of the display
unit, and the connection frame may be formed in a direction
crossing the two edges of the display unit thereby to connect
the side frames to each other. The conductive frame portion
may be configured to form a closed loop.

[0019] According to another embodiment of the present
invention, the ground portion may be formed at the circuit
board, or at the conductive member which supports a display
module. The conductive connection portion may connect the
conductive frame portion and the ground portion to each other
such that the slot is formed in plurality in number. The plu-
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rality of slots may be formed to transmit and receive radio
electromagnetic waves of different frequency bands.

[0020] According to another embodiment of the present
invention, the conductive connection portion may be extend-
ing from the conductive frame portion, and may elastically
pressurize the connection port provided at the circuit board.
The feeding portion may be implemented as a pattern formed
of'a conductive material, and may be electrically connected to
the ground portion.

[0021] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0023] In the drawings:

[0024] FIG. 1 is a perspective view of a portable terminal
according to one embodiment of the present invention;

[0025] FIG. 2 is a rear perspective view of the portable
terminal of FIG. 1;

[0026] FIG.3 is arear disassembled view of a second body
of FIG. 2;
[0027] FIG. 4 is a conceptual view of a conductive loop

formed by a conductive member, a ground portion and a
connection member of FIG. 3;

[0028] FIG. 5A is a brief conceptual view of an antenna of
FIG. 3;
[0029] FIG. 5B illustrates a simulation result showing a

resonance frequency of the antenna of FIG. 5A;

[0030] FIG. 6 is a disassembled view showing a modifica-
tion example of a radiator according to the present invention;
[0031] FIG. 7 is a conceptual view of a conductive loop
formed by a conductive member, a ground portion and a
connection member of FIG. 6;

[0032] FIG. 8 is a front disassembled view of a portable
terminal according to another embodiment of the present
invention;

[0033] FIG. 9 is a disassembled view of a first body of a
portable terminal according to another embodiment of the
present invention;

[0034] FIG.101is aconceptual view of a slot antenna imple-
mented by projecting a conductive frame portion, a ground
portion, and a conductive connection portion of FIG. 9 in a
direction perpendicular to a display unit;

[0035] FIG. 11 is a disassembled view of a first body of a
portable terminal according to still another embodiment of
the present invention;

[0036] FIG.12isaconceptual view of a slot antenna imple-
mented by projecting a conductive frame portion, a ground
portion, and a conductive connection portion of FIG. 11 in a
direction perpendicular to a display unit;

[0037] FIG. 13 is a conceptual view of a notebook com-
puter according to another embodiment of the present inven-
tion; and
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[0038] FIG. 14 is a block diagram of a portable terminal
according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0039] Description will now be given in detail ofthe present
invention, with reference to the accompanying drawings.
[0040] For the sake of brief description with reference to
the drawings, the same or equivalent components will be
provided with the same reference numbers, and description
thereof will not be repeated.

[0041] Hereinafter, a portable terminal according to the
present invention will be explained in more detail.

[0042] The same reference numerals will be given to the
same components as those of the aforementioned embodi-
ment, and their explanations will be omitted. The singular
expression of the present invention may include a plural con-
cept unless distinctively differently defined.

[0043] The portable terminal according to the present
invention may include a portable phone, a smart phone, a
laptop computer, a digital broadcasting terminal, Personal
Digital Assistants (PDA), Portable Multimedia Player
(PMP), a navigation system, etc.

[0044] FIG. 1 is a perspective view of a portable terminal
according to one embodiment of the present invention.
[0045] A body of the portable terminal 100 of the present
invention comprises a first body 110, and a second body 120
coupled to the first body 110 by being slid along at least one
direction. The present invention may not be limited to the
slide type portable terminal, but may be applied to various
types such as a bar type, a folder type, a swing type, and a
swivel type.

[0046] A state that the first body 110 completely overlaps
the second body 120 may be referred to as a ‘closed configu-
ration’, whereas a state that one or more parts of the second
body 120 are exposed by the first body 110 may be referred to
as an ‘opened configuration’.

[0047] Under the closed configuration, the portable termi-
nal is operated in a standby mode. However, the standby mode
may be released by a user’s manipulation. On the contrary,
under the opened configuration, the portable terminal is oper-
ated in a call mode, etc. The call mode may be converted into
the standby mode by a user’s manipulation or after time
lapses.

[0048] A case forming the appearance of the first body 110
(casing, housing cover, etc.) is formed by a front case 111 and
a rear case 112. Each kind of electronic components are
mounted in a space formed by the front case 111 and the rear
case 112. If desired, one or more intermediate cases may be
provided between the front case 111 and the rear case 112.
The front and rear cases are usually formed by injection-
molding resin material, or formed using metallic material
such as stainless steel (STS) and titanium (T1).

[0049] On the front case 111 of the first body 110, may be
disposed a display unit 113, an audio output unit 114, a first
image input unit 115 or a first manipulation unit 116.

[0050] The display unit 113 may be implemented as a Lig-
uid Crystal Display (LCD) module or an Organic Light Emit-
ting Diodes (OLED) module, a Transparent OLED (TOLED)
module, and so on.

[0051] The display unit 113 may also be configured to
further include a touch pad for allowing information to be
input by a user’s touch. And, the display unit 113 may be
configured to generate various tactile effects when being
touched by a user. This may be implemented by a haptic
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module interworking with the display unit 113. A represen-
tative tactile effect generated by the haptic module includes
vibration. The haptic module may be variously arranged
according to configuration aspects of not only the display unit
113, but also the portable terminal.

[0052] The audio output unit 114 may be implemented as a
speaker or a receiver.

[0053] The first image input unit 115 may be implemented
as a camera module configured to capture a user’s still images
or moving images.

[0054] The first manipulation unit 116 is configured to
receive commands to control the operation of the portable
terminal according to the present invention. The first manipu-
lation unit 116 may be implemented as a touch screen
together with the display unit 113.

[0055] Like the first body 110, a case of the second body
120 may be formed by a front case 121 and a rear case 122.
[0056] A second manipulation unit 123 may be disposed on
a front surface of the front case 121 of the second body 120.
[0057] A third manipulation unit 124, a first audio input
unit 125, and an interface 126 may be disposed on at least one
of the front case 121 and the rear case 122.

[0058] The first to third manipulation units 116, 123 and
124 may be referred to as a manipulation unit, and may
include any type of ones that can be manipulated in a user’s
tactile manner.

[0059] The manipulation unit may be implemented as
dome switches or a touch pad for receiving commands or
information by a user’s push or touch operation, or may be
implemented as a jog wheel or a joystick.

[0060] Intheaspect of functions, the first manipulation unit
116 may be used to input commands such as START, END,
and SCROLL, and the second manipulation unit 123 may
serve numbers, characters, symbols, etc. And, the third
manipulation unit 124 may serve as hot keys for performing
specific functions such as activation of the first image input
unit 115.

[0061] The first audio input unit 125 may be implemented
as a microphone so as to receive a user’s voice or another
sounds.

[0062] The interface 126 may serve as a passage through
which the portable terminal of the present invention
exchanges data with an external device. For instance, the
interface 126 may be implemented as at least one of a wired/
wireless connection port for connecting an earphone to the
portable terminal, a short-range communications port (e.g.,
an Infrared Data Association (IrDA) port, a Bluetooth port, a
wireless LAN port, etc.), power supply ports for providing
power to the portable terminal, or the like.

[0063] The interface 126 may be configured using a card
socket (e.g., for coupling to a memory card, a subscriber
identity module (SIM) card, a user identity module (UIM)
card, etc.).

[0064] A power supply unit 127 for supplying power to the
portable terminal is mounted at the rear case 122. The power
supply unit 127 may be a rechargeable battery, for example, to
be detachably mounted to the rear case 122 for charging. FI1G.
2 is a perspective view of a rear surface of the portable
terminal of FIG. 1.

[0065] Referring to FIG. 2, a second image input unit 128
may be additionally mounted to a rear surface of the rear case
122. The second image input unit 128 faces a direction which
is opposite to a direction faced by the first image input unit
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115 (refer to FIG. 1), and may have pixels different from those
of the first image input unit 115.

[0066] For example, the first image input unit 115 may
operate with relatively lower pixels (lower resolution). Thus,
the first image input unit 115 may be useful when a user can
capture his face and send it to a calling party in a video call
mode or the like. On the other hand, the second image input
unit 128 may operate with a relatively higher pixels (higher
resolution) such that it can be useful for a user to obtain higher
quality pictures for later use.

[0067] A flash 129 and a mirror 130 may be additionally
disposed adjacently to the second image input unit 128. When
capturing an object by using the second image input unit 128,
the flash 129 provides light to the object. The mirror 130 can
cooperate with the second image unit 128 to allow a user to
photograph himself or herself in a self-portrait mode.

[0068] It was explained that the second image input unit
128 is disposed at the second body 120. However, the position
of'the second image input unit 128 is not limited to the second
body 120. For instance, at least one of the components 128 to
131 originally disposed at the rear case 122 may be mounted
to the rear case 112 of the first body 110. In this case, the
components disposed at the rear case 112 may be protected by
the second body 120 in the closed configuration. Further-
more, even if the second image input unit 128 is not addition-
ally provided, the first image input unit 115 configured to be
rotatable may capture an image even in a capturing direction
by the second image input unit 128.

[0069] A second audio output unit 131 may be additionally
disposed at the rear case 122.

[0070] The second audio output unit 131 may implement a
stereo function together with the first audio output unit 114
(refer to FIG. 1), and may be used for calling in a speaker
phone mode.

[0071] An antenna for calling, Bluetooth communication
or GPS communication, etc. may be provided at the terminal
body. A broadcast signal receiving antenna 132 as well as the
antenna may be disposed at the rear case 112. The broadcast
signal receiving antenna 132 may be configured to retract into
the first body 110.

[0072] One portion of a slide module 133 that slidably
couples the first body 110 and the second body 120 to each
other is disposed at the rear case 112 of the first body 110.
Another portion of the slide module 133 is disposed at the
front case 121 of the second body 120, thereby not being
exposed out.

[0073] FIG. 3 is arear disassembled view of a second body
120 of FIG. 2, and FIG. 4 is a conceptual view of a conductive
loop 140 formed by a conductive member 141, a ground
portion 118a, and a connection member 142 of FIG. 3.
[0074] Referring to FIG. 3, a circuit board 118 is mounted
to a front case 121 or a rear case 122 of'the second body 120.
The circuit board 118 may be configured as one example of a
controller 170 (refer to FIG. 9) which controls the portable
terminal so as to operate each kind of function of the portable
terminal. The circuit board 118 processes signals correspond-
ing to radio electromagnetic waves transmitted and received
by the portable terminal.

[0075] The circuit board 118 may be formed in a plurality
of layers, and at least one of the plurality of layers may be
implemented as a ground portion 1184 for forming electrical
ground of the circuit board 118. The ground portion 1184 may
be formed as a thin film conductive material is coated on a first
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layer of the circuit board 118 so as to cover a circumferential
surface of the circuit board 118.

[0076] A conductive member 141 is mounted to a front case
121 or a rear case 122 so as to reinforce an intensity of the
second body 120. The conductive member 141 may be
formed of a conductive material, e.g., a metallic thin plate
formed of gold and copper.

[0077] Referring to FIG. 3, the conductive member 141 is
mounted in the front case 121, and is formed along edges of
the second body 120. However, the present invention is not
limited to this. More concretely, the conductive member 141
may be mounted to an outer surface of the front case 121 or
the rear case 122. The conductive member 141 and the front
case 121 may be integrated with each other by double injec-
tion, etc.

[0078] The conductive member 141 includes side frames
141a and 1415, and a connection frame 142.

[0079] The side frames 141a and 1415 are extendingly bent
from both ends of the connection frame 142, and are arranged
in a lengthwise direction of the portable terminal. The con-
nection portion 142 is disposed in a widthwise direction of the
portable terminal, and may be formed to be parallel to one
corner of the circuit board 118, more concretely, one corner of
the ground portion 118a. The conductive member 141 con-
sisting of the side frames 141a and 1415 and the connection
frame 142 may be formed in a ‘U’ shape. However, the
present invention is not limited to this. For instance, the
conducive member 141 may form a closed loop along side
surfaces of the front case 121.

[0080] The ground portion 118a and the conductive mem-
ber 141 are electrically connected to each other by a connec-
tion member 143. A connection port 1194 electrically con-
nected to the ground portion 118a is mounted to the circuit
board 118, and the connection member 143 electrically con-
nects the conductive member 141 and the connection port
1194 to each other.

[0081] The connection member 143 is protruding from the
conductive member 141 towards the circuit board. The con-
nection member 143 may be configured to pressurize the
connection port 119a when the conductive member 141 has
been mounted to a case. For instance, the connection member
143 may be implemented as a cantilever extending from the
conductive member 141 and capable of being elastically
transformed. A fixing end of the cantilever may be one end of
the connection member 143 where the conductive member
141 and the connection member 143 are connected to each
other, and a free end of the cantilever may be another end of
the connection member 143. However, the present invention
is not limited to this. More concretely, the connection member
143 may be implemented as an additional component, e.g., a
conductive tape to electrically connect the connection port
1194 and the conductive member 141 to each other.

[0082] Referring to FIGS. 3 and 4, the connection member
143 connects the ground portion 118a and the conductive
member 141 at a plurality of locations so as to form the
conducive loop 140 together with the ground portion 118«
and the conductive member 141. The connection member 143
may be protruding from both ends of the conductive member
141 towards the circuit board 118, respectively. More con-
cretely, a corner of the ground portion 1184, the conductive
member 141, and the connection member 143 are electrically
connected to one another to form a closed loop.
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[0083] First and second radiators 151 and 152 for transmit-
ting and receiving radio electromagnetic waves are connected
to the conductive loop 140, respectively.

[0084] The first radiator 151 is electrically connected to the
ground portion 1184 so as to be fed by the ground portion
118a. And, the second radiator 152 is connected to the con-
ductive member 141 so as to form a dipole antenna together
with the first radiator 151.

[0085] For instance, the second radiator 152 is connected to
the conductive member 141 so as to form an antenna pattern
together with the ground portion 118a and the conductive
member 141, the antenna pattern consecutive with a feed
point of the first radiator 151. As the connection member 143
electrically connects the corner of the ground portion 118a to
the conductive member 141, the first radiator 151 and the
antenna pattern form a dipole antenna.

[0086] The first and second radiators 151 and 152 are
implemented as thin bodies formed of conductive materials,
and at least one of the first and second radiators 151 and 152
forms a pattern formed on a surface of the case. Referring to
FIG. 3, each of the first and second radiators 151 and 152
forms a pattern on one surface of the rear case 122.

[0087] A feeding port 1195 connected to the first radiator
151 is disposed on one end of the circuit board 118. The
feeding port 1195 is disposed so as to be adjacent to one end
of'the circuit board 118. The first radiator 151 may be formed
such that one end thereof elastically pressurizes the feeding
port 1194. For instance, the first radiator 151 may be provided
with a free end extending towards the feeding port from one
end of a pattern formed on the surface of the case. As the free
end elastically pressurizes the feeding port 1195, the first
radiator 151 and the feeding port 1196 may be electrically
connected to each other, and the first radiator 151 may be fed
by the ground portion 118a.

[0088] The second radiator 152 may be extending from one
end of a pattern formed on the surface of the case. For
instance, the second radiator 152 may elastically pressurize
the conductive member 141, or may be bonded to the con-
ductive member 141 by a tape, etc.

[0089] Referring to FIG. 4, the first and second radiators
151 and 152 are connected to different parts of the conductive
loop 140, a closed loop, respectively. Under this configura-
tion, the conductive loop 140 forms first and second conduc-
tive paths 144a and 1445 between the first and second radia-
tors 151 and 152. The first conducive path 144a is formed to
have a length shorter than that of the second conducive path
1445b. The first and second radiators 151 and 152, and the first
conductive path 144a form one dipole antenna having a feed
point (F). Each of the first radiator 151, the second radiator
152 and the first conductive path 144a is formed to have a
length corresponding to a %2 wavelength of a resonance fre-
quency which is to be transmitted or received.

[0090] The conductive loop 140 is combined with the first
radiator 151, thereby transmitting and receiving radio elec-
tromagnetic waves having a frequency band different from
that of the dipole antenna formed by the first and second
radiators 151 and 152 and the first conductive path 144qa. The
conductive loop 140 and the first radiator 141 form a mono-
pole antenna.

[0091] Design factors of the first and second radiators 151
and 152 and the conductive loop 140, e.g., lengths, positions,
etc. may be variable in a simple manner. This may allow the
antenna for transmitting and receiving radio electromagnetic
waves having multi bands to be easily designed. When the
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multi bands are assumed as first and second frequency bands,
one of the first and second frequency bands may be higher
than another of the first and second frequency bands.

[0092] For instance, the first frequency band may be less
than 1000 Mhz (e.g., 800 Mhz to 1000 Mhz), and the second
frequency band may be a frequency band allocated to a Glo-
bal System for Mobile communication (GSM) scheme. The
second frequency band may be more than 1600 Mhz (e.g.,
1600 Mhz to 2200 Mhz).

[0093] Hereinafter, characteristics of the antenna formed
by the conductive loop 140 and the first and second radiators
151 and 152 will be explained with reference to FIGS. 5A and
5B. FIG. 5A is a brief conceptual view of an antenna of FIG.
3, and FIG. 5B illustrates a simulation result showing a reso-
nance frequency of the antenna of FIG. 5A.

[0094] Referring to FIG. 5A, three types of current flows
may be implemented as indicated by the arrows. A dipole
antenna 153a is implemented by the first and second radiators
151 and 152 which form a first current flow. The first radiator
151 and the conductive loop 140 form a plurality of antennas
1534 and 153¢ provided with second and third current flows.
Referring to FIG. 55, each of the antennas 153a, 1535 and
153c¢ has a resonance frequency.

[0095] FIG. 6 is a disassembled view showing a modifica-
tion example of a radiator according to the present invention,
and FIG. 7 is a conceptual view of a conductive loop 240
formed by a conductive member 241, a ground portion 218«
and a connection member 242 of FIG. 6.

[0096] A first radiator 251 is connected to the ground por-
tion 218a through a feeding port 2195 so as to form a dipole
antenna, and a second radiator 252 is connected to the con-
ductive member 241 through a connection port 219a.

[0097] Referring to FIG. 6, athird radiator 253 is connected
to the conductive member 241 so as to form an antenna
together with the first radiator 251, the antenna configured to
transmit and receive radio electromagnetic waves having a
frequency band different from that of the dipole antenna.
Under this configuration, the third radiator 253 is electrically
connected to the conductive loop 240. For this connection, a
protrusion member 245 contacting one end of the third radia-
tor may be formed at the conductive member 241.

[0098] The third radiator 253 may be formed on a surface
crossing a surface where the first radiator 251 is formed, i.e.,
a side surface of a rear case 212 or a surface parallel to the side
surface. This may implement an antenna configured to trans-
mit and receive radio electromagnetic waves having multi
bands in a slimmer space.

[0099] FIG. 8 is a front disassembled view of a portable
terminal according to another embodiment of the present
invention, and FIG. 9 is a conceptual view of a conductive
loop 340 formed by a conductive member 341, a ground
portion 318a, and a connection member 342 of FIG. 8.
[0100] Referring to FIG. 8, a window 3135 is mounted to
one surface of a front case 311 of a first body 310.

[0101] The window 3135 is formed of a light transmissive
material, e.g., a synthetic resin, a reinforcing glass, etc. How-
ever, the window 3136 may be formed to include a non-
transmissive region. This non-transmissive region indicates a
region formed of a non-transmissive material, or a region
surface-processed so as to prevent light from passing there-
through.

[0102] The window 3135 may have an area corresponding
to a display module 313a so that visual information outputted
from the display module 313a can be recognized from out-
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side. The display module 3134 and the window 3134 are
classified into the display unit 113 (refer to FIG. 1). Under this
configuration, the display unit 113 for displaying visual infor-
mation is formed at the center of the front case 311.

[0103] The display module 3134 is mounted to a rear case
312, and is supported by a conductive supporting member
313¢. The conductive supporting member 313¢ may be
formed to cover a rear surface of the display module 313q,
and may be electrically connected to a circuit board (not
shown) so as to implement a ground portion of the circuit
board. The circuit board may be laminated on the conductive
supporting member 313¢ of the first body, or may be mounted
to a second body 320.

[0104] The conductive member 341 is formed along edges
of'the first body 310 so as to configure a frame of the first body
310. Referring to FIG. 8, the conductive member 341 is
mounted to an outer surface of the front case 311 so as to
encompass the window 3134. The conductive member may
be covered with an insulating member or an insulating coat-
ing layer. A through hole 355 is formed at the front case 311,
and the connection member 342 extending from the conduc-
tive member 341 is extending to an inner space of the first
body 310 by passing through the front case 311 via the
through hole 355.

[0105] A connection port 3194 electrically connected to the
connection member 342 is formed at a corner of the conduc-
tive supporting member 313c.

[0106] Referring to FIG. 8, the connection member 342 is
formed to contact the connection port 3194, thereby forming
a conductive loop. First and second radiators 351 and 352
may be formed on a flexible circuit board 318, and the flexible
circuit board 318 may be mounted to the rear case 312. The
first and second radiators 351 and 352 are electrically con-
nected to the conductive supporting member 313¢ and the
conductive member 341, respectively. A feeding port 3195
electrically connected to the first radiator 351 is formed at one
end of the conductive supporting member 313c.

[0107] By thefirstand second radiators 351 and 352 and the
conductive loop, implemented is an antenna capable of trans-
mitting and receiving radio electromagnetic waves having
multi bands.

[0108] FIG. 9 is a disassembled view of a first body of a
portable terminal according to another embodiment of the
present invention, and FIG. 10 is a conceptual view of a slot
antenna (S1) implemented by projecting a conductive frame
portion 440, a ground portion 4184, and a conductive con-
nection portion 443 of FIG. 9 in a direction perpendicular to
a display unit.

[0109] FIG.9 shows thatan antenna is formed at a first body
of a portable terminal.

[0110] Referring to FIG. 9, a window 4135 is mounted to
one surface of a front case 411 of a first body 410.

[0111] The window 4135 is formed of a light transmissive
material, e.g., a synthetic resin, a reinforcing glass, etc. How-
ever, the window 4136 may be formed to include a non-
transmissive region. This non-transmissive region indicates a
region formed of a non-transmissive material, or a region
surface-processed so as to prevent light from passing there-
through.

[0112] The window 4135 may have an area corresponding
to a display module 413a so that visual information outputted
from the display module 413a can be recognized from out-
side. The display module 413a and the window 4135 are
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classified into a display unit. Under this configuration, the
display unit for displaying visual information is formed at the
center of the front case 411.

[0113] Referring to FIG. 9, the display module 413a may
be mounted to a circuit board 418, and the circuit board 418
may be inserted into a rear case 412 of the first body 410. The
circuit board 418 may be configured as one example of a
controller 170 (refer to FIG. 14) which operates each kind of
function of the portable terminal. However, the present inven-
tion is not limited to this. The circuit board 418 processes
signals corresponding to radio electromagnetic waves trans-
mitted and received by the slot antenna (S1, refer to FIG. 10).
[0114] A speaker module 414q, a camera module 415q, a
switch 4164, etc. may be mounted to the circuit board 418.
The speaker module 414a, the camera module 415aq, the
switch 416aq, etc. are controlled by the circuit board 418,
respectively, and are implemented as electronic components
for performing functions of the audio output unit 114, the first
image input unit 115 or the first manipulation unit 116 (refer
to FIG. 14).

[0115] The circuit board 418 may be formed in a plurality
of layers, and at least one of the plurality of layers may be
implemented as a ground portion 4184 for forming electrical
ground of'the circuit board 418. The ground portion 4184 may
be formed as a thin film conductive material is coated on a first
layer of the circuit board 418 so as to cover a circumferential
surface of the circuit board 418.

[0116] Referring to FIG. 9, a conductive frame portion 440
is mounted to the front case 411. The conductive frame por-
tion 440 may be formed in a similar manner or in the same
manner to or as the conductive member of FIG. 3.

[0117] The conductive frame portion 440 is formed along
edges of the first body 410. However, the present invention is
not limited to this. The conductive frame portion 440 may be
internally mounted to the front case 411 so as to reinforce an
intensity of the front case 411. Alternatively, as the front case
411 is formed of a conductive material, the conductive frame
portion 440 and the front case 411 may be integrated with
each other. The conductive frame portion 440 may be formed
of'a conductive material, e. g, a metallic thin plate formed of
gold and copper. The conductive frame portion 440 is formed
to encompass the ground portion 4184 when projected in a
direction perpendicular to the display unit.

[0118] The conductive frame portion 440 includes side
frames 441a and 4415 and a connection frame 442.

[0119] The side frames 441a and 4415 are formed along
two edges of the display unit. More concretely, the side
frames 441a and 4415 are formed in the form of belts extend-
ing in a lengthwise direction of the portable terminal so as to
cover side surfaces of the first body 410, the surfaces crossing
a surface where the display unit is mounted.

[0120] The connection frame 442 is formed in a direction
crossing the two edges of the display unit, thereby connecting
the side frames 441a and 4415 to each other. The connection
frame 442 is disposed on a side surface of the first body 410
in a widthwise direction of the portable terminal, and is bent
from the side frames 441a and 441b. And, the connection
frame 442 may be integrally formed with the side frames
441a and 4415.

[0121] The conductive frame portion 440 may form a
closed loop. More concretely, the connection frame 442 may
be provided in plurality in number, thereby connecting both
ends of'the side frames 441a and 4415. However, the present
invention is not limited to this. For instance, the side frames
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441a and 4415 and the connection frame 442 may be formed
in a ‘U’ shape by being combined with one another.

[0122] The ground portion 418a and the conductive frame
portion 440 are electrically connected to each other by a
conductive connection portion 443. Referring to FIGS. 9 and
10, the conductive connection portion 443 connects the
ground portion 418a and the conductive frame portion 440 to
each other at a plurality of locations, in order to form a slot
451 together with the ground portion 418a and the conductive
frame portion 440.

[0123] The conductive connection portion 443 is extending
from one side of the conductive frame portion 440, and is bent
towards the circuit board 418. The conductive connection
portion 443 may be configured to contact a connection port
419a of the circuit board 418 when the conductive frame
portion 440 has been mounted to a case. The connection port
419a is electrically connected to the ground portion 418a in
the circuit board 418. Under this configuration, the conduc-
tive connection portion 443 is electrically connected to the
ground portion 418a.

[0124] The conductive connection portion 443 may be
implemented as a cantilever capable of being elastically
transformed. A fixing end of the cantilever may be one end of
the conductive connection portion 443 where the conductive
frame portion 440 and the conductive connection portion 443
are connected to each other, and a free end of the cantilever
may be another end of the conductive connection portion 443.
The conductive connection portion 443 may maintain electric
connection to the ground portion 418a by elastically pressur-
izing the connection port 419a.

[0125] The conductive connection portion 443 connects the
conductive frame portion 440 and the ground portion 418a to
each other so that the slot 451 can be formed in plurality in
number. Referring to FIG. 10, the conductive connection
portion 443 may consist of first to third connection portions
443a, 443b and 443¢. The first slot 451a may be formed by
the first and second connection portions 443a and 4435, the
conductive frame portion 440 and the ground portion 418a.
And, the second slot 4515 may be formed by the first and third
connection portions 443a and 443c¢, the conductive frame
portion 440 and the ground portion 418a. When the conduc-
tive frame portion 440 forms a closed loop as shown in the
drawing, the third slot 454¢ may be formed by the second and
third connection portions 4435 and 443c¢, the conductive
frame portion 440 and the ground portion 418a.

[0126] Referring to FIGS. 9 and 10, a feeding portion 446
configured to feed the slot 450 so that the slot 450 can radiate
electromagnetic waves is disposed at the rear case 412. The
feeding portion is implemented as a pattern formed of a
conductive material, and is electrically connected to the
ground portion 418a. The feeding portion 446 may be imple-
mented on one surface of the rear case 412 in the form of a
pattern so as to be positioned in the slot 450 when projected in
a direction perpendicular to the display unit.

[0127] The feeding portion 446 is provided with a feeding
port 446a protruding from one side of the pattern towards the
circuit board 418. A feeding connection port 4195 electrically
connected to the feeding port 4464 is mounted to the circuit
board 418. The feeding connection port 4195 is disposed near
one end of'the circuit board 418, and is electrically connected
to one end of the ground portion 418a. This may allow the slot
450 to be fed.

[0128] Referring to FIG. 10, as the slot 450 is fed by the
feeding portion 446, a current flows along corners of the
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ground portion 418a and the conductive frame portion 440
which define the slot 450. Under this configuration, the slots
451a, 4515 and 451 ¢ form a slot antenna (S1). The plurality of
slots 451a, 4516 and 451c¢ may be formed to transmit and
receive radio electromagnetic waves having different fre-
quent bands.

[0129] For instance, the first and second slots 451a and
4515 may be configured to transmit and receive radio elec-
tromagnetic waves having first and second frequency bands.
One of the first and second frequency bands may be higher
than another of the first and second frequency bands. Each of
the first and second slots 451a and 4515 may be formed to
have the same length as a /2 wavelength of the first and second
frequencies.

[0130] For instance, the first frequency band may be less
than 1000 Mhz (e.g., 800 Mhz to 1000 Mhz), and the second
frequency band may be a frequency band allocated to a Glo-
bal System for Mobile communication (GSM) scheme.
[0131] The second frequency band may be more than 1600
Mhz (e.g., 1600 Mhz to 2200 Mhz). The first frequency band
may be a frequency band allocated to a Personal Communi-
cation Services (PCS) scheme, and a Wideband Code Divi-
sion Multiple Access (WCDMA) scheme.

[0132] When the conductive connection portion 443 is
moved, the length of the slot 450 is varied. This may allow a
resonance frequency of the slot antenna (S1) to be easily
controlled.

[0133] Referring to FIG. 9, the conductive frame portion
440 is covered with an insulating portion 447. The insulating
portion 447 is formed of an insulating material, and protects
auser from a current flowing on the conductive frame portion
440. For instance, the insulating portion 447 may be imple-
mented as an insulating tape attached to the conductive frame
portion 440, or may be implemented as an insulating coating
layer coated on one surface of the conductive frame portion
440. Only a part of the insulating portion 447 adjacent to a slot
of the conductive frame portion 440 may be formed of an
insulating material.

[0134] FIG.11 is adisassembled view ofa first body 510 of
a portable terminal according to still another embodiment of
the present invention, and FIG. 12 is a conceptual view of a
slot antenna (S2) implemented by projecting a conductive
frame portion 540, a ground portion 5184, and a conductive
connection portion 543 of FIG. 11 in a direction perpendicu-
lar to the display unit 113 (refer to FIG. 1).

[0135] Referring to FIG. 11, a conductive frame portion
540 is mounted to an inner surface of a front case 511 so as to
encompass a window 5135. The conductive frame portion
540 is formed to reinforce an intensity of the front case 511.
[0136] A display module 513a is mounted to a rear case
512, and is supported by a conductive member 513¢. The
conductive member 513c¢ is formed to cover a rear surface of
the display module 5134, and has a conductive connection
portion 543 at corners thereof. The conductive member 513¢
may be connected to a circuit board (not shown) so as to
implement a ground portion 518« of the circuit board. The
circuit board may be mounted to a second body 520, and may
be connected to the conductive member 513¢ through a flex-
ible circuit board, etc. A feeding portion 546 is electrically
connected to one side of the conductive member 513c. A
feeding port 5195 may be protruding from the conductive
member 513¢ so as to contact the feeding portion. Under this
configuration, the ground portion 518« and the feeding por-
tion 546 are connected to each other.
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[0137] A switch circuit board 5165 is disposed near the
display module 513a. A switch 5164 is mounted to the switch
circuit board 5164, thereby forming the first manipulation
unit 116 (refer to FIG. 1). The switch circuit board 5165 is
composed of a plurality of layers, and the plurality of layers
include a ground layer.

[0138] Supplementary connection portions 548 connected
to the switch circuit board 5165 are formed at both ends ofthe
conductive frame portion 540, and connection ports 519¢
electrically connected to the supplementary connection por-
tions 548 are formed at the switch circuit board 5165. The
connection ports 519¢ are electrically connected to the
ground layer.

[0139] Referring to FIG. 12, the conductive frame portion
540 and corners of the switch circuit board 5165 form a closed
loop, and the conductive member 513¢ forms the ground
portion 518a. As the ground portion 518aq is disposed in the
closed loop, slots 551a, 5516 and 551c¢ are formed. As the
feeding portion 546 feeds the slot 550, a slot antenna (S2)
may be implemented. This slot antenna (S2) may allow the
portable terminal to have a slimmer antenna.

[0140] FIG. 13 is a conceptual view of a notebook com-
puter 600 according to another embodiment of the present
invention.

[0141] The notebook computer 600 is implemented as two
bodies are rotatably coupled to each other. Each of the two
bodies is provided with a display unit and a manipulation unit.

[0142] A conductive frame portion 640aq is formed along a
frame of each body. For instance, the conductive frame por-
tion 640a formed to correspond to the display unit may be a
Bezel configured to support a window.

[0143] A ground portion 613« is disposed to correspond to
the display unit, and may be formed on an LCD substrate. The
ground portion 613a and the conductive frame portion 640a
are spacing from each other, and are electrically connected to
each other at a plurality of locations by connection portions
643a and 5435.

[0144] A manipulation unit is provided with a keypad cir-
cuit board 6165 disposed below a keypad, and the keypad
circuit board 61654 includes a ground layer. The ground layer
is electrically connected to the conductive frame portion
640a, and is spacing from the ground portion 613a as the
keypad circuit board 6165 is spacing from the ground portion
613a.

[0145] Under these configurations, the ground portion
613a is encompassed by the conductive frame portion 640a
and the keypad circuit board 6165, and forms a plurality of
slots. As a feeding portion 646 is disposed at one of the slots,
a slot antenna may be implemented. This slot antenna may
allow a notebook computer to have a slimmer size.

[0146] FIG. 14 is a block diagram of the portable terminal
according to the present invention.

[0147] Referring to FIG. 14, the portable terminal accord-
ing to one embodiment of the present invention may comprise
components, such as a wireless communication module 161,
manipulation units 116, 123 and 124, image input units 115
and 128, an audio input unit 125, a display unit 113, audio
output units 114 and 131, a sensing unit 166, an interface 126,
abroadcasting signal receiving module 165, a memory 164, a
power supply unit 127, and a controller 170.

[0148] The controller 170 typically controls the overall
operations of the portable terminal. For example, the control-
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ler 170 performs the control and processing associated with
telephony calls, data communications, video calls, and the
like.

[0149] Furthermore, the controller 170 not only performs
the general functions, but also controls the operation of the
portable terminal according to the present invention.

[0150] The wireless communications module 161 trans-
mits or receives wireless signals to/from a base station
through an antenna. For instance, the wireless communica-
tions module 161 transmits or receives voice data, text data,
video data, and control data under control of the controller
170. And, the wireless communications module 161 includes
a transmitting portion 162 for transmitting a signal through a
modulation process, and a receiving portion 163 for demodu-
lating a received signal.

[0151] Asshown in FIG. 1, the manipulation units 116, 123
and 124 provide, to the controller 170, key input data input by
a user so as to control the operation of the portable terminal.
The manipulation units 116, 123 and 124 may be imple-
mented as dome switches or a touch pad (e.g., static pressure/
capacitance), or a jog wheel or a jog switch.

[0152] The image input units 115 and 128 process image
frames of'still images or moving images captured by an image
sensor in a video call mode or a capturing mode. Then, the
processed image frames are converted into video data that can
bedisplayed on the display unit 113, and then are output to the
display unit 113.

[0153] Under control of the controller 170, the image
frames processed by the image input units 115 and 128 may
be stored in the memory 164, or may be outwardly transmit-
ted through the wireless communications module 161.
[0154] The audio input unit 125 receives external audio
signals by a microphone in a call mode, or a recording mode,
ora voice recognition mode, and so on, and then processes the
received audio signals into electric voice data. In the case of
a call mode, the processed voice data is converted into data
that can be transmitted to the base station through the wireless
communications module 161, and then is output to the wire-
less communications module 161. In the case of a recording
mode, the processed voice data is output so as to be stored in
the memory 164.

[0155] The audio input unit 125 may include assorted noise
removing algorithms to remove noise generated in the course
of receiving an external audio signal.

[0156] The display unit 113 may display information pro-
cessed in the portable terminal. For instance, when the por-
table terminal is in a call mode, User Interface (UI) or Graphic
User Interface (GUI) relating to a call is displayed under
control of the controller 170. When the portable terminal is in
avideo call mode or a capturing mode, a captured image or Ul
or GUI is displayed under control of the controller 170. And,
when the display unit 13 includes a touch screen, it serves as
an input device as well as an output device.

[0157] In various modes including a call-receiving mode, a
call-placing mode, a recording mode, a voice recognition
mode and a broadcast reception mode, the audio output units
114 and 131 convert audio data received from the wireless
communication module 161, or audio data stored in the
memory 164 thereby to outwardly output under control of the
controller 170.

[0158] The audio output units 114 and 131 output audio
signals relating to functions executed in the portable terminal
(e.g., call signal receiving sound, message receiving sound,
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and so on). The audio output units 114 and 131 include a
speaker, a receiver, a buzzer, and so on.

[0159] The sensing unit 166 senses the current status of the
portable terminal such as an open/close status of the portable
terminal, a position of the portable terminal, and presence or
absence of a user’s contact with the portable terminal, thereby
generating sensing signals to control the operation of the
portable terminal. As an example, when the portable terminal
is a slide-type portable terminal, the sensing unit 166 may
sense whether a sliding portion of the portable terminal is
open or closed. Then, the sensing unit 166 outputs results of
the sensing to the controller 170, and thereby the operation of
the portable terminal is controlled. Other examples include
the sensing unit 166 sensing the presence or absence of power
provided by the power supply unit 127, the presence or
absence of coupling or other connection between the inter-
face 126 and an external device, and so on. The interface 126
interfaces a wire/wireless headset, an external charger, a wire/
wireless data port, and a card socket (e.g., memory card,
SIM/UIM card) rather than the portable terminal, with all
types of external devices connected to the portable terminal.
The interface 126 receives data or power from an external
device, and transmits it to each component inside the portable
terminal. Otherwise, the interface 126 transmits data inside
the portable terminal to an external device. The memory 164
may store a program to activate the controller 170, or may
temporarily store input/output data (e.g., phonebook, mes-
sages, still images, moving images, and so on).

[0160] Furthermore, the memory 164 stores a program for
controlling the operation of the portable terminal of the
present invention.

[0161] The memory 164 includes the concepts of the gen-
eral hard disc, card-type memory (e.g., SD or XD memory),
flash memory, RAM, ROM, and so on.

[0162] The broadcasting signal receiving module 165
receives a broadcasting signal transmitted through satellite or
terrestrial waves, etc., and converts the signal into broadcast-
ing data that can be output to the audio output units 114 and
131, and the display unit 113 thereby to output it to the
controller 170. The broadcasting signal receiving module 165
receives broadcasting-related additional data (e.g., Electric
Program Guide: EPG, channel list, etc.). Broadcasting data
and additional data converted by the broadcasting signal
receiving module 165 may be stored in the memory 164.
[0163] The power supply unit 127 receives external or
internal power under control of the controller 170, and sup-
plies the power to each component of the portable terminal.
[0164] The portable terminal according to the present
invention has the following advantages.

[0165] Firstly, an antenna capable of transmitting and
receiving radio electromagnetic waves having multi bands is
implemented by forming a conductive loop by using the con-
ductive member. The conductive member may reinforce an
intensity of the body.

[0166] Secondly, the portable terminal is provided with a
monopole antenna and a dipole antenna by combining the
conductive loop and the radiator with each other. This may
allow the portable terminal to be slimmer.

[0167] Thirdly, a slot antenna may be implemented through
the conductive frame portion. This may allow an antenna of
the portable terminal to be slimmer.

[0168] Fourthly, radio electromagnetic waves having multi
bands are transmitted and received by forming a plurality of
slots.
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[0169] Fifthly, an antenna capable of easily controlling a
resonance frequency is implemented by changing a length of
the slot by moving the conductive connection portion.
[0170] The foregoing embodiments and advantages are
merely exemplary and are not to be construed as limiting the
present disclosure. The present teachings can be readily
applied to other types of apparatuses. This description is
intended to be illustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art. The features, structures,
methods, and other characteristics of the exemplary embodi-
ments described herein may be combined in various ways to
obtain additional and/or alternative exemplary embodiments.
[0171] As the present features may be embodied in several
forms without departing from the characteristics thereof, it
should also be understood that the above-described embodi-
ments are not limited by any of the details of the foregoing
description, unless otherwise specified, but rather should be
construed broadly within its scope as defined in the appended
claims, and therefore all changes and modifications that fall
within the metes and bounds of the claims, or equivalents of
such metes and bounds are therefore intended to be embraced
by the appended claims.

What is claimed is:

1. A portable terminal, comprising:

a ground portion mounted in a body of the portable termi-
nal, and configured to form electrical ground of a circuit
board which controls the portable terminal;

a conductive member mounted to a case which forms
appearance of the body, and formed of a conductive
material;

a first radiator electrically connected to the ground portion
so as to be fed by the ground portion, and configured to
transmit and receive radio electromagnetic waves;

a second radiator formed of a conductive material, and
connected to the conductive member so as to form an
antenna pattern together with the ground portion and the
conductive member, the antenna pattern consecutive
with a feed point of the first radiator; and

a connection member configured to electrically connect
edges of the ground portion to the conductive member
such that the first radiator and the antenna pattern form a
dipole antenna.

2. The portable terminal of claim 1, wherein the corners of
the ground portion, the conductive member and the connec-
tion member form a conductive loop.

3. The portable terminal of claim 2, wherein the conductive
loop forms a closed loop, and the first and second radiators are
connected to different parts of the closed loop.

4. The portable terminal of claim 2, wherein the conductive
loop transmits and receives radio electromagnetic waves of a
frequency band different from that of the dipole antenna by
being combined with the first radiator.

5. The portable terminal of claim 3, further comprising a
third radiator electrically connected to the conductive loop so
as to form an antenna together with the first radiator, the
antenna configured to transmit and receive a frequency band
different from that of the dipole antenna.

6. The portable terminal of claim 1, wherein at least one of
the first and second radiators is implemented on a surface of
the case in the form of a pattern.
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7. The portable terminal of claim 1, wherein the connection
member is protruding from the conductive member, and elas-
tically pressurizes a connection port provided at the circuit
board.

8. The portable terminal of claim 1, wherein the ground
portion includes a conductive supporting member configured
to support a display module which displays image informa-
tion,

wherein the conductive supporting member is provided
with a connection port electrically connected to the con-
nection member.

9. The portable terminal of claim 1, wherein the conductive
member is formed along edges of the body so as to form a
frame of the body.

10. A portable terminal, comprising:

abody having a display unit for displaying image informa-
tion;

a ground portion configured to form electrical ground of a
circuit board which controls the display unit;

a conductive frame portion mounted to a case which forms
appearance of the body, and formed along edges of the
body;

a conductive connection portion configured to connect the
ground portion and the conductive frame portion to each
other at a plurality of locations so as to form slots defined
by the ground portion and the conductive frame portion;
and

a feeding portion configured to feed the slot such that the
slot radiates electromagnetic waves.

11. The portable terminal of claim 10, wherein the conduc-
tive frame portion is formed to encompass the ground portion
when projected in a direction perpendicular to the display
unit.

12. The portable terminal of claim 11, wherein the conduc-
tive frame portion includes:

side frames formed along two edges of the display unit; and

a connection frame formed in a direction crossing the two
edges of the display unit, and configured to connect the
side frames to each other.

13. The portable terminal of claim 12, wherein the conduc-

tive frame portion forms a closed loop.

14. The portable terminal of claim 10, wherein the ground
portion is formed at the circuit board, or at the conductive
member which supports a display module.

15. The portable terminal of claim 10, wherein the conduc-
tive connection portion connects the conductive frame por-
tion and the ground portion to each other such that the slot is
formed in plurality in number.

16. The portable terminal of claim 15, wherein the plurality
of'slots are formed to transmit and receive radio electromag-
netic waves of different frequency bands.

17. The portable terminal of claim 10, wherein the conduc-
tive connection portion is extending from the conductive
frame portion, and elastically pressurizes the connection port
provided at the circuit board.

18. The portable terminal of claim 10, wherein the feeding
portion is implemented as a pattern formed of a conductive
material, and is electrically connected to the ground portion.

19. The portable terminal of claim 10, further comprising
an insulating portion configured to cover the conductive
frame portion, and formed of an insulating material.

sk sk sk sk sk
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(57) ABSTRACT

Antennas are provided for electronic devices such as portable
computers. An electronic device may have a housing in which
an antenna is mounted. The housing may have an antenna
window for the antenna. The antenna window may be formed
from dielectric or from antenna window slots in a conductive
member such as a conductive wall of the electronic device
housing. An antenna may have an antenna resonating element
that is backed by a conductive antenna cavity. The antenna
resonating element may have antenna resonating element
slots or may be formed using other antenna configurations
such as inverted-F configurations. The antenna cavity may
have conductive vertical sidewalls and a conductive rear wall.
The antenna cavity walls may be formed from conductive
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CAVITY ANTENNAS FOR ELECTRONIC
DEVICES

BACKGROUND

[0001] This relates generally to antennas, and, more par-
ticularly, to antennas for electronic devices.

[0002] Electronic devices such as portable computers and
handheld electronic devices are becoming increasingly popu-
lar. Devices such as these are often provided with wireless
communications capabilities. For example, electronic
devices may use long-range wireless communications cir-
cuitry such as cellular telephone circuitry to 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).
Long-range wireless communications circuitry may also be
used handle the 2100 MHz band and other bands. Electronic
devices may use short-range wireless communications links
to handle communications with nearby equipment. For
example, electronic devices may communicate using the
WiFi® (IEEE 802.11) bands at 2.4 GHz and 5 GHz (some-
times referred to as local area network bands) and the Blue-
tooth® band at 2.4 GHz.

[0003] It can be difficult to incorporate antennas success-
fully into an electronic device. Some electronic devices are
manufactured with small form factors, so space for antennas
is limited. In many electronic devices, the presence of elec-
tronic components in the vicinity of an antenna serves as a
possible source of electromagnetic interference. Antenna
operation can also be blocked by conductive structures. This
can make it difficult to implement an antenna in an electronic
device that contains conductive housing walls or other con-
ductive structures that can potentially block radio-frequency
signals.

[0004] It would therefore be desirable to be able to provide
improved antennas for wireless electronic devices.

SUMMARY

[0005] Antennas may be provided for electronic devices.
The electronic devices may be portable devices such as por-
table computers or cellular telephones.

[0006] An electronic device may be provided with a hous-
ing. The housing may contain conductive portions such as
conductive walls. An antenna for the electronic device may be
mounted in the housing. The antenna may be provided with an
antenna cavity. The antenna cavity may be formed from a
layer of conductive material on a plastic support structure.
The antenna cavity may have vertical sidewalls and a planar
rear wall. The conductive material may be a metal such as
coppet.

[0007] The antenna may have an antenna resonating ele-
ment. The antenna resonating element may be configured to
cover multiple communications bands of interest. For
example, the antenna resonating element may be configured
to cover communications bands at 2.4 GHz and 5 GHz.
[0008] The antenna resonating element may be located in
the antenna cavity. The resonating element may be formed
from a layer of conductive material such as metal on a sub-
strate. The substrate may be a printed circuit board such as a
flexible or rigid printed circuit board. The layer of conductive
material on the printed circuit board may be configured to
form one or more antenna resonating element antenna slots.
The antenna resonating element slots may include open and
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closed slots. The layer of conductive material on the printed
circuit board may also be configured to form an inverted-F
antenna resonating element. With this type of configuration, a
conductive trace on the printed circuit board may be patterned
to form a main resonating element arm and multiple antenna
resonating element branches.

[0009] The antenna may be provided with an antenna win-
dow. The antenna window may be formed from dielectric in
an opening in the housing of the electronic device. The
antenna window may also be formed from a plurality of slots
in the conductive walls of the housing. Slot-based antenna
windows such as these may be formed on a curved portion of
a portable computer lid or other suitable housing structures.

[0010] Further features of the invention, its nature and vari-
ous advantages will be more apparent from the accompanying
drawings and the following detailed description of the pre-
ferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1A is a front perspective view of an illustrative
electronic device with an antenna in accordance with an
embodiment of the present invention.

[0012] FIG. 1B is a rear perspective view of an illustrative
electronic device of the type shown in FIG. 1A with an
antenna in accordance with an embodiment of the present
invention.

[0013] FIG. 2A is a front perspective view of another illus-
trative electronic device with an antenna in accordance with
an embodiment of the present invention.

[0014] FIG. 2B is a rear perspective view of an electronic
device of the type shown in FIG. 2A in accordance with an
embodiment of the present invention.

[0015] FIG. 3 is a schematic diagram of an illustrative
electronic device with antenna structures in accordance with
an embodiment of the present invention.

[0016] FIG.4isacross-sectional side view of an illustrative
electronic device with an antenna in accordance with an
embodiment of the present invention.

[0017] FIG. 5 is a perspective view of an illustrative
antenna cavity in accordance with an embodiment of the
present invention.

[0018] FIG. 6 is a schematic diagram of an illustrative
antenna based on an inverted-F antenna resonating element in
accordance with an embodiment of the present invention.
[0019] FIG. 7 is a schematic diagram of an illustrative
antenna based on an inverted-F antenna resonating element
with multiple branches in accordance with an embodiment of
the present invention.

[0020] FIG. 8 is a diagram of an illustrative antenna based
on a slot antenna resonating element in accordance with an
embodiment of the present invention.

[0021] FIG. 9 is a diagram of an illustrative antenna based
on a slot antenna resonating element having multiple slots in
accordance with an embodiment of the present invention.
[0022] FIG. 10 is a perspective view of an illustrative slot-
based antenna window in accordance with an embodiment of
the present invention.

[0023] FIG. 11 is a perspective view of an illustrative
antenna cavity formed from a plastic support on which con-
ductive cavity walls have been formed in accordance with an
embodiment of the present invention.

[0024] FIG. 12 is cross-sectional side view of an illustrative
antenna formed from an antenna cavity having a plastic sup-
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port with conductive cavity walls in accordance with an
embodiment of the present invention.

[0025] FIG. 13 is a top view of an illustrative antenna
resonating element that may be used in a cavity antenna in
accordance with an embodiment of the present invention.
[0026] FIG. 14 is a graph of an illustrative antenna fre-
quency response that may be exhibited by a cavity antenna
with an antenna resonating element of the type shown in FI1G.
13 in accordance with an embodiment of the present inven-
tion.

[0027] FIG. 15 is an exploded perspective view of a cavity
antenna fed by an inverted-F resonating element in an elec-
tronic device in accordance with an embodiment of the
present invention.

[0028] FIG. 16 is a perspective view of a slot-based cavity
antenna for an electronic device in accordance with an
embodiment of the present invention.

[0029] FIG. 17 is a cross-sectional side view of a cavity
antenna and an associated slot-based antenna window that
allows radio-frequency antenna signals to pass through a
curved portion of an electronic device housing in accordance
with an embodiment of the present invention.

[0030] FIG. 18 is a cross-sectional side view of a cavity
antenna and an associated slot-based antenna window that
allows radio-frequency antenna signals to pass through a
planar surface of an electronic device housing in accordance
with an embodiment of the present invention.

[0031] FIG. 19 is a cross-sectional side view of a cavity
antenna that transmits and receives radio-frequency antenna
signals through a planar dielectric portion of an electronic
device in accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION

[0032] Electronic devices may be provided with wireless
communications circuitry. The wireless communications cir-
cuitry may be used to support wireless communications in
one or more wireless communications bands. Antenna struc-
tures in an electronic device may be used in transmitting and
receiving radio-frequency signals. For example, single band
and multiband antennas may be formed. Each antenna may
have an antenna resonating element. The antenna resonating
elements may be based on inverted-F designs, slot configu-
rations, or other antenna resonating element arrangements.
Antennas may be provided with antenna cavities. The antenna
cavities may help to isolate the antennas from nearby elec-
tronic components in an electronic device and may help to
improve antenna efficiency. Antennas may be mounted
behind antenna windows. The antenna windows may be
formed from slots in conductive structures.

[0033] Any suitable electronic devices may be provided
with antennas. As an example, antennas may be formed in
electronic devices such as desktop computers, portable com-
puters such as laptop computers and tablet computers, hand-
held electronic devices such as cellular telephones, etc. With
one suitable configuration, which is sometimes described
herein as an example, antennas are formed in relatively com-
pact electronic devices in which interior space can be valu-
able. These compact devices may be portable electronic
devices.

[0034] Portable electronic devices that may be provided
with antennas include laptop computers and small portable
computers such as ultraportable computers, netbook comput-
ers, and tablet computers. Portable electronic devices may
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also be somewhat smaller devices. Examples of smaller por-
table electronic devices that may be provided with antennas
include wrist-watch devices, pendant devices, headphone and
earpiece devices, and other wearable and miniature devices.
With one suitable arrangement, the portable electronic
devices may be handheld electronic devices such as cellular
telephones.

[0035] Spaceis at a premium in portable electronic devices
and housings for these devices are sometimes constructed
from conductive materials that block antenna signals.
Arrangements in which antenna structures are formed behind
an antenna window can help address these challenges. It may
be desirable to form the antenna window in the conductive
housing of the portable electronic device. Antenna windows
may be formed in conductive housing walls by forming a
dielectric antenna window structure in the conductive hous-
ing wall. If desired, slot-based antenna windows may be
formed in conductive housing walls. In a slot-based antenna
window, the window region is defined by a pattern of window
slots.

[0036] An antenna resonating element and, if desired, an
antenna cavity, may be formed under the antenna window.
During operation, radio-frequency signals for the antenna can
pass through the antenna window. The antenna cavity may
help to isolate the antenna from surrounding electronic com-
ponents.

[0037] Antennas with configurations such as these can be
mounted on any suitable exposed portion of a portable elec-
tronic device. For example, antennas can be provided on the
front or top surface of the device. In a handheld device or
other device in which the rear of the device may be exposed
during operation, it may be acceptable to form an antenna
window on the rear device surface. Other configurations are
also possible (e.g., with antennas mounted in more confined
locations, on device sidewalls, etc.). The use of antenna
mounting locations such as a top or rear surface is sometimes
described herein as an example, but, in general, any suitable
antenna mounting location may be used in an electronic
device if desired.

[0038] Handheld devices that may be provided with anten-
nas include cellular telephones, media players with wireless
communications capabilities, handheld computers (also
sometimes called personal digital assistants), remote control-
lers, global positioning system (GPS) devices, and handheld
gaming devices. Handheld devices and other portable devices
may include the functionality of multiple conventional
devices. As an example, a handheld device with cellular tele-
phone functions may include computing equipment
resources that allow the handheld device to run games, media
player applications, web browsers, productivity software, and
other code.

[0039] An illustrative portable device such as a portable
computer that may include an antenna is shown in FIG. 1. As
shown in FIG. 1, device 10 may be a portable computer
having a housing such as housing 12. Housing 12 may have an
upper portion such as upper housing 12A, which is sometimes
referred to as the lid or cover. Housing 12 may also have a
lower portion such as lower housing 12B, which is sometimes
referred to as the housing base or main unit. Housing portions
12A and 12B may be pivotably attached to each other using a
hinge structure such as hinge 52 (sometimes referred to as a
clutch barrel hinge). A display such as display 14 may be
mounted to the inner surface of upper housing 12A. Other
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components such as keyboard 50 and touch pad 54 may be
mounted in lower housing 12B.

[0040] Housing 12, which is sometimes referred to as a
case, may be formed of any suitable materials including plas-
tic, wood, glass, ceramics, metal, or other suitable materials,
or a combination of these materials. In some situations, por-
tions of housing 12 may be formed from a dielectric or other
low-conductivity material, so as not to disturb the operation
of conductive antenna elements that are located in proximity
to housing 12. In other situations, housing 12 may be formed
from metal elements. An advantage of forming housing 12
from metal or other structurally sound conductive materials is
that this may improve device aesthetics and may help improve
durability and portability.

[0041] Particularly in configurations for device 10 in which
some or all of housing 12 is formed from conductive materi-
als, it may be advantageous to form an antenna for device 10
that has an antenna window. With this type of configuration,
one or more of the antennas for device 10 may be hidden from
view behind a dielectric member that serves as the antenna
window. Antenna windows may also be formed from a pattern
of slots in a conductive housing wall. When the slots are
concealed sufficiently (e.g., by forming narrow slots or by
covering the slots with an opaque dielectric to hide the slots
from view), the antenna window will be hidden from view,
thereby enhancing the aesthetics of the electronic device.
[0042] Suitable locations for an antenna in device 10 of
FIG. 1 include region 58 and region 56. Region 58 is located
on the edge of display 14. Region 56 is located on the right
front side of lower housing portion 12B. As shown in FIG. 1B,
antennas can also be located on regions such as region 60 and
region 62. Region 60 is located in the middle of the top
surface of the lid of device 10. Region 62 is located in the
corner of the lid. Other antenna locations may be used if
desired (e.g., on the rear of device 10, on the front of device
10, on an exterior surface (e.g., the top of alid), on an interior
surface such as a surface adjacent to keys 50, etc.

[0043] Another illustrative electronic device is shown in
FIGS. 2A and 2B. In the example of FIGS. 2A and 2B, device
10 is a handheld electronic device such as a handheld device
with cellular telephone capabilities. As shown in FIG. 2A,
device 10 may have housing 12. Housing 12 may be formed
from plastic, metal, other suitable dielectric materials, other
suitable conductive materials, or combinations of such mate-
rials. A display such as display 14 may be provided on the
front face of device 10. Display 14 of FIG. 2A may be a touch
screen display (as an example). Device 10 may have a speaker
port 40 and other input-output ports. One or more buttons
such as button 38 and other user input devices may be used to
gather user input. As shown in FIG. 2B, an antenna may be
mounted in region 66. Other suitable locations include
regions 65 and 67. These are merely illustrative examples.
Antennas may, in general, be mounted in any suitable location
within an electronic device.

[0044] A schematic diagram of device 10 showing how
device 10 may include one or more antennas 26 and trans-
ceiver circuits that communicate with antennas 26 is shown in
FIG. 3. Electronic device 10 of FIG. 3 may be a portable
computer such as a laptop computer, a portable tablet com-
puter, 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
desktop computer, a combination of such devices, or any
other suitable electronic device.
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[0045] As shown in FIG. 3, electronic device 10 may
include storage and processing circuitry 16. Storage and pro-
cessing circuitry 16 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., static or
dynamic random-access-memory), etc. Processing circuitry
in storage and processing circuitry 16 may be used to control
the operation of device 10. Processing circuitry 16 may be
based on a processor such as a microprocessor and other
suitable integrated circuits. With one suitable arrangement,
storage and processing circuitry 16 may be used to run soft-
ware on device 10, such as internet browsing applications,
voice-over-internet-protocol (VOIP) telephone call applica-
tions, email applications, media playback applications, oper-
ating system functions, etc. Storage and processing circuitry
16 may be used in implementing suitable communications
protocols. Communications protocols that may be imple-
mented using storage and processing circuitry 16 include
internet protocols, wireless local area network protocols (e.g.,
IEEE 802.11 protocols—sometimes referred to as WiFi®),
protocols for other short-range wireless communications
links such as the Bluetooth® protocol, etc.

[0046] Input-output circuitry 15 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. Input-output devices 18
such as touch screens and other user input interface are
examples of input-output circuitry 15. Input-output devices
18 may also include user input-output devices such as but-
tons, 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 such user input devices. Display and audio devices
may be included in devices 18 such as liquid-crystal display
(LCD) screens, light-emitting diodes (LEDs), organic light-
emitting diodes (OLEDs), and other components that present
visual information and status data. Display and audio com-
ponents in input-output devices 18 may also include audio
equipment such as speakers and other devices for creating
sound. If desired, input-output devices 18 may contain audio-
video interface equipment such as jacks and other connectors
for external headphones and monitors.

[0047] Wireless communications circuitry 20 may include
radio-frequency (RF) transceiver circuitry 23 formed from
one or more integrated circuits, power amplifier circuitry,
low-noise input amplifiers, passive RF components, one or
more antennas, and other circuitry for handling RF wireless
signals. Wireless signals can also be sent using light (e.g.,
using infrared communications).

[0048] Wireless communications circuitry 20 may include
radio-frequency transceiver circuits for handling multiple
radio-frequency communications bands. For example, cir-
cuitry 20 may include transceiver circuitry 22 that handles 2.4
GHz and 5 GHz bands for WiFi (IEEE 802.11) communica-
tions and the 2.4 GHz Bluetooth communications band. Cir-
cuitry 20 may also include cellular telephone transceiver cir-
cuitry 24 for handling wireless communications in cellular
telephone bands such as the GSM bands at 850 MHz, 900
MHz, 1800 MHz, and 1900 MHz, and the 2100 MHz data
band (as examples). Wireless communications circuitry 20
can include circuitry for other short-range and long-range
wireless links if desired. For example, wireless communica-
tions circuitry 20 may include global positioning system
(GPS) receiver equipment, wireless circuitry for receiving
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radio and television signals, paging circuits, etc. In WiFi and
Bluetooth links and other short-range wireless links, wireless
signals are typically used to convey data over tens or hundreds
of feet. In cellular telephone links and other long-range links,
wireless signals are typically used to convey data over thou-
sands of feet or miles.

[0049] Wireless communications circuitry 20 may include
antennas 26. Some or all of antennas 26 may be cavity-backed
antennas. A cavity-backed antenna includes an antenna cavity
and an associated antenna resonating element. The cavity
may, for example, be a substantially rectangular cavity with
vertical conductive sidewalls and a planar rear surface (as an
example). Antennas 26 may, if desired, include antenna win-
dows. The antenna windows for antennas 26 may include
dielectric antenna window structures and slot-based antenna
windows.

[0050] Antennas 26 may be single band antennas that each
cover a particular desired communications band or may be
multiband antennas. A multiband antenna may be used, for
example, to cover multiple cellular telephone communica-
tions bands. If desired, a dual band antenna may be used to
cover two WiFi bands (e.g., 2.4 GHz and 5 GHz). Different
types of antennas may be used for different bands and com-
binations of bands. For example, it may be desirable to form
a dual band antenna for forming a local wireless link antenna,
a multiband antenna for handling cellular telephone commu-
nications bands, and a single band antenna for forming a
global positioning system antenna (as examples).

[0051] Transmission line paths 44 may be used to convey
radio-frequency signals between transceivers 22 and 24 and
antennas 26. Radio-frequency transceivers such as radio-fre-
quency transceivers 22 and 24 may be implemented using one
or more integrated circuits and associated components (e.g.,
switching circuits, matching network components such as
discrete inductors, capacitors, and resistors, and integrated
circuit filter networks, etc.). These devices may be mounted
on any suitable mounting structures. With one suitable
arrangement, transceiver integrated circuits may be mounted
on a printed circuit board. Paths 44 may be used to intercon-
nect the transceiver integrated circuits and other components
on the printed circuit board with antenna structures in device
10. Paths 44 may include any suitable conductive pathways
over which radio-frequency signals may be conveyed includ-
ing transmission line path structures such as coaxial cables,
microstrip transmission lines, etc.

[0052] Antennas 26 may, in general, be formed using any
suitable antenna types. Examples of suitable antenna types
for antennas 26 include antennas with resonating elements
that are formed from patch antenna structures, inverted-F
antenna structures, closed and open slot antenna structures,
loop antenna structures, monopoles, dipoles, planar
inverted-F antenna structures, hybrids of these designs, etc.
All or part of each antenna may be formed from a conductive
portion of housing 12. For example, housing 12 or a part of
housing 12 may serve as a conductive ground plane for an
antenna. A conductive antenna cavity that is formed from part
of housing 12, an associated housing structure, or a separate
cavity structure may be shorted to the conductive ground
plane.

[0053] A cross-sectional view of an illustrative electronic
device that contains a cavity-backed antenna located below a
slot-based antenna window is shown in FIG. 4. As shown in
FIG. 4, antenna 26 may have an antenna cavity 72 and antenna
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resonating element 70. Antenna 26 may operate by transmit-
ting and receiving radio-frequency antenna signals though
antenna window 68.

[0054] Antenna cavity 72 may be formed from conductive
cavity surfaces such as conductive vertical cavity walls 74
and planar conductive cavity wall 76. There may, for
example, be five conductive cavity walls in cavity 72. Four
conductive vertical sidewalls may be connected to planar rear
wall 76. Antenna resonating element 70 may be located on the
open side of cavity 72. Antenna resonating element 70 may
contain conductive antenna structures. These conductive
antenna structures may be formed from wire, metal foil, por-
tions of housing 12, conductive support members, or other
conductive materials.

[0055] With one suitable arrangement, the conductive
structures for antenna resonating element 70 may be formed
from conductive traces on a dielectric support. The conduc-
tive traces may be formed from copper or other metals (as an
example). The dielectric support may be a printed circuit
board or a plastic member. The printed circuit board may be
rigid or flexible. Rigid printed circuit boards may be formed
from epoxy (e.g., FR4) or other dielectric substrates. Flexible
printed circuit boards (“flex circuits”) may be formed from
flexible polymer sheets such as polyimide sheets or other
flexible dielectrics.

[0056] Antenna 26 may be fed at positive antenna feed
terminal 80 and ground antenna feed terminal 78. Feed ter-
minal 80 may be coupled to traces on the support structure for
antenna resonating element 70. Antenna feed terminal 78 may
be shorted to conductive antenna cavity 72 and other antenna
ground structures (e.g., portions of housing 12, ground struc-
tures on antenna resonating element 70, etc.).

[0057] AsshowninFIG. 4, antenna 26 may be connected to
a connector such as radio-frequency connector 88 on printed
circuit board 84 by transmission line 44. Transceiver circuitry
23 may be mounted to printed circuit board 84 and may be
connected to the conductive lines in transmission line 44 via
connector 88 and traces in board 84. Transmission line 44
may have positive and ground conductors and may be used in
conveying radio-frequency antenna signals between trans-
ceiver 23 and antenna 26.

[0058] Antenna window 68 may be formed by placing a
dielectric antenna window in an opening of housing 12. With
the illustrative arrangement shown in FIG. 4, antenna window
68 has been formed by forming slots 82 through a conductive
housing structure (e.g., an upper conductive housing wall in
housing 12). The longitudinal axis of each slot 82 may run
into the page in the orientation of FIG. 4 (as an example).
[0059] Electrical components 86 and antenna 26 may be
mounted in close proximity to each other within housing 12 of
device 10. This gives rise to the potential for electromagnetic
interference between components 86 and antenna 26. The
presence of antenna cavity 72 may help to reduce electromag-
netic interference and may improve antenna efficiency by
helping to direct radio-frequency antenna signals through
slots 82 in antenna window 68.

[0060] Anillustrative configuration for antenna cavity 72 is
shown in FIG. 5. As shown in FIG. 5, antenna cavity 72 may
have a substantially rectangular shape with four conductive
vertical sidewalls 74 and planar lower conductive surface 76.
Antenna cavity 72 may have a rectangular opening shape with
a length LG that is longer than its width WD (as an example).
Portions of antenna cavity 72 may, if desired, be formed from
conductive housing structures (e.g., part of a machined metal
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housing 12). Antenna cavities may also be formed from metal
traces on a dielectric support structure, from pieces of foil,
from stamped or cast metal parts, etc.

[0061] Illustrative antenna structures that may be used in
forming resonating elements 70 for antennas such as antenna
26 of FIG. 4 include inverted-F antenna structures such as the
inverted-F antenna structure of FIG. 6. Antenna 26 of FIG. 6
may be fed by radio-frequency source 90 (transceiver 23) at
positive antenna feed terminal 80 and ground antenna feed
terminal 78. Positive antenna feed terminal 80 may be
coupled to antenna resonating element 70. Ground antenna
feed terminal 78 may be coupled to ground element 92. Reso-
nating element 70 may have a main arm 94 and a shorting
branch 96 that connects main arm 94 to ground 92. Ground 92
may be shorted to cavity 72.

[0062] FIG. 7 shows an illustrative configuration that may
be used for the antenna structures of antenna 26 in which
resonating element 70 has multiple arms. In the FIG. 7
example, antenna resonating element 70 has shorter arm 94A
and longer arm 94B. Because arm 94A is shorter than arm
94B, arm 94 A is associated with higher frequencies of opera-
tion than arm 94B. By using two or more separate resonating
element structures of different sizes, antenna resonating ele-
ment 70 can be configured to cover a wider bandwidth or
more than a single communications band of interest.

[0063] In the example of FIG. 8, conductive antenna struc-
tures 98 are configured to define a closed slot 100 and an open
slot 102. The antenna formed from structures 98 of FIG. 8
may be fed using positive antenna feed terminal 80 and
ground antenna feed terminal 78. In this type of arrangement,
slots 100 and 102 serve as antenna resonating element struc-
tures for antenna 26. The sizes of the antenna resonating
element slots and their open and closed shapes may be
selected so that antenna 26 operates in desired communica-
tions bands (e.g., 2.4 GHz and 5 GHz, etc.).

[0064] Another possible configuration for antenna 26 is
shown in FIG. 9. In the arrangement of FIG. 9, antenna 26 has
a single slot 104. Antenna 26 of FIG. 9 may be fed using
positive antenna feed terminal 80 and ground antenna feed
terminal 78. Ground 78 may be associated with housing 12 or
other suitable ground plane elements in device 10 such as the
walls of conductive cavity 72.

[0065] Antenna windows such as antenna window 68 of
FIG. 4 may be formed from slots in a conductive surface that
covers antenna resonating element 70. An illustrative slot-
based antenna window is shown in FIG. 10. As shown in FIG.
10, slot-based antenna window 68 may be formed from open-
ings 82 in conductive surface 106.

[0066] Conductive surface 106 may be any conductive sur-
face associated with electronic equipment such as electronic
device 10 (e.g., a handle surface, a surface associated with a
base or other support structure, a cover plate, a portion of an
electronic component, etc.). In a typical scenario, conductive
surface 106 is a substantially planar external conductive
housing surface. Such conductive structures are sometimes
referred to as device housings, devices cases, housing or case
walls, housing or case surfaces, etc.

[0067] Openings 82 may be filled with a gaseous dielectric
such as air or a solid dielectric such as plastic or epoxy. An
advantage of filling openings 82 with a solid dielectric mate-
rial is that this may help prevent intrusion of dust, liquids, or
other foreign matter into the interior of device 10.

[0068] Openings 82, which are sometimes referred to as
slots or microslots, may have any suitable shape (e.g., shapes
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with curved sides, shapes with bends, circular or oval shapes,
non-rectangular polygonal shapes, combinations of these
shapes, etc.). In a typical arrangement, which is described
herein as an example, slots 82 may be substantially rectangu-
lar in shape and may have narrower dimensions (i.e., widths
W measured parallel to lateral dimension 108) and longer
dimensions (e.g., lengths [. measured parallel to longitudinal
slot dimension 110). This is merely illustrative. Slots 82 may
have any suitable non-rectangular shapes (e.g., shapes with
non-perpendicular edges, shapes with curved edges, shapes
with bends, etc.). The use of substantially rectangular slot
configurations is only described herein as an example.

[0069] Whether straight, curved, or having shapes with
bends, the widths (i.e., the narrowest lateral dimensions) of
slots 82 are generally much less than their lengths. For
example, the widths of slots 82 are typically on the order of
microns, tens of microns, or hundreds of microns (e.g., 5-200
microns, 10-30 microns, less than 100 microns, less than 50
microns, less than 30 microns, etc.), whereas the lengths of
slots 82 are typically on the order of millimeters or centime-
ters (e.g., S mm or more, 10 mm or more, 15 mm or more,
etc.). With one suitable arrangement, the lengths of slots 82
may be selected so that the slots are longer than a half of a
wavelength at a desired antenna operating frequency (e.g., the
lowest frequency associated with the communications bands
being used). This helps to prevent slots 82 from resonating at
the antenna operating frequency and thereby allows slots 82
to form a structure for antenna window 68 that is transparent
to radio-frequency antenna signals at the operating frequen-
cies of the antenna. If desired, the length of slots 82 may be
selected so that the frequency response of the slots allows the
slots to serve as a tuning element (e.g., a length-dependent
tuning element in the lower frequency band).

[0070] Slots 82 that have particularly small widths (e.g.,
tens of microns) are generally invisible to the naked eye under
normal observation. Slots 82 that have somewhat larger
widths (e.g., hundreds of microns) may be barely visible, but
will generally be unnoticeable under normal observation. For
example, on a shiny metallic surface of a laptop computer,
window 68 may be barely visible in the form of a slight
change in the sheen of the surface when viewed from an
oblique angle. The use of narrow slots 82 to form antenna
window 68 therefore allows window 68 to be located in
prominent device locations without becoming obtrusive. For
example, antenna window 68 may be formed on normally
exposed portions of housing 12. Examples of normally
exposed housing portions include the exterior surfaces of a
laptop computer or other device 10, surfaces of a laptop
computer such as the housing surface adjacent to the key-
board or display (e.g., when the cover of a laptop computer
has been opened for use), or housing sidewalls (see, e.g.,
antenna locations 56 and 58 of F1IG. 1A, antenna locations 60
and 62 of FIG. 1B, and antenna locations 65, 66, and 67 of
FIG. 2B).

[0071] In the example of FIG. 10, there are seven antenna
window slots 82 in antenna window 68. This is merely illus-
trative. Antenna window 68 may have any suitable number of
slots. For example, window 68 may have about 7-13 slots,
4-20 slots, more than 5 slots, more than 10 slots, more than 15
slots, etc. If desired, antenna window 68 may have smaller
numbers of slots (e.g., 1-3 slots). In general, however, larger
numbers of slots are helpful in increasing the transparency of
the antenna window to radio-frequency antenna signals and
may therefore be preferred.
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[0072] Slots 82 may be spaced apart by any suitable
amount. As an example, there may be about 1 to 1.5 mm, 0.5
to 2 mm, or 0.25 to 3 mm of lateral separation between
adjacent pairs of slots. These are merely illustrative
examples. Slots 82 may be separated by any suitable distance
(e.g., less than 0.5 mm, less than 1 mm, less than 2 mm, more
than 2 mm, etc.). An advantage of providing adequate sepa-
ration (e.g., about 1 mm) between adjacent slots is that this
helps the antenna window structure from becoming fragile
due to an excessive density of slots.

[0073] The spacings between the slots in a given antenna
window need not be uniform. For example, some slots may be
spaced apart by 1 mm lateral separations and other slots may
be spaced apart by 1.5 mm lateral separations. In other suit-
able configurations, each pair of adjacent slots may be sepa-
rated by a different distance. Combinations of these slot spac-
ing schemes may also be used.

[0074] If desired, the slots in antenna window 68 may have
non-uniform lengths L. For example, each slot 82 may have a
different length. Alternatively, some slots may have the same
length and other slots may have different lengths. Slots 82
may also have different widths. The use of different combi-
nations of slot widths, slot lengths, slot spacings, and slots
shapes may be helpful when forming an antenna window
around an obstacle in a given electronic device conductive
surface or when forming a particular pattern of slots. Slot
widths in antenna window 68 may, if desired, be made large
enough to form a visible pattern on the surface of device 10
(e.g., to form a logo or other desirable antenna window pat-
tern). In general, however, it is advantageous to ensure that the
slots in window 68 are narrow enough to be invisible or
unnoticeable to the naked eye under normal observation.

[0075] Slots 68 may be formed using any suitable tech-
nique. For example, slots may be machined in metal walls or
other conductive wall structures in housing 12 using laser
cutting, plasma arc cutting, micromachining (e.g., using
grinding tools), or other suitable techniques.

[0076] Antenna cavities such as antenna cavity 72 of FIG. 4
may be formed from portions of housing 12, other conductive
portions of device 10, stamped, cast, or machined cavity
structures, or any other suitable conductive structures. With
one suitable arrangement, which is sometimes described
herein as an example, the shape of antenna cavity 72 may be
at least partly determined by the shape of an underlying
dielectric support structure. Conductive layers of material
may be formed on the dielectric support structure to form
antenna cavity 72. An example of this type of arrangement is
shown in FIG. 11.

[0077] As shown in FIG. 11, antenna cavity 72 may have a
dielectric support structure 112. Support structure 112 may be
formed from plastic or other suitable dielectric materials.
Examples of plastic materials that may be used in forming
support structure 112 include polycarbonate, acrylonitrile
butadiene styrene (ABS) plastic, blends of plastic such as
PC/ABS plastic, etc. Support structure 112 may be solid or
hollow or may have both solid and hollow portions. In the
example of FIG. 11, support structure 112 has a substantially
solid rectangular shape. This is merely illustrative. Support
structure 112 may have curved shapes, shapes that include
curved and planar surfaces, closed shapes (e.g., shapes with
no openings to an interior hollow portion), open shapes (e.g.,
shapes with an upper opening that exposes an internal hollow
cavity region), etc.
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[0078] Inthe FIG. 11 example, support structure 112 has a
rectangular shape with four vertical sidewalls and upper and
lower planar surfaces. Layers of conductive materials such as
copper or other metals are formed on the surfaces of the four
vertical sidewalls of support structure 112 and the lower
planar surface of support structure 112. These conductive
layers form vertical cavity sidewalls 74 and lower planar wall
76 for antenna cavity 72. An antenna resonating element such
as antenna resonating element 70 of FIG. 4 may be mounted
on the exposed upper surface of support structure 112. In
configurations in which support structure 112 has an opening
in place of its upper surface, antenna resonating element 70
may be mounted within the opening or elsewhere in cavity 72.
[0079] Any suitable fabrication technique may be used for
forming conductive antenna cavity surfaces on an antenna
cavity support structure such as support structure 112 of FIG.
11. As an example, metal can be deposited by evaporation,
sputtering, or other physical vapor deposition techniques.
Electrochemical deposition techniques may also be used
(e.g., copper electroplating). Undesired portions of conduc-
tive layers can be removed by etching or other suitable tech-
niques. Conductors on support structure 112 can also be
patterned by selective growth techniques (e.g., by depositing
a seed metal layer in a desired pattern prior to building up the
metal to a desired thickness using electroplating).

[0080] A cross-sectional side view of an illustrative
antenna 26 with a cavity formed on a dielectric support such
as support 112 of FIG. 11 is shown in FIG. 12. As shown in
FIG. 12, antenna resonating element 70 may be formed on the
upper surface of support structure 112. Antenna cavity 72
may be formed from conductive layers on support 112 such as
sidewall layers 74 and rear planar layer 76. Antenna resonat-
ing element 70 may be formed from conductive traces on the
surface of support 112 (e.g., copper traces formed directly on
a plastic support surface) or may be formed by mounting a
patterned rigid or flexible printed circuit board to support 112
(as examples).

[0081] Anillustrative pattern of conductive traces that may
be used to form antenna resonating element 70 in antenna 26
is shown in FIG. 13. In the example of FIG. 13, antenna
resonating element 70 has been formed from conductive
traces 114 on printed circuit board substrate 116. Substrate
116 is surrounded by antenna ground structures such as the
upper portions of the vertical walls of antenna cavity 72.
Antenna 26 may be fed by source 90 (transceiver circuitry 23)
using positive antenna feed terminal 80 and ground antenna
feed terminal 78. Positive antenna feed terminal 80 may be
coupled to antenna resonating element trace 114. Ground
antenna feed terminal 78 may be coupled to antenna ground
(e.g., cavity 72).

[0082] Antenna resonating element 70 of FIG. 13 has an
inverted-F configuration in which the feed terminals 80 and
78 are located partway down the main arm of the antenna
resonating element from short circuit branch SC. The main
arm of trace 114 has branches that form associated lengths
[1,1.2,1.3, and .4 each of which contributes to the frequency
response of antenna 26. The frequency response of antenna
resonating element 70 and antenna 26 can therefore be
adjusted to cover communications bands of interest and to
provide desired bandwidth by appropriate selection of the
size and shape of trace 114 (e.g., the lengths [.1, [.2, [.3, and
L4).

[0083] A graph in which the antenna response for an
antenna formed using an antenna resonating element such as
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element 70 of FIG. 13 is shown in FIG. 14. In the graph of
FIG. 14, antenna response (voltage standing wave ratio—
VSWR) is plotted as a function of operating frequency f. In
this example, antenna 26 has been configured to cover two
communications bands. The lower communications band
covers frequency f1 and is associated with long trace length
L1. The upper communications band covers frequency fl.
The bandwidth of the upper communications band is influ-
enced by the different arm lengths [.2, L3, and .4 of antenna
resonating element 70 (FIG. 13) and has been configured so
that the upper communications band has a relatively wide
bandwidth. The lower and upper communications bands may
correspond to 2.4 GHz and 5 GHz bands (e.g., for WiFi) or
any other suitable communications bands. Antenna 26 can
also be configured to handle only a single band or more than
two communications bands if desired. The example of FIGS.
13 and 14 is merely illustrative.

[0084] If desired, antenna 26 may be mounted in a periph-
eral region on upper housing 12A (i.e., in region 58 of FIG.
1A). An illustrative configuration that may be used for
antenna 26 when mounted in this location is shown in FIG.
15. As shown in FIG. 15, antenna cavity 72 may have a curved
lower surface 76 that mates with a corresponding curved
surface in recess 120. Recess 120 may be, for example, a
sunken portion of peripheral housing region 118 of upper
housing 12A. Recess 120 may be formed in an opening in a
plastic bezel, in an opening in a metal housing wall or other
housing structure, using frame members and other internal
housing members, using parts of a housing, using a separate
support structure (e.g., a dielectric insert or frame member),
using other suitable device structures, or using combinations
of these structures.

[0085] Once mounted in region 58 of housing 12A or in
other suitable portions of device 10, antenna 26 may be cov-
ered with a dielectric (e.g., a portion of a display screen glass
panel, a plastic bezel member, a dielectric antenna window, a
slot-based antenna window in a conductive housing member
or other conductive structure, etc.).

[0086] FIG. 16 shows how a curved antenna cavity such as
cavity 72 may be provided with a slot-based antenna resonat-
ing element. In the FIG. 16 example, antenna resonating
element 70 has an open slot OS and a closed slot CS. Antenna
resonating element 70 may, in general, have any suitable
number of closed slots, any suitable number of open slots,
and, if desired, additional resonating element structures (e.g.,
conductive traces that form resonating element arm branches
of the type described in connection with FIG. 13, etc.). The
two slot configuration of FIG. 16 is merely illustrative.
[0087] As shown in FIG. 17, device 10 may have an upper
housing 12A with a curved edge portion such as portion 124.
Slot-based antenna window 68 may be formed in region 124
from slots 82. Antenna resonating element 70 and antenna
cavity 72 of antenna 26 may be formed adjacent to window
68. Member 122 may be a cover glass for display 14, a plastic
cover, a conductive housing member, or other suitable struc-
tures for device 10 and housing 12. The curved edge portion
of housing 12A and the rest of housing 12A in FIG. 17 may
be, for example, machined aluminum.

[0088] As shown in FIG. 18, antenna 26 can be oriented so
that antenna window 68 is formed on a planar inner surface of
housing portion 12 A, rather than on a curved outer surface of
housing portion 12A in region 124.

[0089] Itis not necessary for antenna 26 to be provided with
a slot-based antenna window. As shown in FIG. 19, for
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example, device 10 may have a housing such as upper housing
12A in which a dielectric member is mounted such as dielec-
tric member 122. Dielectric member 122 may be, for
example, a planar dielectric member such as a sheet of cover
glass or plastic that is used to cover the exposed surface of
display 14 (FIG. 1). Antenna 26 may be oriented so that
radio-frequency signals associated with antenna resonating
element 70 and antenna cavity 72 may pass through a portion
of dielectric member 122, as indicated schematically by
arrows 126. Antenna 26 of FIG. 19 may be mounted in curved
peripheral region 124 of housing portion 12A or other suit-
able portions of device 10.

[0090] 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. An electronic device, comprising:

a housing; and

a cavity-backed antenna mounted in the housing that

includes an antenna cavity formed from a dielectric sup-
port structure covered with a layer of conductive mate-
rial and an antenna resonating element.

2. The electronic device defined in claim 1 wherein the
dielectric support structure comprises a plastic support struc-
ture and wherein the layer of conductive material comprises
metal.

3. The electronic device defined in claim 2 wherein the
antenna resonating element comprises a multi-branch
inverted-F antenna resonating element formed from conduc-
tive antenna traces on a printed circuit board.

4. The electronic device defined in claim 3 wherein the
conductive antenna traces form an inverted-F antenna reso-
nating element arm having at least two branches.

5. The electronic device defined in claim 3 further com-
prising:

radio-frequency transceiver circuitry; and

a transmission line that couples the radio-frequency trans-

ceiver circuitry to the cavity-backed antenna.

6. The electronic device defined in claim 5 wherein the
cavity-backed antenna comprises a positive antenna feed ter-
minal connected to the conductive antenna traces and com-
prises a ground antenna feed terminal connected to the layer
of conductive material and wherein the antenna cavity has a
curved wall.

7. The electronic device defined in claim 3 wherein the
printed circuit board comprises a flex circuit and wherein the
conductive antenna traces and the layer of conductive mate-
rial comprise copper.

8. The electronic device defined in claim 1 wherein the
housing comprises a conductive housing wall having antenna
window slots that form a slot-based antenna window for the
cavity antenna.

9. The electronic device defined in claim 8 wherein the
conductive housing wall comprises a curved portion of a
portable computer lid.

10. The electronic device defined in claim 8 wherein the
antenna window slots are less than 100 microns in width and
are more than 5 mm in length.

11. The electronic device defined in claim 8 wherein the
antenna window slots are filled with a solid dielectric.

12. The electronic device defined in claim 1 wherein the
cavity-backed antenna comprises a cavity-backed slot
antenna and wherein the antenna resonating element com-
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prises a conductive member with portions defining at least
one antenna resonating element slot.

13. The electronic device defined in claim 1 wherein the
antenna resonating element comprises a conductive member
with portions defining a plurality of antenna resonating ele-
ment slots.

14. The electronic device defined in claim 13 wherein the
plurality of antenna resonating element slots comprise an
open slot and a closed slot.

15. A cavity-backed antenna comprising:

an antenna resonating element having a conductive layer

defining an antenna resonating element slot; and

a conductive antenna cavity.

16. The cavity-backed antenna defined in claim 15 wherein
the antenna resonating element comprises a printed circuit
board on which the conductive layer is formed.

17. The cavity-backed antenna defined in claim 16 wherein
the conductive layer has at least two antenna resonating ele-
ment slots.

18. The cavity-backed antenna defined in claim 15 wherein
the antenna cavity comprises a plastic support covered with a
layer of metal.

19. The cavity-backed antenna defined in claim 18 wherein
the plastic support has vertical sidewalls on which the layer of
metal is formed.

20. The cavity-backed antenna defined in claim 15 wherein
the antenna resonating element has two slots and is config-
ured to resonate in first and second communications bands.

21. The cavity-backed antenna defined in claim 15 further
comprising a slot-based antenna window that covers the con-
ductive antenna cavity and the antenna resonating element.

22. The cavity-backed antenna defined in claim 21 wherein
the slot-based antenna window comprises a conductive hous-
ing structure having antenna window slots through which
radio-frequency signals from the antenna pass.

23. The cavity-backed antenna defined in claim 22 wherein
the antenna window slots are less than 100 microns in width
and are more than 5 mm in length.
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24. An antenna, comprising:
a dielectric support structure;
a metal layer on the dielectric support structure that forms
a conductive antenna cavity; and

an antenna resonating element having a printed circuit
board with an inverted-F antenna resonating element
trace.

25. The antenna defined in claim 24 further comprising a
slot-based antenna window that is located adjacent to the
conductive antenna cavity and the antenna resonating ele-
ment.

26. The antenna defined in claim 25 wherein the slot-based
antenna window comprises a metal housing structure having
a plurality of antenna window slots each having a width of
less than 100 microns and each having a length of at least five
millimeters.

27. The antenna defined in claim 26 wherein the inverted-F
antenna resonating element trace has multiple branches and
resonates in at least two communications bands.

28. The antenna defined in claim 24 wherein the conductive
antenna cavity has a curved conductive wall formed from part
of the metal layer.

29. A portable computer, comprising:

anupper housing portion having a metal housing structure;

an antenna window formed from a plurality of antenna

window slots in the metal housing structure

a lower housing portion that is pivotably attached to the

upper housing portion;

radio-frequency transceiver circuitry;

a transmission line that is coupled to the radio-frequency

transceiver circuitry; and

a cavity-backed antenna that is located under the antenna

window, that is coupled to the transmission line, and that
has an antenna cavity formed from a plastic support with
vertical metal sidewalls and a rear metal layer.

30. The portable computer defined in claim 29 wherein the
upper housing portion has a curved edge region in which the
antenna window slots are formed.

sk sk sk sk sk
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DUAL POLARIZED UHF ANTENNA

FIELD OF THE INVENTION

[0001] The invention relates generally to RFID antenna
assemblies and methods for forming RFID antenna assem-
blies.

BACKGROUND OF THE INVENTION

[0002] Radio-Frequency Identification (RFID) technology
is directed to wireless communication between one object,
typically referred to as a RFID tag, and another object, typi-
cally referred to as a RFID reader/writer. RFID technology
has been adopted, and is increasingly being used, in virtually
every industry, including, for example, manufacturing, trans-
portation, retail, and waste management. As such, efficient
RFID systems are becoming increasingly important as the
demand for RFID technology increases.

[0003] RFID tags typically include two components: a
RFID antenna assembly and an RFID integrated circuit (IC).
RFID antennas can be used to receive and/or transmit an
electromagnetic signal from a RFID reader/writer. ARFID IC
(sometimes referred to as a RFID chip) can be used to store
and/or process information (e.g., modulate/demodulate a
radio-frequency (RF) signal).

[0004] Typically, RFID systems that operate in the ultra-
high frequency (UHF) range utilize a standard dipole antenna
configuration for the RFID antenna assembly. The perfor-
mance of a standard dipole UHF transponder depends on the
orientation between the transponder antenna and the reader
antenna, because dipole antennas can only emit radio signals
in one direction. To achieve two-dimensional readability, two
or more dipole antennas can be used in a single antenna
assembly. For example, two dipole antennas can be arranged
perpendicular to each other to form a “double-dipole”
antenna, which takes the shape of a cross. Standard “double-
dipole” antennas require RFID chips with at least three elec-
trical contact points: two antenna inputs and one ground
contact. In other words, RFID chips require a separate chan-
nel for each dipole of the antenna assembly.

SUMMARY OF THE INVENTION

[0005] One approach to providing two-dimensional read-
ability is to couple a near-field loop antenna with a dual
polarized far-field antenna. In one aspect, there is an antenna
assembly for two-dimensional readability. The antenna
assembly includes a dual polarized far-field antenna and a
near-field loop antenna electromagnetically coupled to the
dual polarized far-field antenna. The near-field loop antenna
includes two contacts for electrically connecting to a chip.
[0006] In another aspect, there is a method for forming an
antenna assembly. The method includes forming, on a first
side of a first substrate, a dual polarized far-field antenna, and
forming, on a second side of a second substrate, a near-field
loop antenna on a-second layer. The near-field loop antenna
includes two contacts for electrically connecting to a chip.
The dual polarized far-field antenna is electromagnetically
coupled to the near-field loop antenna.

[0007] In other examples, any of the aspects above can
include one or more of the following features. The chip can
include an RFID device. The dual polarized far-field antenna
can be a UHF antenna. The near-field loop antenna can be
inductively coupled to the dual polarized far-field antenna.
The near-field loop antenna can be ohmically coupled to the
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dual polarized far-field antenna. The near-field loop antenna
can be capacitively coupled to the dual polarized far-field
antenna. The near-field loop antenna can be coupled to the
dual polarized far-field antenna inductively, ohmically,
capacitively, or any combination thereof.

[0008] In some embodiments, the dual polarized far-field
antenna can include a far-field loop antenna. The far-field
loop antenna can include a rectangular geometry, a fractal
geometry or a symmetrical geometry. The antenna assembly
can further include the chip. The chip can be a one-channel
chip. The chip can be a multi-channel chip comprising three
or more contact pads. The antenna assembly can further
include a first layer, a second layer, and a third layer. The first
layer can include metallization of the dual polarized far-field
antenna. The second layer can include a carrier material. The
third layer can include metallization of the near-field loop
antenna.

[0009] Inother examples, the antenna assembly can further
include a first layer and a second layer. The first layer can
include a carrier material. The second layer can include met-
allization of the dual polarized far-field antenna and metalli-
zation of the near-field loop antenna. The antenna assembly
can further include a first carrier material including the dual
polarized far-field antenna, and a second carrier material
including the near-field loop antenna.

[0010] In yet other embodiments, the method can further
include ohmically coupling the dual polarized far-field
antenna to the near-field loop antenna. The method can fur-
ther include forming segments of the dual polarized far-field
antenna and the near-field loop antenna, wherein the seg-
ments inductively couple the dual polarized far-field antenna
to the near-field loop antenna. The method can further include
forming segments of the dual polarized far-field antenna and
the near-field loop antenna, wherein the segments capaci-
tively couple the dual polarized far-field antenna to the near-
field loop antenna.

[0011] Inyetother examples, the first and second substrates
can be different and the method can further include position-
ing the first and second substrates together using lamination,
dispensing, bonding, or any combination thereof. The first
and second substrates can be the same and the first and second
sides can be the same. The first and second substrates can be
the same and the first and second sides can be different. The
method can further include attaching the second substrate to
adevice, wherein forming the dual polarized far-field antenna
can include printing the dual polarized far-field antenna over
the second substrate attached to the device.

[0012] Any ofthe above implementations can realize one or
more of the following advantages. By coupling a near-field
loop antenna to a dual polarized far-field antenna, two-dimen-
sional readable RFID tags can be made compatible with
single-channel RFID chips. In addition, the RFID tags can
remain compatible with multi-channel RFID chips.

[0013] The details of one or more examples are set forth in
the accompanying drawings and the description below. Fur-
ther features, aspects, and advantages of the invention will
become apparent from the description, the drawings, and the
claims. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The advantages of the invention described above,
together with further advantages, will be better understood by
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referring to the following description taken in conjunction
with the accompanying drawings. The drawings are not nec-
essarily to scale, emphasis instead generally being placed
upon illustrating the principles of the invention.

[0015] FIGS.1A-1B aretop views of a chip and a near-field
loop antenna.
[0016] FIGS. 2A-2F are top views of different antenna

assembly configurations.

[0017] FIGS. 3A-3C are cross-sectional side views of dif-
ferent antenna assembly substrate configurations of FIG. 2A.
[0018] FIGS. 4A-4B is a side view of a dual far-field
antenna configuration.

DESCRIPTION OF THE INVENTION

[0019] FIG.1A s atop view of an exemplary chip 110. The
chip 110 includes at least two contacts 112 and 114. The
contact 112 can be, for example, an antenna port. The contact
114 can be, for example, a ground port. Combined, the con-
tacts 112 and 114 can form a single channel for communicat-
ing with a remote reader (not shown) via an antenna assembly.
In one embodiment, for example, the chip 110 can include a
RFID IC (sometimes referred to as a RFID chip). In a supple-
mental or alternative embodiment, the chip 110 can process
UHF (ultra-high frequency) signals.

[0020] The chip 110 illustrated in FIG. 1A includes two
contacts positioned in separate corners, but other configura-
tions can also be used. For example, the chip 110 can include
additional contacts. In one embodiment, a chip 110 with
additional contacts can be used as a multi-channel chip foruse
with an antenna assembly with two or more channels. For
example, a chip with two pairs of contacts that are associated
with two chip channels can be connected to an antenna assem-
bly with two separate antenna channels, in which each chip
channel transmits and/or receives electromagnetic signals via
their respective antenna channel. In yet other configurations,
the contacts 112 and 114 can be located at arbitrary positions
on the chip 110.

[0021] FIG. 1B is a top view of an exemplary near-field
loop antenna 120. The near-field loop antenna 120 includes a
gap 125 between the contact points 122 and 124. The contact
points 122 and 124 can be used to connect to a channel on a
chip. For example, the chip 110 can be coupled to the near-
field loop antenna 120 by respectively attaching the contact
points 122 and 124 to the chip contacts 112 and 114. In one
embodiment, the near-field loop antenna 120 can be attached
to the chip 110 using flip chip bonding. In another embodi-
ment, the near-field loop antenna 120 can be attached to the
chip 110 using wire bonding. In yet another embodiment, the
near-field loop antenna 120 can be fabricated on the same
substrate as the chip 110.

[0022] The near-field loop antenna 120 illustrated in FIG.
1B is configured as a circular loop, but other configurations
can also be used. In one embodiment, for example, the near-
field loop antenna 120 can be configured as a square loop or
as any rotationally symmetric loop. More generally, the near-
field loop antenna 120 can be configured in any arbitrary loop
path. In some embodiments, the length of the near-field loop
antenna 120 can be between 15 mm and 120 mm. The length
of'the near-field loop antenna 120 can depend on the electrical
characteristics of the RFID chip (e.g., impedance, inductivity
and/or capacitance).

[0023] FIGS. 2A-2F are top views of different antenna
assembly configurations 200. The antenna assembly 200a
includes a dual polarized far-field antenna 210 and a near-
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field loop antenna 120. A chip 110 can be connected to the
near-field loop antenna 120. The dual polarized far-field
antenna 210 advantageously can receive and/or transmit elec-
tromagnetic waves independent of the polarization of the
electric field incident on the plane of the antenna 210. In some
embodiments, the length of the dual polarized far-field
antenna 210 can be between 240 mm and 400 mm. The length
of the far-field antenna 210 can depend on the electrical
characteristics of the RFID chip, the quality factor of the
coupling to the far-field antenna, and/or the application (e.g.,
based on the mounting of an RFID tag to any surface resulting
in any detuning). Therefore, the resonance frequency of a
RFID tag, and consequently the length of the far-field loop
210, can be dependent on the application.

[0024] The near-field loop antenna 120 can be positioned
into a corner 212 of the dual polarized far-field antenna 210
such that the two antennas are magnetically coupled to each
other. For example, the near-field loop antenna 120 can be
magnetically coupled to the dual polarized far-field antenna
210 via the magnetic induction that results from the proximity
of segments of the two antennas in corner 212. In some
configurations, the near-field loop antenna 120 can overlap
with the dual polarized far-field antenna 210 or a gap can exist
between the two. In a supplemental or alternative embodi-
ment to inductive coupling, the near-field loop antenna 120
can be ohmically and/or capacitively coupled to the dual
polarized far-field antenna 210. For example, the antenna
assemblies 2005 and 200¢ include a dual polarized far-field
antenna 220 that is ohmically connected to the near-field loop
antenna 120 via connections in corners 2225 and 222¢. Gen-
erally, the far-field antenna 210 can connect to at least one
point anywhere on the near-field antenna 120 (e.g., the point
that is substantially opposite to the chip’s position).

[0025] In the antenna assembly configurations 200a-c, the
dual polarized far-field antennas 210 and 220 are configured
as rectangular loops, but other configurations can also be
used. In one embodiment, for example, a dual polarized far-
field antenna can be configured as any rotationally symmetric
loop. More generally, a dual polarized far-field antenna can be
configured in any arbitrary loop path. In some embodiments,
for example, an antenna assembly configuration 2004 or 200e
can include a rectangularly-shaped dual polarized far-field
antennas 230d or 230e¢ with semi-circle indentations 232
located on each side. In an alternative embodiment, an
antenna assembly configuration 240 can include a dual polar-
ized far-field antenna 240 with a fractal geometry. The near-
field loop antenna 120 can be positioned, for example, in the
center of the dual polarized far-field antenna 240, which
would allow substantially all segments of the near-field loop
antenna 120 to be magnetically coupled to segments 242 of
the dual polarized far-field antenna 240.

[0026] In general, near-field loop antennas and dual polar-
ized far-field antennas can be formed on one or more sub-
strates. Formation of an antenna can include metallization of
a side of the substrate. Suitable substrates can include a non-
conductive carrier material such as, for example, PET (poly-
ester), FR-4 (or any other printed circuit board (PCB) mate-
rial), PI (polyimide), BT (bismaleimide-triazine), PE
(polyethylene), PVC (polyvinylchloride), PC (polycarbon-
ate), Teslin (silica-filled polyethylene), paper and/or other
suitable antenna substrate materials. In addition, substrates
can be flexible or rigid. In one embodiment, a near-field loop
antenna and a dual polarized far-field antenna can be formed
on the same side of a substrate. In an alternative embodiment,
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a near-field loop antenna and a dual polarized far-field
antenna can be formed on different sides of a substrate. In yet
another embodiment, a near-field loop antenna and a dual
polarized far-field antenna can be formed on different sub-
strates and subsequently brought together using lamination,
dispensing, bonding, and/or any other substrate binding pro-
cess.

[0027] Inanother embodiment, a RFID chip can be bonded
to a near-field loop (e.g., an antenna on a carrier material like
PET), and the far-field antenna can be printed on the top-side
or bottom-side of the carrier material. In yet another embodi-
ment, a RFID chip can be bonded to a near-field loop (e.g., an
antenna on a carrier material like PET), and the near-field
loop can be laminated, dispensed, bonded, or otherwise
attached to any device (e.g., a cardboard box or other hous-
ing). A far-field loop antenna can be printed on top of the
device to which the near-field loop is attached to.

[0028] FIGS. 3A-3C are cross-sectional side views of
exemplary antenna assembly substrate configurations 300
using, for example, the antenna assembly 200a along the
cross-section 301. In antenna assembly substrate configura-
tion 300q, the near-field loop antenna 120 and the dual polar-
ized far-field antenna 210 were formed on different sides of a
substrate 310, and can be inductively, capacitively, and/or
ohmically coupled to one another. In antenna assembly sub-
strate configuration 3004, the near-field loop antenna 120 and
the dual polarized far-field antenna 210 were formed on the
same side of a substrate 320, and can be inductively, capaci-
tively and/or ohmically coupled to one another. In antenna
assembly substrate configuration 300c¢, the near-field loop
antenna 120 and the dual polarized far-field antenna 210 were
formed, respectively, on substrates 330a and 3305. Substrates
330a and 3305 can, for example, be brought together such
that the near-field loop antenna 120 and the dual polarized
far-field antenna 210 are inductively, capacitively, and/or
ohmically coupled to one another. In one embodiment, a
material, such as an insulator, can separate substrates 330a
and 3305. The substrates 300a and 3006 can be brought
together in any configuration (i.e., the surfaces on which the
antennas were formed can both point away from each other,
can both point towards each other, or can both point in the
same direction).

[0029] In some embodiments, a dual polarized far-field
antenna can be coupled to one or more additional dual polar-
ized far-field antennas via inductive, capacitive, and/or ohmic
coupling. FIGS. 4A-B are views of a dual far-field antenna
assembly 400q. The dual far-field antenna assembly 400a
includes the dual polarized far-field antenna 210 and near-
field loop antenna 120 as illustrated in FIG. 2A with an
additional dual polarized far-field antenna 410. The dual
polarized far-field antenna 410 can be inductively coupled to
the dual polarized far-field antenna 210. The dual far-field
antenna assembly 400a can be positioned on a device 420
(e.g., a cardboard box or other container) such that each
far-field antenna is aligned with a different surface or direc-
tion. Providing different directional alignments of multiple
far-field antennas advantageously can allow for better read-
ability between a RFID tag and a RFID reader/writer.
[0030] One skilled in the art will realize the invention may
be embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The foregoing
embodiments are therefore to be considered in all respects
illustrative rather than limiting of the invention described
herein. Scope of the invention is thus indicated by the
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appended claims, rather than by the foregoing description,
and all changes that come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.

What is claimed:

1. An antenna assembly comprising:

a dual polarized far-field antenna; and

a near-field loop antenna electromagnetically coupled to

the dual polarized far-field antenna, the near-field loop
antenna comprising two contacts for electrically con-
necting to a chip.

2. The antenna assembly of claim 1 wherein the chip com-
prises an RFID device.

3. The antenna assembly of claim 2 wherein the dual polar-
ized far-field antenna is a UHF antenna.

4. The antenna assembly of claim 1 wherein the near-field
loop antenna is inductively coupled to the dual polarized
far-field antenna.

5. The antenna assembly of claim 1 wherein the near-field
loop antenna is ohmically coupled to the dual polarized far-
field antenna.

6. The antenna assembly of claim 1 wherein the near-field
loop antenna is capacitively coupled to the dual polarized
far-field antenna.

7. The antenna assembly of claim 1 wherein the near-field
loop antenna is coupled to the dual polarized far-field antenna
inductively, ohmically, capacitively, or any combination
thereof.

8. The antenna assembly of claim 1 wherein the dual polar-
ized far-field antenna comprises a far-field loop antenna.

9. The antenna assembly of claim 8 wherein the far-field
loop antenna comprises a rectangular geometry, a fractal
geometry or a symmetrical geometry.

10. The antenna assembly of claim 1 further comprising the
chip.

11. The antenna assembly of claim 8 wherein the chip is a
one-channel chip.

12. The antenna assembly of claim 8 wherein the chip is a
multi-channel chip comprising three or more contact pads.

13. The antenna assembly of claim 1 further comprising:

a first layer comprising metallization of the dual polarized

far-field antenna;

a second layer comprising a carrier material; and

athird layer comprising metallization of the near-field loop

antenna.

14. The antenna assembly of claim 1 further comprising:

a first layer comprising a carrier material; and

a second layer comprising metallization of the dual polar-

ized far-field antenna and metallization of the near-field
loop antenna.

15. The antenna assembly of claim 1 further comprising:

a first carrier material comprising the dual polarized far-

field antenna; and

a second carrier material comprising the near-field loop

antenna.

16. A method for forming an antenna assembly, the method
comprising:

forming, on a first side of a first substrate, a dual polarized

far-field antenna; and

forming, on a second side of'a second substrate, a near-field

loop antenna on a second layer comprising two contacts
for electrically connecting to a chip, wherein the dual
polarized far-field antenna is -electromagnetically
coupled to the near-field loop antenna.
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17. The method of claim 16 further comprising ohmically
coupling the dual polarized far-field antenna to the near-field
loop antenna.

18. The method of claim 16 further comprising forming
segments of the dual polarized far-field antenna and the near-
field loop antenna, wherein the segments inductively couple
the dual polarized far-field antenna to the near-field loop
antenna.

19. The method of claim 16 further comprising forming
segments of the dual polarized far-field antenna and the near-
field loop antenna, wherein the segments capacitively couple
the dual polarized far-field antenna to the near-field loop
antenna.

20. The method of claim 16, wherein the first and second
substrates are different, further comprising positioning the
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first and second substrates together using lamination, dis-
pensing, bonding, or any combination thereof.

21. The method of claim 16 wherein the first and second
substrates are the same and the first and second sides are the
same.

22. The method of claim 16 wherein the first and second
substrates are the same and the first and second sides are
different.

23. The method of claim 16 further comprising attaching
the second substrate to a device, wherein forming the dual
polarized far-field antenna comprises printing the dual polar-
ized far-field antenna over the second substrate attached to the
device.
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(57) ABSTRACT

Embodiments of the present invention provide an inlay for
use in multiple applications including a contact smart card, a
contactless smart card, a ticket, a secured document, a combi
smart card and a dual interface smart card. The inlay may
include an inlay substrate; an antenna on the inlay substrate,
the antenna having at least two terminal pads; and a polymer
PCB bonded to and making an electrical connection between
each of the terminal pads; wherein the terminal pads and
polymer PCB are positioned to allow the inlay to be used in a
desired smart card application, the application selected from
a group consisting of a contact smart card, a contactless smart
card, a ticket, a secured document, a combi smart card and a
dual interface smart card; wherein, when the inlay is to be
used in a contactless smart card, ticket, secured document or
combi smart card, the polymer PCB functions as a carrier for
a chip; and wherein, when the inlay is to be used in a dual
interface or contact smart card, end portions of the polymer
PCB function as strap leads to connect an embedded chip of
the dual interface or contactless smart card to the antenna.
One method for producing the inlays is also disclosed.
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providing an inlay substrate having an antenna
thereon, the antenna having at least two terminal

/ pads

352

providing a polymer PCB capable of making an
electrical connection between the at least two
terminal pads; and

354

bonding the polymer PCB to each of the terminal
pads such that the terminal pads and polymer PCB
are positioned to allow the inlay to be used in a
/ desired smart card application, the application

selected from a group consisting of a contact smart

356 card, a ticket, a secured document, a contactless
smart card, a combi smart card, and a dual interface
smart card.
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CONTACT-LESS AND DUAL INTERFACE
INLAYS AND METHODS FOR PRODUCING
THE SAME

FIELD OF INVENTION

[0001] Embodiments of the present invention relate to the
field of smart cards, and particularly to a design and method
of'production for contact-less and dual interface inlays for use
in smart cards.

BACKGROUND

[0002] Smart Cards, also known as Chip Cards and IC
Cards, are plastic (usually), approximately credit card sized
cards that contain one or more semiconductor chips. Smart
cards can be used in many different applications. For
example, smart cards can be used in the telecommunications
industry for mobile SIM and prepaid cards. They can be used
in the banking industry for e-payments and transaction &
authentication applications. They can be used in the security
industry in applications ranging from access control to pass-
ports, National IDs, and/or Drivers licenses. They can also be
used in logistic industry for object identification and trace-
ability. In many of these applications, the cards are “contact-
less”, which means that the cards perform data transfer using
radio frequency (RF) technology between the card and a
receiver/transmitter. In other applications, the cards can be
“contact” cards that require a physical connection between
the card and the card reader. Additionally, “dual interface”
cards can have both capabilities using a single chip module.
Similarly, combination cards (combi cards) can perform both
capabilities using one chip for contactless applications, and a
separate chip for contact applications.

[0003] Currently, these cards can be manufactured using a
number of different processes. In most of these, the chips are
wire bonded between a plurality of integrated circuit (IC)
bond pads onto epoxy carrier tapes. They can then be either
encapsulated using a glob top method with an ultraviolet
(UV) curing epoxy, or moulded using a pre-formed cavity
into the desired shape and thickness to become various types
of modules. The most popular IC modules for phone cards
and banking cards are either M4 or M8 module packages.
These packages physically and electrically comply with vari-
ous International Standards Organization (ISO) standards,
such as ANSI/ISO/IEC 7816/7810.

[0004] Today, contact-less cards are produced in relatively
smaller quantities of approximately 100-200 million in 2006,
which is about 10% of the current volume of smart cards
produced. The most common method of manufacturing con-
tact-less products uses a process of connecting the chip mod-
ule to a wire antenna pre-embedded into polyvinyl chloride
(PVC) plastic. Normally, the blank card with antenna is
manufactured by assembling the electronic inlay (chip+an-
tenna+support) with additional layers laminated onto the
electronic inlay to build up the card thickness, for example,
the ISO 14443 and ISO 7816 ID-1 standards. The cards are
often manufactured in sheets, being, for example, several
cards wide and of varying length. Alternative chip bonding
technology, such as flip chip bonding, is gaining popularity
for use on top of the wire bonding technology as the use of
chip scale packaging increases.

[0005] Dual interface cards are derivatives of Contact and
Contact-less cards. After lamination, the sheets are punched
into single cards and then the cavity for the chip module is
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milled. An additional step must then be taken to “ply open”
the antenna cavities below the shoulder of the first milled
cavity to provide access to the antenna contacts. Since the
lamination process of applying top sheets covers up the
antenna, the antenna terminals can only be accessed using
some milling process. A conductive adhesive can then be
placed into the milled cavities to provide an electrical contact
between the antenna leads and the contact surfaces on the chip
module. The conductive adhesive may be, for example, a
nickel-polymer particle filled epoxy paste. The chip is
thereby electrically connected to the antenna.

[0006] Additionally, nonconductive adhesive can be
applied to the shoulder of the milled out cavity in order to
mechanically secure the chip module to the smart card body.
The separate nonconductive adhesive is used to hold the chip
module within the card body as it is less expensive and has
better adhesive qualities than conductive adhesive.

[0007] Liquids adhesives, such as a Cyanoacrylate adhe-
sive, are generally used as the nonconductive adhesive in less
expensive smart cards. In more critical smart card applica-
tions, a double-sided, heat-curable, adhesive tape can be used.
Normally, this double-sided, heat-curable non-conductive
adhesive is first applied to the inner side of the chip module
with a hot-press. Then the chip module is inserted into the
cavity and bonded to the card body with the applied non-
conductive adhesive by heat and pressure.

[0008] Problems with Current Cards
[0009] 1) Contactless Cards
[0010] Due to limitations in the speed of the ultrasonic wire

embedding process, the output volume using wire antenna
embedding is fairly low, which keeps the costs associated
with the production of such cards using the wire embedding
process relatively high.

[0011] 2.) Dual Interface Cards

[0012] Reliably attaching the chip module to the antenna
leads can be difficult. For example, even though the connec-
tions between the modules and the antenna leads can be
accomplished using conductive adhesives, thermo-compres-
sion bonding, or a low temperature soldering material, less
than 80% of dual interface cards produced according to the
prior art method are functional, i.e., more than two in ten are
defective.

[0013] Additionally, multiple layers of plastic sheeting are
added to the inlays during production to bring the dual inter-
face cards to a required thickness. During the hot lamination
process, the unpredictable shrinkage in the various layers of
plastic sheeting can drastically reduce the reliability of the
connection between the dual interface module and the
antenna.

[0014] 3) Antennas

[0015] It is also known in the industry that alternative
antennas can be made using laminated aluminium etched on
plastic film such as PVC or PET, to produce contactless cards.
The use of such etched antennas has generally been said to
produce cards with poorer read distance (supposedly lower
Quality factor or Q factor). The conventional wisdom is that
etched aluminium antennas cannot provide the electrical per-
formance, such as a read distance of 10 cm (min) and 20 cm
(max) typical of systems using the High frequency ISO 14443
Mifare chip; nor the 60 cm (min) to 100 cm (max) typical of
systems using the High Frequency ISO 15693 Icode SL2
chip. For these reasons, there has been no major development
work in using etched antennas to make ISO cards.





US 2011/0011939 Al

[0016] Additionally, antennas made from etched alu-
minium always have an open loop. To close this loop, it is
necessary to provide a cross-over connection between the
outer portion of the antenna and the inner portion of the
antenna. Closing this loop often requires additional produc-
tion steps when forming a completed antenna inlay.

[0017] Another problem associated with aluminium anten-
nas is the amount of stress added to the etched antenna as the
various types of cards are laminated under high heat and
pressure. Consequently, such cards are thought to be inca-
pable of achieving satisfactory results on ISO industry stan-
dard tests. For example, for long term durability (greater than
5 years use), the capability of performing up to 20,000 cycles
in the ISO-10373 bending and torsion test is the de facto
industry standard (ISO 10373 stipulates 1000 cycles for nor-
mal card usage).

[0018] Micro modules for contact less and dual interface
cards have traditionally been supplied in the form of MOA2,
MOA4, MOB6, FCP2, MCC2, MCCS8, M8.4, D7, D8, CID
pak etc. modules. The antenna routing and antenna terminal
pad location for contactless and dual interface cards has tra-
ditionally been different for different module dimensional
outlines and chip systems. The terminal locations for the
antenna in one module (such as MOA2) are in a different
location from the terminal locations of another module (such
as FCP2). This result in inefficiencies in producing inlays for
different applications, as a different automation system and/
or setup is required to produce the inlays.

[0019] The capability to quickly and efficiently automate
the production process is a key in keeping production costs
down. Being able to produce antenna inlays in roll form with
greater flexibility in handling the micro modules is the step-
ping stone to automation, particularly when one antenna has
to cater for a wide variety of standards, namely the ISO cards,
Calypso tickets, and non-ISO such as ICAO 9303 part-1
recommendation for secure documents. Current production
methods are unable to achieve this functionality.

[0020] Accordingly, there is a significant need for an
improved manufacturing process that can attach the compo-
nents of smart cards, while addressing one or more of the
problems discussed above.

SUMMARY

[0021] Embodiments of the present invention provide a
new method to attach a polymer PCB to an antenna structure
to produce an inlay for use in both contactless and dual
interface cards, tickets and secure documents. The method
provides a thin polymer PCB that is ultrasonically bonded to
the two ends of the antenna terminal pads. This polymer PCB
may or may not have a chip bonded to it. In example embodi-
ments, the polymer PCB is placed and connected at the exact
position designated by the ISO 7816 standard for contact and
dual interface modules. The polymer PCB can be a double
layer PCB that has specific dimensional tolerances. In some
embodiments, the polymer PCB includes metal surfaces to
effect an electrical connection between the module contact
surface and the antenna pads using ultrasonic bonding tech-
niques. To solve these connection problems, one may attach a
copper or aluminium strip (polymer PCB) to an etched alu-
minum antenna having two bond pads positioned according
to the ISO 7816 dimensional standard. Additionally, by ensur-
ing that the bond pad positions are also located such that they
exactly match the positions required for contact module
attachment, it is possible to mill away the unwanted portion of
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the polymer PCB to leave behind 2 connecting surfaces.
These surfaces (vertical bridges) can be used to directly con-
nect the antenna to the contact pad of the dual interface chip
module to produce dual interface inlays. The same concept,
without the milling step, can deploy the polymer PCB as an
umbilical cord (horizontal bridges) to carry chips in making
contact-less inlays. In addition, by sandwiching the antenna
layer with low vicat softening plastic sheets, the distortion
and mechanical stress impact on the etched aluminum
antenna is substantially reduced and the antenna can with-
stand higher bending and torsion cycles.

[0022] One aspect of the present invention provides an
inlay for a smart card, the inlay including an inlay substrate;
an antenna on the inlay substrate, the antenna having at least
two terminal pads; and a polymer PCB bonded to and making
an electrical connection between each of the terminal pads;
wherein the terminal pads and polymer PCB are positioned to
allow the inlay to be used in a desired smart card application,
the application selected from a group consisting of a contact
smart card, a contactless smart card, a ticket, a secured docu-
ment, a combi smart card and a dual interface smart card;
wherein, when the inlay is to be used in a contactless smart
card, ticket, secured document or combi smart card, the poly-
mer PCB functions as a carrier for a chip; and wherein, when
the inlay is to be used in a dual interface or contact smart card,
end portions of the polymer PCB function as strap leads to
connect an embedded chip of the dual interface or contactless
smart card to the antenna.

[0023] The polymer PCB may be a substrate having a layer
of'aluminum or copper foil attached to each of a top side and
a bottom side of the substrate, wherein the chip is electrically
coupled to the layer of aluminum or copper foil on one of said
top side and the bottom side and the terminal pads, for use in
the contactless smart card, said ticket, said secured document,
or said combi smart card, and wherein the layer of aluminum
foil provides the electrical connection between the terminal
pads and the chip or a chip module.

[0024] Insomeembodiments, the chip may bea micromod-
ule selected from a group consisting of MOA2, MOAA4,
MOB4, MOB6, MCC2, MCCS8, CID, Cubit, IOA2, EOA2,
EOAS, EOA9, FCP3 and NSL-1 micromodules. The terminal
pads may be at least 0.25 square millimeters in area. The
polymer PCB may include a substrate having a layer of alu-
minum or copper foil attached to each of a top side and a
bottom side of the substrate for use in producing the dual
interface and the contact smart cards, the antenna comprises
three terminal pads, and the layers of aluminum or copper foil
provide the electrical connection between the terminal pads
and a dual interface module.

[0025] The inlay may be sandwiched between a plurality of
laminated sheets to produce a blank of the dual interface
smart card. A portion of the plurality of the laminated sheets
and the polymer PCB may be milled away to produce a cavity,
such that a remaining portion of the polymer PCB provides
the strap leads that function as a tower bridge for electrically
connecting the dual interface module to the antenna to pro-
duce the smart card.

[0026] In some embodiments, the dual interface module
may further include a pair of windows to facilitate bonding of
the dual interface module to the strap leads.

[0027] The antenna pads and the polymer PCB may be
positioned according to an industry standard selected from a
group that includes an ISO 7816/7810 ID-1, ID-2, and ID-3
standard, an ISO 15457 TFC.1 standard, a Calypso standard
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for transportation tickets, and an ICAO 9303 Part-1 recom-
mendation. The antenna may be made from etched aluminum
having a thickness of about 9 microns to about 35 microns; a
track width of about 100 microns to about 1200 microns, and
a gap width of about 100 microns to about 1200 microns.

[0028] In some embodiments, the polymer PCB may be
bonded to the at least two terminal pads of the antenna using
an ultrasonic bonding process. The ultrasonic bonding pro-
cess may use a horn having at least two pads with a pad size
of'about 0.25 mm by 0.25 mm, a spacing distance of about 0.5
mm, and a pitch angle of about 90 degrees.

[0029] Insomeembodiments, the inlay may also include at
least one upper layer of low vicat plastic.

[0030] Analternate aspect of the present invention provides
a method of producing an inlay for a smart card. The method
may include the steps of providing an inlay substrate having
an antenna thereon, the antenna having at least two terminal
pads; providing a polymer PCB capable of making an elec-
trical connection between the at least two terminal pads; and
bonding the polymer PCB to each of the terminal pads;
wherein the terminal pads and polymer PCB are positioned to
allow the inlay to be used in a desired smart card application,
the application selected from a group consisting of a contact
smart card, a ticket, a secured document, a contactless smart
card, a combi smart card, and a dual interface smart card.

[0031] In some embodiments of the method, the polymer
PCB may include a substrate having a layer of aluminum or
copper foil attached to each of a top side and a bottom side of
the substrate, wherein a chip is electrically coupled to the
layer of aluminum or copper foil on one of the top side and the
bottom side and the terminal pads, such that the ultrasonic
bonding step provides an electrical connection between the
antenna and the chip for use in the contactless smart card, the
ticket, the secured document, or the combi smart card.

[0032] The chip may be a micromodule selected from a
group consisting of MOA2, MOA4, MOB4, MOB6, MCC2,
MCCS8, CID, Cubit, IOA2, EOA2, EOAS8, EOA9, FCP3 and
NSL-1 micromodules. The terminal pads may be atleast 0.25
square millimeters in area.

[0033] In some embodiments, the method may further
include applying at least one upper layer of low vicat plastic
to a top of the inlay, and applying at least one lower layer of
low vicat plastic to a bottom of the inlay. The polymer PCB
may include a substrate having a layer of aluminum or copper
foil attached to each of a top side and a bottom side of the
substrate for use in producing the dual interface and the
contact smart cards.

[0034] In some embodiments, the method may further
include laminating at least a first layer of material to a top
surface of the inlay; laminating at least a second layer of
material to a bottom surface of the inlay, the first layer, the
second layer and the inlay comprising a blank for producing
a dual interface smart card; and milling a portion of the first
layer and the inlay to remove a portion of the polymer PCB to
produce a tower bridge, and to provide a cavity for receiving
a dual interface module.

[0035] Themethod may further include connecting the dual
interface module to the blank to produce the dual interface
smart card. The connecting step may include; ultrasonically
bonding the dual interface module to the tower bridge to
provide an electrical connection to the antenna, and fixing the
dual interface module to the blank using a non-conducting
adhesive.
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[0036] Theultrasonic bonding process may use a horn hav-
ing a pad size of about 0.25 mm by 0.25 mm, a spacing
distance of about 0.5 mm, and a pitch angle of about 90
degrees. The dual interface module may further include a pair
of' windows in a top surface thereof. The windows may facili-
tate the ultrasonic bonding process, a soft laser bonding pro-
cess, a thermo-compression bonding process, or a micro-
welder bonding process.

[0037] In alternate embodiments, the two providing steps
may further include positioning the antenna pads and the
polymer PCB according to an industry standard, the industry
standard selected from a group consisting of an ISO 7816/
7810 ID-1, ID-2, and ID-3 standard, an ISO 15457 TFC.1
standard, a Calypso standard for transportation tickets, and an
ICAO 9393 Part-1 recommendation. The polymer PCB may
be bonded to the terminal pads using an ultrasonic bonding
process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Embodiments of the invention will be better under-
stood and readily apparent to one of ordinary skill in the art
from the following written description, by way of example
only, and in conjunction with the drawings, in which:

[0039] FIG. 1 illustrates a top view of an of an antenna
singlet used to produce an inlay according to one embodiment
of the present invention;

[0040] FIG. 2q illustrates a top view of a polymer PCB that
can be attached to the antenna on the antenna singlet of FIG.
1 to produce an inlay according to one embodiment of the
present invention;

[0041] FIG. 25 illustrates a bottom view of the polymer
PCB of FIG. 2a;

[0042] FIG. 3a illustrates a cross-sectional view of the
antenna singlet of FIG. 1, a polymer PCB of FIGS. 2a and 25,
and a portion of an ultrasonic bonding machine that can be
used to join the two according to one embodiment of the
present invention;

[0043] FIG. 3billustrates a cross-sectional view of the inlay
produced from FIG. 3a according to one embodiment of the
present invention;

[0044] FIG. 3¢ illustrates one embodiment of a method for
producing the inlay of FIGS. 35 and 5a;

[0045] FIG. 3d illustrates one embodiment of an ultrasonic
horn shown in FIG. 3a;

[0046] FIG. 3e illustrates a top perspective view of the
antenna inlay of FIG. 35;

[0047] FIG. 4a illustrates a top view of a polymer PCB that
can be attached to the antenna on the antenna singlet of FIG.
1 to produce an inlay according to an alternate embodiment of
the present invention;

[0048] FIG. 454 illustrates a bottom view of the polymer
PCB of FIG. 4a;

[0049] FIG. 5a illustrates a top perspective view of an
antenna inlay according to an alternate embodiment of the
present invention;

[0050] FIG. 54 illustrates a production sheet of the antenna
inlays of FIG. 5a according to the ID-1 standard;

[0051] FIG. 5c¢illustrates a production sheet of the antenna
inlays of FIG. 5a according to the ID-2 standard;

[0052] FIG. 5d illustrates a production sheet of the antenna
inlays of FIG. 5a according to the ID-3 standard;

[0053] FIG. 5e illustrates one embodiment of a pre-lami-
nated inlay of FIG. 3d;





US 2011/0011939 Al

[0054] FIG. 6 illustrates an exploded perspective view of
one embodiment of a dual interface card that can be produced
using the inlays of FIGS. 5a and 556;

[0055] FIG. 7a illustrates an exploded perspective view of
a dual interface module that can be used with the dual inter-
face card of FIG. 6;

[0056] FIG. 75 illustrates a top view of the dual interface
module of FIG. 7a;

[0057] FIG. 7¢ illustrates a bottom view of the dual inter-
face module of FIG. 7a;

[0058] FIG. 8a illustrates a cross-sectional view of one
embodiment of a laminated dual interface card of FIG. 6 and
a dual interface module of FIGS. 7a-7¢ prior to assembly;
[0059] FIG. 85 illustrates a cross-sectional view of the
laminated dual interface card and dual interface module of
FIG. 8a after preparation of the dual interface card; and
[0060] FIG. 8¢ illustrates a cross-sectional view of one
embodiment of an assembled dual interface card of the
present invention.

DETAILED DESCRIPTION

[0061] Embodiments of the present invention provide a
new design for a smart card inlay that can be used in both
contactless or dual interface applications, and methods to
produce the same. These cards are produced according to
various industry standards. Within this specification, the term
“card” or “smart card” includes cards, electronic visa stick-
ers, passports, tickets, labels, identification tags, anti-coun-
terfeit tags and other secure documents.

[0062] The standards may include Form Factor standards,
interoperability/modulation characteristic standards, security
standards, and or testing standards. For example, the Form
Factor standards may include the ISO 7816/7810 (ID-1,1D-2,
1D-3) size, and the ISO 15457 TFC.1 size. Interoperability/
modulation characteristic standards may include ISO 14443
and ISO 15693 (13.56 MHz), ISO 18000 (860-965 MHz),
UHF and EPC compliant RIFD standards. Security standards
may include EAL1+ and EAL4+ Operating System plat-
forms, EALS+ certified chips, and ICAO recommendations.
Testing standards may include ISO 10373 and FIPS 201. It is
understood that additional standards may be used to produce
embodiments of the present invention. Similarly, non-stan-
dard cards may also be produced.

[0063] FIG. 1 illustrates a top view of an antenna singlet
102 used to produce aninlay 220 (see FIGS. 3e, 5a) according
to one embodiment of the present invention. Fach antenna
singlet 102 can have an antenna 103 etched onto a top side 105
of a plastic sheet 104. Each antenna 103 may have two or
more terminal pads 106a, 1065. These terminal pads 106a,
10654, are precisely positioned to facilitate the connection of a
polymer PCB to produce a dual interface or contact-less inlay
220 that can be used in ISO 7816 standard ID-1, ID-2, and
ID-3 smart cards, and ISO 15457 TFC.1 tickets. In the
embodiment shown, an additional terminal pad 106c¢ is pro-
vided on the top side 105 to facilitate an electrical connection
between the ends of the antenna 103. This provides a single
step process to connect the open ends of the contactless
antenna 103 to the polymer PCB 200. Alternate embodiments
may provide a bridge (not shown) on an underside of the
antenna singlet 102. The bridge may be positioned to provide
a through connection to the top side 105 to provide a continu-
ous circuit for the antenna 103. In a preferred embodiment,
the etched antenna 103 is made from aluminium. It is under-
stood, however, that other metals, such as copper, may also be
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used to produce the etched antenna 103. All references below
to an etched aluminium antenna 103 are considered to also
include other metals.

[0064] The ID-1, ID-2 and ID-3 cards and ISO 15457
TFC.1 tickets may all use a similar antenna design concept
using IC chip systems. Such systems may include, by way of
example and not limitation, ISO 14443 Type A, ISO 14443
Type B, ISO 15693 or ISO 18000-6 chips. However, each of
these standards defines cards of different dimensions depend-
ing on the application. For example, the ID-1 standard can be
used to create National ID cards, the ID-2 standard can be
used to create Visa stickers, and the ID-3 standard can be used
to create passports (see e.g. FIGS. 55-54). TFC.1 tickets can
be used to create tele-ticketing or mass transit tickets. As the
specific location of the dual interface antenna pads 106a,
1065, 106¢, and the dimensions of the finished card can be
derived from the ISO 7816 standard, these dimensions will
not be discussed here. Other standards can also be used. As
will be discussed below, different antenna pad designs and
shapes may also be used to accommodate multiple applica-
tions on a single antenna inlay 220. It is understood that the
specific design illustrated in FIG. 1 is provided by way of
example only. The number of antenna concentric rings or
windings, and the location of the contact pads 1064, 1065,
and 106¢ may be determined as desired depending on the
specific standard being used, or on other design requirements.
[0065] In some embodiments, the polymer PCB 200 may
include a chip 215 (FIG. 2a) that allows the finished inlay 220
to be used in contactless smart card applications. In alternate
embodiments, the polymer PCB 200 may provide a base for a
tower bridge that can be used in dual interface cards. All of the
antenna connections 106a, 1065, 106¢ on the inlay 220,
whether for use as a contactless smart card, or a dual interface
card, are thus provided on a single antenna singlet 102.
Examples of both of these embodiments are provided below
with reference to FIGS. 2a-5e.

[0066] These antenna singlets 102 provide a portion of the
electronic layer that is a base for a smart card. Initially, the
plastic sheet 104 is laminated with, for example, an alu-
minium or copper foil. Other metals may also be used. The
laminating process uses a thin layer (3-5 micron) of adhesive
to bond the aluminium or copper foil to the sheet 104. The
plastic sheet 104 can have thickness ranging from 30 to 200
microns. Similarly, the metal foil can have a thickness rang-
ing from 9 to 70 microns.

[0067] Depending on the specific application, the number
of windings for the antenna 103, the width of the antenna
tracks, and the gap distance between the tracks, may vary. In
the embodiment shown, 3 windings are used with a track
width of 0.3 mm and a gap of 0.3 mm. In alternate embodi-
ments, the number of winding may vary from about 3 to about
7, the track width may vary from about 0.2 mm to about 1.2
mm, and the gap distance may vary from about 0.2 mm to
about 1.2 mm.

[0068] The plastic sheet 105 can be, by way of example and
not limitation, polyvinylchloride (PVC) or polyethylene
terephthalate (PET), ABS, PC, paper, Polythene coated paper,
or copolymers of PVC/ABS, PVC/PC, PVC/PET. It is under-
stood that any type of flexible plastic sheeting, or even natural
or synthetic paper and pulp products, that are capable of
receiving the foil laminate can be used in embodiments of the
present invention.

[0069] The antenna 103 normally includes several concen-
tric loops or windings to provide adequate reception and
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transmission capability. The antenna 103 can be typically
prepared on the top side 105 of the plastic sheet 104 by
etching away the unwanted aluminium or copper and lami-
nating. The aluminium or copper foil laminated on the PET or
PVC sheet 104 can be etched using a resist ink layer as a mask
to form a circuit pattern layer. Thereafter, the resist ink layer
is removed. In alternate embodiments, similar steps can be
performed to produce the bridge (not shown) on the underside
of the antenna singlet 102. This process is known to those of
skill in the art and will not be described in detail here.
[0070] In the embodiment shown in FIG. 1, the etching
process produces the antenna 103 and contact pads 106a,
1065, 106¢ on the top side 105. The etching process allows the
contact pads 106a, 1065, 106¢ to be larger than corresponding
contacts that use copper wire as the antenna, to facilitate the
connection of different types of micro-modules (discussed in
detail below). The contact pads 106a, 1065, and 106c may
have irregular shapes to facilitate these connections.

[0071] The antennas 103 thus produced may be of any
desired design, depending on the application. Significantly,
the antennas 103 can be designed to facilitate the use of high
frequency (13.56 MHz) or ultra high frequency (860-965
MHz) chip systems. The methods used to design antennas for
smart cards are known in the art. One example of design
software that is available to determine specific antenna char-
acteristics, such as the track width of the aluminium or cop-
per, the long side and the short side gap width, is software
known as IE3D, by Zeland software. It is understood that
many other programs are also available for custom designing
antennas for specific applications for use in smart cards.
[0072] Rolls or sheets of antenna singlets 102 (see FIGS.
5b-5d), having specific custom antenna designs, and/or vari-
ous roll patterns, can be purchased custom manufactured
from many known sources. By way of example and not limi-
tation, these rolls or sheets can have from 1 to 5 antenna
singlets 103 in a row, with various spacings provided between
the singlets 103 depending on the specific application of the
finished inlay 220.

[0073] According to one embodiment of the present inven-
tion, a polymer PCB containing a chip can be connected to the
antenna singlets 102 to produce the smart card inlay 220. In
order to provide for the exact dimensional tolerances for the
inlays 220, care must be taken in the design of the polymer
PCB. FIGS. 2a and 2b illustrate a top and bottom view,
respectively, of a polymer PCB, designated generally as ref-
erence numeral 200, according to one embodiment of the
present invention. Depending on the type of PCB, and the
specific application, different cross sectional dimensions may
berequired. In the embodiment illustrated in FIGS. 24 and 25,
the polymer PCB 200 is made with aluminum foil on both
sides using an etching process similar to the aluminum
antenna etching process described above. Other materials,
such as copper, can also be used. When producing inlays 220
for use in dual interface applications, the polymer PCB 200
can also be known as a tower bridge. This is discussed inmore
detail below with reference to FIGS. 4a-55.

[0074] In FIG. 2a, the polymer PCB 200 includes a pre-
formed PET base tape 202 with a layer of aluminum on the
top and bottom, respectively. It is understood that Polyimide
(Kapton), or other plastics, can also be used for the base tape
202, and that other metals, such as copper can also be used.
The polymer PCB 200 can include a first metallized area 204a
and a second metallized area 2045. To produce a polymer
PCB to be used in contactless applications, a chip 215 joining
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the first metallized area 204a to the second metallized area
2045 can be placed on the base tape 202 using, for example,
a flip chip bonding process known to those of skill in the art.
[0075] High heat resistant grade PET and/or Polyimide
prevents the polymer PCB from melting and causing possible
short circuits during the lamination process. Hence, it is not
necessary to provide by-pass with a plate-through connection
to join the open ends of the antenna. However, the presence of
the PET or Polyimide layer may require longer ultrasonic
bonding times to rub away the polymer layer. The use of a
double-sided metallization layer reduces the ultrasonic bond-
ing time to about 1 second. While double-sided polymer PCB
is more expensive than single sided, given the relatively small
size of the polymer PCB, the incremental cost is negligible.
The ultrasonic bonding process is described below with ref-
erence to FIGS. 3a-3c.

[0076] To produce a dual interface inlay, the base tape 202
can be bonded to the antenna singlet 102 without a chip 215.
Additional preparation is then required. This will be dis-
cussed below with reference to FIGS. 4a-8c.

[0077] InFIG. 25, a bottom side 207 of the polymer PCB
200 may also include a first metallized area 2054, a second
metallized area 20556, and a third metallized area 205¢. The
metallized areas 204, 205 on the top and bottom of the poly-
mer PCB 200 provide a first bond point 2064, a second bond
point 2065, and a third bond point 206¢ for connecting to
corresponding points on the antenna 103 of the antenna sin-
glet 102. The polymer PCB 200 is connected to the antenna
singlet 102 in a precise location across the contact pads 1064,
1065, 106¢. Bonds are formed between bond points 2064,
2065 and 206¢ on the base tape 202, and the antenna pads
106a, 1065, 106¢, on the antenna singlet 102, respectively.
Advantageously, this allows the antenna 103 to be connected
on both ends, while at the same time the polymer PCB flip
chip module 200 is being connected to the antenna 103. The
assembled inlay 220 can be used to produce either dual inter-
face or contactless cards. The precise location of the contact
pads 106 can be determined by the specific application and/or
by international or other standards. One example of such a
standard is the ISO 7816 specification.

[0078] Inthe embodiment shown in FIG. 1, one end of the
antenna 103 is located on an inside of the loop, while the other
end of the antenna 103 is located on an outside of the loop.
The pads 106a and 106¢ provide an open connection between
the two ends of the antenna 103. Using the polymer PCB 200,
ultrasonic bonding between the bond points 2064, 2065, 206¢
and the antenna pads 1064, 1065, 106¢ both closes the open
connection of the antenna, and connects the chip 215 to the
antenna in the case of contactless cards. The first and second
ultrasonic bonds close the open antenna connection when the
polymer PCB pad 206aq is connected to the etched antenna
pad 1064 and the polymer PCB pad 206c¢ is connected to the
etched antenna pad 106¢. The third ultrasonic bond connects
the dual interface module RF pad 5284 to polymer PCB pad
206a and dual interface module RF pad 5284 to polymer PCB
pad 2065 when it comes to producing dual interface inlays.
(see FIGS. 7a to 7¢)

[0079] The following discussion applies to the preparation
ofapolymer PCB 200 using double sided aluminum tape 202.
It is understood that similar preparatory steps can be taken
when using double sided copper tape. Since the purpose of the
dual interface module is to function as a “single chip” to
perform both the contact and contact-less transactions within
the same chip, the connection of the antenna 103 to a dual
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interface module 520 (FIGS. 7a-7¢) requires the aluminum or
copper tape 202 to function as a tower-bridge to compensate
for plastic shrinkage after hot lamination. Matching the thick-
ness of the dual interface module 520 to the card body con-
taining the inlay (etched antenna) can be better achieved by
using the polymer PCB 200 as the “flexible bump” or “tower
bridge”, since the plating thickness of the polymer PCB 200
is easily customizable or changeable.

[0080] If the object is to make a dual interface inlay 220,
then the copper-PET-copper or aluminium-PET-aluminium
strip 202 will not need to have a chip attached (that is to say,
no flip chip bonding is necessary). In this case, the polymer
PCB 200 is ready for ultrasonic bonding to the antenna 103.
If the object is to produce an inlay 220 for use in contactless
applications, then chips have to be flip chip bonded to the
polymer PCB 200. In some embodiments, the polymer PCB
200 can be provided with the chip 215 during a pre-produc-
tion process. The process of flip chip bonding of various types
of chips to a polymer strap is known in the art. FIG. 2a shows
the polymer PCB 200 with a chip already attached. The pro-
cess of ultrasonically bonding the polymer PCB to the
antenna singlet 102 is described below with reference to
FIGS. 3a-3e.

[0081] The production of an inlay 220 for contact-less
applications using an etched aluminum antenna 103 in
embodiments of the present invention can also be accom-
plished by mounting third party polymer PCB modules con-
taining a chip directly on the antenna 103. By way of example
and not limitation, FCP3 (NXP, Holland), NSL-1 (Nedcard,
Holland), and other polymer PCB modules can be used.
[0082] Work has also been carried out for non Polymer
PCB based modules. Lead frame based modules, such as
MOA2, MOA4, MOB4, MOB6, MCC2, MCCS, CID pak,
Cubit, IOA2, EOA2, EOAS8, EOA9, NOA2, NOA3 etc. can
also be used to connect to the etched aluminum antenna. In
order to accommodate these various micromodules, the ter-
minal pads 106a, 1065, 106¢ can be designed having varying
geometric shapes, such as, but not limited to, a stair-step or
other pattern.

[0083] In other words, using etched aluminium as the
antenna 103, a wide range of materials such as leadframes,
polymers, or metallized strips can be strapped. Once the
polymer PCB 200 is attached to the antenna contact pads 106
on the antenna singlet 102, the completed inlay 220 can then
be used to produce combi cards, contactless smart cards, or
dual interface cards, after the addition of top sheets, with hot
or cold lamination.

[0084] Contactless micromodules have traditionally been
attached to the copper wire antenna using a variety of tech-
niques, such as soldering, crimping, adhesive bonding using
conductive adhesives, and thermo-compression bonding
(also called micro-welding). Thermo compression bonding is
currently the most widely used technique. However, it can be
difficult to apply this technique for polymer PCBs, since there
is a layer of polymeric material that may inhibit good electri-
cal contact.

[0085] In a preferred embodiment, the polymer PCB 200,
with or without a chip attached, is connected to the antenna
singlet 102 using ultrasonic bonding. FIG. 3a illustrates a
cross-sectional view, designated generally as reference
numeral 300, of an antenna singlet 102, a polymer PCB 200
containing a chip 215, and portions of an ultrasonic bonder,
prior to ultrasonic bonding to produce an inlay 220. FIG. 36
illustrates the inlay 220 of FIG. 3a after ultrasonic bonding
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has been performed. FIG. 3e illustrates a perspective view of
one embodiment of an antenna inlay 220. Ultrasonic bonding
provides an electrical and mechanical connection between
the antenna singlet 102 and the polymer PCB 200 to produce
the inlays 220. This connection is illustrated graphically in
FIG. 3b as points 107a, 1075, and 107¢. While FIG. 3a
illustrates the bonding process for a polymer PCB 200 con-
taining a chip 215, it is understood that a similar process can
be used for polymer PCBs 200 that do not contain a chip. This
is discussed in more detail with reference to FIGS. 44-5b
below. The inlays 220 containing polymer PCBs 200 without
chips can be used to produce dual interface smart cards. The
process of producing dual interface smart cards is discussed
below with reference to FIGS. 5-7.

[0086] To ultrasonically bond the polymer PCB 200 to the
antenna singlet 102, ultrasonic horns 302a, 3025, 302¢ and
anvils 304a, 3045, 304¢ of a desired pattern are required to
bring about a molecular inter-diffusion of the metallic sur-
faces of the bond pads 2064, 2065, 206¢ of the polymer PCB
200 and contact pads 106a, 1065, 106¢ of the antenna 103 on
the antenna singlet 102. The spacing between the horns 302a,
3025, 302¢ can be determined by the particular application.
For example, in the embodiment illustrated in FIG. 3a, the
spacing between horns 302¢, 3025 is about 4.8 mm, and the
spacing between horns 30256, 302¢ is about 10.9 mm. It is
understood that many other spacings can also be used as
desired.

[0087] Employing vibration, force and time, an ultrasonic
bonder forms a weld by pressing the parts to be joined
together and scrubbing them against one another to break up
and disperse the surface oxides and contaminates. The result-
ant clean base metal surfaces are held tightly together. Crystal
boundaries are brought within an atomic distance of one
another, allowing the strong attraction of atoms across the
interface to create a metallurgical bond, without reaching the
melt temperature of the metals being joined.

[0088] Typically, an ultrasonic bonding procedure begins
with the substrate (antenna singlet 102) being placed on a flat
bed. The substrate may be held in place by vacuum. The
polymer PCB 200, with or without a chip 215, is then fixed on
the antenna singlet 102 using both vacuum pressure and the
specific ultrasonic bonding horn 302. By employing vibra-
tion, force and time, an electrical and mechanical connection
is then formed using the horn 302 and the anvil 304. Co-
planarity between the flip chip module 200 and the antenna
singlet 102 is carefully adjusted. When ultrasonic power is
applied, the polymer PCB 200 and horn 302 vibrate along a
horizontal setting direction. Due to relative movement
between a first metallic surface (bond pads 2064, b, ¢) of the
polymer PCB 200 and a second metallic surface of the
antenna pads 106a, 1065, 106c¢, friction and heat break up the
oxides and disperse the surface oxides and contaminants.
This results in micro-welding between them to produce the
assembled inlay 220.

[0089] Oneembodiment of amethod for producing an inlay
220, designated generally as reference numeral 350, is illus-
trated in FIG. 3¢. The method 350 can includes a first step of
providing an inlay substrate having an antenna thereon, the
antenna having at least two terminal pads 106a, 1065, as
illustrated with reference numeral 352. The method 350 can
also include steps for providing a polymer PCB 200, 250
capable of making an electrical connection between the at
least two terminal pads 1064, 1065, as illustrated with refer-
ence numeral 354, and bonding the polymer PCB 200, 250 to
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each of the terminal pads 1064, 1065 such that the terminal
pads 1064, 1065 and polymer PCB 200, 250 are positioned to
allow the inlay 220 to be used in a desired smart card appli-
cation, the application selected from a group consisting of a
contact smart card, a ticket, a secured document, a contactless
smart card, a combi smart card, and a dual interface smart
card. Additional steps are discussed below with reference to
FIGS. 4a-8c¢. The bonding step discussed above may include
ultrasonically bonding the polymer PCB to the terminal pads.
[0090] FIG. 34 illustrates a preferred embodiment of the
horns 302. The horn 302 can have a pad 320, a pitch angle
322, and a spacing distance 324. When performing ultrasonic
bonding, the horn pad size, the pitch, the horn and anvil
pattern, and the number of bond pads per total bondable area,
can affect the quality of the bonding process. The bonding
force (pressure, measured in kPa), amplitude (um), ultrasonic
power (joules) and bonding time (seconds) are also major
factors. In the embodiment illustrated in FIG. 35, the pad size
320 can be about 0.25 mm by 0.25 mm, the spacing distance
324 can be about 0.5 mm, and the pitch angle 322 can be about
90 degrees. While the overall shape of the embodiment of
horn 36 shown is round, it is understood that other shapes may
also be used. Similarly, the size of'the pad 320, the pitch angle
322, and the spacing 324 may vary.

[0091] In one embodiment, a bonding force of approxi-
mately 140 kPa, having an amplitude of 45 microns, and 100
joules of power was applied for approximately 1 second to an
antenna singlet 102 having an aluminium layer of 30 microns
on a PET substrate of 50 microns. It is understood that a great
many other combinations of the various factors can also be
used to produce an effective ultrasonic bond between the
antenna singlet and the polymer PCB 200. Once the bonding
is completed, the bonded structure can be tested to ensure a
good electrical and mechanical connection. For example, an
in-line functional tester capable of testing to some standard
can be provided. The standard can be, by way of example and
not limitation, ISO 14443 Type A, ISO 14443 Type B, ISO
15693, UHF ISO 18000-6, etc. Readers can be positioned at
the end of the production line to track the interconnection
based on accumulated yields. If the yield goes below a thresh-
old value, such as 99%, the production can be stopped, and the
horn 302 can be examined for wear and tear. The alignment of
the polymer PCB 200 and/or other factors may also be
checked. Many other techniques for performing such tests are
well known in the art.

[0092] FIGS. 4a and 456 illustrate a top and bottom view,
respectively, of an alternate embodiment of a polymer PCB,
designated generally as reference numeral 250, that can be
used with the antenna singlet 102 to produce an inlay 220 for
use in dual interface applications. The polymer PCB 250
includes a preformed PET base tape 251 with a layer of
copper or aluminum 252a, 2525 on a top surface 253. Simi-
larly, a layer of copper or aluminum 254a, 2545, and 254c¢ is
found on a bottom surface 255. It is understood that PVC, or
other plastics, can also be used. Portions of the top copper or
aluminum layers 252a, 2525, and bottom copper or alumi-
num layers 254a, 254b, and 254¢ provide corresponding
bond points 256a, 2565, 256¢ for attaching to the antenna
pads 106a, 1065, 106¢ ofthe antenna singlet 102. The process
of' bonding the polymer PCB 200, 250, was discussed above
with reference to FIGS. 3a to 3d.

[0093] The total thickness of the polymer PCB 250 when
functioning as a tower bridge should be large enough to
compensate for the card construction and alignment shortfall
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between the dual interface module and the surface-milled
antenna. The thickness should also take into account the
amount of expected plastic shrinkage after lamination. The
overlays will be discussed below with reference to FIG. 6.
Thus, the polymer PCB 250, which can be used as a tower
bridge, should have a thickness ranging from 120-180
microns. This thickness can be achieved using, for example,
38 micron PET sandwiched by two layers of aluminum of
35-70 microns on each side. In a preferred embodiment, the
thickness of the polymer PCB 250 should be 38 microns PET,
50 microns aluminum on each side of PET, totaling about 150
microns (including 5 microns for each of the adhesive layers
between the two metal layers and the PET).

[0094] For large scale manufacturing purposes, sheets con-
taining a plurality of antenna singlets 102 can be produced in
various configurations. FIGS. 54-5d illustrate several
examples of a sheet 101 containing a plurality of assembled
inlays 220 that are ready to be used in smart card applications.
FIG. 556 shows three inlays 220 across prepared according to
the ID-1 standard. FIG. 5¢ illustrates a plurality of inlays 220
according to the ID-2 standard, and FIG. 5d illustrates a
plurality of inlays 220 arranged for the production of pass-
ports or other documents according to the ID-3 standard.
[0095] Similarly, the polymer PCBs 200, 250, with or with-
out a chip 215 bonded to them, can be produced in large rolls,
suitable for large-scale manufacturing. The polymer PCBs
200 can be connected to the antenna singlets 102 while both
are in roll form, and a high speed in-line machine can be
equipped with a cut and dispense unit to mount the polymer
PCBs 200, 250 and strap them onto a continuous roll of
antenna singlets 102 on a flat bed to effect the ultrasonic
bonding process. The resulting smart card inlays 220 can then
be separated into inlay sheet sizes of 4x6 singlet or 3x8
singlet configurations. Other configurations are also possible
depending on the specific laminator used.

[0096] In order to make a contactless card, the completed
inlays 220, with the flip chip bonded polymer PCB 200 now
connected to the antenna pads 1064, 1065, 106 may then be
subjected to one or more pre-laminating or laminating steps
to produce a semi finished product for easy transportation.
For example, after the polymer PCBs 200 are ultrasonically
bonded to the terminal pads 106a, 1065, 106¢ of the alu-
minium antenna 103, the inlays may be cut into sheet sizes,
most commonly including 3x8 singlets, 4x6 singlets, and/or
other sizes as desired.

[0097] FIG. 5e illustrates one embodiment of a pre-lami-
nated inlay of FIG. 3d, designated generally as reference
numeral 270. The pre-laminated inlay 270 can include a first
top sheet 272, an additional sheet 274, a final top sheet 276,
and a bottom sheet 278. These top sheets 272, 274, 276, can
be added to the inlay 220 to produce the pre-laminated inlay
270. In some embodiments, the top sheets 272, 274, may
include recess windows so that the chip 215 resides within the
recess window to provide “zero pressure” load sheltering.
The first top sheet 272 is thus illustrated having a recess
window 273, while the additional sheet 274 includes a recess
window 275.

[0098] Alternately, one or more of the top sheets 272, 274
can be chosen from a material with a lower vicat softening
point than the support layer 104. The vicat softening point is
defined by industry standard for various polymer materials
that do not have a definite melting point. Hot Lamination is a
way of bonding two or more layers or plastic sheets together
under increased temperature and pressure without using
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adhesives. Temperature and pressure have opposite effects on
lamination quality. The temperature needs to be high enough
to allow the layers to melt together. However, due to tempera-
ture and pressure, the films (hence the antenna) may begin to
flow resulting in sheet (hence antenna) distortion. The use of
a lower vicat softening point material in the top sheet 272, for
example, allows the sheet 272 to soften and become “molten”
at a relatively low temperature (e.g. 60 degrees centigrade)
during the pre-heating cycle. This allows the sheet 272 to
begin to embrace and embed 75% of the etched aluminum
antenna 103 prior to the exertion of any pressure on the inlay
220. The addition of such a low vicat softening material
greatly enhances the surface evenness and the structural/me-
chanical durability of the antenna 103. Consequently, by
using a low vicat plastic sheet 272 to cover the inlay 220, and
including a window 273 for the polymer PCB 200, it is pos-
sible to reduce the shift in operating frequency by preventing
any distortion of the etched antenna tracks due to shifts in the
gap width during lamination. The goal is to maintain the
antenna capacitance value, which is dependent on the track
width and gap width of the etched antenna, before and after
lamination. Ifthere is any change in the track width (necking)
and the gap width of the antenna during the lamination pro-
cess, the Q factor may change, the read distance may deviate
(due to stray capacitance changes) and the etched antenna
may become crooked or in a worst case, actually break.
[0099] For the embodiment illustrated in FIG. 5e, the first
top sheet 272 may have a thickness of about 40 microns, the
additional sheet 274 may have a thickness of about 150
microns, and each of the final top sheet 276 and bottom sheet
278 may have a thickness of about 40 microns. It is under-
stood that other thicknesses may be used depending on the
specific components being used.

[0100] In some embodiments, in order to create an ISO
15457 TFC.1 pre-laminated inlay, the thickness of the pre-
laminated ticket inlay 270 for tele-ticketing should be about
280 microns+/-40 microns. Similarly, to create an ISO 7816/
7810 ID-1 pre-laminated inlay, the thickness of the pre-lami-
nated card inlay 270 should be about 400 microns+/-40
microns. For ISO 15457 TFC.1 tickets, the thickness of the
finished product 270 should be about 360 microns+/—40
microns. For ISO 7816/7810 ID-1 cards, the thickness of the
card should be about 760+/-40 microns.

[0101] In one embodiment, to further pre-laminate the
inlay 220, a reel-to-reel top sheet, such as a PVC film of 100
microns, can be stacked onto the surface of the etched body of
aluminium foil and the PET resin film in a reel-to-reel process
with a single row of ID-2 sized antennas. This top sheet can
have a recess window punched out so that the chip module
resides within this recess for “zero” pressure load sheltering.
Additionally, an adhesive-backed security printed top sheet
and overlay sheet can go over the antenna rolls to produce, for
example, an electronic visa page. This allows electronic visas
to be produced in high volumes. Many other applications can
also use similar techniques to provide for a large volume
throughput.

[0102] In an alternate embodiment, an ID-3 size etched
aluminum inlay 220 can be integrated into both the front and
the back cover or holder page to produce a passport. The
etched antenna 103 on the passport inlays can be optimized
and customized along the edge of the passport page. Epoxy
encapsulated modules such as MOB4 or MOB6 are better
suited for long life cycle usage. The connection of MOB4 and
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MOBG6 modules to the antenna pads can also be accomplished
using the ultrasonic technique described earlier.

[0103] Precise positioning of the polymer PCB 200, 250
onto the antenna singlet 102 allows the inlays 220 to be used
in multiple applications. If, instead of using the inlays 220 for
making contact-less cards, a polymer PCB 200, 250 is used to
act as a bridge between the antenna terminal pads 1064, 1065,
106¢ and a dual interface module, a dual interface card can be
produced. In this embodiment, the polymer PCB 200, 250 can
be attached to the antenna pads 1064, 1065 106¢ as discussed
above. Whether copper or aluminium is used, in order to form
a reliable connection between the etched aluminium antenna
pads 106a, 1065, 106¢ and the polymer PCB 200, 250, it is
necessary to break the aluminium oxide layer. This is true
regardless of whether the process is used to bond aluminium
to aluminium, or copper to aluminium. The ultrasonic bond-
ing process discussed above with reference to FIG. 3a
achieves this functionality. A portion of the polymer PCB
200, 250 can then be milled away to provide contact leads for
a dual interface module or a contact module. This process is
described below.

[0104] In order to produce a dual interface card, it is nec-
essary to understand the construction of the entire card, and
the various layers involved. FIG. 6 illustrates an exploded
perspective view of one example embodiment of a dual inter-
face card, designated generally as reference numeral 500. Itis
understood that this embodiment is provided for the purposes
of illustration only. The dual interface inlay 220 and the
various methods described for producing smart cards can be
applied to any type of smart card, having fewer or more layers
than those illustrated in the example embodiments. The
exploded view of the dual interface card 500 shown in FIG. 6
illustrates the card 500 after the milling process (discussed
below) has been accomplished.

[0105] The dual interface card 500 can include an upper
overlay sheet 502 having a thickness of approximately 40
microns, an upper print sheet 504 having a thickness of
approximately 210 microns, a top overlay sheet 510 having a
thickness of approximately 40 microns, the inlay sheet 220
having a thickness of approximately 100 microns, a bottom
overlay sheet 512 having a thickness of approximately 40
microns, two additional sheet 508 and 506 of 100 micron
each, a lower print sheet 514 having a thickness of approxi-
mately 210 microns, and a lower overlay sheet 516 having a
thickness of approximately 40 microns. The top overlay sheet
510 and bottom sheet 512 may have been attached to the inlay
sheet 220 during the pre-lamination phase discussed above.
The dimensions discussed above are for the purpose of illus-
tration only. It is understood that more or fewer sheet, or
sheets having different thicknesses, can also be used. It is also
understood that the cards can be singulated (by punching
from the laminated sheets) and conformed to the ISO 7816/
7810 standard thickness of 0.76+/-40 microns including the
top/bottom printed and overlay sheets; prior to the insertion of
the dual interface modules 520.

[0106] A dual interface module 520 can be mounted on the
dual interface card 500. FIG. 7a illustrates an exploded per-
spective view of one embodiment of a dual interface module
520. FIGS. 76 and 7¢ illustrate a top and bottom view, respec-
tively, of the dual interface module 520. The dual interface
module 520 can include an upper gold-nickel plated copper
layer 522, a middle Epoxy Glass layer 524 (made from, for
example, an epoxy laminate), and a lower layer 526 providing
epoxy encapsulation to protect the chip. The bottom side of
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the middle layer 524 may include a layer of copper or other
metal. The gold-nickel plated copper layer 522 can be etched
to produce suitable circuitry for the contact chip Input/Output
pin connections. Similarly, a pair of double sided metalliza-
tion pads 528a, 528b, and connections 527a, 527b can be
etched from the layer of copper on the bottom side of the
middle layer 524 to provide RF electrical connections
between the dual interface module 520 and the antenna 103 in
the inlay 220.

[0107] Typical dual interface microprocessor chips have 6
input/out pins (namely, voltage supply, reset signal, Clock
signal, ground, Programming voltage, and Data Input/Out-
put). The remaining two contacts are reserved within the
ISO/IEC 1/SC17 standard for future use. These 6 pins are
connected to the respective ISO 7816/7810 specification
locations via holes 533 in the Epoxy Glass tape to the respec-
tive top metallization layer 522. The RF part of the dual
interface chip has only two pins. These two pins can be
connected to the nearest ring pad 527a, 5275 along the circu-
lar ring track depending on which is the shortest critical path
between the chip and the metallization pads 5284 and 5285.
The lower layer 526 may encapsulate a plurality of wires 531
(FIG. 84a) used to make various electrical connections, such as
the connection between the ring pads 527a, 5275 and the
module 520.

[0108] Each of the layers 522, 524 may have a pair of
corresponding windows 529a, 52956 that facilitate access for
an ultrasonic bond head 302 to ultrasonically bond the met-
allization pads 528a, 528b to corresponding portions of the
tower bridge on the inlay 220. These windows 529a, 5295
may be placed anywhere on the module that is outside an area
531 that contains the 6 ISO 7816 contact module electrical
connections and chip within the module 520.

[0109] Any type of dual interface module 520 can be used
to construct the dual interface card 500 according to the
embodiments. By way of example and not limitation, the
modules can be any one of a D7 or D8 module (ST Micro-
electronics), an M8.4 module (Infineon), or other modules
known to those of skill in the art. When using a M8.4 module,
the upper layer can have dimensions of 13 by 11.8 mm. The
module 520 can have a thickness of about 0.58 mm. The lower
layer 526 can be approximately 8.6 by 8.6 mm, with a thick-
ness of about 0.35 mm. In large scale production, the modules
520 can be delivered on 35 mm tape rolls, with a matrix of 2
modules per row, and a gap between modules of about 14.25
mm.

[0110] Inorder to connect the dual interface module 520 to
the dual interface card 500, several preparatory steps should
be taken. FIGS. 8a-8c¢ illustrate the process. FIG. 8a shows
one embodiment of a laminated dual interface card 500 and a
dual interface module 520 before any preparatory steps are
taken. FIG. 854 illustrates the dual interface card 500 prepared
to receive the dual interface module 520. FIG. 8c¢ illustrates
the assembled dual interface card 500 with the dual interface
module 520 installed. Note that the Figures are not drawn to
scale, but are provided merely to illustrate the milling pro-
cess.

[0111] FIG. 8a illustrates the dual interface card 500 con-
taining the inlay 220 having a polymer PCB 200, 250
attached. In order to connect the dual interface module 520 to
the card 500, a portion of the card 500 must be milled to
expose a portion of the polymer PCB 200, 250, which is then
used as a tower bridge. The tower bridge functions as strap
leads to provide an electrical connection between the dual
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interface module 520 and the antenna 103. In one embodi-
ment, when preparing the inlay 220 with the polymer PCB
250 for use in a dual interface card 500, a tower bridge having
an aluminum foil surface of at least 35 microns is preferred.
With reference to FIG. 85, two separate cavities can be pre-
cisely milled out of the dual interface card 500. A first cavity
602 that corresponds to an outer perimeter of the module 520
is milled to expose the tower bridge 200. A second cavity 604
is precisely milled to accommodate the lower layer 526 of the
dual interface module 520. When preparing the second cavity
604, the center portion of the tower bridge 200 is also milled
away, leaving corresponding contact leads 200a, 2005 that
are still electrically connected to the antenna 103 as described
above. Additionally, in a preferred embodiment, a 5-10
micron portion of the contact leads 200a, 2005 can also be
milled away, leaving slight grooves 606a, 6065 in the contact
leads 200a, 2005, respectively. These grooves 606a, 6065
expose a portion of the contact leads 2004, 2005 to ensure a
good electrical connection between the contact leads 200a,
2005, which can be milled to provide exposed leads for an
ultrasonic bond that makes an electrical connection between
the metallization pads 528a, 5285 and the contact leads 200a,
2005, respectively. The grooves 606a, 6065 can be formed
with a width and a depth specifically designed to receive the
corresponding metallization pads 5284, 5285 located on the
dual interface module 520.

[0112] As described above, the exact size and location of
the contact leads 200a, 2005 and the metallization pads 528a,
528b are selected to ensure adherence to a desired standard.
For example, the ISO 7816-1 physical specifications can be
used. Alternately, other specific specifications can be used,
depending on specific design considerations for the
assembled smart card 500. Examples of other specifications
that may be used can include ANSI/ISO/IEC 7816/7810 and
ISO 10373.

[0113] Inorderto mechanically attach the chip module 520
to the smart card 500 body, a non-conductive adhesive can be
applied to a bottom 605 of the second cavity 604 and/or to a
lower surface 5264 of the lower layer 526 ofthe dual interface
module 520. The non-conductive adhesive can be, by way of
example and not limitation, cyanocrylate, an epoxy, a light
sensitive epoxy and an acrylate. Additionally, a non-conduc-
tive adhesive or heat curable Tesa tape can be applied to the
shelf 602, but not the antenna contact leads 200a, 2005, and
elsewhere within the second cavity 604 in order to mechani-
cally secure the chip module 520 to the smart card body 500.
In some embodiments, a hot melt tape may be applied to the
lower surface 526a of the lower layer 526. The hot melt tape
may have one or more holes that can accommodate the use of
the non-conductive adhesive described above.

[0114] In large scale production processes, the dual inter-
face module 520 can be fixed on a reel of tape (not shown) to
facilitate rapid assembly of the smart cards 500. In this pro-
cess, the dual interface module 520 can then be removed from
the reel of tape and flipped or inserted to align its metalliza-
tion pads 528a, 528b pads with the antenna contact leads
200a, 2005, respectively. The dual interface module 520 is
placed into the first and second cavities 602, 604 with a small
force normal to the substrate surface to finish the assembly. In
a preferred embodiment, the total depth of the milled cavities
602, 604 should match the thickness of the dual interface
module 520. The detailed requirements of the z-depth posi-
tion of the module are clearly stipulated in the ISO 7816-1
standard, whereby no point of the contact surface shall be
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higher than 0.05 mm above or lower than 0.1 mm below the
adjacent surface of the card. This allows the top portion of the
dual interface module 520 to be within the specification of a
corresponding ISO 7816 reader (not shown).

[0115] Using a customised ultrasonic horn 302 having a
weld lobe 0of 0.5 to 1 mm in diameter, the ultrasonic horn 302
can reach the metallization pads 528a, 5286 via windows
529a, 5295 to form an electrical and mechanical connection
with the antenna contact leads 256a, 2565. In alternate
embodiments, the dual interface module 520 can be handled
and attached using techniques of chip handling known to
those of skill in the art. FIG. 8¢ shows a cross-sectional view
of'the dual interface smart card 500 produced using the steps
outlined above. The cavities 529a and 5295 may then be
closed using a semiconductor grade thermoplastic or thermo-
setting high temperature hot melt.

[0116] Embodiments ofthe inlays described above provide
several advantages over the prior art. The ultrasonic bonding
process achieves a plate-through effect for the antenna con-
nection using the polymer PCB. This provides a solid-state
connection useful for both contactless, combi, and dual inter-
face smart cards.

[0117] Embodiments ofthe invention produce a contactless
inlay using an etched aluminum antenna with a Polymer PCB.
By positioning a polymer PCB including a chip module as an
umbilical cord (using the polymer PCB as a horizontal
bridge), inlays can be produced that function as contactless
cards. It is possible to extend the contactless polymer strap
anywhere along the vertical axis of the path of the current
layout where the second position awaits the polymer PCB
strap, thus providing much greater flexibility in determining
where the Polymer PCB can be attached to this contactless
antenna. By positioning a polymer PCB acting as a dummy
strap, a tower bridge may be created using the thicker metal
layer on the polymer PCB as vertical bridges. Inlays can then
be produced that either function as combination, contact, or
dual interface cards. Currently, the industry has enough
capacity to build 2 billion contact & dual interface cards.
Inlays produced from these embodiments allow existing card
manufacturers to use existing equipment to make both con-
tactless and dual interface cards without having to upgrade or
otherwise modify the expensive equipment used in manufac-
turing the cards.

[0118] Embodiments of the ISO cards produced using
inlays having an etched aluminum antenna are able to with-
stand up to 20,000 cycles of the ISO 10373 bending and
torsion tests. Thus proving wrong the conventional wisdom
that predicted that such cards could only perform up to one or
a few thousand cycles of the ISO 10373 bending and torsion
reliability tests. The cards produced from the embodiments of
the inlays also are able to reach communication distances
specified for proximity chips, i.e. a minimum of 10 cm for
Mifare 1K cards using reader test standards specified in ISO
10373 test methods on ISO 14443 chips.

[0119] The use of the 3 layer low vicat softening plastic to
sandwich the antenna layer helps to prevent antenna distor-
tion. Furthermore, the use of this plastic strengthens the
etched antenna against changes in capacitance which other-
wise can occur due to stresses laid upon it by the high Vicat
rigid sheets which induces distortion during hot lamination
process.

[0120] The inlays of the present invention allow for the
production of combination, contact, contactless, or dual inter-
face cards using an etched aluminium inlay as a base antenna.
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This greatly reduces the time required in the manufacturing
process, as etched antennas, additional top sheets, and printed
(security features or even sticky labels) overlays can be pro-
duced in roll form. Because the etched antenna terminals can
be patterned in a zigzag, stair-step, or other varying pattern
design, it is easy to adapt the embodiments of the inlays to use
various industrial micro modules which are commonly used
in packaging contact-less and dual interface modules. Addi-
tionally, when producing dual interface cards, the process
described above provides cards having a reliability that can-
not be achieved using conventional copper wire technology.
[0121] Itis understood that, while one design of an antenna
structure was discussed to illustrate the process, any type of
antenna structure or design, such as antenna shapes that are
circular, rectangular, square, or other odd shapes and sizes,
may be used in embodiments of the inlays. The cards can be
produced in any size, having any thickness desired by the end
user. Similarly, the inlays can be manufactured using a wide
variety of chips or modules for use in various smart card
applications, such as HF, UHF, and other applications. These
inlays can be used in applications that can include but are not
limited to, HF ISO 14443 Type A, ISO 14443 Type B, ISO
15693, ISO 18000 UHF or EPC compliant RFID, or any other
form factor dual interface or contact-less use such as ISO
7816/7810 (ID-1, ID-2, ID-3) tickets, labels and cards, ISO
15457 TFC.1 tickets, the Calypso standard for transportation,
the EPC standard for RFID specifications, and the ICAO 9309
Part-1 recommendation for secure documents.

[0122] It will be appreciated by a person skilled in the art
that numerous variations and/or modifications may be made
to the present invention as shown in the specific embodiments
without departing from the spirit or scope of the invention as
broadly described. The present embodiments are, therefore,
to be considered in all respects to be illustrative and not
restrictive.

1. An inlay for a smart card, the inlay comprising:

an inlay substrate;

an antenna on the inlay substrate, the antenna having at
least two terminal pads; and

a polymer PCB bonded to and making an electrical con-
nection between each of the terminal pads, said polymer
PCB comprising a substrate having a layer of aluminum
or copper foil attached to at least one of a top side and a
bottom side of the substrate;

wherein the terminal pads and polymer PCB are positioned
to allow the inlay to be used in a desired smart card
application, the application selected from a group con-
sisting of a contact smart card, a contactless smart card,
a ticket, a secured document, a combi smart card and a
dual interface smart card;

wherein, when the inlay is to be used in a contactless smart
card, ticket, secured document or combi smart card, said
polymer PCB functions as a carrier for a chip; and

wherein, when the inlay is to be used in a dual interface or
contact smart card, end portions of the polymer PCB
function as strap leads to connect an embedded chip of
the dual interface or contactless smart card to said
antenna; and

wherein the chip is electrically coupled to said layer of
aluminum or copper foil on one of said top side and said
bottom side and said terminal pads, for use in said con-
tactless smart card, said ticket, said secured document,
or said combi smart card, and wherein the layer of alu-
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minum or copper foil provides the electrical connection
between the terminal pads and the chip or a chip module.

2. The inlay of claim 1, wherein:

the layer of aluminum or copper foil is attached to each of
the top side and the bottom side of the substrate;

said chip module is selected from a group consisting of
MOA2, MOA4, MOB4, MOB6, MCC2, MCCS, CID,
Cubit, IOA2, EOA2, EOA8, EOA9, FCP3 and NSL-1
micromodules; and

said terminal pads are at least 0.25 square millimeters in
area.

3. (canceled)
4. (canceled)

5. The inlay of claim 1, or wherein the polymer PCB
comprises a substrate having a layer of aluminum or copper
foil attached to each of a top side and a bottom side of the
substrate for use in producing said dual interface and said
contact smart cards, the antenna comprises three terminal
pads, and the layers of aluminum or copper foil provide the
electrical connection between the terminal pads and a dual
interface module.

6. The inlay of claim 5, wherein

the inlay is sandwiched between a plurality of laminated
sheets to produce a blank of said dual interface smart
card; and

a portion of said plurality of the laminated sheets and said
polymer PCB are milled away to produce a cavity, such
that a remaining portion of said polymer PCB provides
the strap leads that function as a tower bridge for elec-
trically connecting the dual interface module to said
antenna to produce said smart card.

7. (canceled)

8. The inlay of claim 6, wherein said dual interface module
further comprises a pair of windows to facilitate bonding of
said dual interface module to said strap leads; and said inlay
further comprises at least one upper layer of low vicat plastic.

9. The inlay of claim 1, wherein said antenna pads and said
polymer PCB are positioned accordingly to suit an industry
standard, said industry standard selected from a group con-
sisting of an ISO 7816/78101D-1, ID-2, and ID-3 standard, an
ISO 15457 TFC.1 standard, a Calypso standard for transpor-
tation tickets, and an ICAO 9303 Part-1 recommendation;

wherein said inlay functions according to an Interoperabil-

ity/modulation characteristic standard selected from a
group consisting of an ISO 14443 standard, an ISO
15693 standard, and ISO 18000 UHF and EPC compli-
ant RIFD standards; and

wherein the smart card application is further selected from

a group consisting of a sticker, a label, a passport, and an
anti-counterfeit tag.

10. The inlay of claim 1, wherein said antenna comprises
etched aluminum having a thickness of about 9 microns to
about 35 microns; a track width of about 100 microns to about
1200 microns, and a gap width of about 100 microns to about
1200 microns; and wherein said substrate comprises a plastic
sheet having a thickness ranging from 30 to 200 microns.

11. The inlay of claim 1, wherein

the polymer PCB is bonded to the at least two terminal pads

of the antenna using one of soldering, crimping, adhe-
sive bonding using conductive adhesives, thermo-com-
pression bonding, and an ultrasonic bonding process;
and
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said ultrasonic bonding process uses a horn having at least
two pads with a pad size of atleast 0.25 mm by 0.25 mm,
a spacing distance of about 0.5 mm, and a pitch angle of
about 90 degrees.

12. (canceled)

13. (canceled)

14. A method of producing an inlay for a smart card, the
method comprising the steps of:

providing an inlay substrate having an antenna thereon, the

antenna having at least two terminal pads;
providing a polymer PCB comprising a substrate having a
layer of aluminum or copper foil attached to at least one
of a top side and a bottom side of the substrate and
capable of making an electrical connection between the
at least two terminal pads; and
bonding the polymer PCB to each of the terminal pads;
wherein the terminal pads and polymer PCB are positioned
to allow the inlay to be used in a desired smart card
application, the application selected from a group con-
sisting of a contact smart card, a ticket, a secured docu-
ment, a contactless smart card, a combi smart card, and
a dual interface smart card; and

wherein a chip is electrically coupled to said layer of alu-
minum or copper foil on one of said top side and said
bottom side and said terminal pads, such that said bond-
ing step provides an electrical connection between said
antenna and said chip for use in said contactless smart
card, said ticket, said secured document, or said combi
smart card.

15. The method of claim 14, wherein the layer of aluminum
orcopper foil is attached to each of the top side and the bottom
side of the substrate; and wherein said method further com-
prises, after said step of providing a said antenna, a step for
providing a high speed in-line machine equipped with a cut
and dispense unit to mount the polymer PCB and strap said
polymer PCB onto a continuous roll of antenna singlets on a
flat bed to eftect the ultrasonic bonding process.

16. The method of claim 15, wherein:

said chip comprises a micromodule selected from a group

consisting of MOA2, MOA4, MOB4, MOB6, MCC2,
MCCS8, CID, Cubit, IOA2, EOA2, EOAS, EOA9, FCP3
and NSL-1 modules; and wherein said micromodule and
antenna are designed to facilitate the use of high fre-
quency or ultra high frequency chip systems; and

said terminal pads are at least 0.25 square millimeters in

area.
17. (canceled)
18. The method of claim 14, further comprising:
providing a reel-to-reel top sheet stacked onto a surface of
the inlay substrate in a reel-to-reel process, said top sheet
having a recess window punched out and positioned
such that the chip resides within said recess for “zero”
pressure load sheltering;
providing an in-line functional tester to test said bond to
ensure a good electrical and mechanical connection;

applying at least one upper layer of low vicat plastic to a top
of said inlay, and applying at least one lower layer of low
vicat plastic to a bottom of said inlay; and

wherein the polymer PCB comprises a substrate having a

layer of aluminum or copper foil attached to each of a top
side and a bottom side of the substrate for use in produc-
ing said dual interface and said contact smart cards.

19. (canceled)





US 2011/0011939 Al

20. The method of claim 18, further comprising:

laminating at least a first layer of material to a top surface
of said inlay;
laminating at least a second layer of material to a bottom
surface of said inlay, said first layer, said second layer
and said inlay comprising a blank for producing a dual
interface smart card;
milling a portion of said first layer and said inlay to remove
aportion of said polymer PCB to produce a tower bridge,
and to provide a cavity for receiving a dual interface
module; and
wherein the smart card application is further selected from
a group consisting of a sticker, a label, a passport, and an
anti-counterfeit tag.
21. The method of claim 20, further comprising connecting
said dual interface module to said blank to produce said dual
interface smart card; wherein

said connecting step further comprises:
ultrasonically bonding said dual interface module to said
tower bridge to provide an electrical connection to
said antenna;
fixing said dual interface module to said blank using a
non-conducting adhesive;
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said ultrasonic bonding process uses a horn having a pad
size of at least 0.25 mm by 0.25 mm, a spacing distance
of about 0.5 mm, and a pitch angle of about 90 degrees;

said dual interface module further comprises a pair of
windows in a top surface thereof; and

said windows facilitate said ultrasonic bonding process, a
soft laser bonding process, a crimping process, a
thermo-compression bonding process, or a micro-
welder bonding process.

22. (canceled)

23. (canceled)

24. (canceled)

25. (canceled)

26. The method of claim 14, wherein

said two providing steps further comprise positioning said
antenna pads and said polymer PCB according to an
industry standard, said industry standard selected from a
group consisting of an ISO 7816/7810 1D-1, ID-2, and
ID-3 standard, an ISO 15457 TFC.1 standard, a Calypso
standard for transportation tickets, and an ICAO 9303
Part-1 recommendation; and

said polymer PCB is bonded to said terminal pads using an
ultrasonic bonding process.

27. (canceled)
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ABSTRACT

A housing antenna system is proposed, by means of which
automatic mass production of basic electrical or electronic
devices having such a housing antenna system may be carried
out in an economical and time-saving manner. This is
achieved in that the housing antenna system is based on
pressure contacting between the metallic antenna housing
and the associated electronic circuit in order to operate the
antenna housing as a housing antenna, using elastic elements.
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HOUSING ANTENNA SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a National Stage of International
Application No. PCT/EP2008/004337, filed on May 30,
2008. The entire disclosure of the above application is incor-
porated herein by reference.

BACKGROUND

[0002] This section provides background information
related to the present disclosure which is not necessarily prior
art.

[0003] 1. Technical Field

[0004] The invention relates to a housing antenna system.
[0005] 2. Discussion

[0006] To establish an electrical low-impedance connec-

tion between a metallic antenna housing and an electronic
circuit which is provided for operating the antenna housing as
a housing antenna and which is placed inside the antenna
housing on an associated support which has connecting lines
for sending and receiving electrical signals to and from the
electronic circuit, wherein the connecting lines have contact-
ing points for establishing an electrical connection between
the electronic circuit and the metallic antenna housing, it is
known to provide an assembly having screw fastenings as a
corresponding connecting device.

[0007] Such an implementation has the disadvantage that
automatic mass production of electrical or electronic devices
by using such an assembly is very cost- and time-intensive.

SUMMARY OF THE INVENTION

[0008] An object of the present invention, therefore, start-
ing with a housing antenna system of the aforementioned
type, is to technically improve same in such a way that auto-
matic mass production of electrical or electronic devices may
be carried out in an economical and time-saving manner.
[0009] Accordingly, a housing antenna system is proposed
whose implementation is based on pressure contacting
between the metallic antenna housing and the associated elec-
tronic circuit in order to operate the antenna housing as a
housing antenna, using elastic elements.

[0010] The housing antenna system according to the pre-
ferred embodiment of the invention allows automatic mass
production of electrical or electronic devices in an economi-
cal and time-saving manner by using such a housing antenna
system.

[0011] The housing antenna system according to the pre-
ferred embodiment of the invention also allows nondestruc-
tive disassembly of affected devices, since there is no joint
connection such as direct soldering or gluing, for example.
[0012] Another advantage is that the housing antenna sys-
tem according to the preferred embodiment of the invention
may be used for affected devices in which no visible screw
fastenings are permitted for design reasons.

[0013] Accordingly, there is a selection option between an
implementation in which the elastic elements are fixedly con-
nected to the metallic antenna housing, and the contacting
points of the connecting lines of the electronic circuit on the
support are elastically contacted, and an implementation in
which the elastic elements are fixedly mounted on the con-
tacting points of the connecting lines of the electronic circuit
situated on the support, and the metallic antenna housing is
elastically contacted.
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[0014] The elastic elements may be fixed to either the
metallic antenna housing or on said support by soldering, for
example.

[0015] If the elastic elements are fixed on said support, in
one particularly advantageous embodiment of the invention,
at locations at which the elastic elements elastically contact
the antenna housing the metallic antenna housing is provided
with independent contact elements which have particularly
good electrical conductivity.

[0016] A particularly good electrically conductive connec-
tion between the antenna housing and said electronic circuit is
important for a housing antenna which functions particularly
well.

[0017] In another advantageous embodiment of the inven-
tion, the elastic contact elements are designed as SMD con-
tact springs. Such contact springs are economical and allow a
compact design of affected devices.

[0018] In another advantageous embodiment of the inven-
tion, the distance of the electrical connection between loca-
tions where contact is made with the metallic antenna housing
and the electronic circuit is selected to be as short as possible.
The introduction of undesired inductance is thus avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The drawings described herein are for illustrative
purposes only of selected embodiments and not all possible
implementations, and are not intended to limit the scope of
the present disclosure.

[0020] Exemplary embodiments of the invention are
explained in greater detail below with reference to the figures,
which show the following:

[0021] FIG. 1 shows a first exemplary embodiment of the
invention;

[0022] FIG. 2 shows a second exemplary embodiment of
the invention;

[0023] FIG. 3 shows anelectrical assembly according to the
invention for the exemplary embodiment in FIG. 1;

[0024] FIG. 4 shows an antenna housing according to the
invention for the exemplary embodiment in FIG. 1;

[0025] FIG. 5 shows an antenna housing according to the
invention for the exemplary embodiment in FIG. 2; and
[0026] FIG. 6 shows an electrical assembly and an antenna
housing according to the invention for the exemplary embodi-
ment in FIG. 2, the electrical assembly being mounted in the
antenna housing.

[0027] Identical parts are provided with the same reference
numerals in the figures.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] Example embodiments will now be described more
fully with reference to the accompanying drawings.

[0029] FIG. 1 shows a first housing antenna system 1, and
FIG. 2 shows a second housing antenna system 2.

[0030] Both housing antenna systems 1 and 2 have a metal-
lic antenna housing 3, and an electronic circuit 4 for operating
the antenna housing 3 as a housing antenna.

[0031] The electronic circuit 4 is mounted on a support 5.
[0032] The support 5 in the detail is a printed circuit board.
[0033] The electronic circuit 4 and the support 5, i.e., the

printed circuit board, together form an electrical assembly. As
an electrical assembly, further electric circuits are mounted
on the support 5 which, however, do not play a role in the
present context, and for simplicity are omitted in the present
exemplary embodiments and also are not further mentioned.
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[0034] The electrical assembly and thus also the electronic
circuit 4 in particular are placed inside the antenna housing 3.
[0035] The support 5 has connecting lines for sending and
receiving electrical signals to and from the electronic circuit
4; the connecting lines likewise are not illustrated in further
detail in the figures.

[0036] The connecting lines also have contacting points 6
for establishing an electrical connection between the elec-
tronic circuit 4 and the metallic antenna housing 3.

[0037] The housing antenna systems according to FIGS. 1
and 2 also have a connecting device for establishing the
electrical connection between the metallic antenna housing 3
and the electronic circuit 4.

[0038] Reference to establishing a connection to the elec-
tronic circuit 4 is also understood to mean that a connection is
established via the previously mentioned contacting points 6
and the connecting lines which are connected thereto.
[0039] According to the present exemplary embodiments
in FIGS. 1 and 2, said connecting device for establishing the
electrical connection between the metallic antenna housing 3
and the electronic circuit 4 on the support 5 has elastic ele-
ments 7 distributed along the periphery of the metallic
antenna housing 3.

[0040] According to the embodiment in FIG. 1, the elastic
elements 7 are fixedly mounted on the contacting points 6 of
the connecting lines of the electronic circuit 4 which are
situated on the support 5. In this type of installation, the
elastic elements 7 elastically contact the metallic antenna
housing 3.

[0041] According to the embodiment in FIG. 2, the elastic
elements 7 are fixedly connected to the metallic antenna
housing 3. In this type of installation, the elastic elements 7
elastically contact the contacting points 6 of the connecting
lines of the electronic circuit 4 on the support 5. At locations
at which the elastic elements 7 elastically contact the antenna
housing 3, the metallic antenna housing 3 has independent
contact elements 8 which have particularly good electrical
conductivity and which are fixedly connected to the metallic
antenna housing 3.

[0042] According to the present exemplary embodiments,
the elastic contact elements 7 are designed as SMD contact
springs.

[0043] In addition, according to the present exemplary
embodiments the respective applicable distances between the
particular locations at which contact is made with the metallic
antenna housing 3 and the electronic circuit 4, viewed from
the particular affected site, are selected to be short; i.e., the
line routing of the particular affected connecting line is
selected to be as straight as possible.

[0044] In FIGS. 3 through 6, the elements discussed in
conjunction with FIGS. 1 and 2 and provided with reference
numerals are seen from another perspective, atleast in part. In
particular with regard to FIG. 6, it is noted that the indepen-
dent contact elements 8 which are present in the antenna
housing 3 and which are used to elastically contact the con-
cealed elastic elements 7, starting from the support 5, are not
explicitly indicated. Therefore, the elastic elements 7 are
shown as concealed in FIG. 6 because the support 5 is
mounted top side down in the antenna housing 3.

[0045] The foregoing description of the embodiments has
been provided for purposes of illustration and description. It
is not intended to be exhaustive or to limit the invention.
Individual elements or features of a particular embodiment
are generally not limited to that particular embodiment, but,
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where applicable, are interchangeable and can be used in a
selected embodiment, even if not specifically shown or
described. The same may also be varied in many ways. Such
variations are not to be regarded as a departure from the
invention, and all such modifications are intended to be
included within the scope of the invention.

What is claimed:

1. Housing antenna system having a metallic antenna hous-
ing, and also having an electronic circuit for operating the
antenna housing as a housing antenna, and which is placed
inside the antenna housing on an associated support which
has connecting lines for sending and receiving electrical sig-
nals to and from the electronic circuit, wherein the connecting
lines have contacting points for establishing an electrical
connection between the electronic circuit and the metallic
antenna housing, and having an electrical connecting device
for establishing the electrical connection between the metal-
lic antenna housing and the electronic circuit, characterized in
that the connecting device for establishing the electrical con-
nection between the metallic antenna housing and the elec-
tronic circuit has elastic elements distributed on the metallic
antenna housing.

2. Housing antenna system according to claim 1, wherein
the elastic elements are fixedly mounted on the contacting
points of the connecting lines of the electronic circuit situated
on the support, and elastically contact the metallic antenna
housing.

3. Housing system according to claim 1, wherein the elastic
elements are fixedly connected to the metallic antenna hous-
ing, and elastically contact the contacting points of the con-
necting lines of the electronic circuit on the support.

4. Housing antenna system according to claim 3, wherein
locations at which the elastic elements elastically contact the
antenna housing the metallic antenna housing has indepen-
dent contact elements which have particularly good electrical
conductivity and which are fixedly connected to the metallic
antenna housing.

5. Housing antenna system according to claim 1, wherein
the elastic contact elements are designed as SMD contact
springs.

6. Housing antenna system according to claim 1, wherein
the distance of the electrical connection between locations
where contact is made with the metallic antenna housing and
the electronic circuit is selected to be short.

7. An antenna system comprising a metallic antenna hous-
ing, an electronic circuit for operating the antenna housing,
the electronic circuit being placed inside the antenna housing
on an associated support which has connecting lines for send-
ing and receiving electrical signals to and from the electronic
circuit, the connecting lines have contacting points for estab-
lishing an electrical connection between the electronic circuit
and the metallic antenna housing, and a plurality of elastic
devices for establishing the electrical connection between the
various locations about the metallic antenna housing and the
connecting lines on the support electronic circuit, the elastic
devices being springs with two opposite ends, one end being
fixed to the antenna housing or a connecting line and an
opposite end of the spring pressing on the antenna housing or
the connection line.
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A portable terminal comprises: a terminal body having a
receiver for sound output; a first antenna disposed in the
terminal body, and operating at a first band; a second antenna
disposed at a position different from the first antenna, and
operating at a second band, wherein the second antenna com-
prises: a first conductor having a physical condition to be
operable at the second band; and a second conductor having a
physical condition to resonate an electromagnetic wave of the
first band so as to reduce a field strength of the first band near
the to receiver.
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PORTABLE TERMINAL

CROSS-REFERENCE TO a RELATED
APPLICATION

[0001] Pursuant to 35 U.S.C. §119(a), this application
claims the benefit of earlier filing date and right of priority to
Korean Application No. 10-2009-0066026, filed on Jul. 20,
2009, the content of which is incorporated by reference herein
in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a portable terminal,
and more particularly, to a portable terminal having a struc-
ture to minimize interference with a hearing aid.

[0004] 2. Background of the Invention

[0005] In general, a portable terminal serves as a portable
device having one or more functions such as voice and video
calls, information input/output, and data storage.

[0006] As the portable terminal now provides many addi-
tional services beside the basic call service, a user can capture
photos or moving images, reproduce music or moving image
files, play games, receive broadcasting programs, and so on.
The portable terminal is implemented as a multimedia player.
[0007] Recently, concerns about influences of an electro-
magnetic wave generated from a portable terminal on a
human’s body are increasing. And, concerns about interfer-
ence between a portable terminal and a hearing aid are also
increasing. Due to this interference, an electromagnetic wave
generated from the portable terminal may result in a mal-
operation of the hearing aid.

[0008] Under these circumstances, the Federal Communi-
cations Commission (FCC) has legislated the Hearing Aid
Compatibility (HAC) Act. The HAC Act is being applied to
manufacturers for wireless devices such as hearing aids and
portable terminals. And, this HAC Act is being widely used
around the world.

[0009] The HAC Actserves to test and ensure compatibility
between a wearer’s hearing aid and a portable terminal with-
out interference with each other. A magnetic field generated
from the portable terminal is detected and amplified by a
T-coil of the hearing aid, and a call sound is transmitted to the
wearer. The HAC Act provides a measuring method and a
regulation value with respect to a magnetic response of the
hearing aid.

[0010] Hereinafter, a method for measuring a HAC rating
will be explained. The method may include measuring a
strength of an electric field generated from the periphery of a
receiver 11 of the portable terminal.

[0011] Referring to FIG. 1, a receiver 11 is provided at one
end of a terminal body 10 of the portable terminal. And, a
measuring region 12 is provided so as to measure a strength of
an electric field generated from a predetermined region cen-
tering around the receiver 11.

[0012] The measuring region 12 is formed in a size of 5
cmx5 cm at a height spacing from the terminal body 10 by 1
cm. As shown in FIG. 1, the measuring region 12 consists of
nine grids 13. A field strength of each grid 13 is measured by
aprobe used to measure an electric field. From eight grids 13
excluding the center grid 14, three grids having relatively
high field strengths of electromagnetic waves are excluded.
Then, a highest field strength of electromagnetic waves mea-
sured with respect to the center grid 14 and the rest five grids
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13 serves as a peak value to determine a HAC rating. This
peak value is required to be less than a predetermined value.

[0013] Accordingly, research is actively ongoing so as to
reduce a field strength near the receiver 11 when designing
and manufacturing portable terminals.

SUMMARY OF THE INVENTION

[0014] Therefore, an object of the present invention is to
provide a portable terminal capable of minimizing interfer-
ence with a hearing aid by reducing a strength of an electric
field generated near a receiver of the portable terminal.

[0015] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, there is provided a portable
terminal, comprising: a terminal body having a receiver for
sound output; a first antenna disposed in the terminal body,
and operating at a first band; a second antenna disposed at a
position different from the first antenna, and operating at a
second band, wherein the second antenna comprises: a first
conductor having a physical condition operable at the second
band; and a second conductor having a physical condition to
resonate an electromagnetic wave of the first band so as to
reduce a field strength of the first band near the receiver.

[0016] The receiver may be disposed at one end of the
terminal body, and the first antenna may be disposed at
another end of the terminal body.

[0017] The second antenna may be disposed at one end of
the terminal body, or may be extending from the first antenna
in one direction. And, the second antenna may be disposed at
a position spacing from the first antenna in a length direction
of the terminal body.

[0018] The second conductor may be extendingly-formed
from the first conductor.

[0019] The first antenna may be configured to be operable
at a plurality of bands, and the first band may indicate a band
which forms a highest field strength near the receiver among
the plurality of bands.

[0020] At a part of the first antenna, may be formed a
radiating region for radiating an electromagnetic wave from
the first band. And, the second antenna may be disposed at a
position corresponding to the radiating region in a width
direction of the terminal body.

[0021] The second antenna may be disposed at one side of
the receiver. In this case, a third antenna operating at a third
band may be additionally disposed at another side of the
receiver.

[0022] According to another aspect of the present inven-
tion, there is provided a portable terminal, comprising: a
terminal body; a receiver disposed at one end of the terminal
body, and configured to output a sound; a first antenna dis-
posed at another end of the terminal body, and operating at a
first band; a second antenna disposed at a position different
from the first antenna, and operating at a second band,
wherein the second antenna comprises: a first conductor hav-
ing a physical condition operable at the second band; and a
second conductor having a physical condition to resonate an
electromagnetic wave of the first band so as to reduce a field
strength of the first band near the receiver.

[0023] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
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apparent from the following detailed description of the
present invention when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0025] In the drawings:

[0026] FIG.11is a view showing a method for measuring a
field strength near a portable terminal, the method regulated
in a Hearing Aid Compatibility (HAC) Act;

[0027] FIG. 2 is a front perspective view of a portable
terminal according to a first embodiment of the present inven-
tion;

[0028] FIG. 3 is a rear perspective view of the portable
terminal according to a first embodiment of the present inven-
tion;

[0029] FIG. 4 is an exploded perspective view of the por-
table terminal of FIGS. 2 and 3;

[0030] FIG.5is arear view ofa printed circuit board (PCB)
of'the portable terminal according to a first embodiment of the
present invention;

[0031] FIGS. 6A to 6C are rear views of a second antenna,
which show a plurality of types of first and second conduc-
tors;

[0032] FIG. 7 is a graph showing a Voltage Standing Wave
Ratio (VSWR) of the second antenna;

[0033] FIG. 8 is a schematic front view of a portable termi-
nal according to a second embodiment of the present inven-
tion;

[0034] FIGS. 9A and 9B show distributions of electric
fields before and after the second conductor of FIG. 8 is
applied to the second antenna;

[0035] FIG. 10 is a schematic front view of a portable
terminal according to a third embodiment of the present
invention;

[0036] FIG. 11 is a graph showing a VSWR of the second
antenna of FIG. 10;

[0037] FIGS. 12A and 12B show distributions of electric
fields before and after the second conductor of FIG. 10 is
applied to the second antenna;

[0038] FIG. 13 is a schematic front view of a portable
terminal according to a fourth embodiment of the present
invention;

[0039] FIG. 14 is a graph showing a VSWR of a second
antenna of FIG. 13;

[0040] FIGS. 15A and 15B show distributions of electric
fields before and after a second conductor of FIG. 13 is
applied to the second antenna; and

[0041] FIG. 16 is a block diagram of the portable terminal
according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0042] Description will now be given in detail ofthe present
invention, with reference to the accompanying drawings.
[0043] For the sake of brief description with reference to
the drawings, the same or equivalent components will be
provided with the same reference numbers, and description
thereof will not be repeated.

Jan. 20, 2011

[0044] Hereinafter, a portable terminal according to pre-
ferred embodiments of the present invention will be
explained in more detail with reference to the attached draw-
ings.

[0045] FIG. 2 is a front perspective view of a portable
terminal 100 according to a first embodiment of the present
invention.

[0046] The portable terminal 100 according to the present
invention comprises a terminal body 110 which forms an
outer appearance of the portable terminal 100.

[0047] A case (casing, housing, cover, etc.) forming an
outer appearance of the terminal body 110 may include a front
case 111 and a rear case 112. A space formed by the front case
111 and the rear case 112 may accommodate various compo-
nents therein. At least one intermediate case 111a may further
be disposed between the front case 111 and the rear case 112.
[0048] Such cases may be formed by injection-molded syn-
thetic resin, or may be formed using a metallic material such
as stainless steel (STS) or titanium (Ti).

[0049] Attheterminal body 110, may be disposed a display
unit 113, a first audio output unit 115, first and second
manipulation units 116, 117, an audio input unit 118, an
interface 119, etc.

[0050] The display unit 113 includes a liquid crystal dis-
play (LCD) module, an organic light radiating diodes
(OLED) module, etc. for visually displaying information.
[0051] The display unit 113 may further include a touch
screen for inputting information by a user’s touch. The dis-
play unit 113 may display visual information such as num-
bers, texts, and symbols so that phone numbers, etc. can be
inputted. A user may input information by touching the visual
information displayed on the display unit 113.

[0052] The first audio output unit 114 may be implemented
as a receiver or a speaker. The first audio output unit 114 is
disposed at one end of the terminal body 110 so as to be
positioned at a user’s ear.

[0053] A first image input unit 115 may be implemented as
a camera module for capturing a still image or a moving
image of a user, etc.

[0054] The first and second manipulation units 116, 117
receive commands for controlling the operation of the por-
table terminal 100. The first and second manipulation units
116, 117 may be referred to as a manipulating portion. Such
manipulating portion can employ any tactile manner that a
user can touch or tap for manipulation.

[0055] The manipulation units may be implemented as
dome switches or touch pads to receive information input in a
user’s push or touch manner, or may be implemented as jog
wheels, jog sticks, and the like.

[0056] Intheaspect of functions, the first manipulation unit
116 may serve to input various commands such as start, stop,
and scroll commands. And, the second manipulation unit 117
may be configured to have a function to control a level of
sound outputted from the first audio output unit 114, a func-
tion to activate/deactivate a touch recognition mode of the
display unit 113, etc.

[0057] The audio input unit 118 configured to receive a
user’s voice, other sounds, etc. may be implemented as a
microphone.

[0058] The interface 119 may serve as a passage through
which the portable terminal 100 of the present invention can
exchange data with external devices. The interface 119 may
be implemented by wire or by radio, and may include one of
an access port to an earphone, a short-range communication
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port (e.g., IrDA port, Bluetooth port, wireless LAN port, and
the like), and a power supply port for supplying power to the
portable terminal.

[0059] The interface 119 may be a card socket for receiving
an external card such as a subscriber identification module
(SIM), a User Identification Module (UIM), and a memory
card for storing information

[0060] FIG. 3 is a rear perspective view of the portable
terminal of FIG. 2.

[0061] Referring to FIG. 3, an image input unit 120 may be
additionally provided on a rear surface of the terminal body
110. The second image input unit 120 faces a direction which
is opposite to a direction faced by the first image input unit
115 (refer to FIG. 1), and may have different pixels from those
of the first image input unit 115.

[0062] For example, the first image input unit 115 may
operate with relatively lower pixels (lower resolution). Thus,
the first image input unit 115 may be useful when a user can
capture his face and send it to another party during a video call
orthe like. On the other hand, the second image input unit 120
may operate with a relatively higher pixels (higher resolution)
such that it can be useful for a user to obtain higher quality
pictures for later use.

[0063] A flash 121 and a mirror 122 may be additionally
disposed adjacent to the second image input unit 120. The
flash 121 operates in conjunction with the second image input
unit 120 when taking a picture using the second image input
unit 120. The mirror 122 can cooperate with the second image
input unit 120 to allow a user to photograph himself in a
self-portrait mode.

[0064] A second audio output unit 123 may be further dis-
posed on a rear surface of the terminal body 110. The second
audio output unit 123 can cooperate with the first audio output
unit 114 (refer to FIG. 1) to implement a stereo function. Also,
the second audio output unit 123 may be configured to operate
as a speakerphone.

[0065] A power supply unit 125 (refer to FIG. 8) for sup-
plying power to the portable terminal 100 may be mounted in
the rear case 112. The power supply unit 125 may be imple-
mented as a rechargeable battery as shown in the preferred
embodiment. A battery cover 126 for covering the battery 125
is detachably mounted to the rear case 112.

[0066] A broadcast signal receiving antenna 124 may be
disposed at one side of the terminal body 110, in addition to an
antenna for communications. The broadcast signal receiving
antenna 124 may be configured to retract into the terminal
body 110.

[0067] FIG. 4 is an exploded perspective view of the por-
table terminal of FIGS. 2 and 3.

[0068] A printed circuit board (PCB) 130 is mounted
between the front case 111 and the rear case 112. Electronic
components for operating each function of the portable ter-
minal 100 are mounted on the PCB 130.

[0069] A receiver 131 configured to implement the audio
output unit 114 is mounted to one end of the terminal body
110. The receiver 131 may be mounted near an end portion of
the PCB 130.

[0070] A display module 132 configured to output visual
information is mounted below the receiver 131. Below the
display module 132, may be mounted switches 133 config-
ured to generate signals as the first manipulation unit 116 is
pressed.

[0071] A first antenna 150 operating at a first band is
mounted to one side (one surface) of the PCB 130. And, a
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second antenna 160 operating at a second band is disposed at
a position different from the first antenna 150.

[0072] Inthe preferred embodiment, the first antenna 150 is
mounted to another end of the terminal body 110, i.e., the end
portion opposite to the receiver 130. And, the second antenna
160 is mounted to a side surface of the terminal body 110, and
is spacing from the first antenna 150 by a predetermined
distance.

[0073] FIG. 5 is a rear view of the PCB of the portable
terminal of FIG. 4.

[0074] Referring to FIG. 5, the first antenna 150 may
include a radiator 151 formed of a conductive material, a
carrier 152 configured to mount and support the radiator 151,
etc.

[0075] The radiator 151 serves to radiate an electromag-
netic wave, and is configured to be fed by the PCB 130. The
radiator 151 has a physical condition that the conductive
material can radiate an electromagnetic wave of a first band.
For instance, the radiator 151 may have a length such as a half
wavelength and a quarter wavelength of the first band so as to
resonate an electromagnetic wave of the first band. And, the
radiator 151 may be patterned on the carrier 152 with any
shape so as to obtain the length.

[0076] The carrier 152 may be formed to have any shape
corresponding to an inner space of the case, so as to be
mounted in the case of the portable terminal, e.g., the front
and rear cases. And, the carrier 152 may be fixed to the case or
the PCB 130 so as to maintain a stable fixed state.

[0077] The second antenna 160 includes a first conductor
161, a second conductor 162, and a carrier 163.

[0078] The first conductor 161 has a physical condition
operable at a second band, and is configured to be fed by the
PCB 130. The first conductor 161 may have a length such as
a half wavelength and a quarter wavelength of the second
band so as to resonate an electromagnetic wave of the second
band. The first conductor 161 has the same function as the
radiator 151 of the first antenna 150.

[0079] The second conductor 162 has a physical condition
to resonate an electromagnetic wave of the first band. The
second conductor 162 does not radiate an electromagnetic
wave of the first band, but reduces a field strength of the first
band near the receiver 141 by being wirelessly coupled to the
radiator 151 of the first antenna 150.

[0080] The first conductor 161 and the second conductor
162 may be patterned on the carrier 163 with any shapes. For
instance, the second conductor 162 may have a length such as
a half wavelength and a quarter wavelength of the first band,
and may be patterned at one side of the first conductor 161
with any shape. The second conductor 162 may be formed to
be connected to or separated from the first conductor 161.
[0081] FIGS. 6A to 6C are rear views of the second
antenna, which show a plurality of types of the first and
second conductors. In FIGS. 6A to 6C, the second conductor
162 is indicated by a dotted line.

[0082] As shown in FIG. 6A, the second conductor 162
may be extendingly formed from the first conductor 161. In
FIG. 6 A, the second conductor 162 is extending from an end
portion of the first conductor 161. Here, the second conductor
162 may be extending from a middle part of the first conduc-
tor 161.

[0083] The first conductor 161 may include a feeding por-
tion 161 a for feeding the second antenna 160, and a ground-
ing portion 1615 for grounding the second antenna 160. The
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feeding portion 161a and the grounding portion 1615 are
connected to a feeding terminal and a grounding terminal of
the PCB 130, respectively.

[0084] As shown in FIG. 6B, a feeding portion 162a and a
grounding portion 16256 may be formed at the second con-
ductor 162. In FIG. 6B, the first conductor 161 is extending
from an end portion of the second conductor 162.

[0085] Referring to FIG. 6C, the feeding portion 161a and
the grounding portion 1615 are formed at the first conductor
161. In this case, the second conductor 162 may be extending
from the feeding portion 161a. On the other hand, the feeding
portion 161a and the grounding portion 1615 may be formed
at the second conductor 162. In this case, the first conductor
161 may be extending from the feeding portion 161a.
[0086] In the following FIGS, the first and second conduc-
tors are indicated by dotted lines, and may have the same
configurations as the aforementioned ones.

[0087] FIG. 7 is a graph showing a Voltage Standing Wave
Ratio (VSWR) of the second antenna. Here, the VSWR
denotes a ratio between a minimum value and a maximum
value of a sine wave, and the sine wave is a criteria represent-
ing a size of the VSWR.

[0088] Referring to FIG. 7, a resonance may additionally
occur at a first band (W1) as well as at a second band (W2) of
the second antenna 160.

[0089] The second antenna 160 is configured to resonate an
electromagnetic wave of the second band (W2) by the first
conductor 161. Accordingly, the second antenna 160 operates
at the second band (W2). And, the second antenna 160 is
configured to further resonate an electromagnetic wave of the
first band (W1) by the second conductor 162.

[0090] Under these configurations, a field strength of an
electromagnetic wave of the first band (W1) near the receiver
131 may be reduced. This may minimize interference
between the portable terminal and a hearing aid.

[0091] Inthe preferred embodiment, the first antenna 150 is
implemented as a main antenna for a voice communication
and a wireless data communication, whereas the second
antenna 160 is implemented as a sub-antenna for a short-
range communication ora GPS communication using BLUE-
TOOTH.

[0092] In this case, the first band (W1) of the first antenna
150 may include one of GSM/WCDMA 850 Mhz, GSM/
WCDMA 900 Mhz, DCS/GSM 1800 Mhz, PCS/GSM 1900
Mhz, and WCDMA 2100 Mhz. And, the second band (W2) of
the second antenna 160 may include Bluetooth 2400 Mhz or
GPS 1500 Mhz. Since the first antenna 150 is mainly used to
perform a voice communication and a data communication, it
may be referred to as a ‘main antenna’. Accordingly, the
second antenna 160 may be referred to as a ‘sub-antenna’.
[0093] FIG. 8 is a schematic front view of a portable termi-
nal according to a second embodiment of the present inven-
tion. The same or similar reference numerals as/to those of the
first embodiment are given to the same or similar components
as/to those of the first embodiment.

[0094] As aforementioned, areceiver 232 is disposed at one
end of aterminal body 210, and a first antenna 250 is disposed
at another end of the terminal body 210. For convenience,
Nos. 1-9 were given to respective parts of a measuring region
®).

[0095] In the second embodiment, a second antenna 260 is
extending from the first antenna 250 in one direction. In FIG.
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8, the second antenna 260 is extending from a lateral end of
the first antenna 250 in a length direction of the terminal body
210.

[0096] Like in the first embodiment, the second antenna
260 includes: a first conductor 261 having a physical condi-
tion operable at a second band, and a second conductor 262
having a physical condition to resonate an electromagnetic
wave of a first band.

[0097] The first and second conductors 261, 262 may be
mounted on a carrier of the first antenna 250. That is, the
carrier of the first antenna 250 may have an extension portion
extending in one direction, and the first and second conduc-
tors 261, 262 may be formed on the extension portion.
[0098] FIGS. 9A and 9B show distributions of electric
fields before and after the second conductor of FIG. 8 is
applied to the second antenna. In FIGS. 9A and 9B, “H”
indicates a high field strength, and “L” indicates a low field
strength.

[0099] Referring to FIG. 9A, before the second conductor
262 is applied to the second antenna 260, a high electric field
is distributed to the right side of the measuring region (R), i.e.,
regions of 7-9.

[0100] Referring to FIG. 9B, when the second conductor
262 is applied to the second antenna 260, a high electric field
having been distributed to the right side of the measuring
region (R), i.e., regions of 7-9 is weakened. That is, it can be
seen that the high electric field of FIG. 9 is shifted to the right
side as the second conductor 261 is applied to the second
antenna 260.

[0101] Accordingly, it can be seen that the field strength of
the measuring region (R) is reduced as the second conductor
262 is applied to the second antenna 260.

[0102] FIG. 10 is a schematic front view of a portable
terminal according to a third embodiment of the present
invention, and FIG. 11 is a graph showing a voltage stranding
wave ratio (VSWR) of the second antenna of FIG. 10.
[0103] Referring to FIG. 10, a receiver 331 is disposed at
one end of a terminal body 310, and a first antenna 350 is
disposed at another end of the terminal body 310.

[0104] In the third embodiment, a second antenna 360 is
disposed at a position spacing from the first antenna 350 by a
predetermined distance in a length direction of the terminal
body 310. For instance, the second antenna 360 may be dis-
posed at one side of the receiver 331.

[0105] The portable terminal according to the third
embodiment may further comprise a third antenna 370 oper-
ating at a third band. The third antenna 370 may be also
disposed at a position spacing from the first antenna 350 by a
predetermined distance in a length direction of the terminal
body 310. For instance, the third antenna 370 may be dis-
posed at another side of the receiver 331.

[0106] The first antenna 350 is configured to be operable at
aplurality of bands. For instance, the first antenna 350 may be
configured to be operable at two or more bands among GSM/
WCDMA 850 Mhz, GSM/WCDMA 900 Mhz, DCS/GSM
1800 Mhz, PCS/GSM 1900 Mhz, and WCDMA 2100 Mhz
bands.

[0107] In the third embodiment, the first antenna 350 is
implemented as a main antenna operable at four bands of
GSM 850 Mhz, GSM 900 Mhz, DCS 1800 Mhz, PCS 1900
Mhz.

[0108] The second antenna 360 and the third antenna 370
are implemented as sub antennas for a BLUETOOTH com-
munication or a GPS communication. In the third embodi-
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ment, the second antenna 360 is implemented as a BLUE-
TOOTH antenna, whereas the third antenna 370 is
implemented as a GPS antenna. The second antenna 360 has
BLUETOOTH 2400 MHz (second band) as an operation
band, and the third antenna 370 has GPS 1500 MHz (third
band) as an operation band.

[0109] Here, the firstband may indicate a band which forms
a maximum field strength near the receiver 331 among a
plurality of bands. The field strength of the measuring region
may be relatively weakened by weakening the maximum field
strength formed by the first band with using a second conduc-
tor 362 of the second antenna 360.

[0110] In the third embodiment, the maximum field
strength is formed by an electromagnetic wave of PCS 1900
Mhz (first band). Accordingly, the second conductor 362 of
the second antenna 360 may be configured to have a physical
condition to resonate an electromagnetic wave of PCS 1900
Mhz band.

[0111] An electromagnetic wave of PCS 1900 Mhz band
(first band) is radiated from the first antenna 350. Among a
plurality of bands, a region where an electromagnetic wave of
a first band which forms a maximum field strength is radiated
will be referred to as a ‘radiating region’. In the third embodi-
ment, the radiating region (A) is formed at the right side of the
first antenna 350.

[0112] Here, the second antenna 360 may be disposed at a
position corresponding to the radiating region (A) in a width
direction of the terminal body 310. In a case that the radiating
region (A) is formed at the right side based on a central region
of'the terminal body 310, the second antenna 360 may be also
disposed at the right side based on the central region of the
terminal body 310.

[0113] That is the second antenna 360 is disposed at the
right side of the receiver 331, whereas the third antenna 370 is
disposed at the left side of the receiver 331.

[0114] A first conductor 361 and a second conductor 362
may be formed on a rear surface of the second antenna 360.
By corresponding the radiating region (A) of the first antenna
350 to the position of the second conductor 362, may be
facilitated coupling between the first antenna 350 and the
second conductor 362.

[0115] In the third embodiment, both the second antenna
360 and the third antenna 370 are applied. However, the
second antenna 360 may be exclusively applied without using
the third antenna 370.

[0116] Referring to FIG. 11, the second antenna 360 may
be configured to further resonate at PCS 1900 Mhz band (first
band), as well as at BLUETOOTH 2400 Mhz (second band).
[0117] FIGS. 12A and 12B show distributions of electric
fields before and after the second conductor of FIG. 10 is
applied to the second antenna. FIGS. 12A and 12B show
distributions of an electric field formed by an electromagnetic
wave of PCS 1900 Mhz band.

[0118] Referring to FIG. 12A, before the second conductor
362 is applied to the second antenna 360, a high electric field
is distributed to the right side of the measuring region (R), i.e.,
regions of 7-9. This is because the radiating region of an
electromagnetic wave of PCS 1900 Mhz band is formed at the
right side of the terminal body.

[0119] Referring to FIG. 12B, when the second conductor
362 is applied to the second antenna 360, a high electric field
having been distributed to the right side of the measuring
region (R), i.e., regions of 7-9 is weakened. That is, it can be
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seen that the high electric field of FIG. 12 is shifted to the right
side as the second conductor 362 is applied to the second
antenna 360.

[0120] By corresponding the radiating region (A) of the
first antenna 350 to the position of the second conductor 362
of'the second antenna 360, the field strength of the measuring
region (R) can be reduced.

[0121] FIG. 13 is a schematic front view of a portable
terminal according to a fourth embodiment of the present
invention, and FIG. 14 is a graph showing a voltage standing
wave ratio (VSWR) of a second antenna of FIG. 13. The same
or similar reference numerals as/to those of the aforemen-
tioned embodiments are given to the same or similar compo-
nents as/to those of the aforementioned embodiments.
[0122] In the fourth embodiment, a radiating region (B) is
formed at the left side of a first antenna 450. More concretely,
the radiating region (B) is formed at the left side based on a
central region of a terminal body 410.

[0123] In this case, a second antenna 460 having a second
conductor 462 may be disposed at the left side based on the
central region of the terminal body 410.

[0124] In the fourth embodiment, the first antenna 450 is
implemented as a main antenna operable at four bands of
GSM 850 Mhz, GSM 900 Mhz, DCS 1800 Mhz, and PCS
1900 Mhz. Like in the aforementioned embodiments, the first
band is PCS 1900 Mhz band.

[0125] The second antenna 460 is implemented as a GPS
antenna operable at GPS 1500 Mhz band (second band), and
a third antenna 470 is implemented as a BLUETOOTH
antenna operable at BLUETOOTH 2400 Mhz (third band).

[0126] Contrary to the aforementioned embodiments, the
radiating region (B) according to the fourth embodiment is
formed at the left side of the terminal body. Accordingly, the
second antenna 460 is disposed at the left side of a receiver
431 in correspondence to the radiating region (B). Here, a first
conductor 461 and a is second conductor 462 may be formed
on a rear surface of the second antenna 460.

[0127] In the fourth embodiment, both the second antenna
460 and the third antenna 470 are applied. However, the
second antenna 460 may be exclusively applied without using
the third antenna 470.

[0128] Referring to FIG. 14, the second antenna 460 may
be configured to further resonate at PCS 1900 Mhz band (first
band), as well as at GPS 1500 Mhz (second band).

[0129] FIGS. 15A and 15B show distributions of electric
fields before and after the second conductor is applied to the
second antenna. FIGS. 15A and 15B show distributions of an
electric field formed by an electromagnetic wave of PCS 1900
Mhz band.

[0130] Referring to FIG. 15A, before the second conductor
462 is applied to the second antenna 460, a high electric field
is distributed to the left side of the measuring region (R), i.e.,
regions of 1-3. This is because the radiating region (B) of an
electromagnetic wave of PCS 1900 Mhz band is formed at the
left side of the terminal body 410 contrary to the aforemen-
tioned embodiments.

[0131] Referring to FIG. 15B, when the second conductor
462 is applied to the second antenna 460, a high electric field
having been distributed to the left side of the measuring
region (R), i.e., regions of 1~3 is weakened. That is, it can be
seen that the high electric field of FIG. 15 is shifted to the left
side as the second conductor 462 is applied to the second
antenna 460.
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[0132] By corresponding the radiating region (B) of the
first antenna 450 to the position of the second conductor 462
of'the second antenna 460, the field strength of the measuring
region (R) can be reduced.

[0133] In the third and fourth embodiments, in a case that
sub antennas are mounted to a plurality of positions of the
terminal bodies 310, 410, the second conductor is formed at
the sub antenna corresponding to each of the radiating regions
(A, B). This may reduce a field strength of an electromagnetic
wave of the first band distributed to the measuring region.
[0134] FIG. 16 is a block diagram showing the portable
terminal 100 according to the present invention.

[0135] Referring to FIG. 16, the portable terminal 100
according to the first embodiment of the present invention
comprises a wireless communication module 181, first and
second manipulation units 116 and 117, first and second
image input units 115, 120, an audio input unit 118, a display
unit 113, audio output units 114, 123, a sensing unit 186, an
interface 119, a broadcast receiving module 185, a memory
184, a power supply unit 125, and a controller 180.

[0136] The controller 180 controls an entire operation of
the portable terminal. For instance, the controller 180 per-
forms controls and processes relating to voice communica-
tion, data communication, video communication, and the
like.

[0137] The wireless communication module 181 transmits/
receives wireless signals to/from a base station through an
antenna. For instance, the wireless communication module
181 transmits/receives voice data, text data, image data, and
control data under control of the controller 180. The wireless
communication module 181 includes a transmitting unit 183
for transmitting signals after a modulation process, and a
receiving unit 182 for demodulating received signals.

[0138] The first and second manipulationunits 116 and 117
provide, to the controller 180, key input data input by a user so
as to control the operation of the portable terminal 100.
[0139] The first and second image input units 115, 120
process image frames such as still images or moving images
captured by an image sensor in a video-call mode or a cap-
turing mode. Then, the processed image frames are converted
to image data that can be displayed on the display unit 113,
thereby being output to the display unit 113.

[0140] Image frames processed by the first and second
image input units 115, 120 are stored in the memory 184
under control of the controller 180, or are transmitted to
outside through the wireless communication module 181.
[0141] The audio input unit 118 receives an external audio
signal through a microphone in a call mode, or a recording
mode, or a voice recognition mode, and the like, and then
processes the received signal into electric voice data. In the
case of a call mode, the processed voice data is converted into
data that can be transmitted to the base station through the
wireless communication module 181, and then is output to the
wireless communication module 181. In the case of a record-
ing mode, the processed voice data is output so as to be stored
in the memory 184.

[0142] The audio input unit 118 may include assorted noise
removing algorithms to remove noise generated in the course
of receiving the external audio signal.

[0143] The display unit 113 may output information pro-
cessed in the portable terminal. For example, when the por-
table terminal operates in a phone call mode, the display unit
113 will provide a User Interface (UI) or a Graphic User
Interface (GUI) which includes information associated with

Jan. 20, 2011

the call. As another example, if the portable terminal is in a
video call mode or a capturing mode, the display unit 113 may
display captured images, or Ul or GUI under control of the
controller 180.

[0144] In a call mode or a recording mode, a voice recog-
nition mode, a broadcasting signal reception mode, and the
like, the first and second audio output units 114, 123 convert
audio data received from the wireless communication module
181, or audio data stored in the memory 184, under control of
the controller 180. Then, the audio output units 114, 123
output the converted data to outside.

[0145] Theaudio output units 114, 123 output audio signals
relating to functions performed in the portable terminal, such
as sound indicating a call signal reception, or sound indicat-
ing a message reception. These audio output units 114, 123
include a speaker, a receiver, a buzzer, etc.

[0146] The sensing unit 186 senses a current status of the
portable terminal such as an open/close status of the portable
terminal, a position of the portable terminal, or whether a user
has contacted the portable terminal, thereby generating sens-
ing signals to control the operation of the portable terminal.
For instance, the sensing unit 186 performs sensing functions
relating to whether power has been supplied from the power
supply unit 125, or whether the interface 119 has been
coupled to an external device, and the like.

[0147] The interface 119 interfaces a wire/wireless head-
set, an external charger, a wire/wireless data port, a card
socket (e.g., memory card, SIM/UIM card), and the like, with
any types of external devices connected to the portable ter-
minal. The interface 119 transmits data or power received
from external devices, to each component in the portable
terminal, or transmits data in the portable terminal to the
external devices.

[0148] The memory 184 may store programs to be pro-
cessed and controlled by the controller 180, or may tempo-
rarily store input/output data (e.g., phonebook, messages, still
images, moving images, etc.).

[0149] The memory 184 may store programs to control the
operation of the portable terminal according to the present
invention.

[0150] The memory 184 may be implemented using any
type of suitable storage medium including a flash memory
type, a hard disk type, a multimedia card micro type, a
memory card type (e.g., SD or DX memory), Random Access
Memory (RAM), Read-Only Memory (ROM), and the like.

[0151] Thebroadcast receiving module 185 receives broad-
casting signals transmitted through satellite or terrestrial
wave, and then converts them to broadcasting data that can be
output to the audio output units 114, 123 and the display unit
113, thereby outputting the broadcasting data to the controller
180. The broadcast receiving module 185 receives broadcast-
ing-related additional data (e.g., Flectric Program Guide:
EPG, channel list, and the like). Broadcasting data and addi-
tional data converted by the broadcast receiving module 185
may be stored in the memory 184.

[0152] The power supply unit 125 receives inner or outer
power, and supplies the power to each component of the
portable terminal under control of the controller 180.

[0153] As aforementioned, the second conductor having a
physical condition to resonate an electromagnetic wave of the
first band is formed at the second antenna disposed at a
different position from the first antenna operating at the first
band. This may reduce a field strength of an electromagnetic
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wave of the first band near the receiver. Accordingly, inter-
ference between the portable terminal and any hearing aid
may be minimized.

[0154] The foregoing embodiments and advantages are
merely exemplary and are not to be construed as limiting the
present disclosure. The present teachings can be readily
applied to other types of apparatuses. This description is
intended to be illustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art. The features, structures,
methods, and other characteristics of the exemplary embodi-
ments described herein may be combined in various ways to
obtain additional and/or alternative exemplary embodiments.
[0155] As the present features may be embodied in several
forms without departing from the characteristics thereof, it
should also be understood that the above-described embodi-
ments are not limited by any of the details of the foregoing
description, unless otherwise specified, but rather should be
construed broadly within its scope as defined in the appended
claims, and therefore all changes and modifications that fall
within the metes and bounds of the claims, or equivalents of
such metes and bounds are therefore intended to be embraced
by the appended claims.

What is claimed is:

1. A portable terminal, comprising:

a terminal body having a receiver for sound output;

afirst antenna disposed in the terminal body, and operating

at a first band;

a second antenna disposed at a position different from the

first antenna, and operating at a second band,

wherein the second antenna comprises:

afirst conductor having a physical condition operable at the

second band; and

a second conductor having a physical condition to resonate

an electromagnetic wave of the first band so as to reduce
a field strength of the first band near the receiver.

2. The portable terminal of claim 1, wherein the receiver is
disposed at one end of the terminal body, and the first antenna
is disposed at another end of the terminal body.

3. The portable terminal of claim 2, wherein the second
antenna is disposed at one end of the terminal body.

4. The portable terminal of claim 1, wherein the second
antenna is extending from the first antenna in one direction.

5. The portable terminal of claim 4, wherein the first
antenna comprises a radiator formed ofa conductive material,
a carrier configured to support the radiator,

wherein the first and second conductors are disposed on an

extension portion extending from the carrier.

6. The portable terminal of claim 1, wherein the second
antenna is disposed at a position spacing from the first
antenna by a predetermined distance in a length direction of
the terminal body.

7. The portable terminal of claim 6, wherein the second
antenna is disposed between the receiver and the first antenna.

8. The portable terminal of claim 1, wherein the second
antenna further comprises a feeding portion and a grounding
portion.
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9. The portable terminal of claim 8, wherein the feeding
portion and the grounding portion are extending from one of
the first and second conductors.

10. The portable terminal of claim 9, wherein the feeding
portion and the grounding portion are extending from another
of the first and second conductors.

11. The portable terminal of claim 9, wherein the second
conductor is extending from the feeding portion.

12. The portable terminal of claim 1, wherein the first
antenna is configured to be operable at a plurality of bands,

whereat the first band indicates a band which forms a

highest field strength near the receiver among the plu-
rality of bands.

13. The portable terminal of claim 12, wherein a radiating
region for radiating an electromagnetic wave of the first band
is formed at a part of the first antenna,

wherein the second antenna is disposed at a position cor-

responding to the radiating region in a width direction of
the terminal body.

14. The portable terminal of claim 13, whereat the first
band comprises two or more bands among GSM/WCDMA
850 Mhz, GSM/WCDMA 900 Mhz, DCS/GSM 1800 Mhz,
PCS/GSM 1900 Mhz, and WCDMA 2100 Mhz, and

whereat the second band of the second antenna comprises

at least one of a Bluetooth band and a GPS band.

15. The portable terminal of claim 1, wherein the second
antenna is disposed at one side of the receiver.

16. The portable terminal of claim 15, further comprising a
third antenna disposed at another side of the receiver and
operating at a third band.

17. The portable terminal of claim 16, whereat the first
band comprises one of GSM/WCDMA 850 Mhz, GSM/
WCDMA 900 Mhz, DCS/GSM 1800 Mhz, PCS/GSM 1900
Mhz, and WCDMA 2100 Mhz band, and

whereat the second band comprises one of a Bluetooth

band and a GPS band,

wherein the third band comprises another of the Bluetooth

band and the GPS band.

18. A portable terminal, comprising:

a terminal body;

a receiver disposed at one end of the terminal body, and

configured to output a sound;

afirst antenna disposed at another end of the terminal body,

and operating at a first band;

a second antenna disposed at a position different from the

first antenna, and operating at a second band,

wherein the second antenna comprises:

a first conductor having a physical condition to be operable

at the second band; and

a second conductor having a physical condition to resonate

an electromagnetic wave of the first band so as to reduce
a field strength of the first band near the receiver.

19. The portable terminal of claim 18, wherein the second
conductor is extending from the first conductor.

20. The portable terminal of claim 18, wherein the second
antenna is disposed at one side of the receiver.

sk sk sk sk sk
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SPLIT BAND DIVERSITY ANTENNA
ARRANGEMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] U.S. patent application , Attorney Docket
No.CS35902KRENZ359 entitled “Antenna Arrangement for
Multimode Communication Device”, and U.S. patent appli-
cation , Attorney Docket No.
CS36276ALBERTH362 entitled “Customized Antenna
Arrangement”, both concurrently filed on Jul. 17,2009 by the
same Assignee herein.

FIELD OF THE DISCLOSURE

[0002] This invention relates generally to antennas, and
more particularly to a multiband antenna operating on several
distinct bands.

BACKGROUND

[0003] As wireless devices become exceedingly slimmer
and greater demands are made for antennas operating on a
diverse number of frequency bands, antenna configurations
typically used for certain bands can easily interfere or couple
with other antenna configurations used for other bands. Thus,
designing antennas for operation across a number of diverse
bands each band having a sufficient bandwidth of operation
becomes a feat in artistry as well as utility, particularly when
such arrangements must meet the volume requirements of
today’s smaller communication devices.

[0004] Another concern with antenna designs in general for
multi-band phones includes improved call drop antenna per-
formance. Existing designs may have call drop issues that
relate to loading on antennas caused by hand grips on a
portion of the phone or caused by loading caused by a com-
bination of hand grips and proximity to a head.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The accompanying figures, where like reference
numerals refer to identical or functionally similar elements
throughout the separate views, together with the detailed
description below, are incorporated in and form part of the
specification, and serve to further illustrate the embodiments
and explain various principles and advantages, in accordance
with the present disclosure.

[0006] FIG. 1 depicts an embodiment of a communication
device in accordance with the present disclosure;

[0007] FIG. 2 depicts an embodiment of an antenna con-
figuration using a splitter in accordance with the present
disclosure;

[0008] FIG. 3 depicts another embodiment of an antenna
configuration using a splitter and combiner in accordance
with the present disclosure;

[0009] FIG. 4 depicts another embodiment of an antenna
configuration using multiple splitters and combiners in accor-
dance with the present disclosure;

[0010] FIG. 5 depicts an alternative embodiment of a com-
munication device of FIG. 5 in accordance with the present
disclosure; and

[0011] FIG. 6 depicts a diagram of a split band diversity
antenna corresponding to the communication device of FIG.
5 in accordance with an embodiment of the present disclo-
sure;
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[0012] FIG. 7 depicts an embodiment of a communication
device in accordance with the present disclosure; and
[0013] FIG. 8 depicts another representation of the com-
munication device of FIG. 7, in accordance with the present
disclosure.

[0014] Skilled artisans will appreciate that elements in the
figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale. For example, the dimensions
of some of the elements in the figures may be exaggerated
relative to other elements to help to improve understanding of
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0015] Oneembodiment ofthe present disclosure can entail
awireless communication device having a first antenna selec-
tively coupled to a diversity receiver in a first band and to at
least a dual band transceiver in a second band, a second
antenna selectively coupled to at least the dual band trans-
ceiver, at least a first band splitter splitting an input from the
first antenna into a first output and a second output where the
first output selectively couples to the diversity receiver, and
the second output selectively couples to at least the dual band
transceiver.

[0016] Another embodiment of the present disclosure can
entail a split band diversity antenna arrangement having a first
multi-band antenna located at a bottom portion of a wireless
communication device and selectively coupled to a diversity
receiver, a second multi-band antenna located at a top portion
of the wireless communication device and selectively
coupled to at least a dual band transceiver, a band splitter
splitting an input from the first antenna into a first output and
a second output where the first output serves as an input to the
diversity receiver, and a band combiner that combines the
second output of the band splitter with a signal from the
second antenna to provide an input signal to at least the dual
band transceiver.

[0017] Yet another embodiment of the present disclosure
can entail a communication device having a split band diver-
sity antenna arrangement and a communication circuit
coupled to the antenna arrangement. The communication
device can include a controller operable to cause the commu-
nication circuit to process signals associated with a wireless
communication system where the split band diversity antenna
arrangement includes a first antenna coupled to a diversity
receiver optimized for operation in at least a lower band under
a 1000 MHz range where the first antenna is located at a top
portion of the communication device. The split band diversity
antenna arrangement also includes a second antenna coupled
to a dual band transceiver and designed and constructed to
operate in at least a non-contiguous higher band than the first
antenna where the second antenna is located remote from the
first antenna and at a bottom portion of the communication
device. The arrangement also includes a band splitter splitting
an input from the first antenna into a first output and a second
output where the first output serves as an input to the diversity
receiver and a band combiner that combines the second out-
put of the band splitter with a signal from the second antenna
to provide an input signal to the dual band transceiver.
[0018] FIG. 1 depicts an exemplary embodiment of the
internal construction of a communication device 10. The
communication device 10 comprises for example a multi-
band or dual band antenna 14 at a bottom portion of the
communication device 10 coupled to a communication cir-
cuit embodied as a transceiver 17, diversity receiver (not
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shown), and a controller 15. The antenna 14 can be operable
to radiate or receive signals in lower bands such as the in the
850 and 900 MHz band ranges and can also be designed to
receive signals in higher band ranges such as in the 1800 to
2100 MHz ranges. The antenna 14 can be coupled to a main
transceiver 17 and to a diversity receiver (not shown, but see
FIGS. 2-4). The communication device 10 can also include a
multi-band antenna 12 at a top portion of the communication
device coupled to a communication circuit (such as multi-
band transceiver 17), where the antenna 12 can be designed to
radiate or receive signals in higher bands ranging from 1700
to 2100 MHz. The transceiver 17 utilizes technology for
exchanging radio signals with a radio tower or base station of
a wireless communication system according to common
modulation and demodulation techniques. Such techniques
can include, but are not limited to GSM, TDMA, CDMA,
WiMAX, WLAN among others. The controller 15 utilizes
computing technology such as a microprocessor and/or a
digital signal processor with associated storage technology
(such as RAM, ROM, DRAM, or Flash) for processing sig-
nals exchanged with the transceiver 17 and for controlling
general operations of the communication device 10. The
communication device 10 can alternatively or optionally
include additional antennas at different locations such as a
side antenna 16 that can be a receive antenna in the range of
2100 MHz to supplement and extend the bandwidth of the top
antenna 12, which may only operate in the range of 1700 to
1900 MHz. Separately, the communication device can
include a WLAN or Bluetooth antenna 19 in operational
range of 2440 MHz for example. The communication device
10 can also include a GPS antenna 18 that operates in the
range of 1575 MHz. As referred to herein, antennas optimized
to operate in lower or low bands generally refers to antennas
operating under 1000 MHz and antennas optimized to operate
in higher or high band generally refers to antennas operating
at or above 1700 MHz.

[0019] Referring to FIG. 2, a wireless communication
device or a split band diversity antenna arrangement 20 can
include a first antenna 22 selectively coupled to a diversity
receiver 26 and a multi-band transceiver 28, and a second
antenna 24 coupled to the multi-band transceiver 28. A band
splitter 25 splitting an input from the first antenna 22 into a
first output and a second output can have the first output serve
as an input to the diversity receiver 26 operating at a first band.
The band splitter 25 can be one among a power splitter, a
diplexor or a switch. The second output can selectively couple
to at least the multi-band transceiver 28 in a second band.
Advantageously, the first and second antenna are physically
separate such that a user’s hand is less likely to simulta-
neously cover, load, or interfere, than if the antennas were
co-located.

[0020] Referring to FIG. 3, in a similar arrangement 21 to
the arrangement 20 of FIG. 2, the device or arrangement 21
can also include a band combiner 27 that combines the second
output of the band splitter 25 with the output of the second
antenna 24 to provide an input signal to the dual band trans-
ceiver 28. The combiner 27 may be useful for providing a
single connection to transceiver 28 for testing purposes. The
band splitter 25 or the band combiner 27 or both can be one
among a power splitter, a diplexor or a switch. The first
antenna 22 (or 14) can be a dual band antenna located at a
bottom portion (11 of FIG. 1) of the wireless communication
device (10 or 20 or 21) and the second antenna 24 (or 12) can
be a high band antenna located at a top portion (13 of FIG. 1)
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of'the wireless communication device. Providing for the main
transceiver a low band antenna location at the bottom of the
phone and one or more high band antennas located at the top
and side of the phone provides better radiation efficiency for
the typical radio-telephone talking positions where the user
head and hand reduces the antenna radiation. Given that other
locations of the phone may already be occupied with addi-
tional antennas for WLAN, Bluetooth, GPS and the like, the
bottom antenna advantageously serves to provide a high band
diversity antenna function without occupying additional vol-
ume. Thus the antenna arrangements of FIGS. 2 and 3 are
suitable for a transceiver with low frequency (e.g. 800 and
900 MHz) and high frequency (e.g. 1700, 1800, 1900 and
2100 MHz) operating bands, and a diversity receiver operat-
ing only in the high frequency bands.

[0021] Inyet another alternative embodiment and referring
to FIG. 4, a similarly configured wireless communication
device or a split band diversity antenna arrangement 30 (simi-
lar to device 20 of FIG. 2 or device 21 of FIG. 3) can further
include a second band splitter 32 having an input and a first
and second output and a second band combiner 34 having a
first input and a second input and an output. The first output of
the second band splitter 32 can serve as an input to the second
combiner 34 and a second output of the second band splitter
32 can serve as an input to the band combiner 27 and the
output of the second band combiner 34 can serve as an input
to the dual band transceiver 26. The output of the first com-
biner 27 can serve as an input to the dual band transceiver 28
as in communication device 20. Thus the antenna arrange-
ment of FIG. 4 has the same advantages of the arrangements
of FIGS. 2 and 3 with regard to antenna efficiency in the
radio-telephone talking positions, and product volume utili-
zation, and it is suitable for a diversity receiver operating the
low frequency bands as well as the high frequency bands.

[0022] As noted with respect to FIG. 1, the communication
devices or arrangements 20, 21 or 30 can further include a
Bluetooth or WLAN antenna as well as a GPS antenna if
desired. Note that the first antenna and the second antenna are
separately located to provide spatial diversity in addition to
the split band or frequency diversity. The wireless communi-
cation device 10 or 20 or 21 or 30 can operate to switch phone
operation between bands associated with the separately
located antennas based on hand grip loading imposed on the
antennas. For example, if the transceiver 28 is operating with
the first antenna 22 in a low band, and the user covers the first
antenna with his hand, the network may sense a reduced
transceiver signal level and perform a band-handover, thereby
causing the transceiver 28 to change operation to a second
antenna 24 in a high band. Thus, the arrangements disclosed
provide better call drop performance on phones with at least
dual band transceivers. Furthermore the split band diversity
arrangement 20/21/30 provides further call drop performance
advantages on phones with at least single band receiver diver-
sity, while conserving product volume utilization by the
antennas.

[0023] The split band diversity antenna arrangement is
employed by phones which operate in at least two bands, with
separately located antennas for each band. The design strat-
egy can enable or be optimized for band handovers. In other
words, since all antennas are subject to efficiency degradation
due to hand grip, the separately located antennas as disclosed
herein tend not to be affected simultaneously. When a grip
causes loading on one of the antennas, the network will tend
to switch phone operation to the band associated with the
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other antenna. This is sometimes referred to as the ‘band
handover® effect. To realize the full benefit of band-han-
dovers, the embodiments herein provide separately located
antennas serving at least two operating bands. Advanta-
geously, the arrangement provides better volume utilization
by employing multi-band antennas wherein the main trans-
ceiver antenna for a first band and diversity receiver antenna
for a second band are provided by a single multiband antenna.
[0024] The positioning of the antenna can be arranged to be
optimized for hand effects. Antennas located at the top or side
of the phone or communication device tend to have less
efficiency degradation due to a hand grip. For a given hand
grip, the efficiency degradation is more severe in the higher
frequency bands. Therefore the antenna serving the higher
frequency band can be located at the top or side of the phone.
Accordingly, to provide physical separation between anten-
nas to take advantage of the band handover effect, the low
band antenna is positioned at the bottom of the phone. Fur-
thermore, the positioning of the antennas can also be arranged
to adjust Specific Absorption Rates or SAR. Antennas located
at the bottom of a phone may have lower SAR. If the trans-
mitter power is highest in one band, then the antenna serving
the “higher power” band can be located at the bottom of the
phone, so that SAR can be reduced to help meet government
SAR regulatory requirements. Typically the transmitter
power is highest in a low band. Therefore the antenna serving
the lower frequency bands can be located at the bottom of the
phone for reducing SAR as well as the afore-mentioned rea-
son of providing physical separation from a high band
antenna at the top or side of the phone.

[0025] The embodiments herein also use receiver diversity.
Receiver diversity is a method of simultaneously employing
two separately located antennas for improved receiver sensi-
tivity. In one example, the diversity receiver 26 of FIGS. 2 and
3 can utilize the antenna 22 on the bottom portion of the
communication device operating in the 1900 and 2100 MHz
bands, while the transceiver 28 utilizes antenna 24 on the top
portion of the communication device also operating in the
1900 and 2100 MHz bands. The separate side antenna 16 can
also be considered part of the antenna 24 operating in the
1900 and/or 2100 MHz bands.

[0026] Note thatdiversity receivers are less effective for the
low bands, and it is more difficult to fit a 2 low band antenna
in the product. Thus the product designs may employ diver-
sity for the high bands but not necessarily for the low bands.
[0027] Many of the designs contemplated employ discrete
L,C diplexors as illustrated in the antenna arrangement or
communication device 41 of FIG. 5, but they are not neces-
sarily limited thereto. An antenna feed schematic is illustrated
in FIG. 5 including elements from FIG. 3 that are overlaid
onto the schematic. The first antenna 22 can primarily serve
the lower bands (850 and 900 MHz) and can be located at the
“bottom” of the communication device as noted above to
improve SAR performance. The second antenna 24 can
include a top antenna that primarily serves the higher bands
(1700, 1800, and 1900 MHz bands) located at a “top” portion
of the communication device to optimize with respect to
handgrip effects. The multi-band or at least dual band trans-
ceiver 28 can include a diversity RF switch 48 which serves to
distribute the antenna signal into receiver and transmitter
circuits 49 for each band. The diversity receiver 26 can
include another RF switch 46 which serves to distribute the
antenna signal into receiver circuits 47 for each band. Alter-
natively, RF switch 46 may distribute signals to transceiver
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circuits 49 as shown in phantom connection 42, and RF
switch 48 may distribute signals to receiver circuits 47 as
shown in phantom connection 43.

[0028] Referring now to FIG. 6 there is shown a similarly
configured wireless communication device or a split band
diversity antenna arrangement 50 (similar to device 30 of
FIG. 4 or device 41 of FIG. 5). In this embodiment the split-
ters 25 and 32 comprise RF switches. The first RF switch 25
has an input connected to the first antenna 22 and a first and
second output connected to the diversity receiver 26 and the
main transceiver 28. The second RF switch 32 has an input
connected to the second antenna 24 and a first and second
output connected to the diversity receiver 26 and the main
transceiver 28. Note that switches 25 and 32 may be the same
components as RF switch components 46 and 48 of FIG. 5
which serve to distribute the antenna signal into receiver and
transmitter circuits as shown in phantom connections 42 and
43 of FIG. 5. Thus the arrangement of FIG. 6 does not require
additional combining circuits.

[0029] Referring now to FIG. 7 there is shown yet another
embodiment where a split band diversity antenna arrange-
ment or communication device 80 includes a bottom antenna
82 coupled to a communication module 86 having a trans-
ceiver and a diversity receiver and a top antenna 88 also
coupled to the communication module 86. The device 80 can
be powered by a battery 84.

[0030] Referring to FIG. 8, there is shown a block diagram
of'a split band diversity antenna arrangement or communica-
tion device 90 that can correspond to the physical device 80
illustrated in FI1G. 7. The bottom antenna 82 can be optimized
for use for low frequency bands for the transceiver and for
high bands for the diversity receiver. An antenna matching
circuit 92 provides the appropriate impedance for the antenna
82 taking into account a coaxial cable 93 coupled to an RF
connector 94 which may be used to connect an external
antenna or for testing the transceiver and diversity receiver
86. The antenna 82 provides (or radiates as appropriate) low
frequency and high frequency band signals to or from the
communication module 86 via the diplexer 95. A top antenna
88 can be optimized for use for high frequency bands for the
transceiver and for low bands for the diversity receiver. An
antenna matching circuit 98 provides the appropriate imped-
ance for the antenna 88. The antenna 88 provides (or radiates
as appropriate) low frequency and high frequency band sig-
nals to or from the communication module 86 via the diplexer
96 and RF connector 97 which may be used to connect an
external antenna or for testing the transceiver and diversity
receiver 86.

[0031] The configurations described herein can provide for
amulti-element multi-band internal antenna arrangement that
can cover multiple GSM or UMTS bands (850 MHz, 900
MHz, 1700 MHz, 1800 MHz, 1900 MHz and 2100 MHz for
example) and both domestic and International WiMAX bands
(2.5 GHz and 3.5 GHz). Thus, the antenna configurations
described can serve as a quadband GSM triband UMTS
antenna with diversity, or a quad-band GSM dual band
WiMax antenna with diversity, or a Pentaband GSM/UMTS
dual Band WiMax with diversity (or BlueTooth) antenna that
can also separately include a GPS antenna for reception of
GPS signals. While the split band antenna arrangement is
described for use with a transceiver and diversity receiver, it
may also be employed with a diversity transmitter or diversity
transceiver arrangement.
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[0032] In various switched arrangements, the split band
diversity antenna arrangement 40 provides minimized return
loss in various bands and maximized impedance. For
example, in a bottom antenna match design, minimized return
loss can be found in the 850, 900, 1900 and 2100 MHz bands.
Inabottom antenna diplexor to main transceiver and diversity
receiver design, the return loss at the main transceiver (28) is
minimized in the low bands (850 and 900 MHz) and at the
diversity receiver (26) in diversity bands (1900 and 2100
MHz) while the impedance at the main transceiver (28) in the
high bands (1800, 1900, and 2100 MHz bands) are maxi-
mized. In a top antenna match design, the return loss in the
1800 and 1900 MHz bands are minimized while the imped-
ance in the 2100 MHz band is maximized. In a side antenna
match design, the return loss in the 2100 MHz band is mini-
mized while the impedance in the 1800 and 1900 MHz bands
are maximized. When the bottom, side and top antenna
designs are combined in simulation, the combined design
provides minimized return loss at the main transceiver in all
band (850, 900, 1800, 1900, and 2100 MHz) and minimized
return loss at the diversity receiver in diversity bands (1900
and 2100 MHz), and minimized isolation between the main
transceiver and the diversity, that is between the first antenna
22 and second antenna 24.

[0033] The antenna arrangement(s) can be made either of'a
sheet metal or wires which can be insert molded with plastic
using a 2-shot method, or made of metal plating on molded
plastic. The antenna arrangement can comprise of any com-
bination of loop antennas, folded dipoles, transmission lines,
PIFA like elements, L-type stubs, slots or other arrangements
that provide the desired band operations and the requisite
diversity and performance under various hand grip scenarios.

[0034] The foregoing embodiments of the antennas illus-
trated herein provide a multiband antenna design with a wide
operating bandwidth and reduced physical volume where
desired. The specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modi-
fications are intended to be included within the scope of
present invention. The benefits, advantages, solutions to
problems, and any element(s) that may cause any benefit,
advantage, or solution to occur or become more pronounced
are not to be construed as a critical, required, or essential
features or elements of any or all the claims. The embodi-
ments herein are defined solely by the appended claims
including any amendments made during the pendency of this
application and all equivalents of those claims as issued.
[0035] The Abstract of the Disclosure is provided to com-
ply with 37 C.F.R. §1.72(b), requiring an abstract that will
allow the reader to quickly ascertain the nature of the techni-
cal disclosure. It is submitted with the understanding that it
will not be used to interpret or limit the scope or meaning of
the claims. In addition, in the foregoing Detailed Description,
it can be seen that various features are grouped together in a
single embodiment for the purpose of streamlining the dis-
closure. This method of disclosure is not to be interpreted as
reflecting an intention that the claimed embodiments require
more features than are expressly recited in each claim. Rather,
as the following claims reflect, inventive subject matter lies in
less than all features of a single disclosed embodiment. Thus
the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as
a separately claimed subject matter.
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What is claimed is:

1. A wireless communication device, comprising:

A first antenna selectively coupled to a diversity receiver in
a first band and to at least a dual band transceiver in a
second band;

a second antenna selectively coupled to at least the dual
band transceiver in the first band; and

at least a first band splitter splitting an input from the first
antenna into a first output and a second output, wherein
the first output selectively couples to the diversity
receiver, and the second output selectively couples to at
least the dual band transceiver.

2. The wireless communication device of claim 1, further

comprising

a band combiner that combines the second output of the
band splitter with the output of the second antenna to
provide a combined antenna signal which couples to the
at least dual band transceiver.

3. The wireless communication device of claim 1 further

comprising:

a second band splitter splitting an input from the second
antenna into a first output and a second output, wherein
the first output selectively couples to the diversity
receiver in the second band, and the second output
couples to the at least dual band transceiver in the first
band

4. The wireless communication device of claim 3, further
comprising:

a first band combiner that combines the second output of
the first band splitter with the second output of the sec-
ond band splitter to provide a combined antenna signal
which couples to the at least dual band transceiver, and

a second band combiner that combines the first output of
the first band splitter with the first output of the second
band splitter to provide a combined antenna signal
which couples to the diversity receiver.

5. The wireless communication device of claim 2, wherein
the first band splitter and the band combiner each comprises
at least one among a power splitter, a diplexor and a switch.

6. The wireless communication device of claim 1, wherein
the first antenna is a dual band antenna located at a bottom
portion of the wireless communication device and the second
antenna is a high band antenna located at a top portion of the
wireless communication device.

7. The wireless communication device of claim 2 further
comprising an RF test connector connecting to the at least
dual band transceiver.

8. The wireless communication device of claim 1, wherein
the wireless communication device further comprises at least
one of a Bluetooth antenna, Wireless Local Area Network
(WLAN) antenna and a GPS antenna.

9. The wireless communication device of claim 1, wherein
the wireless communication device comprises a Bluetooth or
Wireless Local Area Network antenna and a GPS antenna.

10. The wireless communication device of claim 1,
wherein the first antenna and the second antenna reside on a
keypad board of the wireless communication device.

11. The wireless communication device of claim 1,
wherein the first antenna and the second antenna are sepa-
rately located and wherein the wireless communication
device operates to switch phone operation between bands
associated with the separately located antennas based onhand
grip loading imposed on the antennas.
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12. A split band diversity antenna arrangement, compris-

ing:

a first multi-band antenna located at a bottom portion of a
wireless communication device and selectively coupled
to a diversity receiver;

a second multi-band antenna located at a top portion of the
wireless communication device and selectively coupled
to at least a dual band transceiver;

aband splitter splitting an input from the first antenna into
a first output and a second output, wherein the first
output serves as an input to the diversity receiver; and

a band combiner that combines the second output of the
band splitter with the signal from the second antenna to
provide an input signal to at least the dual band trans-
ceiver.

13. The split band diversity antenna arrangement of claim
12, wherein the first multi-band antenna is a dual band
antenna operating in at least one of the band ranges among
800 MHzto 950 MHz and operating in at least one of the band
ranges among 1700 MHz to 2100 MHz.

14. The split band diversity antenna arrangement of claim
12, wherein the band splitter and the band combiner each
comprises at least one among a power splitter, a diplexor and
a switch.

15. The split band diversity antenna arrangement of claim
12, wherein the arrangement further comprises a second band
splitter having an input and a first and second output and a
second band combiner having a first input and a second input
and an output and wherein the first output of the second band
splitter serves as an input to the second combiner and a second
output of the second band splitter serves as an input to the
band combiner and the output of the second band combiner
serves as an input to the dual band transceiver.

16. The split band diversity antenna arrangement of claim
12, wherein the antenna arrangement further comprises a
Bluetooth or Wireless Local Area Network antenna separate
from the first and second antennas and a GPS antenna sepa-
rate from the first and second antennas.

Jan. 20, 2011

17. The split band diversity antenna arrangement of claim
12, wherein the first multi-band antenna and the second multi-
band antenna reside on a keypad board of the wireless com-
munication device.

18. The split band diversity antenna arrangement of claim
12, wherein the first multi-band antenna and the second multi-
band antenna are separately located and wherein the wireless
communication device operates to switch phone operation
between bands associated with the separately located anten-
nas based on hand grip loading imposed on the antennas.

19. A communication device, comprising:

a split band diversity antenna arrangement;

a communication circuit coupled to the split band diversity
antenna arrangement; and

a controller operable to cause the communication circuit to
process signals associated with a wireless communica-
tion system, and wherein the split band diversity antenna
arrangement comprises:

a first antenna coupled to a diversity receiver optimized for
operation in at least a lower band under a 1000 MHz
range, wherein the first antenna is located at a bottom
portion of the communication device;

a second antenna coupled to a dual band transceiver and
designed and constructed to operate in at least a non-
contiguous higher band than the first antenna, wherein
the second antenna is located remote from the first
antenna and at a top portion of the communication
device;

a band splitter splitting an input from the first antenna into
a first output and a second output, wherein the first
output serves as an input to the diversity receiver; and

a band combiner that combines the second output of the
band splitter with a signal from the second antenna to
provide an input signal to the dual band transceiver.

20. The communication device of claim 19, wherein the
controller is operable to cause the communication device to
switch operation between bands associated with the sepa-
rately located antennas based on a hand grip loading imposed
on the antennas as a user holds the communication device.

sk sk sk sk sk
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(57) ABSTRACT

An antenna element includes: a first conductive plate which is
approximately rectangular; a second conductive plate which
shares one side of the first conductive plate in the width
direction, which is placed substantially perpendicularly to the
first conductive plate, and which is approximately rectangu-
lar; a third conductive plate which shares another side of the
second conductive plate in the width direction, the other side
being opposed to the one side shared with the first conductive
plate, which is placed perpendicularly to be opposed to the
first conductive plate, and which is approximately rectangu-
lar; a fourth conductive plate which shares one sides of the
first conductive plate, the second conductive plate, and the
third conductive plate; a sixth conductive plate which extends
from one side of the fourth conductive plate that does not
share one sides of the first conductive plate, the second con-
ductive plate, and the third conductive plate, and which is
placed substantially perpendicularly to the fourth conductive
plate; slits which are disposed respectively between the sixth
conductive plate, and the first conductive plate and the third
conductive plate; a short pin which connects the ground plate
to the first conductive plate or the second conductive plate;
and a feed pin which is connected to the first conductive plate
or the second conductive plate in parallel to the short pin and
in adjacent to the short pin.
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ANTENNA ELEMENT

TECHNICAL FIELD

[0001] The present invention relates to an antenna element
which can cope with wideband and multiband transmission.

BACKGROUND ART

[0002] Recently, a request for adding functions of a plural-
ity of radio systems such as GPS and Bluetooth (registered
trademark) to a portable radio device (such as a portable
telephone) is increasing. When a plurality of radio systems
are to be disposed in a portable telephone, the frequency band
to be used is wider, and the portable telephone must cope with
the 1.5 GHz band for GPS and the 2.4 GHz band for Bluetooth
in addition to, for example, three bands of the 800 MHz band,
the 1.7 GHz band, and 2 GHz band which are used in com-
munication between portable telephones. When a plurality of
radio systems is to be disposed in a portable telephone, there-
fore, a built-in antenna must ensure predetermined antenna
performance with respect to a plurality of frequency bands.
[0003] FIG. 24 is a perspective view of a rectangular par-
allelepiped antenna element which is disclosed in Patent Ref-
erence 1. The antenna element shown in FIG. 24 is a three-
dimensionally shaped antenna element that has first and
second faces which are opposed to each other, and a third face
through which the two faces are coupled to each other, and
includes a core 1 which is smaller as compared with the
operating wavelength, and which is made of a dielectric mate-
rial, and conductive thin films 2, to 2; which are formed on the
first to third faces, respectively. Because of the shape of the
antenna element, an effect in which the wavelength is further
shortened by a fraction is obtained in addition to the wave-
length shortening due to the dielectric material.

[0004] FIG. 25 is an external view showing an antenna in
which an antenna element of Patent Reference 2 is formed. In
the antenna shown in FIG. 25, a bended dipole antenna 32 one
end of which is connected to a feeding terminal 31, and the
other end of which is connected to a grounding terminal 36 is
formed on the surface of an antenna chip 20, one end of a
monopole antenna 41 is connected to the bended dipole
antenna 32, and the monopole antenna 41 is formed on the
back and side faces of the antenna chip 20. The antenna
shown FIG. 25 includes the dipole antenna 32 and the mono-
pole antenna 41. Therefore, the antenna has multiband char-
acteristics.

[0005] FIG. 26 has a view abstractly showing the structure
of an antenna of Patent Reference 3. The antenna shown in
FIG. 26 is an inverted F antenna configured by a planar
conductive plate, and a tip end portion is bent two times
toward a conductive ground plate 303 to configure two faces
in which an open end is adjacent to the conductive ground
plate 303. Therefore, a capacitor is formed between the tip
end portion and the conductive ground plate 303, and both the
lowering of the resonant frequency and wider bandwidth are
attained.

[0006] Patent Reference 1: JP-A-8-084013

[0007] Patent Reference 2: JP-A-2006-246070

[0008] Patent Reference 3: JP-A-2002-223114
DISCLOSURE OF THE INVENTION
Problems that the Invention is to Solve

[0009] In order to cause the antenna element disclosed in

Patent Reference 1 to cope with a low frequency band, the size
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of the antenna element must be increased. In order to cause
the antenna element to cope with multiband transmission,
furthermore, a plurality of antenna elements is required, and
therefore the mounting volume becomes large.

[0010] The antenna chip disclosed in Patent Reference 2 is
effective in attaining multiband transmission, but has prob-
lems in further miniaturization of the antenna element and
wider bandwidth. The planar inverted F antenna disclosed in
Patent Reference 3 requires the conductive ground plate 11
below the antenna element. In order to realize wideband, the
distance with respect to the conductive ground plate 11 must
be about 7 mm, and hence the antenna is not suitable for a thin
electronic apparatus such as a portable telephone.

[0011] The invention has been conducted in view of the
above-discussed circumstances. It is an object of the inven-
tion to provide an antenna element which is small, which
produces a high gain, in which the band can be wider, and
which can cope with multiband transmission.

Means for Solving the Problems

[0012] The invention provides an antenna element com-
prising: a first conductive plate which is placed with being
separated from a ground plate by a predetermined interval,
and which is approximately rectangular; a second conductive
plate which shares one side of the first conductive plate in a
width direction, which is placed at about 90 degrees with
respect to the first conductive plate, and which is approxi-
mately rectangular; a third conductive plate which shares
another side of the second conductive plate in the width
direction, the another side being opposed to the one side
shared with the first conductive plate, which is placed at about
90 degrees so as to be opposed to the first conductive plate,
and which is approximately rectangular; a fourth conductive
plate which shares one sides of the first conductive plate, the
second conductive plate, and the third conductive plate; a
sixth conductive plate which extends from one side of the
fourth conductive plate that does not share the one sides ofthe
first conductive plate, the second conductive plate, and the
third conductive plate, and which is placed at about 90
degrees with respect to the fourth conductive plate; slits
which are disposed respectively between the sixth conductive
plate, and the first conductive plate and the third conductive
plate; a short pin which connects the ground plate to the first
conductive plate or the second conductive plate; and a feed
pin which is connected to the first conductive plate or the
second conductive plate in parallel to the short pin and in
adjacent to the short pin.

[0013] The antenna element includes: a fifth conductive
plate which is placed at a position opposed to the fourth
conductive plate across the first conductive plate, the second
conductive plate, and the third conductive plate, and which
shares one sides of the first conductive plate, the second
conductive plate, and the third conductive plate; a ninth con-
ductive plate which extends from one side of the fifth con-
ductive plate that does not share the one sides of the first
conductive plate, the second conductive plate, and the third
conductive plate, and which is placed at about 90 degrees with
respect to the fifth conductive plate; and slits which are dis-
posed respectively between the ninth conductive plate, and
the first conductive plate and the third conductive plate.
[0014] Inthe antennaelement, the short pin and the feed pin
are connected to the first conductive plate or the second con-
ductive plate in a substantially middle in a width direction of
the first conductive plate or the second conductive plate.
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[0015] Intheantennaelement, the short pinand the feed pin
are rectangular thin plates, and a length of one side in the
width direction of the first conductive plate or the second
conductive plate is equal to or smaller than a total of a width
of'the short pin, an interval between the short pin and the feed
pin, and a width of the feed pin.

[0016] In the antenna element, the width of the short pin is
equal to the width of the feed pin.

[0017] Inthe antenna element, the sixth conductive plate is
formed into a meander shape by a strip line.

[0018] Inthe antenna element, the ninth conductive plate is
formed into a meander shape by a strip line.

[0019] In the antenna element, a space formed by the first
conductive plate, the second conductive plate, the third con-
ductive plate, and the fourth conductive plate is filled with a
dielectric material or a magnetic material.

[0020] The invention provides an antenna element com-
prising: a first conductive plate which is placed with being
separated from a ground plate by a predetermined interval,
and which is approximately rectangular; a second conductive
plate which shares one side of the first conductive plate in a
width direction, which is placed at about 90 degrees with
respect to the first conductive plate, and which is approxi-
mately rectangular; a fourth conductive plate which shares
one sides of the first conductive plate and the second conduc-
tive plate; a sixth conductive plate and seventh conductive
plate which extend respectively from two adjacent sides of the
fourth conductive plate that do not share the one sides of the
first conductive plate and the second conductive plate, and
which are placed at about 90 degrees with respect to the fourth
conductive plate; slits which are disposed respectively
between the sixth conductive plate and the seventh conduc-
tive plate, and the first conductive plate and the second con-
ductive plate; a short pin which connects the ground plate to
the first conductive plate or the second conductive plate; and
a feed pin which is connected to the first conductive plate or
the second conductive plate in parallel to the short pin and in
adjacent to the short pin.

[0021] The antenna element includes: a fifth conductive
plate which is placed at a position opposed to the fourth
conductive plate across the first conductive plate and the
second conductive plate, and which shares one sides of the
first conductive plate and the second conductive plate; a ninth
conductive plate and the tenth conductive plate which extend
respectively from two adjacent sides of the fifth conductive
plate that do not share the one sides of the first conductive
plate and the second conductive plate, and which are placed at
about 90 degrees with respect to the fifth conductive plate;
and slits which are disposed respectively between the ninth
conductive plate and the tenth conductive plate, and the first
conductive plate and the second conductive plate.

[0022] In the antenna element, one side of the sixth con-
ductive plate is shared with one side of the seventh conductive
plate to form an L-shaped folded portion.

[0023] In the antenna element, one side of the ninth con-
ductive plate is shared with one side of the tenth conductive
plate to form an L-shaped folded portion.

[0024] Intheantennaelement, the short pin and the feed pin
are connected to the first conductive plate or the second con-
ductive plate in a substantially middle in a width direction of
the first conductive plate or the second conductive plate.
[0025] Intheantennaelement, the short pin and the feed pin
are rectangular thin plates, and a length of one side in the
width direction of the first conductive plate or the second
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conductive plate is equal to or smaller than a total of a width
of'the short pin, an interval between the short pin and the feed
pin, and a width of the feed pin.

[0026] In the antenna element, the width of the short pin is
equal to the width of the feed pin.

[0027] Inthe antenna element, the sixth conductive plate or
the seventh conductive plate is formed into a meander shape
by a strip line.

[0028] Inthe antenna element, the ninth conductive plate or
the tenth conductive plate is formed into a meander shape by
a strip line.

[0029] In the antenna element, a space formed by the first
conductive plate, the second conductive plate, and the fourth
conductive plate is filled with a dielectric material or a mag-
netic material.

[0030] The invention provides an antenna element com-
prising: a second conductive plate which is placed with being
separated from a ground plate by a predetermined interval,
and which is approximately rectangular; a fourth conductive
plate which shares one side of the second conductive plate,
the one side being separated from the ground plate, and which
is placed at about 90 degrees with respect to the second
conductive plate; a sixth conductive plate, a seventh conduc-
tive plate, and an eighth conductive plate which extend
respectively from three sides of the fourth conductive plate
that do not share the one side of the second conductive plate,
which are placed at about 90 degrees with respect to the fourth
conductive plate, and which share respectively adjacent sides
to form a U-shaped folded portion; slits which are disposed
between the sixth conductive plate, the seventh conductive
plate, and the eighth conductive plate, and the second con-
ductive plate; a short pin which connects the ground plate to
the second conductive plate; and a feed pin which is con-
nected to the second conductive plate in parallel to the short
pin and in adjacent to the short pin.

[0031] The antenna element includes: a fifth conductive
plate which is placed at a position opposed to the fourth
conductive plate across the second conductive plate, and
which shares one side of the second conductive plate; a ninth
conductive plate, a tenth conductive plate, and an eleventh
conductive plate which extend respectively from three sides
of'the fifth conductive plate that do not share the one side of
the second conductive plate, which are placed at about 90
degrees with respect to the fifth conductive plate, and which
share respectively adjacent sides to form a U-shaped folded
portion; and slits which are disposed respectively between the
ninth conductive plate, the tenth conductive plate, and the
eleventh conductive plate, and the second conductive plate.
[0032] Intheantennaelement, the short pin and the feed pin
are connected to the second conductive plate in a substantially
middle in a width direction of the second conductive plate.
[0033] Intheantennaelement, the short pin and the feed pin
are rectangular thin plates, and a length of one side in the
width direction of the second conductive plate is equal to or
smaller than a total of a width of the short pin, an interval
between the short pin and the feed pin, and a width of the feed
pin.

[0034] In the antenna element, the width of the short pin is
equal to the width of the feed pin.

[0035] In the antenna element, the sixth conductive plate,
the seventh conductive plate, or the eighth conductive plate is
formed into a meander shape by a strip line.
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[0036] In the antenna element, the ninth conductive plate,
the tenth conductive plate, or the eleventh conductive plate is
formed into a meander shape by a strip line.

[0037] In the antenna element, a space formed by the sec-
ond conductive plate, the fourth conductive plate, the sixth
conductive plate, the seventh conductive plate, and the eighth
conductive plate is filled with a dielectric material or a mag-
netic material.

EFFECTS OF THE INVENTION

[0038] According to the antenna element of the invention,
the size is small, the gain is high, the band can be wider, and
the antenna element can cope with multiband transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 is a perspective view showing an antenna
element of a planar monopole antenna.

[0040] FIG. 2 is a perspective view showing an antenna
element of a box monopole antenna.

[0041] FIG. 3 is a graph showing the VSWR characteristics
of the antenna element of the planar monopole antenna.
[0042] FIG. 4is a graph showing the VSWR characteristics
of the antenna element of the box monopole antenna.

[0043] FIG. 5 is a perspective view showing an antenna
element of a box monopole antenna in which a short pin is
disposed.

[0044] FIG. 6 is a graph showing the VSWR characteristics
of'the antenna element of the box monopole antenna in which
a short pin is disposed.

[0045] FIG. 7 is a perspective view showing an antenna
element of a first embodiment.

[0046] FIG. 8isa graph showing the VSWR characteristics
of the antenna element of the first embodiment in the case
where a feed pin and a short pin have a width of 6 mm.
[0047] FIG.9isagraph showing the VSWR characteristics
of the antenna element of the first embodiment in the case
where the feed pin and the short pin have a width of 3 mm.
[0048] FIG. 10 is a perspective view showing an antenna
element of another embodiment.

[0049] FIG.11(a)is a graph showing the VSWR character-
istics of the antenna element shown in FIG. 10, and FIG. 11(54)
is a graph showing the VSWR characteristics of the antenna
element of the first embodiment.

[0050] FIGS. 12(a) and (b) are views showing a section of
an antenna element in which a first antenna element has a
box-like shape.

[0051] FIGS. 13(a) and (b) are perspective views showing
a modification of the antenna element of the first embodi-
ment.

[0052] FIGS.14(a), (b)and (c) are perspective views show-
ing a modification of the antenna element of the first embodi-
ment.

[0053] FIG.15isa view showing the antenna element of the
first embodiment shown in FIG. 7 in which a second antenna
element has a meander structure.

[0054] FIG. 16 is a perspective view showing an antenna
element of a second embodiment.

[0055] FIG. 17 is a graph showing the VSWR characteris-
tics of the antenna element of the second embodiment.
[0056] FIG. 18 is a perspective view showing an antenna
element of a third embodiment.

[0057] FIG. 19 is a perspective view showing a modifica-
tion of the antenna element of the third embodiment.

Jan. 13, 2011

[0058] FIG. 20 is a perspective view showing a modifica-
tion of the antenna element of the third embodiment.

[0059] FIG. 21 is a perspective view showing a modifica-
tion of the antenna element of the third embodiment.

[0060] FIG. 22 is a perspective view showing an antenna
element of a fourth embodiment.

[0061] FIG. 23 is a perspective view showing a modifica-
tion of the antenna element of the fourth embodiment.
[0062] FIG. 24 is a perspective view of a rectangular par-
allelepiped antenna element which is disclosed in Patent Ref-
erence 1.

[0063] FIG. 25is an external view showing an antenna chip
in which an antenna element of Patent Reference 2 is formed.
[0064] FIGS. 26(a) and (b) have a view abstractly showing
the structure of an antenna of Patent Reference 3.

DESCRIPTION OF REFERENCE NUMERALS

AND SIGNS
[0065] 51 first conductive plate
[0066] 52 second conductive plate
[0067] 53 third conductive plate
[0068] 54 fourth conductive plate
[0069] 55 fifth conductive plate
[0070] 56, 56' sixth conductive plate
[0071] 57, 57 seventh conductive plate
[0072] 58 eighth conductive plate
[0073] 59 ninth conductive plate
[0074] 61, 61 feed pin
[0075] 63, 63" short pin
[0076] 75 feed point
[0077] 71 printed board

BEST MODE FOR CARRYING OUT THE
INVENTION

[0078] Hereinafter, embodiments of the invention will be
described with reference to the drawings.

[0079] FIG. 1 shows a planar monopole antenna which is
fed at an end of a ground plane, and which has a thickness of
0.5 mm, and FIG. 2 shows a box monopole antenna 50 which
is placed at a similar position, and in which the external shape
configured by five conductor faces has a rectangular parallel-
epiped shape. The external shape of the box monopole
antenna has a thickness of 2.0 mm, and the antenna is placed
in a direction in which only one face that is upward directed in
the case where the ground side is placed on the lower side is
not provided with a conductive plate. The effects of the inven-
tion will be shown by comparing the characteristics of the
monopole antenna having a basic shape by using the follow-
ing simulation results. FIG. 3 is a graph showing the VSWR
characteristics of the antenna element of the planar monopole
antenna, and FIG. 4 is a graph showing the VSWR character-
istics of the antenna element of the box monopole antenna.
[0080] As shown in FIG. 3, when the antenna element is a
planar monopole antenna, the frequency band of VSWR=3.5
is from 2.06 GHz to 3.46 GHz, and the fractional bandwidth
is about 50.7%. As shown in FIG. 4, when the antenna ele-
ment is a box monopole antenna, by contrast, the frequency
band of VSWR=3.5 is from 1.92 GHz to 3.45 GHz, and the
fractional bandwidth in which the bandwidth is indicated by
the center frequency of the corresponding band is about
54.5%. In this way, when an antenna element is formed into a
pentahedron box-like shape, it is expected to obtain an effect
of wider bandwidth of the fractional bandwidth. Inan antenna
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element having a box-like shape, however, a particular effect
cannot be obtained in the viewpoint of the mounting area.
[0081] Next, two kinds of antenna elements will be com-
pared with each other. In an antenna element shown in FIG. 5,
afeedpin 61 is disposed in the box monopole antenna 50, and
a short pin 63 is disposed in adjacent to the feed pin 61 to form
aninverted F antenna (PIFA: planar inverted F antenna) feed-
ing structure. Generally, an inverted F antenna includes a
planar element, and has a feature that the antenna can be
configured as a low-profile with respect to the ground surface,
and a linear inverted F antenna has a narrow band. In this
study, a linear inverted F antenna is configured by a box-like
shape to obtain a new effect. The short pin 63 is a rectangular
thin plate which connects the ground surface of a printed
board 71 to the monopole antenna 50, and disposed in parallel
to the feed pin 61. FIG. 6 is a graph showing the VSWR
characteristics of an antenna element having a short pin.
[0082] AsshowninFIG. 6, when the antenna element of the
box monopole antenna has the short pin 63, the frequency
band of VSWR=3.5 is from 1.88 GHz to 3.35 GHz, and the
fractional bandwidth is about 56%. These characteristics are
equivalent to those in the case of a monopole antenna, and,
also when the inverted F feeding is performed on a box
antenna, it is expected to obtain a similar effect of wider
bandwidth.

First Embodiment

[0083] Hereinafter, an antenna element of a first embodi-
ment which is different from the above-described planar or
pentahedron box antenna element will be described. FIG. 7 is
a perspective view showing the antenna element of the first
embodiment. As shown in FIG. 7, the antenna element of the
first embodiment includes a first conductive plate 51, a second
conductive plate 52, a third conductive plate 53, a fourth
conductive plate 54, a fifth conductive plate 55, a sixth con-
ductive plate 56, a feed pin 61, and a short pin 63.

[0084] The first conductive plate 51 is a substantially rect-
angular thin conductor which is placed with being separated
from a ground plate by a predetermined interval. For
example, the long side is 24 mm in length, and the short side
is S mm in length. The first conductive plate 51 and the second
conductive plate 52 share one side (long side) in the width
direction, and are placed in a state where they are bent at an
angle of about 90 degrees. The second conductive plate 52 is
a substantially rectangular thin conductor, shares one side of
the first conductive plate 51 in the width direction, and is
placed while being bent at about 90 degrees with respect to
(the surface direction of) the first conductive plate 51.
[0085] The third conductive plate 53 is a substantially rect-
angular thin conductor, shares one of two sides (long sides) of
the second conductive plate 52 in the width direction, the one
side being not shared with the first conductive plate 51, is
placed in a state where it is bent at an angle of about 90
degrees. The third conductive plate 53 is placed in a state
where it is bent at an angle of about 90 degrees with respect to
the second conductive plate 52, so as to be opposed to the first
conductive plate 51.

[0086] The fourth conductive plate 54 is a substantially
rectangular thin conductor, and shares sides (three sides) with
respective one sides (short sides) of the first conductive plate
51, the second conductive plate 52, and the third conductive
plate 53. The fourth conductive plate 54 is disposed on the end
face which is separated from a feed point 65.
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[0087] The fifth conductive plate 55 is a substantially rect-
angular thin conductor, and shares sides (three sides) with
respective one sides (short sides) of the first conductive plate
51, the second conductive plate 52, and the third conductive
plate 53. The fifth conductive plate 55 is disposed on the end
face which is close to the feed point 65.

[0088] The sixth conductive plate 56 is a substantially rect-
angular thin conductor, extends from one side of the fourth
conductive plate 54 which does not share one sides of the first
conductive plate 51, the second conductive plate 52, and the
third conductive plate 53, and is placed in a state where it is
bent at about 90 degrees with respect to the fourth conductive
plate 54. The both side ends of the sixth conductive plate 56
are not coupled to the first conductive plate 51 and the third
conductive plate 53, and slit-like gaps (hereinafter, referred to
as “slits”) are disposed between the sixth conductive plate 56,
and the first conductive plate 51 and the third conductive plate
53. Also an end portion of the sixth conductive plate 56 which
is opposite to the fourth conductive plate 54 is not coupled to
the fifth conductive plate 55.

[0089] The feed pin 61 and the short pin 63 are rectangular
thin plates, and placed in parallel to each other with being
separated by a predetermined interval. Inthe embodiment, the
feed pin 61 and the short pin 63 are disposed in a corner of the
printed board 71. A power is fed from the feed point 65 to the
first conductive plate 51 through the feed pin 61. The first
conductive plate 51 is connected to the ground surface of the
printed board 71 through the short pin 63.

[0090] As the widths of the feed pin 61 and the short pin 63
are larger, a larger current flows through the ground surface of
the printed board 71, and hence the band of the antenna
element is broadened. When the width of the feed pin 61 is
made equal to that of the short pin 63, broadband matching is
easily attained. When a current is aggressively flown not only
through the first to sixth conductive plates but also through the
ground surface formed by a conductor, namely, the band-
width is broadened, and hence the band of the antenna ele-
ment is broadened. When a large current flows to the ground
side, however, the antenna element may be adversely influ-
enced from the viewpoint of design. Preferably, therefore, an
antenna element is caused to cope with the required band by
adjusting the antenna element.

[0091] Furthermore, the interval between the feed pin 61
and the short pin 63 affects the resonant frequency of the
antenna element configured by the first to fifth conductive
plates 51 to 55. The resonant frequency of the antenna ele-
ment configured by the sixth conductive plate 56 is affected
by the length of the sixth conductive plate 56 which extends
from the fourth conductive plate 54.

[0092] When a pentahedron configured by the first to fifth
conductive plates 51 to 55 is set as a first antenna element, and
the sixth conductive plate 56 is set as a second antenna ele-
ment, the first antenna element has broadband characteristics
having various current distributions, and the second antenna
element resonates in a specific band. FIGS. 8 and 9 are graphs
showing the VSWR characteristics of the antenna element of
the first embodiment. The graph of FIG. 8 shows the case
where the feed pin 61 and the short pin 63 have a width of 6
mm, and that of FIG. 9 shows the case where the feed pin 61
and the short pin 63 have a width of 3 mm.

[0093] AsshowninFIGS. 8 and 9, the first antenna element
resonates in the 2 GHz band, and exhibits broadband charac-
teristics. By contrast, the second antenna element resonates in
the vicinity of 3.3 GHz which is different from the resonant
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frequency of the first antenna element. In the graph shown in
FIG. 8, the frequency band of VSWR=3.5is from 2.0 GHz to
4.22 GHz, and the fractional bandwidth is about 71%. In the
graph shown in FIG. 9, the frequency band of VSWR=3.5is
from 1.9 GHz to 3.58 GHz, and the fractional bandwidth is
about 61%. In this way, the widths of the feed pin 61 and the
short pin 63 influence the respective bandwidths, and, as the
pin width is larger, the band is broader so that broadband
characteristics are easily obtained.

[0094] The sixth conductive plate 56 having a length of
16.1 mm has a dimension of A/4 at about 4.5 GHz. As
described above, however, the slits are disposed between the
sixth conductive plate 56, and the first conductive plate 51 and
the third conductive plate 53 are disposed, and hence a capaci-
tance component is obtained between the second antenna
element and the first antenna element, with the result that the
resonant frequency due to the second antenna element is
lowered by about 1 GHz. The slits have a width which is
approximately at 0.02A or less with respect to the resonant
frequency A of the second antenna element, or which is, for
example, 0.5 mm.

[0095] FIG. 10 shows a similar shape in which a simple
folded element that is different from the embodiment is dis-
posed, and which is configured by the same projection
amount, or a configuration in which the first antenna element
is configured only by the first conductive plate 51, and a slit is
disposed between the sixth conductive plate 56 constituting
the second antenna element, and the first conductive plate 51.
FIG. 11(a) is a graph showing the VSWR characteristics of
the antenna element shown in FIG. 10, and FIG. 11(5) is a
graph showing the VSWR characteristics of the antenna ele-
ment of the first embodiment. As shown in FIG. 11, in the
antenna element shown in FIG. 10, the second antenna ele-
ment resonates in the vicinity of 4.3 GHz, and, in the antenna
element of the embodiment, the second antenna element reso-
nates in the vicinity of 3.3 GHz. As described above, in the
proposed structure in which the first antenna element has a
pentahedron box-like shape and the slits are disposed with
respectto the second antenna element, the resonant frequency
of'the second antenna element is largely lowered. This is very
advantageous in realizing miniaturization which is required
in an antenna. Also in the band, when the band in the second
antenna element is compared, the fractional bandwidth,
which was 4.6%, can be broadened to 7.5%.

[0096] Even in the case where the first antenna element has
abox-like shape, when the second antenna element is facially
opposed to the first antenna element as shown in FIG. 12(a),
currents flow through the opposed surfaces in a reversed
phase relationship, and hence radiation due to the second
antenna element is blocked. In the embodiment, by contrast,
the second antenna element is not facially contacted with the
first antenna element as shown in FIG. 12(5), and the slits are
disposed between the second antenna element and the first
antenna element. Since an adequate capacitance component
is disposed in the slits, it is expected to exert double effects
that the electrical length of the second antenna element can be
prolonged, and that an adverse influence on radiation due to
the reversed phase current can be reduced.

[0097] As described above, according to the embodiment,
the first antenna element and the second antenna element have
respective different resonant frequency bands, and the reso-
nant frequency can be adjusted by adjusting the length of the
sixth conductive plate 56 constituting the second antenna
element, the widths of the feed pin 61 and the short pin 63, and
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the interval between the feed pin 61 and the short pin 63.
Therefore, it is possible to provide an antenna element which
can cope with band broadening and multiband transmission.
[0098] The first antenna element is not limited to a penta-
hedron box-like shape in which the upper face is opened.
Alternatively, the element may have a shape in which the
lower face is opened or a side face is opened as shown in FIG.
13. In this case, the sixth conductive plate 56 extends from the
fourth conductive plate 54 toward the opened face. As shown
in FIG. 14, the fifth conductive plate 55 is not always required
to be disposed.

[0099] The feed pin 61 and the short pin 63 are not always
required to be disposed in a corner of the printed board 71, and
may be disposed in the middle of the printed board 71.
[0100] The conductive plate forming the second antenna
element in the embodiment may be replaced with a meander
structure in which the element length can be made electrically
longer by a slender line path. FIG. 15 is a view showing the
antenna element of the embodiment shown in FIG. 7 in which
the second antenna element has a meander structure. When
slits are disposed between the first conductive plate 51 and the
third conductive plate 53, and a meander element as shown in
FIG. 15, it is possible to obtain a resonant frequency which is
lower than that in the case where the second antenna element
is configured by a conductive plate. Therefore, flexibility in
antenna element design is enhanced.

Second Embodiment

[0101] An antenna element of a second element will be
described. Among components constituting the antenna ele-
ment of the second embodiment, components which are iden-
tical with those of the antenna element that has been described
as the first embodiment are denoted by the same reference
numerals, and duplicated description is omitted.

[0102] FIG. 16 is a perspective view showing the antenna
element of the second embodiment. As shown in FIG. 16, the
antenna element of the second embodiment includes the first
conductive plate 51, the second conductive plate 52, the
fourth conductive plate 54, the fifth conductive plate 55, the
sixth conductive plate 56, a ninth conductive plate 59, a feed
pin 61', and a short pin 63'.

[0103] The ninth conductive plate 59 is a substantially rect-
angular thin conductor, extends from one side of the fifth
conductive plate 55 which does not share one sides of the first
conductive plate 51, the second conductive plate 52, and the
third conductive plate 53, and is placed in a state where it is
bent at about 90 degrees with respect to the fifth conductive
plate 55. The both side ends of the ninth conductive plate 59
are not coupled to the first conductive plate 51 and the third
conductive plate 53, and slit-like gaps (hereinafter, referred to
as “slits”) are disposed between the ninth conductive plate 59,
and the first conductive plate 51 and the third conductive plate
53. An end portion of the ninth conductive plate 59 which is
opposite to the fifth conductive plate 55 is not coupled to the
sixth conductive plate 56.

[0104] The feed pin 61' and the short pin 63' are rectangular
thin plates, and placed in parallel to each other with being
separated by a predetermined interval. Inthe embodiment, the
feed pin 61' and the short pin 63' are disposed in a substan-
tially middle of the printed board 71. A power is fed from the
feed point 65 to the first conductive plate 51 through the feed
pin 61'. The first conductive plate 51 is connected to the
ground surface of the printed board 71 through the short pin
63'. Also in the embodiment, similarly with the first embodi-
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ment, the resonant frequency of the antenna element config-
ured by the first to fifth conductive plates 51 to 55 can be
adjusted by adjusting the widths of the feed pin 61' and the
short pin 63', and the interval between the feed pin 61' and the
short pin 63'.

[0105] When a pentahedron configured by the first to fifth
conductive plates 51 to 55 is set as a first antenna element, the
sixth conductive plate 56 is set as a second antenna element,
and the ninth conductive plate 59 is set as a third antenna
element, the first antenna element has wideband characteris-
tics having various current distributions, and the second
antenna element and the third antenna element resonate in
specific bands, respectively.

[0106] FIG. 17 is a graph showing the VSWR characteris-
tics of the antenna element of the second embodiment. As
shown in FIG. 17, the first antenna element resonates in the
band in the vicinity of 1.9 GHz, the second antenna element
resonates in the band in the vicinity of 3.3 GHz, and the third
antenna element resonates in the band in the vicinity of 2.8
GHz. In the graph shown in FIG. 17, the frequency band of
VSWR=3.5is from 1.86 GHzt03.63 GHz, and the fractional
bandwidth is about 64.4%.

[0107] Inthe embodiment, the length of the sixth conduc-
tive plate 56 which extends from the fourth conductive plate
54 is equal to that of the ninth conductive plate 59 which
extends from the fifth conductive plate 55. However, the
electrical lengths from the feed pin 61' to the sixth conductive
plate 56 and the ninth conductive plate 59 are different from
each other. In the example shown in FIG. 16, therefore, the
electrical length to the ninth conductive plate 59 which is the
third antenna element is longer than the electric length to the
sixth conductive plate 56 which is the second antenna ele-
ment, and hence the third antenna element resonates at a
lower frequency.

[0108] However, the length of the sixth conductive plate 56
is not necessary to be equal to that of the ninth conductive
plate 59. When the lengths of the sixth conductive plate 56
and the ninth conductive plate 59 are different from each
other, they resonate respectively at further different frequen-
cies, and therefore it is possible to flexibly cope with multi-
band transmission.

[0109] As described above, according to the embodiment,
the first antenna element, the second antenna element, and the
third antenna element have respective different resonant fre-
quency bands, and the resonant frequency can be adjusted by
adjusting the length of the sixth conductive plate 56 consti-
tuting the second antenna element, that of the ninth conduc-
tive plate 59 constituting the third antenna element, the widths
of the feed pin 61' and the short pin 63', and the interval
between the feed pin 61' and the short pin 63'. Therefore, it is
possible to provide an antenna element which can cope with
wider bandwidth and multiband transmission.

[0110] The first antenna element is not limited to a penta-
hedron box-like shape in which the upper face is opened.
Alternatively, the element may have a shape in which the
lower face is opened, or the side face is opened.

Third Embodiment

[0111] In the embodiments described above, the second
antenna element is configured by the single conductive plate.
In the third embodiment, the second antenna element is con-
figured by two conductive plates. FIG. 18 is a perspective
view showing the antenna element of the third embodiment.
As shown in FIG. 18, the antenna element of the third
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embodiment includes the first conductive plate 51, the second
conductive plate 52, the fourth conductive plate 54, the fifth
conductive plate 55, the sixth conductive plate 56, a seventh
conductive plate 57, the feed pin 61, and the short pin 63.
Among components constituting the antenna element of the
third embodiment, components which are identical with
those of the antenna element that has been described as the
first embodiment are denoted by the same reference numer-
als, and duplicated description is omitted.

[0112] The seventh conductive plate 57 is a substantially
rectangular thin conductor, extends from one of two adjacent
sides of the fourth conductive plate 54 that does not share one
sides of the first conductive plate 51 and the second conduc-
tive plate 52, and is placed in a state where it is bent at about
90 degrees with respect to the fourth conductive plate 54. The
both side ends of the seventh conductive plate 57 are not
coupled to the second conductive plate 52 and the sixth con-
ductive plate 56, and slit-like gaps (hereinafter, referred to as
“slits™) are disposed between the sixth conductive plate 56
and the first conductive plate 51, the sixth conductive plate 56
and the seventh conductive plate 57, and the seventh conduc-
tive plate 57 and the second conductive plate 52. Also an end
portion of the seventh conductive plate 57 which is opposite
to the fourth conductive plate 54 is not coupled to the fifth
conductive plate 55.

[0113] Inthe embodiment, the first antenna element is con-
figured by the first conductive plate 51, the second conductive
plate 52, the fourth conductive plate 54, and the fifth conduc-
tive plate 55, the second antenna element is configured by the
sixth conductive plate 56, and the third antenna element is
configured by the seventh antenna element 57. According to
the antenna element of the embodiment, the first antenna
element has broadband characteristics having various current
distributions, and the second antenna element and the third
antenna element resonate in respective different specific
bands.

[0114] According to the embodiment, the first antenna ele-
ment, the second antenna element, and the third antenna
element have respective different resonant frequency bands,
and the resonant frequency can be adjusted by adjusting the
length of the sixth conductive plate 56 constituting the second
antenna element, and that of the seventh antenna element 57
constituting the third antenna element. Therefore, it is pos-
sible to provide an antenna element which can cope with
wider bandwidth and multiband transmission.

[0115] As a modification of the third embodiment, an
antenna element shown in FIG. 19 may be configured simi-
larly to the relationship between the first embodiment and the
second embodiment. Namely, a fourth antenna element (a
ninth conductive plate) and fifth antenna element (tenth con-
ductive plate) corresponding to the second antenna element
and the third antenna element may be disposed also on the
side of the fifth conductive plate 55.

[0116] Furthermore, as a modification of the third embodi-
ment, as shown in FIG. 20, sides of the sixth conductive plate
56 and the seventh conductive plate 57 which are adjacent to
each other are coupled together, and a sixth conductive plate
56' and seventh conductive plate 57" having an [ word-like
section may be disposed as the second antenna clement.
When the area of the second antenna element is increased, the
effect that the bandwidth is broadened by the second antenna
element becomes remarkable. Similarly to the relationship
between the first embodiment and the second embodiment, an
antenna element shown in FIG. 21 may be configured.
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Namely, a third antenna element corresponding to the second
antenna element may be disposed also on the side of the fifth
conductive plate 55.

Fourth Embodiment

[0117] In the third embodiment, the second antenna ele-
ment is configured by two conductive plates. In the fourth
element, the second antenna element is configured by three
conductive plates. FIG. 22 is a perspective view showing the
antenna element of the fourth embodiment. As shown in FIG.
22, the antenna element of the fourth embodiment includes a
first conductive plate 51', the second conductive plate 52, a
third conductive plate 53', the fourth conductive plate 54, the
fifth conductive plate 55, a sixth conductive plate 56', a sev-
enth conductive plate 57', an eighth conductive plate 58, the
feed pin 61, and the short pin 63. The feed pin 61 and the short
pin 63 are similar to those of the first embodiment.

[0118] The first conductive plate 51" is an [, word-like thin
conductor which is placed with being separated from the
ground plate by a predetermined interval. A long side of the
outer circumference of the first conductive plate 51', and one
side (long side) of'the second conductive plate 52 in the width
direction are shared, and placed in a state where they are bent
at an angle of about 90 degrees. The second conductive plate
52 is a substantially rectangular thin conductor, shares a long
side of the outer circumference of the first conductive plate
51", and is placed while being bent at about 90 degrees with
respect to (the surface direction of) the first conductive plate
51

[0119] The third conductive plate 53' is an L word-like thin
conductor. A long side of the outer circumference of the third
conductive plate 53', and one of two sides (long sides) of the
second conductive plate 52 in the width direction are shared,
the one side being not shared with the first conductive plate
51", and placed in a state where they are bent at an angle of
about 90 degrees. The third conductive plate 53' is placed in a
state where it is bent at an angle of about 90 degrees with
respect to the second conductive plate 52, so as to be opposed
to the first conductive plate 51".

[0120] The fourth conductive plate 54 is a substantially
square thin conductor, and shares sides (three sides) with
respective one sides (short sides) of the first conductive plate
51, the second conductive plate 52, and the third conductive
plate 53'. The fourth conductive plate 54 is disposed on the
end face which is separated from the feed conductor 61.
[0121] The fifth conductive plate 55 is a substantially
square thin conductor, and shares sides (three sides) with
respective one sides (short sides) of the first conductive plate
51, the second conductive plate 52, and the third conductive
plate 53'. The fifth conductive plate 55 is disposed on the end
face which is close to the feed conductor 61.

[0122] The sixth conductive plate 56' is a substantially rect-
angular thin conductor, extends from one side of the fourth
conductive plate 54 which does not share one sides of the first
conductive plate 51', the second conductive plate 52, and the
third conductive plate 53', and is placed in a state where it is
bent at about 90 degrees with respect to the fourth conductive
plate 54. The seventh conductive plate 57' is a substantially
rectangular thin conductor, extends from a side of the fourth
conductive plate 54 which shares one side of the first conduc-
tive plate 51', and is placed in a state where it is bent at about
90 degrees with respect to the fourth conductive plate 54. The
eighth conductive plate 58 is a substantially rectangular thin
conductor, extends from a side of the fourth conductive plate
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54 which shares one side of the third conductive plate 53', and
is placed in a state where it is bent at about 90 degrees with
respect to the fourth conductive plate 54.

[0123] The sixth conductive plate 56', the seventh conduc-
tive plate 57', and the eighth conductive plate 58 constitute a
second antenna element which shares adjacent long sides, and
which has a U-like section. The end of the eighth conductive
plate 58 on the side of the first conductive plate 51' is not
coupled to the first conductive plate 51', and slit-like gaps
(hereinafter, referred to as “slits™) are disposed between the
eighth conductive plate 58 and the first conductive plate 51'.
The end of the seventh conductive plate 57' on the side of the
third conductive plate 53' is not coupled to the third conduc-
tive plate 53', and a slit is disposed between the seventh
conductive plate 57" and the third conductive plate 53'. Also
end portions of the sixth conductive plate 56', the seventh
conductive plate 57, and the eighth conductive plate 58 which
are opposite to the fourth conductive plate 54 are not coupled
to the fifth conductive plate 55.

[0124] Inthe embodiment, the first antenna element is con-
figured by the first conductive plate 51', the second conduc-
tive plate 52, the third conductive plate 53', the fourth con-
ductive plate 54, and the fifth conductive plate 55, and the
second antenna element is configured by the sixth conductive
plate 56', the seventh conductive plate 57', and the eighth
conductive plate 58. According to the antenna element of the
embodiment, the first antenna element has wideband charac-
teristics having various current distributions, and the second
antenna element resonates in a specific band.

[0125] According to the embodiment, the first antenna ele-
ment and the second antenna element have respective differ-
ent resonant frequency bands, and the bandwidth of the reso-
nant frequency can be adjusted by adjusting the surface area
of'the second antenna element by adjusting the lengths of the
sixth conductive plate 56', seventh antenna element 57', and
eighth conductive plate 58 which constitute the second
antenna element. Therefore, it is possible to provide an
antenna element which can cope with wider bandwidth and
multiband transmission.

[0126] As a modification of the fourth embodiment, an
antenna element shown in FIG. 23 may be configured simi-
larly to the relationship between the first embodiment and the
second embodiment. Namely, a third antenna element (a
ninth conductive plate, a tenth conductive plate, and an elev-
enth conductive plate) corresponding to the second antenna
element may be disposed also on the side of the fifth conduc-
tive plate 55.

[0127] Although the invention has been described in detail
and with reference to the specific embodiments, it is obvious
to those skilled in the art that various changes and modifica-
tions can be made without departing from the spirit and scope
of the invention.

[0128] The application is based on Japanese Patent Appli-
cation (Japanese patent application No. 2008-061307) filed
on Mar. 11, 2008, and a subject matter of which is incorpo-
rated herein by reference.

INDUSTRIAL APPLICABILITY

[0129] The antenna element of the invention is suitable for
use in a plurality of radio systems to which a function such as
GPS or Bluetooth can be added, and preferably applied to an
antenna of, for example, a portable radio device such as a
portable telephone or a PDA.
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1. An antenna element comprising:

a first conductive plate which is placed with being sepa-
rated from a ground plate by a predetermined interval,
and which is approximately rectangular;

a second conductive plate which shares one side of the first
conductive plate in a width direction, which is placed at
about 90 degrees with respect to the first conductive
plate, and which is approximately rectangular;

a third conductive plate which shares another side of the
second conductive plate in the width direction, the
another side being opposed to the one side shared with
the first conductive plate, which is placed at about 90
degrees so as to be opposed to the first conductive plate,
and which is approximately rectangular;

a fourth conductive plate which shares one sides of the first
conductive plate, the second conductive plate, and the
third conductive plate;

a sixth conductive plate which extends from one side of the
fourth conductive plate that does not share the one sides
of'the first conductive plate, the second conductive plate,
and the third conductive plate, and which is placed at
about 90 degrees with respect to the fourth conductive
plate;

slits which are disposed respectively between the sixth
conductive plate, and the first conductive plate and the
third conductive plate;

a short pin which connects the ground plate to the first
conductive plate or the second conductive plate; and

afeed pin which is connected to the first conductive plate or
the second conductive plate in parallel to the short pin
and in adjacent to the short pin.

2. The antenna element according to claim 1, further com-

prising:

a fifth conductive plate which is placed at a position
opposed to the fourth conductive plate across the first
conductive plate, the second conductive plate, and the
third conductive plate, and which shares one sides of the
first conductive plate, the second conductive plate, and
the third conductive plate;

aninth conductive plate which extends from one side of the
fifth conductive plate that does not share the one sides of
the first conductive plate, the second conductive plate,
and the third conductive plate, and which is placed at
about 90 degrees with respect to the fifth conductive
plate; and

slits which are disposed respectively between the ninth
conductive plate, and the first conductive plate and the
third conductive plate.

3. The antenna element according to claim 2, wherein the
short pin and the feed pin are connected to the first conductive
plate or the second conductive plate in a substantially middle
in a width direction of the first conductive plate or the second
conductive plate.

4. The antenna element according to claim 1, wherein the
short pin and the feed pin are rectangular thin plates; and

wherein a length of one side in the width direction of the
first conductive plate or the second conductive plate is
equal to or smaller than a total of a width of the short pin,
an interval between the short pin and the feed pin, and a
width of the feed pin.

5. The antenna element according to claim 4, wherein the
width of the short pin is equal to the width of the feed pin.
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6. The antenna element according to claim 1, wherein the
sixth conductive plate is formed into a meander shape by a
strip line.

7. The antenna element according to claim 2, wherein the
ninth conductive plate is formed into a meander shape by a
strip line.

8. The antenna element according to claim 1, wherein a
space formed by the first conductive plate, the second con-
ductive plate, the third conductive plate, and the fourth con-
ductive plate is filled with a dielectric material or a magnetic
material.

9. An antenna element comprising:

a first conductive plate which is placed with being sepa-
rated from a ground plate by a predetermined interval,
and which is approximately rectangular;

a second conductive plate which shares one side of the first
conductive plate in a width direction, which is placed at
about 90 degrees with respect to the first conductive
plate, and which is approximately rectangular;

a fourth conductive plate which shares one sides of the first
conductive plate and the second conductive plate;

a sixth conductive plate and seventh conductive plate
which extend respectively from two adjacent sides ofthe
fourth conductive plate that do not share the one sides of
the first conductive plate and the second conductive
plate, and which are placed at about 90 degrees with
respect to the fourth conductive plate;

slits which are disposed respectively between the sixth
conductive plate and the seventh conductive plate, and
the first conductive plate and the second conductive
plate;

a short pin which connects the ground plate to the first
conductive plate or the second conductive plate; and

a feed pin which is connected to the first conductive plate or
the second conductive plate in parallel to the short pin
and in adjacent to the short pin.

10. The antenna element according to claim 9, further

comprising:

a fifth conductive plate which is placed at a position
opposed to the fourth conductive plate across the first
conductive plate and the second conductive plate, and
which shares one sides of the first conductive plate and
the second conductive plate;

a ninth conductive plate and a tenth conductive plate which
extend respectively from two adjacent sides of the fifth
conductive plate that do not share the one sides of the
first conductive plate and the second conductive plate,
and which are placed at about 90 degrees with respect to
the fifth conductive plate; and

slits which are disposed respectively between the ninth
conductive plate and the tenth conductive plate, and the
first conductive plate and the second conductive plate.

11. The antenna element according to claim 9, wherein one
side of the sixth conductive plate is shared with one side of the
seventh conductive plate to form an [.-shaped folded portion.

12. The antenna element according to claim 10, wherein
one side of the ninth conductive plate is shared with one side
of the tenth conductive plate to form an L-shaped folded
portion.

13. The antenna element according to claim 10, wherein
the short pin and the feed pin are connected to the first con-
ductive plate or the second conductive plate in a substantially
middle in a width direction of the first conductive plate or the
second conductive plate.
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14. The antenna element according to claim 9, wherein the
short pin and the feed pin are rectangular thin plates; and

wherein a length of one side in the width direction of the
first conductive plate or the second conductive plate is
equal to or smaller than a total of a width of the short pin,
an interval between the short pin and the feed pin, and a
width of the feed pin.

15. The antenna element according to claim 14, wherein
the width of'the short pin is equal to the width of the feed pin.

16. The antenna element according to claim 9, wherein the
sixth conductive plate or the seventh conductive plate is
formed into a meander shape by a string line.

17. The antenna element according to claim 10, wherein
the ninth conductive plate or the tenth conductive plate is
formed into a meander shape by a string line.

18. The antenna element according to claim 9, wherein a
space formed by the first conductive plate, the second con-
ductive plate, and the fourth conductive plate is filled with a
dielectric material or a magnetic material.

19. An antenna element comprising:

a second conductive plate which is placed with being sepa-
rated from a ground plate by a predetermined interval,
and which is approximately rectangular;

a fourth conductive plate which shares one side of the
second conductive plate, the one side being separated
from the ground plate, and which is placed at about 90
degrees with respect to the second conductive plate;

a sixth conductive plate, a seventh conductive plate, and an
eighth conductive plate which extend respectively from
three sides of the fourth conductive plate that do not
share the one side of the second conductive plate, which
are placed at about 90 degrees with respect to the fourth
conductive plate, and which share respectively adjacent
sides to form a U-shaped folded portion;

slits which are disposed between the sixth conductive
plate, the seventh conductive plate, and the eighth con-
ductive plate, and the second conductive plate;

a short pin which connects the ground plate to the second
conductive plate; and

a feed pin which is connected to the second conductive
plate in parallel to the short pin and in adjacent to the
short pin.
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20. The antenna element according to claim 19, further
comprising:

a fifth conductive plate which is placed at a position
opposed to the fourth conductive plate across the second
conductive plate, and which shares one side of the sec-
ond conductive plate;

a ninth conductive plate, a tenth conductive plate, and an
eleventh conductive plate which extend respectively
from three sides of the fifth conductive plate that do not
share the one side of the second conductive plate, which
are placed at about 90 degrees with respect to the fifth
conductive plate, and which share respectively adjacent
sides to form a U-shaped folded portion; and

slits which are disposed respectively between the ninth
conductive plate, the tenth conductive plate, and the
eleventh conductive plate, and the second conductive
plate.

21. The antenna element according to claim 19, wherein
the short pin and the feed pin are connected to the second
conductive plate in a substantially middle in a width direction
of the second conductive plate.

22. The antenna element according to claim 19, wherein
the short pin and the feed pin are rectangular thin plates; and

wherein a length of one side in the width direction of the
second conductive plate is equal to or smaller than a total
of a width of the short pin, an interval between the short
pin and the feed pin, and a width of the feed pin.

23. The antenna element according to claim 22, wherein
the width of the short pin is equal to the width of the feed pin.

24. The antenna element according to claim 19, wherein
the sixth conductive plate, the seventh conductive plate, or the
eighth conductive plate is formed into a meander shape by a
strip line.

25. The antenna element according to claim 20, wherein
the ninth conductive plate, the tenth conductive plate, or the
eleventh conductive plate is formed into a meander shape by
a strip line.

26. The antenna element according to claim 19, wherein a
space formed by the second conductive plate, the fourth con-
ductive plate, the sixth conductive plate, the seventh conduc-
tive plate, and the eighth conductive plate is filled with a
dielectric material or a magnetic material.
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An antenna apparatus and a mobile terminal having the same
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ANTENNA APPARATUS AND MOBILE
TERMINAL HAVING THE SAME

CLAIM OF PRIORITY

[0001] This application claims, pursuant to 35 USC 119,
priority to, and the benefit of the earlier filing date of, that
patent application filed in the Korean Patent Office, on Jul. 13,
2009, entitled “Antenna Apparatus And Mobile Terminal
Having The Same” and afforded serial number 10-2009-
0063369, the contents of which are incorporated by reference
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a mobile terminal,
and more particularly, to an antenna apparatus and a mobile
terminal having the same.

[0004] 2. Description of the Related Art

[0005] In general, amobile terminal is an electronic device
that can enable a user to perform a plurality of functions, such
as wireless communication, network connection, and digital
broadcasting reception, regardless of time and location.
Mobile terminals have been further been developed to per-
form functions such as Internet connection and digital broad-
casting reception as well as a communication function. Fur-
thermore, functions for document writing and game playing
have been added to the mobile terminal.

[0006] According to current trends in mobile terminal tech-
nology mobile terminals have continued to decrease in size
while adding more functions and capabilities. To support
decrease in terminal size, antenna apparatus for transmitting
and receiving a wireless signal have also continued the trend
of decrease size. Such antenna provides wideband, and mul-
tiplex band coverage while being internal to the mobile ter-
minal. The internal antenna is classified into a planar inverted
F antenna (PIFA), small loop antenna, chip antenna, and/or
surface mounted device (SMD) antenna.

[0007] Due to restriction in internal space of the mobile
terminal, such an internal antenna apparatus is installed adja-
cent to other accessories. However, because such accessories
include a metal portion, such as a metal wire therein, radiation
performance of the antenna is not appropriately exhibited
because of the adjacent metal portion. Particularly, in an
internal antenna apparatus of a relatively cheap mobile ter-
minal, a carrier is removed and a pattern is formed on a circuit
board, and in this case, an antenna apparatus of a pattern form
should be separated from a key input unit of a dome key form.
To avoid the interference from the metal portions, the antenna
apparatus is separated from accessories. However, this sepa-
ration causes the size of the mobile terminal to increase.
[0008] Therefore, an antenna apparatus that can improve
radiation performance of the antenna while decreasing a size
of the mobile terminal is needed.

SUMMARY OF THE INVENTION

[0009] The present invention provides an antenna appara-
tus and a mobile terminal having the same that can improve
radiation performance of the antenna while decreasing a size
of the mobile terminal.

[0010] In accordance with an aspect of the present inven-
tion, an antenna apparatus installed on an electronic circuit
board mounted within a main body of a mobile terminal, the
antenna apparatus for transmitting and receiving a wireless
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signal, the apparatus comprising: a first antenna portion pat-
terned on one surface ofthe electronic circuit board; and a can
type second antenna portion electrically connected to one end
of'the first antenna portion and separated from the one surface
of the electronic circuit board, wherein the one end of the
second antenna portion is connected to the one end of the first
antenna portion using a SMD method and the other end of the
second antenna portion is connected to the one surface of the
electronic circuit board using a SMD method through a float-
ing pad formed in the one surface of the electronic circuit
board, and a coupling hole for inserting the other end of the
second antenna portion formed in the one surface of the
electronic circuit board in order to fix and support the second
antenna.

[0011] In accordance with another aspect of the present
invention, a mobile terminal includes: a main body having an
electronic circuit board therein; and an antenna apparatus,
electrically connected to the electronic circuit board, for
transmitting and receiving a wireless signal, the antenna
apparatus includes: a first antenna portion patterned on one
surface of the electronic circuit board; and a can type second
antenna portion electrically connected to one end of the first
antenna portion and separated from the one surface of the
electronic circuit board, wherein one end of the second
antenna portion is connected to the one end of the first antenna
portion using a SMD method and the other end of the second
antenna portion is connected to the one surface of the elec-
tronic circuit board using a SMD method through a floating
pad formed in the one surface of the electronic circuit board,
and a coupling hole for inserting the other end of the second
antenna portion formed in the one surface of the electronic
circuit board in order to fix and support the second antenna
portion.

[0012] Inanother aspect of the invention, an antenna appa-
ratus comprising: a first portion patterned on a first surface of
a printed circuit board; and a second portion separate from
and extending parallel to the first portion, wherein a first end
of the first portion and a first end of the second portion are
electrically connected by a connection extending perpendicu-
lar from the printed circuit board and second end of the
second portion is connected to a pad on the printed circuit
board.

[0013] Inanother aspect of the invention, an antenna appa-
ratus comprising: a first portion patterned on a first surface of
a printed circuit board; and a second portion separate from
and extending parallel to the first portion, wherein a first end
of the first portion and a first end of the second portion are
electrically connected by a connection extending perpendicu-
lar from the printed circuit board and second end of the
second portion is connected to a pad on the printed circuit
board.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above features and advantages of the present
invention will be more apparent from the following detailed
description in conjunction with the accompanying drawings,
in which:

[0015] FIG. 1 is a perspective view illustrating a mobile
terminal according to an exemplary embodiment of the
present invention;

[0016] FIG. 2 is an exploded perspective view illustrating a
structure of the mobile terminal of FIG. 1;
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[0017] FIG. 3 is a partially perspective view illustrating a
structure of an antenna apparatus of the mobile terminal of
FIG. 1,

[0018] FIG. 4 is a partially enlarged perspective view illus-
trating a connection portion A of a first antenna portion and a
second antenna portion in the antenna apparatus of FIG. 3;
[0019] FIGS. 5A and 6A illustrate an antenna apparatus in
which only a pattern is formed on an electronic circuit board;
[0020] FIGS. 5B and 6B are tables illustrating the result of
radiation efficiency measured using a conventional antenna
apparatus; and

[0021] FIG. 7 is a table illustrating the result of radiation
efficiency measured using an antenna apparatus of a mobile
terminal according to an exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Hereinafter, exemplary embodiments of the present
invention are described in detail with reference to the accom-
panying drawings. The same reference numbers are used
throughout the drawings to refer to the same or like parts. The
views in the drawings are schematic views only, and are not
intended to be to scale or correctly proportioned. For the
purposes of clarity and simplicity, detailed descriptions of
well-known functions and structures incorporated herein may
be omitted to avoid obscuring the subject matter of the present
invention.

[0023] While the present invention may be embodied in
many different forms, specific embodiments of the present
invention are shown in drawings and are described herein in
detail, with the understanding that the present disclosure is to
be considered as an exemplification of the principles of the
invention and is not intended to limit the invention to the
specific embodiments illustrated.

[0024] In the following description, for convenience of
description, a mobile terminal according to the present inven-
tion is a mobile communication terminal such as a mobile
phone, however the present invention is not limited thereto
and may be an information and communication device or a
multimedia device such as a mobile communication terminal,
mobile phone, personal digital assistant (PDA), smart phone,
International Mobile Telecommunication 2000 (IMT-2000)
terminal, code division multiple access (CDMA) terminal,
wideband code division multiple access (WCDMA) terminal,
Global System for Mobile Communication (GSM) terminal,
general packet radio service (GPRS) terminal, enhanced data
GSM environment (EDGE) terminal, universal mobile tele-
communication service (UMTS) terminal, digital broadcast-
ing terminal, and applications thereof.

[0025] FIG. 1 is a perspective view illustrating a mobile
terminal according to an exemplary embodiment of the
present invention, and FIG. 2 is an exploded perspective view
illustrating a structure of the mobile terminal of FIG. 1.
[0026] Referring to FIG. 1, a general slide type mobile
terminal 1 has an upper case 10 including a display unit 11
and a lower case 20 including a key input unit 21 at a front
surface thereof. The upper case 10 vertically moves by a
sliding movement on the lower case 20.

[0027] The display unit 11 performs a function of a user
interface for outputting a desired screen to a user or receiving
an instruction from a user. As the display unit 11, a liquid
crystal display (LCD) and an organic light emitting diode
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(OLED) can be used. The display unit 11 may have a function
ofatouch screen in order to receive an instruction from a user,
as needed.

[0028] The key input unit 21 for receiving a manipulation
instruction from the user is formed in an upper surface of the
lower case 20, and when the upper case 10 is separated from
the lower case 20 by a sliding movement, the upper case 10 is
exposed to the outside. The key input unit 21 can be formed in
a dome key form including a plurality of key buttons.

[0029] Refrying to FIG. 2, the key input unit 21 includes a
keypad having a plurality of key buttons formed with charac-
ter/numeral keys, a power source key, a communication key,
and a navigation key, and a dome sheet (not shown) having a
plurality of dome switches. The keypad is coupled to a lower
surface of a front cover 24 for covering an upper surface of the
lower case 20. A plurality of electrode patterns 25 disposed at
positions corresponding to the plurality of key buttons and the
plurality of dome switches, respectively, are formed at an
upper surface of an electronic circuit board 23. The plurality
of electrode patterns 25 can be formed with a plurality of
contact points made of a metal material, and a plurality of
contact points each are not electrically connected in an initial
state. Thus, when a key button is pressed, a dome switch is
deformed so as to be electrically connected to a correspond-
ing contact point. Although described later, the antenna appa-
ratus 100 is separated by a predetermined distance from the
plurality of electrode pattern 25.

[0030] FIG. 1 illustrates an example in which the key input
unit 21 for receiving a manipulation instruction from a user is
formed in a lower end portion of the upper case 10, i.e. ina
lower end portion of the display unit 11, but an entire upper
surface ofthe upper case 10 may be formed as the display unit
11. The key input unit 21 can be formed in a lower end portion
oraside surface of the upper case 10, and when the upper case
10 and the lower case 20 are coupled, in order to receive the
input from a user, the key input unit 21 is formed with mini-
mum function keys such as a power source key for turning
on/off a power source of the mobile terminal 1, communica-
tion key for performing communication with another party,
and navigation key for selecting menus displayed on the
display unit 11.

[0031] AsshowninFIG. 1, the mobile terminal 1 may have
an earpiece 13 provided in an upper end portion of the upper
case 10 to output a sound signal and a mouthpiece 22 pro-
vided in a lower end portion of the lower case 20 to input a
sound signal. The user can hear a sound signal received from
another party using the earpiece 13 and transmit a sound
signal to another party using the mouthpiece 22. Further, the
mobile terminal 1 may have a camera unit 14 for photograph-
ing a front subject or for performing audiovisual communi-
cation in an upper end portion of the upper case 10.

[0032] A sliding hinge 30 (FIG. 2) for guiding the upper
case 10 to perform a sliding movement on the lower case 20
is provided between the upper case 10 and the lower case 20.
As shown in FIG. 2, the sliding hinge 30 includes a first
sliding member 31 connected to a lower surface of the upper
case 10, second sliding member 32 connected to an upper
surface of the lower case 20, and hinge portion 33 installed
between the first sliding member 31 and the second sliding
member 32. In order to guide a sliding movement of the upper
case 10, a protrusion 31a formed in a moving direction of the
upper case 10 is provided at both side surfaces of the first
sliding member 31, and a groove 326 formed to insert the
protrusion 31a of the first sliding member 31 is provided at
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both side surfaces of the second sliding member 32. The hinge
portion 33 is formed with an elastic member, such as a com-
pression spring, for providing an elastic force so that the
upper case 10 automatically or semi-automatically performs
a sliding movement according to a position thereof. A struc-
ture of the sliding hinge 30 shown in FIG. 2 is an example, and
a structure of the sliding hinge 30 is not limited thereto and
can be changed.

[0033] As shown in FIG. 2, the antenna apparatus 100,
which performs the function of transmitting and receiving a
wireless signal, is electrically connected to the electronic
circuit board 23. Due to restriction in internal space of the
mobile terminal 1, the antenna apparatus 100 is mounted
within a lower end portion of the lower case 20. FIG. 2
illustrates an example in which the antenna apparatus 100 is
installed at an upper surface of the electronic circuit board 23,
however, it would be recognized by those skilled in the art,
that the antenna apparatus 100 may be installed at a lower
surface of the electronic circuit board 23, without altering the
principles of the invention. The structure of the antenna appa-
ratus 100 is described later in detail with reference to FIGS. 3
and 4.

[0034] AsshowninFIG. 2, the electronic circuit board 23 is
mounted within the lower case 20, and various function mod-
ules, such as the display unit 11, key input unit 21, earpiece
13, mouthpiece 22, and camera unit 14, constituting the
mobile terminal 1 are electrically connected to the electronic
circuit board 23. Signals received from the electronic circuit
board 23 provide control to the different function modules.
The electronic circuit board 23 has an approximately thin
plate shape and includes various electronic components and
wires for connecting them at an upper surface or a lower
surface. The electronic components are various kinds of ele-
ments such as amodem chip. Preferably, the electronic circuit
board 23 is a printed circuit board (PCB). When the mobile
terminal 1 is used, noise may occur in various electronic
components mounted in the electronic circuit board 23 and in
order to shield against such noise, a noise shield unit (not
shown), such as a shield can, may be installed on an upper
surface of the electronic circuit board 23. Further, various
function modules such as the display unit 11 and the camera
unit 14 receive an electrical signal from the electronic circuit
board 23 for their control. Thus, in order to transmit and
receive various electrical signals by connecting the electronic
circuit board 23 and function modules, a flexible printed
circuit board (FPCB) (not shown) in which a micro circuit is
printed on a thin plate film of a flexible plastic material can be
used.

[0035] FIG. 1 illustrates a slide type mobile terminal 1,
however a form of the mobile terminal is not limited thereto
and the present invention can be applied to a mobile terminal
1 of various forms, such as abar type, a flip type, a folder type,
a rotating type, and combination type thereof.

[0036] FIG. 3 is a partially perspective view illustrating a
structure of an antenna apparatus of the mobile terminal of
FIG. 1, and FIG. 4 is a partially enlarged perspective view
illustrating a connection portion A of a first antenna portion
and a second antenna portion in the antenna apparatus of FIG.
3.

[0037] Referring to FIG. 3, the antenna apparatus 100
includes a first antenna portion 110 and a second antenna
portion 120 and is installed in a lower end portion of the lower
case 20. Preferably, the antenna apparatus 100 is installed in
a lower end portion of the key input unit 21, and is separated
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from a plurality of electrode patterns 25 corresponding to a
plurality of key buttons of the key input unit 21 and formed on
the electronic circuit board 23. FIG. 3 illustrates an example
in which the antenna apparatus 100 is installed at an upper
surface of the electronic circuit board 23. However, it may be
installed at a lower surface of the electronic circuit board 23,
without altering the scope of the invention claimed.

[0038] The first antenna portion 110 is patterned at one
surface of the electronic circuit board 23. A pattern shape of
the first antenna portion 110 is determined in consideration of
a frequency band of a wireless signal to be transmitted and
received and the size of the forming space on the electronic
circuit board 23. One end of the second antenna portion 120
is electrically connected to one end of the first antenna portion
110 and is formed in a can type to be separated from one side
of the electronic circuit board 23. Preferably, the second
antenna portion 120 is separated from the surface of the
electronic circuit board 23 to be formed opposite to the first
antenna portion 110. The second antenna portion 120 is made
of a metal material. Here, the first antenna portion 110 is
formed by forming a portion that can be positioned to be
separated from a metal portion, such as the electrode pattern
25 of the key input unit 21 as a pattern on the electronic circuit
board 23 in the entire antenna apparatus, and the second
antenna portion 120 is formed by separately forming a por-
tion adjacent to or overlapped with the metal portion such as
the electrode pattern 25 of the key input unit 21 at upper space
of the first antenna portion 110 in the entire antenna appara-
tus. Due to such a structure, the first antenna portion 110 and
the second antenna portion 120 can be operated as one
antenna for transmitting and receiving a wireless signal of a
predetermined frequency band. Preferably, the first antenna
portion 110 and the second antenna portion 120 can transmit
and receive a wireless signal of a frequency band of 800 to
900 MHz. Therefore, the antenna apparatus 100 can reduce
internal space of the mobile terminal 1 while using the first
antenna portion 110 and the second antenna portion 120 as
one antenna.

[0039] In this case, one end of the second antenna portion
120 is connected to one end of the first antenna portion 110
using a SMD (Surface Mount Device) method, and a connec-
tion pad (not shown) for electrically connecting one end of the
first antenna portion 110 and one end of the second antenna
portion 120 is provided on the electronic circuit board 23 at
which the one end of the first antenna portion 110 is posi-
tioned. Further, a feed point 111 and a ground 112 connected
to the electronic circuit board 23 are formed at the other end
of' the first antenna portion 110.

[0040] As shown in FIG. 3, the second antenna portion 120
is a can type antenna having an entirely thin and long plate
form and is positioned at an upper space of the first antenna
portion 110. The second antenna portion 120 is formed with
a first portion 121 approximately perpendicularly formed
from one end of the first antenna portion 110, second portion
122 extended from an end portion of the first antenna portion
110 and approximately formed to be parallel to the first
antenna portion 110, and third portion 123 approximately
perpendicularly formed from a position adjacent to the other
end of the second antenna portion 120 to support the second
antenna portion 120. As shown in FIG. 3, the third portion 123
performs a function of supporting the second portion 122 of
the second antenna portion 120 so that the horizontal second
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portion 122 of the second antenna portion 120 is positioned
parallel to the first antenna portion 110 on upper space of the
first antenna portion 110.

[0041] The other end of the second antenna portion 120 is
connected to one surface of the electronic circuit board 23
using an SMD method through a floating pad 234 formed on
the one surface of the electronic circuit board 23. That is, as
shown in FIG. 3, the third portion 123 of the second antenna
portion 120 is connected to the floating pad 23a using an
SMD method. A structure of the second antenna portion 120
shown in FIG. 3 is an example and a structure of the second
antenna portion 120 is not limited thereto, and a form and
length of the second antenna portion 120 are determined in
consideration of a frequency band of a wireless signal to be
transmitted and received and an internal space of a lower end
portion of the lower case 20.

[0042] FIG. 4 is a partially enlarged perspective view illus-
trating a connection portion A of a first antenna portion and a
second antenna portion in the antenna apparatus of FIG. 3.
[0043] Referring to FIG. 4, in order to fix and support the
second antenna portion 120 to be separated from one surface
of the electronic circuit board 23, a coupling hole 2356 for
inserting the other end of the second antenna portion 120 is
formed in one surface of the electronic circuit board 23. A
projection is formed at an end portion of the third portion 123
of the second antenna portion 120 to be inserted into the
coupling hole 235.

[0044] The antenna apparatus 100 shown in FIGS. 3 and 4
is an example and can be changed in consideration of a form
or a size of a mobile terminal, an installation position of an
antenna apparatus, and a frequency band of a wireless device
to transmit and receive.

[0045] Effects when using the antenna apparatus 100
according to an exemplary embodiment of the present inven-
tion are described hereinafter with reference to experimental
data of FIGS. 5B, 6B, and 7.

[0046] FIGS. 5B and 6B are tables illustrating the result of
radiation efficiency measured using a conventional antenna
apparatus, and FIG. 7 is a table illustrating the result of
radiation efficiency measured using an antenna apparatus of a
mobile terminal according to an exemplary embodiment of
the present invention.

[0047] FIG. 5A illustrates an example in which an antenna
apparatus 100 is formed in a pattern on the electronic circuit
board 23 and is positioned to be adjacent to the electrode
pattern 25 of the key input unit 21. FIG. 6A illustrates an
example in which the antenna apparatus 100 is formed in a
pattern on the electronic circuit board 23 and is positioned to
be separated from the electrode pattern 25 of the key input
unit 21. FIGS. 5B and 6B illustrate radiation performance
when using the antenna apparatuses 100 of FIGS. 5A and 5B,
respectively, and illustrate an antenna gain and antenna radia-
tion efficiency measured on a frequency band basis.

[0048] Referring to FIG. 5B, when the antenna apparatus
100 is formed in a pattern on the electronic circuit board 23
and is positioned adjacent to the electrode pattern 25 of the
key input unit 21, in a frequency band of 824 MHz to 894
MHz, an average antenna gain is —5.97 dBi and average
antenna radiation efficiency is 26%. However as shown in
FIG. 6B, when the antenna apparatus 100 is formed in a
pattern on the electronic circuit board 23 and is positioned to
be separated from the electrode pattern 25 of the key input
unit 21, an average antenna gain is —-4.19 dBi and average
antenna radiation efficiency is 38% greater than a case where
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the antenna apparatus 100 is positioned adjacent to the elec-
trode pattern 25 of the key input unit 21.

[0049] As canbeseenin FIGS. 5A to 6B, when the antenna
apparatus 100 is positioned adjacent to a metal portion, such
as the electrode pattern 25 of the key input unit 21, an antenna
gain and antenna radiation efficiency are lowered. However,
when the antenna apparatus 100 is separated from a metal
portion, performance is improved, but the size of the mobile
terminal increases.

[0050] FIG. 7 illustrates a radiation performance when
using the antenna apparatus 100 according to an exemplary
embodiment of the present invention, in a frequency band of
824 MHzto 894 MHz. In this case, an average antenna gain is
-2.49 dBi and average antenna radiation efficiency is 57%
greater than those of the antenna apparatus 100 shown in FIG.
6A.

[0051] As described above, in the antenna apparatus 100
according to an exemplary embodiment of the present inven-
tion, the antenna apparatus 100 includes a first antenna 110
formed on the electronic circuit board 23 and a second
antenna portion 120 spaced apart from an upper space of the
first antenna portion 110 and connected to the first antenna
portion 110. Thus, the separation from a metal portion, such
as the electrode pattern 25 of the key input unit 21, prevents
antenna radiation efficiency from being deteriorated by the
metal portion. Therefore, while decreasing a size of the
mobile terminal, an antenna gain and antenna radiation effi-
ciency can be improved. Further, because the antenna appa-
ratus 100 does not use a separate carrier, a structure of the
antenna apparatus 100 can be simplified, and the internal
space of the mobile terminal can be better used, and a pro-
duction cost can be reduced.

[0052] Asdescribed above, the antenna apparatus is formed
with a first antenna portion formed on an electronic circuit
board and a second antenna portion positioned separated
from an upper space of the first antenna and connected to the
first antenna portion at one end and thus the antenna apparatus
can be separated from a metal portion such as an electrode
pattern of a key input unit and thus radiation efficiency of the
antenna is prevented from being deteriorated by the metal
portion. Further, because a separate carrier is not used for the
antenna apparatus, a structure of the antenna apparatus is
simplified, internal space of the mobile terminal can be better
used, and a production cost can be reduced.

[0053] Further, an antenna gain and antenna radiation effi-
ciency can be improved while decreasing a size of the mobile
terminal.

[0054] Although exemplary embodiments of the present
invention have been described in detail herein, it should be
clearly understood that many variations and modifications of
the basic inventive concepts herein described, which may
appear to those skilled in the art, will still fall within the spirit
and scope of the exemplary embodiments of the present
invention as defined in the appended claims.

What is claimed is:

1. An antenna apparatus for transmitting and receiving a
wireless signal installed on an electronic circuit board
mounted within a main body of a mobile terminal, the antenna
apparatus comprising:

a first antenna portion patterned on one surface of the

electronic circuit board; and

a cantype second antenna portion electrically connected to

one end of the first antenna portion and separated from
the one surface of the electronic circuit board,
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wherein the one end of the second antenna portion is con-
nected to the one end of the first antenna portion using a
surface mounting device (SMD) method and the other
end of the second antenna portion is connected to the one
surface of the electronic circuit board using a SMD
method through a floating pad formed in the one surface
of the electronic circuit board, and

a coupling hole in the floating pad for inserting the other

end of the second antenna portion in the one surface of
the electronic circuit board in order to fix and support the
second antenna portion.

2. The antenna apparatus of claim 1, wherein the first
antenna portion and the second antenna portion operate as
one antenna, the first and second antenna portions being sized
to transmit and receive a wireless signal in a predetermined
frequency band.

3. A mobile terminal comprising:

amain body having an electronic circuit board therein; and

an antenna apparatus for transmitting and receiving a wire-

less signal, the antenna apparatus electrically connected
to the electronic circuit board,

the antenna apparatus comprising:

a first antenna portion patterned on one surface of the

electronic circuit board; and

acan type second antenna portion electrically connected to

one end of the first antenna portion and separated from
the one surface of the electronic circuit board,

wherein the one end of the second antenna portion is con-

nected to the one end of the first antenna portion using a
SMD method and the other end of the second antenna
portion is connected to the one surface of the electronic
circuit board using a SMD method through a floating
pad formed in the one surface of the electronic circuit
board, and
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a coupling hole in the floating pad for inserting the other
end of the second antenna portion in the one surface of
the electronic circuit board in order to fix and support the
second antenna portion.

4. The mobile terminal of claim 3, wherein the antenna
apparatus is installed at a lower end portion of a key input unit
provided in a front surface of the main body and is separated
from a plurality of electrode patterns corresponding to a plu-
rality of key buttons of the key input unit and formed on the
electronic circuit board.

5. The mobile terminal of claim 3, wherein the first antenna
portion and the second antenna portion operate as one
antenna and are sized to transmit and receive a wireless signal
in a predetermined frequency band.

6. An antenna apparatus comprising:

afirst portion patterned on a first surface of a printed circuit
board; and

a second portion separate from and extending parallel to
the first portion, wherein a first end of the first portion
and a first end of the second portion are electrically
connected by a connection extending perpendicular
from the printed circuit board and second end of the
second portion is connected to a pad on the printed
circuit board.

7. The antenna apparatus of claim 6, wherein the first

portion and the second portion operate as a single element.

8. The antenna apparatus of claim 7, wherein the first
portion and the second portion are sized to receive signals
within a predetermined frequency band.

9. The antenna apparatus of claim 6, wherein the first
portion and the second portion are offset from each other.

10. The antenna apparatus of claim 9, wherein the offset is
in a vertical direction.

11. The antenna apparatus of claim 10, wherein the offset is
in a horizontal direction.

sk sk sk sk sk
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ACTIVE TUNED LOOP-COUPLED ANTENNA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. Ser. No.
12/117,669, titled “ACTIVE TUNED LOOP-COUPLED
ANTENNA”, and filed May 8, 2008; the entire contents of
which are hereby incorporated by reference.

FIELD OF INVENTION

[0002] The presentinventionrelates generally to the field of
wireless communication. In particular, the present invention
relates to antenna for use with such wireless communication.

BACKGROUND OF THE INVENTION

[0003] As new generations of handsets and other wireless
communication devices become smaller and embedded with
more applications, new antenna designs are needed to provide
solutions that address the limitations of these devices.
Increasing frequency bandwidth of internal antennas for
media applications in cell phones is one example. More spe-
cifically, TV reception is one of the next major trends in
mobile phone technology. However, standard technologies
require that antennas be made larger when operated at low
frequencies. Mobile handsets are very small compared to
terrestrial TV antennas normally required for good signal
reception. Further, as phones have become more compact,
near field interactions have become an increasing problem.
[0004] Antenna performance is a key parameter for good
reception quality. With classical antenna structures, a certain
physical volume is required to produce a resonant antenna
structure at a particular radio frequency and with a particular
bandwidth. In multi-band applications, more than one such
resonant antenna structure may be required. Further, the inter-
nal TV antenna should not interfere with the main antenna or
other ancillary antennas in the handset. Embodiments of the
present invention address deficiencies of conventional
antenna designs.

SUMMARY OF THE INVENTION

[0005] One aspect of the present invention relates to an
antenna element that comprises one or more active tuning
components for providing capacitive reactance and one or
more conductive elements in loop formations being coupled
to the one or more conductive elements, wherein the combi-
nation of the one or more active tuning components and one
or more conductive elements form one or more active tuned
loops. One embodiment of the invention provides that the
antenna is capacitively coupled with the active tuned loop.
Another embodiment provides that the antenna is conduc-
tively coupled with the active tuned loop. Yet anther embodi-
ment of the present invention provides that the active tuning
component located within the active tuned loop may include
avaractor diode, tunable capacitor or switched capacitor net-
work or a combination of these components.

[0006] Another embodiment of the present invention pro-
vides that the antenna may include one or more radiating
elements that are in connection with the one or more active
tuned loops. A further embodiment provides that the one or
more radiating elements may be any one of monopoles,
inverted F antennas (IFA), planar inverted F antennas (PIFA),
IMD elements, or dipoles. Yet a further embodiment provides
that one or more active components are coupled to one or
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more radiating elements. Another embodiment provides that
the one or more radiating elements are magnetically coupled
to the one or more active tuned loops.

[0007] Another embodiment of the present invention pro-
vides that the antenna is a ferrite loaded coil antenna. One
embodiment provides that the conductive element within the
antenna may be any one of a wire, rectangular conductor or
printed conductive pattern. Another embodiment provides
that the antenna is positioned within a hinge region of a
wireless device. Yet another embodiment provides that the
coil is replaced with a radiating element. Another embodi-
ment provides that the ferrite is attached to a top surface of a
shield can. A further embodiment provides that an active
tuned circuit is coupled to the radiating element.

[0008] Another aspect of the present invention provides a
method for configuring an antenna structure that comprises
providing one or more active tuning component which pro-
vides capacitive reactance and coupling one or more conduc-
tive elements in loop formations to the one or more active
tuning component and having the combination of the one or
more active tuning components and one or more conductive
elements form one or more active tuned loops.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates an antenna in accordance with an
embodiment of the present invention.

[0010] FIG. 2 is a schematic illustration of an antenna in
accordance with an embodiment of the present invention.
[0011] FIG. 3 is a schematic illustration of an antenna in
accordance with an embodiment of the present invention.
[0012] FIG. 4 is a schematic illustration of an antenna in
accordance with another embodiment of the present inven-
tion.

[0013] FIG. 5 is a schematic illustration of an antenna in
accordance with an embodiment of the present invention.
[0014] FIG. 6 is a schematic illustration of an antenna in
accordance with an embodiment of the present invention.
[0015] FIG. 7 is a schematic illustration of an antenna in
accordance with an embodiment of the present invention.
[0016] FIG. 8 is a schematic illustration of an antenna in
accordance with an embodiment of the present invention.
[0017] FIG. 9 is a schematic illustration of an antenna in
accordance with another embodiment of the present inven-
tion.

[0018] FIG. 10 is a schematic illustration of an antenna in
accordance with an embodiment of the present invention.
[0019] FIGS. 11A-G illustrates various antenna configura-
tions in accordance with embodiments of the present inven-
tion.

[0020] FIG. 12 is a schematic illustration of an antenna in
accordance with another embodiment of the present inven-
tion.

[0021] FIG. 13 is a schematic illustration of an antenna in
accordance with an embodiment of the present invention.
[0022] FIG. 14 illustrates an exemplary communication
device with an antenna.

[0023] FIG. 15 illustrates an exemplary hinge assembly for
a communication device in accordance with an embodiment
of the present invention.

[0024] FIG. 16 illustrates an exemplary hinge assembly for
a communication device in accordance with an embodiment
of the present invention.
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[0025] FIG.17 illustrates an exemplary hinge assembly for
a communication device in accordance with an embodiment
of the present invention.

[0026] FIGS.18A and 18B are schematic illustrations of an
antenna in accordance with an embodiment of the present
invention.

[0027] FIG. 19 is a schematic illustration of an antenna in
accordance with an embodiment of the present invention.
[0028] FIG. 20 illustrates an exemplary communication
device with an antenna in accordance with an embodiment of
the present invention.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS

[0029] In the following description, for purposes of expla-
nation and not limitation, details and descriptions are set forth
in order to provide a thorough understanding of the present
invention. However, it will be apparent to those skilled in the
art that the present invention may be practiced in other
embodiments that depart from these details and descriptions.
[0030] Embodiments of the present invention provide an
active tuned loop-coupled antenna capable of optimizing an
antenna over incremental bandwidths and capable of tuning
over a large total bandwidth. The active loop element is
capable of serving as the radiating element or an additional
radiating element may also be coupled to this active loop. In
various embodiments, multiple active tuned loops can be
coupled together in order to extend the total bandwidth of the
antenna. Such active components may be incorporated into
the antenna structure to provide further extensions of the
bandwidth along with increased optimization of antenna per-
formance over the frequency range of the antenna. In certain
embodiments, the radiating element may be co-located with a
ferrite material and active components coupled to the element
to tune across a wide frequency range.

[0031] FIG.1illustrates an antenna 200 in accordance with
an embodiment of the present invention having one configu-
ration of ferrite support 203 attached to the top of a shield can
205. The shield can 205 may serve to provide electromagnetic
shielding. A conductive element 204 is provided in connec-
tion with an active tuned circuit, which includes an active
component 202 and a grounded signal generator 201. The
conductive element 204 is attached to the top of the ferrite
support 203 configuration. The ferrite support 203 provides
for less resistive loss due to its high permittivity. The antenna
200 may be coupled to a substrate 206 for grounding, such as
the circuit board, or a housing of a wireless device. The
configuration illustrated in FIG. 1 may be utilized in, for
example, a wireless device housing 206.

[0032] Referring now to FIG. 2, anexemplary antenna 10 in
accordance with an embodiment of the invention is schemati-
cally illustrated. In this embodiment, the antenna 10 forms an
active tuned loop circuit which acts as a radiator and is formed
through the combination of a conductive element in a loop 11
and an active component 12 in series. The conductive ele-
ment, or loop 11, may be any one of a wire, rectangular
conductor or printed conductive pattern. A signal generator
13 may provide an excitation to the circuit and the active
component 12 used to adjust the reactance ofthe loop 11. The
active component 12 may be any type of a switch, varactor
diode, tunable capacitor or other such active component. The
usage of the active component 12 facilitates optimization of
radiation efficiency and causes the loop 11 to behave as a
radiator.
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[0033] Referring now to FIG. 3, an antenna formed as an
active tuned loop circuit 20 behaving as a radiator may be
further enhanced through the addition of a radiating element
24. The addition of the radiating element 24, which may be
any one or more of monopoles, inverted F antennas (IFA),
planar inverted F antennas (PIFA), IMD elements, or dipoles,
or the like, allows for impedance matching with an active
component 22 and a conductive loop 21 over a large fre-
quency range. This is achieved by producing incremental
instantaneous bandwidths combined to cover a total wide
bandwidth response. This may be particularly important in
applications such as television broadcasting on wireless
devices. In order to achieve good efficiency from an internal
antenna required to cover the large TV frequency band, one
solution is to actively tune the antenna 20 over narrow instan-
taneous bandwidths. This can be additionally achieved
through the signal generator which allows for enhanced con-
trol of the circuit through tunable and variable frequencies.
[0034] Referring now to FIG. 4, an antenna 30 in accor-
dance with another embodiment of the present invention is
illustrated. The active component 32, which may be any of a
switch, varactor diode, tunable capacitor or other active com-
ponent, serves to adjust the reactance of a conductive loop 31.
This will allow for tunable frequencies, which in turn opti-
mize the radiation efficiency.

[0035] Referring now to FIG. 5, an antenna in accordance
with an embodiment of the present invention is schematically
illustrated. The antenna loop circuit forms an ungrounded
state device 40 with a radiating element 44 coupled to the
device 40.

[0036] FIG. 6 schematically illustrates an antenna in accor-
dance with another embodiment of the present invention. The
embodiment illustrated in FIG. 6 provides a configuration of
an active tuned loop circuit 50 having additional reactive
components 55 incorporated into the active tuned loop circuit
in order to increase the frequency bandwidth of the antenna.
The reactive components 55 may be capacitors, inductors,
resistors or similar type components. A radiating element 54
provides transmission and reception of electromagnetic
energy and may be any one of monopoles, inverted F antennas
(IFA), planar inverted F antennas (PIFA), IMD elements, or
dipoles, for example. The addition of the capacitor and induc-
tor as reactive components creates increased reactance within
the loop. In addition, the ungrounded state causes the circuit
50 to behave similarly to the antenna loop circuit of FIG. 4.
[0037] Compared to an antenna structure that covers the
whole frequency range without tuning, the tunable antenna
greatly improves the antenna radiation efficiency for the same
physical volume constraint. Additional active tuned loops can
be combined to extend the frequency range to cover multiple
octaves, thereby satisfying a wide range of antenna applica-
tions. With the ability to cover multiple octaves, FM, DMB,
and DVB-H applications can be addressed with internal
antennas which will provide the required efficiency.

[0038] Accordingly, FIG. 7 schematically illustrates an
antenna in accordance with an embodiment of the present
invention. The embodiment illustrated in FIG. 7 includes
multiple paralleled active tuned looped circuits coupled in
order to form a composite antenna structure 60 that covers a
wider range of frequency.

[0039] Inother embodiments, as illustrated in FIG. 8, radi-
ating elements 74 may be joined between each active tuned
loop circuit. In the embodiment illustrated in FIG. 8, multiple
actively tuned circuits are placed in a series with radiating
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elements 74 splitting each conductive loop 71 and active
component 72 in order to impedance match each circuit. The
matching may provide a more optimal reception. The radiat-
ing elements 74 may be placed between each tuned loop
circuit or selectively placed in order to achieve the specifi-
cally desired resonant frequencies. The more active tuned
loops that are added within the series provides for more
precise tuning at a broader range of frequencies through opti-
mized radiation efficiency, which may be done until the
desired frequencies are achieved.

[0040] FIG.9 schematically illustrates an antenna structure
in accordance with an embodiment of the present invention
that forms a wide band antenna 80. In this configuration, each
active tuned loop circuit behaves as a radiator, like the
embodiment illustrated in FIG. 2. This provides increased
matching between each circuit for optimized and specific
radiating efficiency.

[0041] Referring now to FIG. 10, an embodiment of an
antenna structure 90 is provided with additional radiating
elements 94. The radiating elements 94 may be any one or
more of monopoles, inverted F antennas (IFA), planar
inverted F antennas (PIFA), IMD elements, or dipoles, for
example. The embodiment illustrated in FIG. 10 only
includes radiating elements 94 on the rear three circuits.
However, more or less radiating elements 74 may be provided
to match specifically tuned frequency bands for the desired
application.

[0042] FIGS. 11A-F illustrate various antenna configura-
tions in accordance with embodiments of the present inven-
tion. In the illustrated embodiments, radiating elements may
be coupled to various embodiments of active tuned loop cir-
cuits. FIGS. 11A-C illustrate a wire element (FIG. 11A), a
dipole element (FIG. 11B) and a coil element (FIG. 11C).
More complex embodiments, such as that illustrated in FIG.
11D, provide a wire isolated magnetic dipole (IMD) element.
FIGS. 11E and 11F provide variations of the IMD element
that provide singular resonance 101 in the slot region of the
device and a dual resonance 102, 103 in the two slot regions
of the device, respectively. FIG. 11G provides a further con-
figuration of a ferrite loaded coil where the conductive ele-
ment 105 is looped around a ferrite rod 104. The conductive
element 105 may be any one of a wire, rectangular conductor
or printed conductive pattern, for example.

[0043] The ferrite core is particularly utilized because of its
high permeability, which helps to concentrate the magnetic
fields. Further, the ferrite loaded coil antennas are applicable
to low frequency receive applications. All of these aforemen-
tioned radiating elements are not limited to the types shown
and may be varied according to desired frequency character-
istics within each respective device in which the circuit may
be utilized.

[0044] FIG. 12 is a schematic illustration of an antenna in
accordance with another embodiment of the present inven-
tion. In the embodiment of FIG. 12, aradiating element 114 is
added to an ungrounded active tuned loop. An additional
conductive loop 111 can be added to the radiating element
114, which may be magnetically coupled to the active tuned
loop circuit.

[0045] In another embodiment of the present invention, as
illustrated in FIG. 13, an active tuned loop circuit 120
includes a radiating element 124. The radiating element 124
includes an active component 122 to increase the frequency
range of the antenna. The active component 122 may be a
switch, varactor diode, tunable capacitor or other active com-
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ponent, for example. In addition, the radiating element 124
may be any one of monopoles, inverted F antennas (IFA),
planar inverted F antennas (PIFA), IMD elements, or dipoles,
forexample. However, the present invention is not intended to
be limited to these types of antennas. The addition of this
component to the circuit design may provide improved opti-
mization of the radiation efficiency.

[0046] FIG. 14 illustrates an embodiment of an exemplary
communication device 130. The communication device 130
includes a ferrite rod 134 and a conductive loop element 132
in a hinge region 131 between a top portion 135 and a bottom
portion 133 of the communication device 130. Thus, the
hinge serves as an antenna. The conductive element 131 can
take the form of a wire, rectangular conductor, or printed
conductive pattern on the ferrite, for example. This configu-
ration may allow for increased usage of space within small
devices, such as wireless cellular devices.

[0047] Referring now to FIG. 15, a hinge assembly 140
may be inclusive of an active component 142. The active
component 142 may be coupled to the ferrite portion 145 of
the ferrite loaded coil acting as the hinge. The addition of the
active component 142 may allow for increased tuning of the
antenna element. In addition, as illustrated in FIG. 16, mul-
tiple active components 152 may be coupled to the ferrite
loaded coil. The conductive element 151 behaves as the radi-
ating element of the circuit in this configuration. Thus, vari-
ous embodiments provide the active tuning on the radiating
element coupled to the active tuned loop.

[0048] FIG. 17 illustrates an exemplary hinge assembly for
a communication device in accordance with an embodiment
of the present invention. The hinge assembly 160 includes a
ferrite core 165 with a conductive element 161 acting as the
radiating element in the antenna. In this embodiment, an
active component 162 is coupled to the radiating element in
order to provide capacitive reactance to the loop and further
tune the resonance. In addition, a general resonant circuit 164,
inclusive of an active component 162 and a reactive element
167, is also coupled to the conductive, or radiating, element
161 in order to optimally achieve resonance within the device.
[0049] FIGS. 18A and 18B schematically illustrate an
antenna in accordance with an embodiment of the present
invention. The addition of a general reactive circuit 174 pro-
vides enough tunable reactance to generate additional reso-
nance through the active tuned loops. The general reactive
circuit 174 is inclusive of two or more reactive elements, such
as a capacitor 177 and inductor 178, shown in FIG. 18B, for
example. These reactive circuits 174 are placed between each
parallel active tuned loop circuit in order to adjust the reac-
tance at each node. Thus, this configuration may be preferable
in devices commonly having to tune a broad range of differing
frequency bands.

[0050] Referring now to FIGS. 19A and 19B, an antenna in
accordance with an embodiment of the present invention is
schematically illustrated. The antenna 180 produces incre-
mental and instantaneous bandwidths combined to cover
larger bandwidth responses through the addition of a radiat-
ing element 185. In this embodiment, the radiating elements
185 are connected to one another to form a combined and
more complex radiating element.

[0051] Referring now to FIG. 20, an exemplary communi-
cation device with an antenna in accordance with an embodi-
ment of the present invention is illustrated. The antenna is
formed in a ferrite loaded hinge assembly. The antenna is
provided with conductive elements attached to the ends of the
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conductive element 193 wrapped around the ferrite loaded
hinge assembly 191. The spiral elements 195 can be attached
to the housing on the top 192 and/or bottom 194 portions of
the phone housing and can be on either or both surfaces. The
element shape is not limited to a spiral, but can be a more
generally shaped radiating element.
[0052] While particular embodiments of the present inven-
tion have been disclosed, it is to be understood that various
different modifications and combinations are possible and are
contemplated within the true spirit and scope of the appended
claims. There is no intention, therefore, of limitations to the
exact abstract and disclosure herein presented.
What is claimed is:
1. An antenna element, comprising:
one or more active tuning components that provide an
adjustable reactance; and
one or more conductive elements in loop formations
coupled to the one or more conductive elements;
wherein the combination of the one or more active tuning
components and one or more conductive elements form
one or more active tuned loops.
2. The antenna of claim 1, wherein the antenna is capaci-
tively coupled with the active tuned loop.
3. The antenna of claim 1, wherein the antenna is conduc-
tively coupled with the active tuned loop.
4. The antenna of claim 1, wherein the active tuning com-
ponent may include any of a varactor diode, tunable capacitor
or switched capacitor network.
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5. The antenna of claim 1, wherein one or more radiating
elements are in connection with the one or more active tuned
loops.

6. The antenna of claim 5, wherein the one or more radiat-
ing elements may be any one of monopoles, inverted F anten-
nas (IFA), planar inverted F antennas (PIFA), IMD elements,
or dipoles

7. The antenna of claim 5, wherein one or more active
components is coupled to one or more radiating elements.

8. The antenna of claim 1, wherein one or more radiating
elements are magnetically coupled to the one or more active
tuned loops.

9. The antenna of claim 1, wherein the antenna is posi-
tioned within a hinge region of a wireless device.

10. The antenna of claim 1, wherein the antenna is a ferrite
loaded coil antenna.

11. The antenna of claim 10, wherein the conductive ele-
ment that may be any one of a wire, rectangular conductor or
printed conductive pattern.

12. The antenna of claim 10, wherein the coil is replaced
with a radiating element.

13. The antenna of claim 12, wherein an active tuned circuit
is coupled to radiating element.

14. The antenna of claim 10, wherein the ferrite is attached
to a top surface of a shield can.

sk sk sk sk sk
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(57) ABSTRACT

A mobile wireless communications device may include a
portable housing, at least one wireless communications cir-
cuit carried by the portable housing, and a wrap-around
antenna assembly carried by the portable housing. The wrap-
around antenna assembly may include a substrate comprising
a first portion and a second portion extending outwardly
therefrom defining an L-shape, and a wrap-around antenna
element lying along adjacent contiguous exterior surfaces of
the first and second substrate portions. The wrap-around
antenna assembly may further include an antenna feed arm
lying along an interior surface of the first substrate portion
and electrically coupled to the wrap-around antenna element,
and a feed arm extension electrically coupled to the antenna
feed arm and extending from the interior surface of the first
substrate portion around to the exterior surface thereof.
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MOBILE WIRELESS COMMUNICATIONS
DEVICE INCLUDING WRAP-AROUND
ANTENNA ASSEMBLY WITH FEED ARM
EXTENSION AND RELATED METHODS

TECHNICAL FIELD

[0001] The present disclosure relates to the field of com-
munications systems, and, more particularly, to mobile wire-
less communications devices and related methods.

BACKGROUND

[0002] Mobile wireless communications systems continue
to grow in popularity and have become an integral part of both
personal and business communications. For example, cellular
telephones allow users to place and receive voice calls most
anywhere they travel. Moreover, as cellular telephone tech-
nology has increased, so too has the functionality of cellular
devices and the different types of devices available to users.
For example, many cellular devices now incorporate personal
digital assistant (PDA) features such as calendars, address
books, task lists, etc. Moreover, such multi-function devices
may also allow users to wirelessly send and receive electronic
mail (email) messages and access the Internet via a cellular
network and/or a wireless local area network (WLAN), for
example.

[0003] Even so, as the functionality of cellular communi-
cations devices continues to increase, so too does the demand
for smaller devices which are easier and more convenient for,
users to carry. One challenge this poses for cellular device
manufacturers is designing antennas that provide desired
operating characteristics within the relatively limited amount
of space available for antennas.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG.1 is a schematic side view of a mobile wireless
communications device in accordance with one exemplary
embodiment.

[0005] FIG. 2 is an exterior surface view of a first substrate
portion of an exemplary wrap-around antenna assembly for
use with the mobile wireless communications device of FIG.
1.

[0006] FIG. 3 is an interior surface view of a second sub-
strate portion of the wrap-around antenna assembly of FIG. 2.
[0007] FIG. 4 is an interior surface view of the first sub-
strate portion of the wrap-around antenna assembly of FIG. 2.
[0008] FIG. 5 is an exterior surface view of the second
substrate portion of the wrap-around antenna assembly of
FIG. 2.

[0009] FIG. 6is an exterior surface view of a first substrate
portion of an alternative embodiment of the wrap-around
antenna assembly shown in FIG. 2.

[0010] FIG. 7 is a flow diagram illustrating a method for
making a wrap-around antenna assembly in accordance with
an exemplary embodiment.

[0011] FIG. 8 is a schematic block diagram illustrating
exemplary components of a mobile wireless communications
device that may be used in accordance with exemplary
embodiments.

DETAILED DESCRIPTION

[0012] The present description is made with reference to
the accompanying drawings, in which exemplary embodi-
ments are shown. However, many different exemplary
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embodiments may be used, and thus the description should
not be construed as limited to the exemplary embodiments set
forth herein. Rather, these exemplary embodiments are pro-
vided so that this disclosure will be thorough and complete.
Like numbers refer to like elements throughout, and prime
notation is used to indicate similar elements or steps in dif-
ferent embodiments.

[0013] Generally speaking, a mobile wireless communica-
tions device is provided herein which may include a portable
housing, at least one wireless communications circuit carried
by the portable housing, and a wrap-around antenna assembly
carried by the portable housing. The wrap-around antenna
assembly may include a substrate comprising a first portion
and a second portion extending outwardly therefrom defining
an L-shape, and a wrap-around antenna element lying along
adjacent contiguous exterior surfaces of the first and second
substrate portions. The wrap-around antenna assembly may
further include an antenna feed arm lying along an interior
surface of the first substrate portion and electrically coupled
to the wrap-around antenna element, and a feed arm extension
electrically coupled to the antenna feed arm and extending
from the interior surface of the first substrate portion around
to the exterior surface thereof.

[0014] Insome embodiments, the feed arm extension may
have a distal end defining a gap from adjacent portions of the
wrap-around antenna element. By way of example, the gap
may be not greater than 2 mm. In other embodiments, the feed
arm extension may have a distal end electrically coupled to
adjacent portions of the wrap-around antenna element.
[0015] The wrap-around antenna element and the feed arm
extension may advantageously provide pentaband operation,
for example. Additionally, the wrap-around antenna assem-
bly may further include a floating, electrically conductive
coupler element adjacent the feed arm extension. More par-
ticularly, the floating, electrically conductive coupler element
may be spaced apart from and generally parallel to the feed
arm extension.

[0016] Furthermore, the wrap-around antenna assembly
may also include a monopole antenna element carried by the
first portion of the substrate. In addition, the mobile wireless
communications device may also include a printed circuit
board (PCB) carried by the portable housing and carrying the
at least one wireless RF circuit, and the substrate may be
carried by the PCB. By way of example, the wrap-around
antenna element may comprise an inverted-F antenna ele-
ment, and the at least one wireless RF circuit may comprise at
least one cellular transceiver.

[0017] A wrap-around antenna assembly for mobile wire-
less communications device, such as the one described briefly
above, may include a substrate comprising a first portion and
a second portion extending outwardly therefrom defining an
L-shape, and a wrap-around antenna element lying along
adjacent contiguous exterior surfaces of the first and second
substrate portions. The assembly may further include an
antenna feed arm lying along an interior surface of the first
substrate portion and electrically coupled to the wrap-around
antenna element, and a feed arm extension electrically
coupled to the antenna feed arm and extending from the
interior surface of the first substrate portion around to the
exterior surface thereof.

[0018] A related method for making a wrap-around antenna
assembly may include forming a substrate comprising a first
portion and a second portion extending outwardly therefrom
defining an [-shape, and positioning a wrap-around antenna
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element along adjacent contiguous exterior surfaces of the
first and second substrate portions. The method may further
include positioning an antenna feed arm along an interior
surface of the first substrate portion and electrically coupled
to the wrap-around antenna element, and electrically cou-
pling a feed arm extension to the antenna feed arm and
extending from the interior surface of the first substrate por-
tion around to the exterior surface thereof.

[0019] Referring now to FIGS. 1-5, a mobile wireless com-
munications device is provided herein which illustratively
includes a portable housing 31. By way of example, such
mobile wireless communications devices (or “mobile
devices”) may include pagers, cellular phones, cellular smart-
phones, wireless organizers, personal digital assistants, com-
puters, laptops, handheld wireless communication devices,
wirelessly enabled notebook computers, etc.

[0020] In the illustrated example, the at least one wireless
communications circuit 32 is carried by the portable housing
31. More particularly, the wireless communications circuit(s)
32 is mounted on a printed circuit board (PCB) 33, and the
circuit may be a wireless transceiver, such as a cellular trans-
ceiver, for example. However, other wireless communica-
tions formats may also be used, such as wireless local area
network (WLAN) formats, Bluetooth, etc., as will be dis-
cussed further below.

[0021] The device 30 further illustratively includes a wrap-
around antenna assembly 34 carried by the portable housing
31. The wrap-around antenna assembly 34 illustratively
includes a substrate 35 comprising a first portion 36 and a
second portion 37 extending outwardly therefrom defining an
L-shape, as seen in FIG. 1. More particularly, in the exem-
plary implementation, the longer portion of the L is the first
portion 36, and the second portion 37 is the shorter portion
which is orthogonal to the first portion.

[0022] The wrap-around antenna assembly 34 further illus-
tratively includes a wrap-around antenna element 40 lying
along adjacent contiguous exterior surfaces of the first and
second substrate portions 36, 37, as perhaps best seen in
FIGS. 2 and 5. In the illustrated example, the wrap-around
antenna element 40 is an inverted-F antenna comprising a
plurality of conductive traces which are printed on the exte-
rior surfaces of the first and second portions 36, 37, as will be
appreciated by those skilled in the art. The wrap-around
antenna assembly 34 further illustratively includes an antenna
feed arm 41 lying along an interior surface of the first sub-
strate portion 36 (FIG. 4) and electrically coupled to the
wrap-around antenna element 40, and a ground arm 53 also
lying along the interior surface of the first substrate portion.
By way of example, the antenna feed arm 41 and ground arm
53 may respectively be connected to the circuit 32 and a
ground plane (not shown) on the PCB 33 by conductive spring
clips, flex connector, etc., as will be appreciated by those
skilled in the art.

[0023] As a result of the L-shaped substrate 35, the wrap-
around antenna assembly 34 advantageously provides a rela-
tively compact form factor that can be secured to an end or
side of the PCB 33, which advantageously frees up surface
area of the PCB for other components, in that the conductive
traces 40 need not be printed on a surface of the PCB itself.
Further, due to the three-dimensional (3D) or non-planar
nature of the wrap-around antenna element 40, which wraps
around multiple surfaces of the substrate 35, this allows the
antenna element to have a longer electrical length within the
relatively small surface area occupied by the substrate 37.
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[0024] The wrap-around antenna assembly 34 also illustra-
tively includes a feed arm extension 42 electrically coupled to
the antenna feed arm 41 on the inner surface of the first
substrate portion 42 (see FIG. 4), and extending around to the
exterior surface of the first substrate portion (see FIG. 2). In
the illustrated embodiment, the feed arm extension has a
distal end electrically coupled to adjacent portions of the
wrap-around antenna element 40 at a point 43, as shown in
FIG. 2.

[0025] In an alternative embodiment illustrated in FIG. 6,
the distal end of the feed arm extension 42' defines a gap 44'
from adjacent portions of the wrap-around antenna element
40'. By way of example, an exemplary width of the gap 44'
may be 2 mm or less, such as 0.5 to 2 mm, although other gap
distances may be used in various embodiments.

[0026] The wrap-around antenna element 40 or 40', with
the addition of the feed arm extension 42 or 42', advanta-
geously provides pentaband operation across the CDMA,
WCDMA, and GSM high/low frequency bands in the illus-
trated examples, as will be appreciated by those skilled in the
art. However, without the addition of the feed arm extension
42 or 42, the wrap-around antenna elements 40 or 40' alone
would otherwise provide quad-band operation.

[0027] In addition to providing operation across a greater
frequency range, the feed arm extensions 42, 42' advanta-
geously provide enhanced gain and matching for the antenna
element 40, 40'. The choice of whether to use the antenna
assembly 34 (FIG. 2) or 34' (FIG. 6), i.e., whether to have the
gap 44' or directly couple the feed arm extension 42 to the
antenna 40, will generally depend upon the desired operating
characteristics, and whether a greater enhancement in
antenna gain or matching is desired. That is, the antenna
assembly 34 generally provides greater gain enhancement,
while the antenna assembly 34' generally provides greater
matching and tuning characteristics.

[0028] It should also be noted that in some embodiments
the gap 44' need not be directly adjacent to the antenna ele-
ment 40' (i.e., adjacent the point 43 in FIG. 2). That is, the gap
44' may be located elsewhere along the length of the feed arm
extension 42, if desired. Generally speaking, the length of the
feed arm extension 42, 42' on the interior surface of the
substrate 35 and its distance to the antenna element 40, 40' on
the outer surface of the substrate controls the antenna match-
ing (i.e., S11 bandwidth), and this is why the location and size
of'the gap 44' is advantageously beneficial for matching and
tuning adjustment.

[0029] Inthe illustrated example, the wrap-around antenna
assembly 34 further illustratively includes a floating, electri-
cally conductive coupler element 50 adjacent the feed arm
extension 42. More particularly, the floating, electrically con-
ductive parasitic coupler element 50 is spaced apart from and
generally parallel to the feed arm extension 42 in the illus-
trated example, although other orientations or configurations
may be used in different embodiments, as will be appreciated
by those skilled in the art. By “spaced apart” it is meant that
the coupler element 50 is not in contact with the feed arm
extension 42 (or the antenna element 40), and the spacing
may vary in different embodiments. The coupler element 50
advantageously may be used to further enhance antenna gain
and matching across all of the operating bands. In addition,
the length of the coupler element 50 and its spacing from the
antenna element 40 and feed arm extension may advanta-
geously be selected to further control frequency band opera-
tion, as will also be appreciated by those skilled in the art.
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[0030] Furthermore, the wrap-around antenna assembly 34
also illustratively includes a monopole antenna element 51
carried by the first portion of the substrate 35 (FIG. 2), and
also connected to the circuit 32 (or different wireless com-
munications circuitry). The monopole antenna element 51
may optionally provide operation in one of the above-noted
frequency bands, or in a separate frequency band, if desired,
but it is not necessary in all embodiments. In embodiments
where the monopole antenna element 51 is not present, the
coupler element 50 may be located in its place (or elsewhere)
to provide closer coupling to the feed arm extension 42 or
antenna element 40, as will be appreciated by those skilled in
the art.

[0031] Referring additionally to FIG. 7, a related method
for making a wrap-around antenna assembly 34 is now
described. Beginning at Block 70, the method includes form-
ing a substrate 35 comprising a first portion and a second
portion extending outwardly therefrom defining an L.-shape,
and positioning a wrap-around antenna element 40 along
adjacent contiguous exterior surfaces of the first and second
substrate portions, at Blocks 71-72. The method further illus-
tratively includes positioning an antenna feed arm 41 along an
interior surface of the first substrate portion and electrically
coupled to the wrap-around antenna element 40, at Block 73,
and electrically coupling a feed arm extension 42 to the
antenna feed arm and extending from the interior surface of
the first substrate portion around to the exterior surface
thereof, at Block 74, thus concluding the method illustrated in
FIG. 7 (Block 75).

[0032] Exemplary components of a mobile wireless com-
munications device 1000 that may be used in accordance with
the systems 30, 31', such as for determining traffic rate or
density, or both, are further described in the example below
with reference to FIG. 8. The device 1000 illustratively
includes a housing 1200, a keypad 1400 and an output device
1600. The output device shown is a display 1600, which may
comprise a full graphic LCD. In some embodiments, display
1600 may comprise a touch-sensitive input and output device.
Other types of output devices may alternatively be utilized. A
processing device 1800 is contained within the housing 1200
and is coupled between the keypad 1400 and the display 1600.
The processing device 1800 controls the operation of the
display 1600, as well as the overall operation of the mobile
device 1000, in response to actuation of keys on the keypad
1400 by the user. In some embodiments, keypad 1400 may
comprise a physical keypad or a virtual keypad (e.g., using a
touch-sensitive interface) or both.

[0033] The housing 1200 may be elongated vertically, or
may take on other sizes and shapes (including clamshell
housing structures). The keypad 1400 may include a mode
selection key, or other hardware or software for switching
between text entry and telephony entry.

[0034] In addition to the processing device 1800, other
parts of the mobile device 1000 are shown schematically in
FIG. 8. These include a communications subsystem 1001; a
short-range communications subsystem 1020; the keypad
1400 and the display 1600, along with other input/output
devices 1060, 1080, 1100 and 1120; as well as memory
devices 1160, 1180 and various other device subsystems
1201. The mobile device 1000 may comprise a two-way RF
communications device having voice and data communica-
tions capabilities. In addition, the mobile device 1000 may
have the capability to communicate with other computer sys-
tems via the Internet.
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[0035] Operating system software executed by the process-
ing device 1800 may be stored in a persistent store, such as the
flash memory 1160, but may be stored in other types of
memory devices, such as a read only memory (ROM) or
similar storage element. In addition, system software, spe-
cific device applications, or parts thereof, may be temporarily
loaded into a volatile store, such as the random access
memory (RAM) 1180. Communications signals received by
the mobile device may also be stored in the RAM 1180.
[0036] The processing device 1800, in addition to its oper-
ating system functions, enables execution of software appli-
cations 1300A-1300N on the device 1000. A predetermined
set of applications that control basic device operations, such
as data and voice communications 1300A and 1300B, may be
installed on the device 1000 during manufacture. In addition,
a personal information manager (PIM) application may be
installed during manufacture. The PIM may be capable of
organizing and managing data items, such as e-mail, calendar
events, voice mails, appointments, and task items. The PIM
application may also be capable of sending and receiving data
items via a wireless network 1401. The PIM data items may
be seamlessly integrated, synchronized and updated via the
wireless network 1401 with the device user’s corresponding
data items stored or associated with a host computer system.
[0037] Communication functions, including data and voice
communications, are performed through the communications
subsystem 1001, and possibly through the short-range com-
munications subsystem. The communications subsystem
1001 includes a receiver 1500, a transmitter 1520, and one or
more antennas 1540 and 1560. In addition, the communica-
tions subsystem 1001 also includes a processing module,
such as a digital signal processor (DSP) 1580, and local
oscillators (LLOs) 1601. The specific design and implementa-
tion of the communications subsystem 1001 is dependent
upon the communications network in which the mobile
device 1000 is intended to operate. For example, a mobile
device 1000 may include a communications subsystem 1001
designed to operate with the Mobitex™, Data TAC™ or
General Packet Radio Service (GPRS) mobile data commu-
nications networks, and also designed to operate with any of
a variety of voice communications networks, such as AMPS,
TDMA, CDMA, WCDMA, PCS, GSM, EDGE, etc. Other
types of data and voice networks, both separate and inte-
grated, may also be utilized with the mobile device 1000. The
mobile device 1000 may also be compliant with other com-
munications standards such as 3GSM, 3G, UMTS, 4G, etc.

[0038] Network access requirements vary depending upon
the type of communication system. For example, in the Mobi-
tex and DataTAC networks, mobile devices are registered on
the network using a unique personal identification number or
PIN associated with each device. In GPRS networks, how-
ever, network access is associated with a subscriber or user of
adevice. A GPRS device therefore utilizes a subscriber iden-
tity module, commonly referred to as a SIM card, in order to
operate on a GPRS network.

[0039] When required network registration or activation
procedures have been completed, the mobile device 1000
may send and receive communications signals over the com-
munication network 1401. Signals received from the commu-
nications network 1401 by the antenna 1540 are routed to the
receiver 1500, which provides for signal amplification, fre-
quency down conversion, filtering, channel selection, etc.,
and may also provide analog to digital conversion. Analog-
to-digital conversion of the received signal allows the DSP
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1580 to perform more complex communications functions,
such as demodulation and decoding. In a similar manner,
signals to be transmitted to the network 1401 are processed
(e.g. modulated and encoded) by the DSP 1580 and are then
provided to the transmitter 1520 for digital to analog conver-
sion, frequency up conversion, filtering, amplification and
transmission to the communication network 1401 (or net-
works) via the antenna 1560.

[0040] In addition to processing communications signals,
the DSP 1580 provides for control of the receiver 1500 and
the transmitter 1520. For example, gains applied to commu-
nications signals in the receiver 1500 and transmitter 1520
may be adaptively controlled through automatic gain control
algorithms implemented in the DSP 1580.

[0041] In a data communications mode, a received signal,
such as a text message or web page download, is processed by
the communications subsystem 1001 and is input to the pro-
cessing device 1800. The received signal is then further pro-
cessed by the processing device 1800 for an output to the
display 1600, or alternatively to some other auxiliary /O
device 1060. A device user may also compose data items,
such as e-mail messages, using the keypad 1400 and/or some
other auxiliary I/O device 1060, such as a touchpad, a rocker
switch, a thumb-wheel, track ball, or some other type of input
device. The composed data items may then be transmitted
over the communications network 1401 via the communica-
tions subsystem 1001.

[0042] In avoice communications mode, overall operation
of'the device is substantially similar to the data communica-
tions mode, except that received signals are output to a
speaker 1100, and signals for transmission are generated by a
microphone 1120. Alternative voice or audio I/O subsystems,
such as a voice message recording subsystem, may also be
implemented on the device 1000. In addition, the display
1600 may also be utilized in voice communications mode, for
example to display the identity of a calling party, the duration
of a voice call, or other voice call related information.
[0043] The short-range communications subsystem
enables communication between the mobile device 1000 and
other proximate systems or devices, which need not neces-
sarily be similar devices. For example, the short-range com-
munications subsystem may include an infrared device and
associated circuits and components, or a Bluetooth™ com-
munications module to provide for communication with simi-
larly-enabled systems and devices.

[0044] Many modifications and other embodiments will
come to the mind of one skilled in the art having the benefit of
the teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is understood that various
modifications and embodiments are intended to be included
within the scope of the appended claims.

That which is claimed is:
1. A mobile wireless communications device comprising:
a portable housing;
at least one wireless communications circuit carried by
said portable housing; and
a wrap-around antenna assembly carried by said portable
housing and comprising
a substrate comprising a first portion and a second por-
tion extending outwardly therefrom defining an
L-shape,
a wrap-around antenna element lying along adjacent
contiguous exterior surfaces of said first and second
substrate portions,
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an antenna feed arm lying along an interior surface ofthe
first substrate portion and electrically coupled to said
wrap-around antenna element, and

a feed arm extension electrically coupled to said antenna
feed arm and extending from the interior surface of
the first substrate portion around to the exterior sur-
face thereof.

2. The mobile wireless communications device of claim 1
wherein said feed arm extension has a distal end defining a
gap from adjacent portions of said wrap-around antenna ele-
ment.

3. The mobile wireless communications device of claim 2
wherein the gap is not greater than 2 mm.

4. The mobile wireless communications device of claim 1
wherein said feed arm extension has a distal end electrically
coupled to adjacent portions of said wrap-around antenna
element.

5. The mobile wireless communications device of claim 1
wherein said wrap-around antenna element and said feed arm
extension provide pentaband operation.

6. The mobile wireless communications device of claim 1
wherein said wrap-around antenna assembly further com-
prises a floating, electrically conductive coupler element
adjacent said feed arm extension.

7. The mobile wireless communications device of claim 6
wherein said floating, electrically conductive coupler element
is spaced apart from and generally parallel to said feed arm
extension.

8. The mobile wireless communications device of claim 1
wherein said wrap-around antenna assembly further com-
prises a monopole antenna element carried by said first por-
tion of said substrate.

9. The mobile wireless communications device of claim 1
further comprising a printed circuit board (PCB) carried by
said portable housing and carrying said at least one wireless
RF circuit; and wherein said substrate is carried by said PCB.

10. The mobile wireless communications device of claim 1
wherein said wrap-around antenna element comprises an
inverted-F antenna element.

11. The mobile wireless communications device of claim 1
wherein said at least one wireless RF circuit comprises at least
one cellular transceiver.

12. A wrap-around antenna assembly for mobile wireless
communications device comprising a portable housing and at
least one wireless communications circuit carried by said
portable housing, the wrap-around antenna assembly com-
prising:

a substrate comprising a first portion and a second portion

extending outwardly therefrom defining an L-shape;

a wrap-around antenna element lying along adjacent con-
tiguous exterior surfaces of said first and second sub-
strate portions;

an antenna feed arm lying along an interior surface of the
first substrate portion and electrically coupled to said
wrap-around antenna element; and

a feed arm extension electrically coupled to said antenna
feed arm and extending from the interior surface of the
first substrate portion around to the exterior surface
thereof.

13. The wrap-around antenna assembly of claim 12
wherein said feed arm extension has a distal end defining a
gap from adjacent portions of said wrap-around antenna ele-
ment.
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14. The wrap-around antenna assembly of claim 13
wherein the gap is not greater than 2 mm.

15. The wrap-around antenna assembly of claim 12
wherein said feed arm extension has a distal end electrically
coupled to adjacent portions of said wrap-around antenna
element.

16. The wrap-around antenna assembly of claim 12
wherein said wrap-around antenna element and said feed arm
extension provide pentaband operation.

17. The wrap-around antenna assembly of claim 12 further
comprising a floating, electrically conductive coupler ele-
ment adjacent said feed arm extension.

18. A method for making a wrap-around antenna assembly
for a mobile wireless communications device comprising a
portable housing and at least one wireless communications
circuit carried by the portable housing, the wrap-around
antenna assembly comprising:

forming a substrate comprising a first portion and a second

portion extending outwardly therefrom defining an
L-shape;
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positioning a wrap-around antenna element along adjacent
contiguous exterior surfaces of the first and second sub-
strate portions;

positioning an antenna feed arm along an interior surface of

the first substrate portion and electrically coupled to the
wrap-around antenna element; and

electrically coupling a feed arm extension to the antenna

feed arm and extending from the interior surface of the
first substrate portion around to the exterior surface
thereof.

19. The method of claim 18 wherein the feed arm extension
has a distal end defining a gap from adjacent portions of the
wrap-around antenna element.

20. The method of claim 19 wherein the gap is not greater
than 2 mm.

21. The method of claim 18 wherein the feed arm extension
has adistal end electrically coupled to adjacent portions of the
wrap-around antenna element.

22. The method of claim 18 wherein the wrap-around
antenna element and the feed arm extension provide penta-
band operation.
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ANTENNA OF PORTABLE ELECTRONIC

DEVICES
BACKGROUND
[0001] 1. Technical Field
[0002] The present disclosure relates to antennas, and par-

ticularly to an antenna used in portable electronic devices.
[0003] 2. Description of Related Art

[0004] Generally, antennas used in the portable electronic
devices are very small due to the small size of the portable
electronic devices. When working conditions of the portable
electronic devices (e.g., ambient temperatures, humidity, and
taken/placed manners) changes, working characteristics of
these antennas are easily influenced because of their sizes.
Thus, frequency offset of the antennas may occur, i.e., the
frequencies of wireless signals that can be transferred by the
antennas may change. As a result, communication quality of
the portable electronic devices may be adversely affected.
[0005] Therefore, there is room for improvement within the
art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Many aspects of the present antenna can be better
understood with reference to the following drawings. The
components in the various drawings are not necessarily
drawn to scale, the emphasis instead being placed upon
clearly illustrating the principles of the present antenna.
Moreover, in the drawings, like reference numerals designate
corresponding parts throughout the figures.

[0007] FIG.1is aschematic view of an antenna, according
to an exemplary embodiment, connected to a circuit board of
a portable electronic device.

[0008] FIG. 2 is an enlarged view of the antenna shown in
FIG. 1.
[0009] FIG. 3 is a diagram of measuring a return loss (RL)

of the antenna shown in FIG. 1.

DETAILED DESCRIPTION

[0010] FIG. 1 and FIG. 2 schematically show an antenna
100 according to an exemplary embodiment, for use in por-
table electronic devices. The antenna 100 can be installed in
a portable electronic device and connected to a conventional
circuit board 200 of the portable electronic device to receive/
send wireless signals when the portable electronic device is
used in wireless communications.

[0011] The circuit board 200 includes a flat main surface
220 and a flat side surface 230 perpendicularly connected to
the main surface 220. One end of the side surface 230 includes
a recess, which forms a receiving portion 240. The receiving
portion 240 includes a flat assembly surface 250 parallel to
the side surface 240. A grounding connector 252 and a feed
connector 254 are mounted on the assembly surface 250 and
electrically connected to the circuit board 200.

[0012] The antenna 100 is made of conductive materials
and includes a first antenna unit 10 and a second antenna unit
30.

[0013] The first antenna unit 10 is a planar inverted-F
antenna (PIFA), which includes a first radio member 12, a first
grounding member 14, and a first feed member 16. The first
radio member 12, the first grounding member 14, and the first
feed member 16 are all flat sheets and are positioned to be
coplanar with each other. The first radio member 12 includes
a first radio portion 122, a second radio portion 124, and a
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third radio portion 126, which are all longitudinal flat sheets.
An end of the second radio portion 124 is perpendicularly
connected to an end of the first radio portion 122. The third
radio portion 126 is perpendicularly connected to another end
of'the second radio portion 124 and is parallel to the first radio
portion 122.

[0014] The first grounding member 14 is a longitudinal flat
sheet. The first feed member 16 is a rectangular flat sheet. The
second radio portion 124, the third radio portion 126, the first
grounding member 14, and the first feed member 16 are all
positioned at a same side of the first radio portion 122. The
first feed member 16 is perpendicularly connected to another
end of the first radio portion 122 and is parallel to the second
radio portion 124. The first grounding member 14 is perpen-
dicularly connected to the first radio portion 122, positioned
between the second radio portion 124 and the first feed mem-
ber 16 and adjacent to the first feed member 16, and is parallel
to the second radio portion 124 and the first feed member 16.
[0015] The second antenna unit 30 is a loop antenna, which
includes a second radio member 32, a second grounding
member 34, and a second feed member 36. The second radio
member 32 is a flat sheet positioned parallel to the plane in
which the first antenna unit 10 is positioned. The second radio
member 32 includes a fourth radio portion 322, a fifth radio
portion 324, and a sixth radio portion 326.

[0016] The fourth radio portion 322 is an L-shaped flat
sheet including a first section 3224 and a second section 3225.
The first section 322a and the second section 3225 are both
longitudinal flat sheets. A projection of the first section 3224,
which is formed on the plane in which the first antenna unit 10
is positioned, is positioned between the first radio portion 122
and the third radio portion 126, and is parallel to the first radio
portion 122 and the third radio portion 126. An end of the
second section 3225 is perpendicularly connected to an end of
the first section 322a. Another end of the first section 3224 is
aligned with an end of the first feed member 16.

[0017] The fifth radio portion 324 is a longitudinal flat
sheet. An end of the fifth radio portion 324 is perpendicularly
connected to another end of the second section 32254, and the
fifth radio portion 324 and the first section 322a are respec-
tively positioned at two sides of the second section 3225. The
first section 322a and the fifth radio portion 324 are posi-
tioned parallel to each other and extend away from the second
section 3225 along two opposite directions, correspondingly.
[0018] The sixthradio portion 326 is an [.-shaped flat sheet
positioned coplanar with the fourth radio portion 322 and
includes a third section 326a and a fourth section 3265. The
third section 326a and the fourth section 3265 are both lon-
gitudinal flat sheets. An end of the third section 326a is
perpendicularly connected to another end of the fifth radio
portion 324, and the third section 326a is parallel to the
second section 322b. An end of the fourth section 3265 is
perpendicularly connected to another end of the third section
326a. The fourth section 3265, the fifth radio portion 324, and
the fourth radio portion 322 are positioned at a same side of
the third section 326a. The fourth section 3265 is parallel to
the fifth radio portion 324 and the first section 322a.

[0019] The second grounding member 34 is a rectangular
flat sheet coplanar with the second radio member 32. The
second grounding member 34 is perpendicularly connected to
another end of the fourth section 3264, and the third section
326a and the second grounding member 34 are respectively
positioned at two sides of the fourth section 3265. An end of
the second grounding member 34 is aligned with an end of the
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first grounding member 14. The second feed member 36 is a
connecting section. Two ends of the second feed member 36
are respectively perpendicularly connected to the end of the
first section 322a and the end of the first feed member 16 that
are aligned with each other, such that the first antenna unit 10
and the second antenna unit 30 are connected together.
[0020] In assembly, conventional electronic components
(not shown) of the portable electronic device can be mounted
on the main surface 220. The antenna 100 is received in the
receiving portion 240. The grounding connector 252 is con-
nected to the first grounding member 34, and is further con-
nected to the second grounding member 36 via the first
grounding member 34. The feed connector 254 is connected
to both the end of the first grounding member 14 and the end
of'the second grounding member 34 that are aligned with each
other. Thus, the antenna 100 is mounted on a side edge of the
circuit board 200 and does not occupy much space.

[0021] Inuse, the circuit board 200 provides feed signals to
the first feed member 16 via the feed connector 254, and the
feed signals are transmitted to the second feed member 36 via
the first feed member 16. Both the first antenna unit 10 and the
second antenna unit 30 can be grounded by the grounding
connector 252. Thus, the first antenna unit 10 and the second
antenna unit 30 operate as antennas. Particularly, the first
antenna unit 10 can receive/send wireless signals at relatively
higher frequencies (e.g., about 2.6 GHz), and the second
antenna unit 30 can receive/send wireless signals at relatively
lower frequencies (e.g., about 2.38 GHz). Furthermore, the
first antenna unit 10 and the second antenna unit 30 can be
coupled with each other. The coupling between the first
antenna unit 10 and the second antenna unit 30 can change the
impedance of the antenna 100, and further regulate the work-
ing frequency band of the antenna 100, such that the multi-
band antenna 100 can be used to receive/send wireless signals
across a wide frequency band.

[0022] Referring to FIG. 3, as known in experiments, in a
frequency band of about 2.40 GHz-2.485 GHz, the return loss
(RL) of the antenna 100 is acceptable. Therefore, the multi-
band antenna 100 can be used in WLAN communication
systems (Wireless Local Area Network, using wireless sig-
nals at working frequency of about 2400 MHz). When the
working conditions of the portable electronic device (e.g.,
ambient temperatures, humidity, and taken/placed manners)
change, the coupling between the first antenna unit 10 and the
second antenna unit 30 can be used to regulate the working
frequency band of the antenna 100 and compensate the
changes of the working frequency caused by the changed
working conditions (i.e., compensate the influence of the
frequency offset). According to experiments, when the por-
table electronic device with the antenna 100 installed therein
is manually held, the frequency offset of the antenna 100 is
not evident, and the antenna 100 can also normally receive/
send wireless signals used in WLAN communication sys-
tems. The distance between the first radio member 12 and the
second radio member 32 can be regulated to obtain a desirable
coupling effect.

[0023] Inthe present disclosure, the outer dimension of the
exemplary multiband antenna 100 is about 26.8 mmx4.0
mmx0.8 mm. The distance between the two planes in which
the first radio member 12 and the second radio member 32 are
respectively positioned is about 0.4 mm. Apparently, the
antenna 100 is very small in size, and can be easily mounted
on the side edge of the circuit board and received in the
housing of the portable electronic device.
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[0024] The present antenna 100 is small in size and has
good communication quality in at a plurality of frequency
bands used in wireless communication, which can allow fur-
ther size reductions of portable electronic devices employing
the antenna 100. Note that the dimensions set forth herein are
exemplary of the working frequencies also mentioned herein.
Accordingly, the dimensions of the antenna 100 are not lim-
ited to the dimensions set forth in this specification.

[0025] It is to be further understood that even though
numerous characteristics and advantages of the present
embodiments have been set forth in the foregoing description,
together with details of structures and functions of various
embodiments, the disclosure is illustrative only, and changes
may be made in detail, especially in matters of shape, size,
and arrangement of parts within the principles of the present
invention to the full extent indicated by the broad general
meaning of the terms in which the appended claims are
expressed.

What is claimed is:
1. An antenna used in portable electronic devices, compris-
ing:
a first antenna unit shaped as a planar inverted-F antenna
(PIFA); and

a second antenna unit shaped as a loop antenna and con-
nected to the first antenna unit; wherein the first antenna
unit receives/sends wireless signals at relatively higher
frequencies, the second antenna unit receives/sends
wireless signals at relatively lower frequencies, and the
first antenna unit can be coupled with the second antenna
unit to regulate the working frequency band of the
antenna.

2. The antenna as claimed in claim 1, wherein the first
antenna unit includes a first radio member, the second antenna
unit includes a second radio member, and the first radio mem-
ber and the second radio member are both flat sheets and
parallel to each other.

3. The antenna as claimed in claim 2, wherein the first radio
member includes a first radio portion, a second radio portion,
and athird radio portion, which are all longitudinal flat sheets;
an end of the second radio portion perpendicularly connected
to an end of the first radio portion, the third radio portion
perpendicularly connected to another end of the second radio
portion and parallel to the first radio portion.

4. The antenna as claimed in claim 3, wherein the second
radio member includes a fourth radio portion, a fifth radio
portion, and a sixth radio portion; the fourth radio portion
including a longitudinal first section and a longitudinal sec-
ond section, an end of the first section perpendicularly con-
nected to an end of the first section; the fifth radio portion
being a longitudinal flat sheet, an end of the fifth radio portion
perpendicularly connected to another end of the second sec-
tion; the sixth radio portion including a longitudinal third
section and a longitudinal fourth section, an end of the third
section perpendicularly connected to another end of the fifth
radio portion, and the third section parallel to the second
section; an end of the fourth section perpendicularly con-
nected to another end of the third section.

5. The antenna as claimed in claim 4, wherein the projec-
tion of the first section formed on the plane of the first antenna
unit and is positioned between and parallel to the first radio
portion and the third radio portion.

6. The antenna as claimed in claim 4, wherein the first
antenna unit further includes a first feed member connected to
another end of the first radio portion and the second antenna
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unit further includes a second feed member connected to
another end of the first section and also connected to the first
feed member, the first feed member and the second feed
member configured for respectively receiving feed signals of
the first antenna unit and the second antenna unit.

7. The antenna as claimed in claim 4, wherein the first
antenna unit further includes a first grounding member con-
nected to the first radio portion and the second antenna unit
further includes a second grounding member connected to the
fourth section, and an end of the first grounding member
aligned with an end of the second grounding member.

8. An antenna used in portable electronic devices, compris-
ing:

a first antenna unit shaped as a planar inverted-F antenna
(PIFA), the first antenna unit including a first radio mem-
ber and a first feed member connected to the first radio
member for receiving feed signals; and

a second antenna unit shaped as a loop antenna, the second
antenna unit includes a second radio member and a
second feed member connected to the second radio
member for receiving feed signals; wherein the second
feed member can also be connected to the first feed
member to connect the first antenna unit and the second
antenna unit together.

9. The antenna as claimed in claim 8, wherein the first
antenna unit includes a first radio member, the second antenna
unit includes a second radio member, and the first radio mem-
ber and the second radio member are both flat sheets and
parallel to each other.

10. The antenna as claimed in claim 9, wherein the first
radio member includes a first radio portion, a second radio
portion, and a third radio portion, which are all longitudinal
flat sheets; an end of the second radio portion perpendicularly
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connected to an end of the first radio portion, the third radio
portion perpendicularly connected to another end of the sec-
ond radio portion and parallel to the first radio portion.

11. The antenna as claimed in claim 10, wherein the second
radio member includes a fourth radio portion, a fifth radio
portion, and a sixth radio portion; the fourth radio portion
including a longitudinal first section and a longitudinal sec-
ond section, an end of the first section perpendicularly con-
nected to an end of the first section; the fifth radio portion
being a longitudinal flat sheet, an end of the fifth radio portion
perpendicularly connected to another end of the second sec-
tion; the sixth radio portion including a longitudinal third
section and a longitudinal fourth section, an end of the third
section perpendicularly connected to another end of the fifth
radio portion, and the third section parallel to the second
section; an end of the fourth section perpendicularly con-
nected to another end of the third section.

12. The antenna as claimed in claim 11, wherein the pro-
jection of the first section formed on the plane in which the
first antenna unit is positioned is positioned between the first
radio portion and the third radio portion, and is parallel to the
first radio portion and the third radio portion.

13. The antenna as claimed in claim 11, wherein the first
feed member is connected to another end of the first radio
portion, and the second feed member is connected to another
end of the first section.

14. The antenna as claimed in claim 11, wherein the first
antenna unit further includes a first grounding member con-
nected to the first radio portion and the second antenna unit
further includes a second grounding member connected to the
fourth section, and an end of the first grounding member is
aligned with an end of the second grounding member.

sk sk sk sk sk
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MULTI-BAND ANTENNA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an antenna, more
specifically, an antenna capable of receiving and transmitting
various frequency bands at the same time.

[0003] 2. The Related Art

[0004] With the progress of broadcasting information and
electronic technology, the technology of electronic products
such as computers, mobile phones and network communica-
tion products is rapidly developed. Hence, the electronic
products have the advantages of compact size, low price and
multiple functions.

[0005] Especially, network communication products are
popularly used in daily life and at various spaces, such as
office, home, automobile, etc. And therefore improves the
convenience of information communication. Because various
network communication products are rapidly upgraded in
marketing, the requests for advanced functions of the network
communication products are increased. Hence, combining
various functions and services of convenience and efficiency
are important appraisals for the network communication
products.

[0006] With the rapid progress of the portable communica-
tion products, antenna products are aimed by electronic com-
ponent manufacturers. Due to the antennas capable of trans-
ferring current into radio wave and transferring radio wave
into current, it is a major component in communication sys-
tem. Thus, the efficiency and the gain of the antenna may
directly affect the quality of transmitted data in the commu-
nication system. Hence, the electronic component manufac-
turers spend a lot of time and money to improve the efficiency
and the gain of the antenna in order to improve quality and
sale quantity of the portable communication products.
[0007] Institute of Electrical and Electronic Engineer
(IEEE) 802.11a/b/g and 802.16e are general standards of
wireless local area network nowadays. IEEE 802.11a oper-
ates at 5.2 GHz band (5.15 GHz to 5.875 GHz). IEEE 802.
11b/g operates at 2.4 GHz band (2.412 GHz to 2.462 GHz).
IEEE 802.16e operates about 2 GHz to 6 GHz. Frequency
bands covering 2.6 GHz and 3.5 GHz are two channels in
IEEE 802.16e standard.

[0008] In order to improve the feature of compatibility, the
antenna configured in the portable communication products
is capable of receiving and transmitting signals carried
through at least two wireless local area network frequency
bands for conforming IEEE standards mentioned above.
Hence, the antenna operated at least two wireless local area
network frequency bands becomes an essential component of
the portable communication products.

[0009] The antenna has the external type and the embedded
type. Generally speaking, the embedded antenna is more
preferable than the external antenna for the portable commu-
nication products owing to the mechanical and ergonomic
reasons. The embedded antenna is protected by the portable
communication products case or housing and therefore tend
to be more durable than external antenna.

[0010] A conventional antenna is disclosed at Taiwan
patent M329873. The conventional antenna includes a
grounding element having a first side, a radiating element
separated from the first side of the grounding element, and a
connecting element. The radiating element has a first radiat-
ing section and a second radiating section. The connecting
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element connects the grounding element to the radiating ele-
ment and includes a first end slantwise extending from the
grounding element to form a first angle except a right angle
between the connecting element and the grounding element.
[0011] The first radiating section of the radiating element
can receive and transmit signals carried through a higher band
covering 5.2 GHz. The second radiating section of the radi-
ating element can receive and transmit signals carried through
a lower band covering 2.4 GHz. Hence, the conventional
antenna can operate at IEEE 802.11a/b/g standard.

[0012] However, the conventional antenna operated
according to IEEE 802.11 standard can not be operated at
IEEE 802.16e standard covering 2.6 GHz and 3.5 GHz at the
same time.

SUMMARY OF THE INVENTION

[0013] An object of the present invention is to provide a
multi-band antenna capable of operating with various wire-
less local area network frequency bands.

[0014] According to the invention, the multi-band antenna
has a feeding point, a ground portion, a first radiating portion,
a second radiating portion, a third radiating portion, a fourth
radiating portion and a connecting portion. The ground por-
tion extends in a first direction. The first radiating portion
extends in a second direction perpendicular to the first direc-
tion and defines a first end close to the ground portion, a
second end opposite to the first end, a first side and a second
side opposite to the first side.

[0015] The second radiating portion extends from the first
side of the second end of the first radiating portion. The third
radiating portion extends in the first direction and from the
second side of the second end of the first radiating portion.
The fourth radiating portion extends from the second side of
the first end of the first radiating portion and is located
between the ground portion and the third radiating portion.
The connecting portion interconnects the ground portion and
the fourth radiating portion. The feeding point is located at the
first end of the first radiating portion.

[0016] The feeding point, the ground portion, the first radi-
ating portion, the second radiating portion, a part of the fourth
radiating portion, and the connecting portion are formed as a
first Inverted-F antenna which resonates at a first band cov-
ering 5.2 GHz corresponding to IEEE 802.11a.

[0017] The feeding point, the ground portion, the first radi-
ating portion, the third radiating portion, the part of the fourth
radiating portion, and the connecting portion are formed as a
second Inverted-F antenna which resonates at a second band
covering 2.4 GHz and 2.6 GHz corresponding to IEEE 802.
11b/g and IEEE 802.16e respectively.

[0018] The feeding point, the ground portion, the fourth
radiating portion, and the connecting portion are formed as a
third Inverted-F antenna which resonates at a third band cov-
ering 3.5 GHz corresponding to IEEE 802.16e. Therefore, the
multi-band antenna can be operated at various wireless local
area network frequency bands at the same time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The present invention will be apparent to those
skilled in the art by reading the following description of
preferred embodiments thereof, with reference to the
attached drawings, in which:

[0020] FIG. 1 shows a first preferred embodiment of a
multi-band antenna according to the present invention;
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[0021] FIG. 2 shows a second preferred embodiment of the
multi-band antenna according to the present invention; and
[0022] FIG. 3 shows a Voltage Standing Wave Ratio
(VSWR) test chart of the multi-band antenna according to the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0023] Please refer to FIG. 1. A first preferred embodiment
of a multi-band antenna 100 is made of a metal foil. The
multi-band antenna 100 has a feeding point 2, a ground point
4, a first radiating portion 6, a second radiating portion 8, a
third radiating portion 10, a fourth radiating portion 12 and a
connecting portion 14.

[0024] The first radiating portion 6, the second radiating
portion 8, the third radiating portion 10, the fourth radiating
portion 12 and the connecting portion 14 are arranged at one
side of the ground portion 4. The ground portion 4 is of a
rectangular shape and extends in a first direction. The first
radiating portion 6 is of a rectangular shape and extends in a
second direction perpendicular to the first direction.

[0025] The first radiating portion 6 defines opposite first
end 16 and second end 18, and opposite first side 20 and
second side 22. The first end 16 of the first radiating portion 6
is close to the ground portion 4. The feeding point 2 is located
at the first end 16 of the first radiating portion 6.

[0026] The second radiating portion 8 extends from the first
side 20 ofthe second end 18 of first radiating portion 6 and has
a first radiating section 24 and a second radiating section 26.
One end of the first radiating section 24 connects to the first
side 20 of the second end 18 of the first radiating portion 6,
and the other end of the first radiating section 24 connects to
the second radiating section 26.

[0027] Especially, the first radiating section 24 of the sec-
ond radiating portion 8 extends in the first direction, and the
second radiating section 26 extends in the second direction.
The second radiating section 26 of the second radiating por-
tion 8 is arranged to face to and close to the first radiating
portion 6. The free end of the second radiating section 26 is
towards the ground portion 4. The second radiating portion 8
is of a L shape. The second radiating portion 8 and the third
radiating portion 10 are together formed as a L-shape.
[0028] The third radiating portion 10 extends from the sec-
ond side 22 of the second end 18 of the first radiating portion
6 and extends in the first direction. The third radiating portion
10, the first radiating section 24 of the second radiating por-
tion 8 and the second end 18 of the first radiating portion 6 are
substantially at the same level. The fourth radiating portion 12
extends from the second side 22 of the first end 16 of the first
radiating portion 6, and is arranged between the ground por-
tion 4 and the third radiating portion 10.

[0029] The fourth radiating portion 12 has a third radiating
section 28, a fourth radiating section 30 and a fifth radiating
section 32. The third radiating section 28 of the fourth radi-
ating portion 10 extends in the first direction. The third radi-
ating section 28 of the fourth radiating portion 10 is close to
the ground portion 4. One end of the third radiating section 28
connects to the second side 22 of the first end 16 of the first
radiating portion 6, and the other end of the third radiating
section 28 connects to the fourth radiating section 30.
[0030] The fourth radiating section 30 extends in the sec-
ond direction, and is arranged to face to and close to the first
radiating portion 6. The fourth radiating section 30 intercon-
nects the third radiating section 28 and the fifth radiating
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section 32. The fifth radiating section 32 extends in the first
direction. The free end of the third radiating portion 10 and
the free end of the fifth radiating section 32 are towards the
same direction. Especially, the fourth radiating portion 12 is
of a stair shape.

[0031] The connecting portion 14 interconnects the fourth
radiating portion 12 and the ground portion 4. The connecting
portion 14 has a first section 34 and a second section 26. One
end of the first section 34 of the connecting portion 14 con-
nects to a corner defined by the third radiating section 28 and
the fourth radiating section 30 of the fourth radiating portion
12. The second section 36 interconnects the other end of the
first section 34 and the ground portion 4.

[0032] Especially, the first section 34 extends in the first
direction, and the second section 36 extends in the second
direction. The first section 34 of the connecting portion 14
and the third radiating section 28 of the fourth radiating
portion 12 are substantially at the same level. The first section
34 is close to the ground portion 4. The connecting portion 14
is of a L shape.

[0033] Especially, the ground portion 4, the first radiating
portion 6, the second radiating portion 8, the third radiating
portion 10, the fourth radiating portion 12 and the first section
34 of the connecting portion 14 are of an elongate shape. The
second section 36 of the connecting portion 14 is of a rectan-
gular shape.

[0034] Please refer to FIG. 2. A second embodiment of a
multi-band antenna 100 is printed on a circuit board 38, such
as a printed circuit board or a flex printed board. In this case,
the ground portion 4, the first radiating portion 6, the second
radiating portion 8, the third radiating portion 10, the fourth
radiating portion 12 and the connecting portion 14 are printed
on one surface of the circuit board 38.

[0035] Especially, the circuit board has plurality of through
hole 40. The fifth radiating section 32 of the fourth radiating
portion has a curve 42 for avoiding the through hole 40. The
through hole 40 can engage with a corresponding engaging
element for fixing the circuit board 38 to an electric device.

[0036] The feeding point 2, the ground portion 4, the first
radiating portion 6, the second radiating portion 8, the third
radiating section 28 of the fourth radiating portion 12, and the
connecting portion 14 are formed as a first Inverted-F
antenna. The cooperation of them resonates at a first band
covering 5.2 GHz. The electronic length of the first radiating
portion 6 and the second radiating portion 8 is a quarter
wavelength corresponding to the first band.

[0037] The feeding point 2, the ground portion 4, the first
radiating portion 6, the third radiating portion 10, the third
radiating section 28 of the fourth radiating portion 12, and the
connecting portion 14 are formed as a second Inverted-F
antenna. The cooperation of them resonates at a second band
covering 2.4 GHz and 2.6 GHz. The electronic length of the
first radiating portion 6 and the third radiating portion 10 is a
quarter wavelength corresponding to the second band. In the
case of the first Inverted-F antenna and the second Inverted-F
antenna, the third radiating section 28 of the fourth radiating
portion 10 functions as a part of the connecting portion 14.
[0038] The feeding point 2, the ground portion 4, the fourth
radiating portion 12, and the connecting portion 14 are
formed as a third Inverted-F antenna. The cooperation of
them resonates at a third band covering 3.5 GHz. The elec-
tronic length of the fourth radiating portion 12 is a quarter
wavelength corresponding to the third band.
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[0039] The connecting portion 14 functions as an induc-
tance for tuning bandwidth of the second band, antenna
matching and impedance. If the length of the connecting
portion 14 is increased, then the value of the inductance will
be therefore increased. Hence, the bandwidth of the second
band is enhanced.

[0040] The location of the fifth radiating section 32 of the
fourth radiating portion 12 is related to the antenna gain of the
second band and the third band. If the fifth radiating section
32 of the fourth radiating portion 12 is close to the third
radiating portion 10, then the Voltage Standing Wave Ratio
(VSWR) of the second band will be raised, and the VSWR of
the third band will be decreased. If the fifth radiating section
32 of the fourth radiating portion 12 is close to the ground
portion 4, then the Voltage Standing Wave Ratio (VSWR) of
the second band will be decreased, and the VSWR of'the third
band will be raised.

[0041] Please refer to FIG. 3, it shows a VSWR test chart of
the multi-band antenna 100. If the multi-band antenna 100
operates at 2.3 GHz, thenthe VSWR value will be 2.8497 (M1
in FIG. 3). If the multi-band antenna 100 operates at 2.7 GHz,
then the VSWR value will be 2.6221 (M2 in FIG. 3). There-
fore, the multi-band antenna 100 can stably operate at the
second band covering 2.4 GHz corresponding to IEEE 802.
11b/g and 2.6 GHz corresponding to IEEE 802.16e.

[0042] If the multi-band antenna 100 operates at 3.3 GHz,
then the VSWR value will be 1.8931 (M3 in FIG. 3). If the
multi-band antenna 100 operates at 3.8 GHz, then the VSWR
value will be 1.464 (M4 in FIG. 3). Therefore, the multi-band
antenna 100 can stably operate at the third band covering 3.5
GHz corresponding to IEEE 802.16e.

[0043] Ifthe multi-band antenna 100 operates at 5.15 GHz,
then the VSWR value will be 1.6213 (M5 in FIG. 3). If the
multi-band antenna 100 operates at 5.85 GHz, then the
VSWR value will be 1.1057 (M6 in FIG. 3). Therefore, the
multi-band antenna 100 can stably operate at the first band
covering 5.2 GHz corresponding to IEEE 802.11a.

[0044] Therefore, the multi-band antenna 100 can operate
at the first band covering 5.2 GHz corresponding IEEE 802.
11a, the second band covering 2.4 GHz and 2.6 GHz corre-
sponding IEEE 802.11b/g and IEEE 802.16e respectively,
and the third band covering 3.5 GHz corresponding IEEE
802.16e.

[0045] Furthermore, the present invention is not limited to
the embodiments described above; diverse additions, alter-
ations and the like may be made within the scope of the
present invention by a person skilled in the art. For example,
respective embodiments may be appropriately combined.

What is claimed is:

1. A multi-band antenna, comprising:

a ground portion extending in a first direction;

a first radiating portion extending in a second direction
perpendicular to the first direction and defining a first
end close to the ground portion, a second end opposite to
the first end, a first side and a second side opposite to the
first side;

a second radiating portion extending from the first side of
the second end of the first radiating portion;

athird radiating portion extending in the first direction and
from the second side of the second end of the first radi-
ating portion;
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a fourth radiating portion extending from the second side of
the first end of the first radiating portion and located
between the ground portion and the third radiating por-
tion;

a connecting portion interconnecting the ground portion
and the fourth radiating portion; and

a feeding point located at the first end of the first radiating
portion.

2. The multi-band antenna as claimed in claim 1, wherein
the third radiating portion is of an elongated shape.

3. The multi-band antenna as claimed in claim 1, wherein
the second radiating portion has a first radiating section and a
second radiating section, one end of the first radiating section
connects to the first side of the second end of the first radiating
portion, and the other end of the first radiating section con-
nects to one end of the second radiating section, the other end
of the second radiating section is a free end and is arranged
towards the ground portion.

4. The multi-band antenna as claimed in claim 3, wherein
the first radiating section of the second radiating portion
extends in the first direction and the second radiating section
of the second radiating portion extends in the second direc-
tion.

5. The multi-band antenna as claimed in claim 4, wherein
the second radiating section of the second radiating portion is
arranged to face to and close to the first radiating portion.

6. The multi-band antenna as claimed in claim 1, wherein
the fourth radiating portion has a third radiating section, a
fourth radiating section and a fifth radiating section, one end
of'the third radiating section connects to the second side of the
first end of the first radiating portion, the fourth radiating
section interconnects the other end of the third radiating sec-
tion and one end of the fifth radiating section, the other end of
the fifth radiating section is a free end, the connecting portion
interconnects the ground portion and a corner defined
between the third radiating section and the fourth radiating
section.

7. The multi-band antenna as claimed in claim 6, wherein
the third radiating section and the fifth radiating section
extend in the first direction, the fourth radiating section
extends in the second direction.

8. The multi-band as claimed in claim 7, wherein the third
radiating section is close to the ground portion, the fourth
radiating section is close to the first radiating portion, the free
end of the third radiating portion and the free end of the fifth
radiating section extend towards the same direction.

9. The multi-band antenna as claimed in claim 8, wherein
the connecting portion has a first section and a section, one
end of the first section connects to the corner defined between
the third radiating section and the fourth radiating section, the
section interconnects the other end of the first section and the
ground portion.

10. The multi-band antenna as claimed in claim 9, wherein
the first section extends in the first direction, the first section
of'the connecting portion and the third radiating section of the
fourth radiating portion are at the same level.

11. The multi-band antenna as claimed in claim 1, wherein
the ground portion, the first radiating portion, the second
radiating portion, the fourth radiating portion and the con-
necting portion are printed on a circuit board.

12. The multi-band antenna as claimed in claim 11,
wherein the circuit board has at least one through hole.
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13. A multi-band antenna, comprising:

a ground portion;

a first radiating portion defining opposite first side and
second side, and opposite first end and second end, the
first end being close to the ground portion;

a second radiating portion extending from the first side of
the second end of the first radiating portion;

a third radiating portion extending from the second side of
the second end of the first radiating portion and in a
second direction;

afourth radiating portion extending from the second side of
the first end of the first radiating portion and having a
first bent portion, which is arranged between the third
radiating portion and the ground portion;

a connecting portion interconnecting the first bent portion
of the fourth radiating portion and the ground portion;
and

a feeding point arranged at the first end of the first radiating
portion.

14. The multi-band antenna as claimed in claim 13,
wherein the first radiating portion extends in a first direction,
the third radiating portion extends in a second radiating direc-
tion perpendicular to the first radiating portion, the second
radiating portion has a first radiating section arranged in the
second radiating direction and a second radiating section
arranged in the first radiating direction, the first radiating
section interconnecting the first side of the second end of the
first radiating portion and the second radiating section.

15. The multi-band antenna as claimed in claim 14,
wherein the second end of the first radiating portion, the first
radiating section of the second radiating portion and the third
radiating portion are substantially at the same level, the sec-
ond radiating section is close to the first radiating portion, the
free end of the second radiating section extends towards the
ground portion.

16. The multi-band antenna as claimed in claim 13,
wherein the fourth radiating portion further has a second bent
portion, the fourth radiating portion is divided into a third
radiating section extending in the second direction, a fourth
radiating section extending in the first direction and a fifth
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radiating section extending in the second direction by the first
bent portion and a second bent portion, the third radiating
section interconnects the second side of the first end of the
first radiating portion and the fourth radiating section, the
fourth radiating section interconnects the third radiating sec-
tion and the fifth radiating section.

17. The multi-band antenna as claimed in claim 16,
wherein the third radiating section is close to the ground
portion, the fourth section is close to and face to the first
radiating portion, the free end of the third radiating portion
and the free end of the fifth radiating section of the fourth
radiating portion extend towards the same direction.

18. The multi-band antenna as claimed in claim 17,
wherein the connecting portion has a first section extending in
the second direction and a second section, the first section
interconnects the first bent portion of the fourth radiating
portion and the second section, the second section intercon-
nects the first section and the ground portion, the first section
of'the connecting portion and the third radiating section of the
fourth radiating portion are at the same level.

19. A multi-band antenna, comprising:

a ground portion;

a first radiating portion defining opposite first end and

second end;

a L-shaped radiating portion connected to the second end
of the first radiating portion and having a third end
extending towards the ground portion and a fourth end
extending towards a direction;

a stair-shaped radiating portion located between the
ground portion and the L-shaped radiating portion and
defining a fifth end connected to the first end of the
radiating portion and a sixth end extending towards the
direction, which has at least one bent section;

a connecting portion interconnecting the bent section of the
fourth radiating portion and the ground portion; and

afeeding point arranged at the first end of the first radiating
portion.

20. The multi-band antenna as claimed in claim 19,

wherein the connecting portion is of a L shape.
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MOBILE COMMUNICATION TERMINAL

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from the prior Japanese Patent Application No.
2009-157860 filed on Jul. 2, 2009; the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a mobile communi-
cation terminal that can be deformed into a plurality of
shapes, and can reduce a change of impedance of an antenna
by being provided with a conductive element close to the
antenna.

[0004] 2. Description of the Related Art

[0005] Mobile communication devices such as mobile
phones have come into wide use in recent years. Various types
of mobile communication devices have been proposed and
developed, such as a mobile communication device having
upper and lower housing sections which are coupled to each
other through a two-axis hinge portion provided in a support-
ing material. To put it specifically, the upper and lower hous-
ing sections of the mobile communication device can be open
and closed to each other in a BC-face direction around a
horizontal hinge axis provided in a direction of the width at an
upper end of the lower housing section. Further, the upper
housing section can rotate with respect to the lower housing
section around a vertical hinge axis provided in the support-
ing material in the middle of the upper end of the lower
housing section.

[0006] Forsuchamobile communication device that can be
deformed into a plurality of shapes, a metallic first hinge axis
provided in the upper housing section quite supposedly has an
electric length which can be resonant with a wavelength in a
used frequency range. Thus, there is a problem in that an
effect of the hinge portion on the antenna cannot be disre-
garded.

[0007] Thus, a mobile communication device of a type
having housing sections of a bidirectional open/close system
such that the effect of the hinge portion on the antenna can be
effectively reduced is known, e.g., as disclosed in Japanese
Patent Publication of Unexamined Application (Kokai), No.
2009-111895.

[0008] The mobile communication device of JP-A-2009-
111895 has a horizontal hinge portion which movably con-
nects an upper housing section and a hinge housing section
around a first axis core. The horizontal hinge portion is con-
stituted by a horizontal hinge ankle, a horizontal hinge plate
and a first hinge axis. The horizontal hinge ankle is electri-
cally connected to a first metallic portion provided in the
upper housing section 1. The horizontal hinge plate is pro-
vided in the hinge housing section and includes a conductive
material. The first hinge axis electrically connects the hori-
zontal hinge ankle and the horizontal hinge plate, and
includes a conductive material provided between almost the
middle point of a longer side of a face on which the upper
housing section and the hinge housing section face to each
other in a direction of a second axis core and an end portion.
Further, an electric path length of the horizontal hinge portion
which is a sum of the lengths of the horizontal hinge plate and
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the first hinge axis is a certain value except for a multiple of
approximately one-eighth of the wavelength.

[0009] A growingtrend in a mobile phone having upper and
lower housing sections which are coupled to each other
through a hinge portion provided in a supporting material is to
have a housing internal case formed by metal (such as mag-
nesium) or a metallic material is provided in the housing
internal case from a viewpoint of mechanical strength of a
display or from an aesthetic viewpoint. Meanwhile, if a lower
housing hinge portion is provided with an antenna, the
antenna is close to a metallic material provided in an upper
housing internal case. As the position of the metallic material
relative to the antenna changes depending upon whether the
mobile phone 1 is in open or closed states, a resonant fre-
quency of the antenna significantly changes. There is a prob-
lem in that, if antenna impedance significantly changes owing
to achange between the open and closed states and the imped-
ance is matched in the one state, the antenna performance is
degraded in the other state.

SUMMARY OF THE INVENTION

[0010] Accordingly, an advantage of the present invention
is to provide a mobile communication device that can be
deformed into a plurality of shapes (e.g., open and closed
states), can reduce a change of antenna impedance even if
provided with something metallic close to the antenna, and
can implement an antenna configuration resisting metallic
conditions more than usual.

[0011] To achieve the above advantage, one aspect of the
present invention is that a mobile communication terminal
having a first housing section and a second housing section is
provided. The first housing section includes a metallic por-
tion. The second housing section is movably coupled to the
first housing section. The second housing section is provided
with an antenna. The second housing section is provided with
a conductive element which covers a portion of the antenna
from the metallic portion regardless of a position of the sec-
ond housing section relative to the first housing section. The
conductive element is electrically open.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1A is a front view of a mobile communication
terminal (mobile phone) of the present invention being open.
[0013] FIG. 1B is a side view of the mobile communication
terminal (mobile phone) of the present invention being open.
[0014] FIG. 2A is a front view of the mobile communica-
tion terminal (mobile phone) of the present invention being
closed.

[0015] FIG. 2B is a side view of the mobile communication
terminal (mobile phone) of the present invention being
closed.

[0016] FIG. 3 is a schematic diagram showing an antenna
provided in an interface portion between upper and lower
housing sections of the mobile communication terminal (mo-
bile phone) of the present invention.

[0017] FIG. 4A is a schematic side view diagram showing
an example of a position of an antenna mounting portion
relative to a metallic member in an open state of the mobile
communication terminal (mobile phone) of the present inven-
tion having no conductive element.

[0018] FIG. 4B is a schematic side view diagram showing
an example of a position of the antenna mounting portion
relative to the metallic member in a closed state of the mobile
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communication terminal (mobile phone) of the present inven-
tion having no conductive element.

[0019] FIG. 5 shows impedance characteristics in the open
and closed states of the mobile communication terminal (mo-
bile phone) of the present invention having no conductive
element on a same graph.

[0020] FIG. 6 is a schematic diagram showing the interface
portion between the upper and lower housing sections pro-
vided with the antenna and a conductive element in the open
state of the mobile communication terminal (mobile phone)
of the present invention.

[0021] FIG. 7A is a schematic side view diagram showing
an example of the position of the antenna mounting portion
relative to the metallic member in the open state of the mobile
communication terminal (mobile phone) of the present inven-
tion provided with the conductive element.

[0022] FIG. 7B is a schematic side view diagram showing
an example of the position of the antenna mounting portion
relative to the metallic member in the closed state of the
mobile communication terminal (mobile phone) of the
present invention provided with the conductive element.
[0023] FIG. 8 shows impedance characteristics in the open
and closed states of the mobile communication terminal (mo-
bile phone) of the present invention provided with the con-
ductive element on a same graph.

[0024] FIG.9is a schematic diagram showing the interface
portion between the upper and lower housing sections pro-
vided with the antenna and the conductive element in the open
state of the mobile communication terminal (mobile phone)
of the present invention.

[0025] FIG. 10 shows impedance characteristics in the
open and closed states of the mobile communication terminal
(mobile phone) of the present invention provided with the
conductive element close to a feed point of the antenna on a
same graph.

[0026] FIG. 11 is a schematic diagram showing the inter-
face portion between the upper and lower housing sections
provided with the antenna and the conductive element in the
open state of the mobile communication terminal (mobile
phone) of the present invention.

[0027] FIG. 12 is a table showing a relationship between an
element width of the conductive element provided to the
mobile communication terminal (mobile phone) of the
present invention and a gap of resonant frequencies.

[0028] FIG.13A isaschematic side view diagram showing
an example of a position of an antenna mounting portion
relative to a metallic member in an open state of the mobile
communication terminal (mobile phone) of the present inven-
tion.

[0029] FIG. 4B is a schematic side view diagram showing
an example of a position of the antenna mounting portion
relative to the metallic member in a closed state of the mobile
communication terminal (mobile phone) of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0030] An embodiment of a mobile communication termi-
nal of the present invention will be explained with reference
to the drawings. A mobile phone 1 of a clamshell type con-
stituted by plural housing sections movably coupled to each
other around one axis will be illustrated as an example of the
mobile communication terminal of the present invention.
FIG. 1A is a front view of the mobile phone 1 being open.
FIG. 1B is a side view of the mobile phone 1 being open. FIG.
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2Aisafront view of the mobile phone 1 being closed. FIG. 2B
is a side view of the mobile phone 1 being closed.

[0031] As shown in FIGS. 1A-2B, the mobile phone 1 is
constituted mainly by a rectangular plate-like upper housing
section 10 and a lower housing section 11 having almost a
same shape as the upper housing section 10. The upper hous-
ing section 10 and the lower housing section 11 are layered in
the closed state in such a way that the one of them mutually
covers a face of the other. The upper housing section 10 is
provided with a hinge portion 12, and is hinge-coupled to the
lower housing section 11 through the hinge portion 12. Then,
the mobile phone 1 is configured in such a way that the upper
housing section 10 can freely rotate in an X-direction shown
in FIG. 1A within a certain angle range with respect to the
lower housing section 11 around the hinge portion 12 as an
axis. As the upper housing section 10 rotates with respect to
the lower housing section 11, the mobile phone 1 changes
from the closed state to the open state, or vice versa.

[0032] The upper housing section 10 has an internal face (a
face on a side being opposite the lower housing section 11 in
the closed state) provided with a display 13 for displaying
data and a receiver 14 for receiving and outputting voice. The
display 13 and the receiver 14 are not exposed to the outside
as being covered by the lower housing section 11 in the closed
state. If the upper housing section 10 rotates with respect to
the lower housing section 11 so that the mobile phone 1
changes into the open state, the display 13 and the receiver 14
are exposed to the outside.

[0033] The lower housing section 11 has an internal face (a
face on a side being opposite the upper housing section 10 in
the closed state) provided with operation keys 15 for being
pressed by a user for a data input operation. The operation
keys 15 include, e.g., a 4-way navigation key for moving a
cursor or displayed content up, down, left and right, a selec-
tion key for selecting an item, a ten key for entering numerals
or character strings, a call key for making a call request and so
on. The internal face of the lower housing section 11 is pro-
vided with a microphone 16 for collecting voice. The opera-
tion keys 15 and the microphone 16 are not exposed to the
outside as being covered by the upper housing section 10 in
the closed state. If the upper housing section 10 rotates with
respect to the lower housing section 11 so that the mobile
phone 1 changes into the open state, the operation keys 15 and
the microphone 16 are exposed to the outside.

[0034] FIG. 3 is a schematic diagram showing an antenna
17 provided in an interface portion between the upper housing
section 10 and the lower housing section 11 in the open state
of'the mobile phone 1. As shown in FIG. 3, the mobile phone
1 has, e.g., an internal case 10a of the upper housing section
10 formed by metallic material such as magnesium, or is
provided with a metallic member 104 in the internal case 10a
of the upper housing section 10. A growing trend in such a
mobile phone changeably formed by these plural housing
sections in recent years is to have an internal case of the
housing section formed by metal such as magnesium from a
viewpoint of mechanical strength of a display or from an
aesthetic viewpoint. Assume in a following explanation that
the metallic member 104 is provided to the internal case 10a
of the upper housing section 10.

[0035] Further, as shown in FIG. 3, a feed point 17a of the
antenna 17 is provided in a portion of a printed board 11a of
the lower housing section 11 being close to the hinge portion
12, and the antenna 17 is mounted as extending from the
lower housing section 11 to the hinge portion 12. The antenna





US 2011/0001671 Al

17 is, e.g., for a cellular communication use and, e.g., of a
quarter-wavelength monopole type. If the metallic member
105 of the internal case 104 of the upper housing section 10 is
arranged as overlapping the feed point 17a of the antenna 17
arranged in the lower housing section 11 and the antenna 17
mounted as extending from the lower housing section 11 to
the hinge portion 12, distances between the feed point 17a
and the metallic member 105 of the internal case and between
the antenna 17 and the metallic member 105 of the internal
case change depending upon whether the mobile phone 1 is in
the open state or in the closed state.

[0036] FIG. 4A is a schematic side view diagram showing
an example of a position of a mounting portion of the antenna
17 relative to the metallic member 105 in the open state of the
mobile phone 1. FIG. 4B is a schematic side view diagram
showing an example of a position of the mounting portion of
the antenna 17 relative to the metallic member 105 in the
closed state of the mobile phone 1. As the metallic member
1054 is formed on the internal case 10a of the upper housing
section 10 as shown in FIG. 4A, a distance S1 between the
mounting portion of the antenna 17 and a portion of the
metallic member 105 closest to the mounting portion of the
antenna 17 in the open state of the mobile phone 1 approxi-
mately equals a thickness of the upper housing section 10.
Meanwhile, a distance S2 between the mounting portion of
the antenna 17 and, as shown in FIG. 4B, the portion of the
metallic member 105 closest to the mounting portion of the
antenna 17 in the closed state of the mobile phone 1 is smaller
than the thickness of the upper housing section 10.

[0037] That is, the distance S1 between the antenna 17 and
the metallic member 104 in the open state of the mobile phone
1 is greater than the distance S2 between the antenna 17 and
the metallic member 105 in the closed state of the mobile
phone 1. If the internal case 10a of the upper housing section
10 is provided with the metallic member 105, the distance
between the antenna 17 mounted as extending from the lower
housing section 11 to the hinge portion 12 and the metallic
member 105 ofthe upper housing section 10 changes depend-
ing upon whether the mobile phone 1 is in the open state or in
the closed state, resulting in a significant change of an imped-
ance characteristic of the antenna 17.

[0038] FIG. 5 shows impedance characteristics of the
antenna 17 in the open and closed states of the mobile phone
1 on a same graph. The impedance characteristics are indi-
cated on a horizontal and vertical axes representing a fre-
quency and a VSWR (voltage standing wave ratio), respec-
tively (omitted hereafter). As shown in FIG. 5, the VSWR of
the antenna 17 is rendered minimum at a frequency of
approximately 2215 MHz (resonant frequency) in the open
state of the mobile phone 1. Further, the VSWR ofthe antenna
17 is rendered minimum at a frequency of approximately
1810 MHz (resonant frequency) in the closed state of the
mobile phone 1. Thus, if the impedance characteristics of the
antenna 17 in the open and closed states are compared with
each other, a change of the resonant frequency caused by
opening or closing the mobile phone 1 (a difference in the
resonant frequencies in the open and closed states) is approxi-
mately 405 MHz.

[0039] In a case where the internal case 10a of the upper
housing section 10 of the mobile phone 1 of a flip type is
provided with the metallic member 105 and the antenna 17 is
mounted close to the hinge portion 12 in the lower housing
section 11, the antenna 17 is close to the metallic member 105
and a change in the position of the internal case 10a relative to
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the antenna 17 (such as the distance) causes a change of the
resonant frequency of the antenna 17. If the difference in the
impedance of the antenna 17 between the open state and the
closed state is significant and the impedance of the antenna 17
is matched to the one of the open and closed states, a problem
occurs in that antenna performance in the other state is ren-
dered poor.

[0040] Thus, the internal case of the lower housing section
11 of the mobile phone 1 is loaded with a conductive element
18 that is not short-circuited to a grounded portion of the
printed board 11a and is shaped to overlap the shape of the
metallic member 1056 of the internal case of the upper housing
section 10 at a position where the antenna 17 is isolated from
the metallic member 105, so that a distance between the
antenna 17 and the metallic component (conductor) arranged
closest to the antenna 17 is kept constant. The change of the
resonant frequency caused by opening and closing the mobile
phone 1 can thereby be reduced.

[0041] FIG. 6 is a schematic diagram showing the interface
portion between the upper housing section 10 and the lower
housing section 11 in the open state of the mobile phone 1.
The internal case 115 of the lower housing section 11 of the
mobile phone 1 is loaded with the conductive element 18
shaped in accordance with the metallic member 105 provided
in the internal case 10a of the upper housing section 10 as
shown in FIG. 6, so that the change of the resonant frequency
caused by opening and closing the mobile phone 1 can be
reduced. Incidentally, the conductive element 18 is not short-
circuited to the grounded portion of the printed board 11a, or
else.

[0042] FIG. 7A is a schematic side view diagram showing
an example of the position of the mounting portion of the
antenna 17 relative to the metallic member 105 and the con-
ductive element 18 in the open state of the mobile phone 1.
FIG. 7B is a schematic side view diagram showing an
example of the position of the mounting portion of the
antenna 17 relative to the metallic member 105 and the con-
ductive element 18 in the closed state of the mobile phone 1.
As the internal case 115 of the lower housing section 11 is
provided with the conductive element 18 as shown in FIGS.
7A and 7B, the conductive element 18 provided in the internal
case 1156 of the lower housing section 11 is the metallic
component (conductor) arranged closest to the mounting por-
tion of the antenna 17 mounted as extending from the lower
housing section 11 to the hinge portion 12 is arranged both in
the open and closed states of the mobile phone 1, and a
distance S3 from the mounting portion of the antenna 17 to
the metallic component arranged closest to the mounting
portion of the antenna 17 (i.e., the conductive element 18) is
rendered constant.

[0043] That is, both the distances between the antenna 17
and the metallic component arranged closest to the antenna
17 (i.e., the conductive element 18) in the open and closed
states of the mobile phone 1 are the distance S3 and are
approximately equal to each other. Thus, if the internal case
115 of the lower housing section 11 is provided with the
conductive element 18, the conductive element 18 is always
the metallic component (conductor) arranged closest to the
antenna 17. As the distance between the antenna 17 mounted
as extending from the lower housing section 11 to the hinge
portion 12 and the conductive element 18 provided in the
lower housing section 11 hardly changes both in the open and
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closed states of the mobile phone 1, the change of the imped-
ance characteristic of the antenna 17 can be suppressed to a
small level.

[0044] FIG. 8 shows impedance characteristics of the
antenna 17 on a same graph in the open and closed states of
the mobile phone 1 for which the lower housing section 11 is
provided with the conductive element 18.

[0045] As shown in FIG. 8, the VSWR (voltage standing
wave ratio) of the antenna 17 is rendered minimum at a
frequency of approximately 1985 MHz (resonant frequency)
in the open state of the mobile phone 1. Further, the VSWR
(voltage standing wave ratio) of the antenna 17 is rendered
minimum at a frequency of approximately 1775 MHz (reso-
nant frequency) in the closed state of the mobile phone 1.
Thus, if the impedance characteristics of the antenna 17 in the
open and closed states are compared with each other, a change
of the resonant frequency caused by opening or closing the
mobile phone 1is approximately 210 MHz. The change of the
resonant frequency is 405 MHz, as described above, and 210
MHz without and with being loaded with the conductive
element 18, respectively. It is known that the configuration
loaded with the conductive element 18 contributes to reduc-
ing the change of the resonant frequency of'the antenna 17 up
to approximately 50 percent of the bandwidth.

[0046] Inacase where the lower housing section 11 lacks a
space to accommodate the conductive element 18 or a in case
where manufacturing cost should be reduced for loading the
mobile phone 1 with the conductive element 18, load only a
portion of the antenna 17 close to the feed point 17a with the
conductive element 18 so as to obtain a similar effect. In this
case, load the internal case 115 of the lower housing section
11 with the conductive element 18 that is not short-circuited
to the grounded portion of the printed board 11a and is shaped
to cover the whole feed point 17a in the closed state of the
mobile phone 1 and to overlap the shape of the metallic
member 105 of the internal case 10a of the upper housing
section 10 at a position where the antenna 17 is isolated from
the metallic member 105, so that the distance between the
feed point 174 of the antenna 17 and the metallic component
(conductor) arranged closest to the feed point 17a of the
antenna 17 is kept constant. The change of the resonant fre-
quency of the antenna 17 caused by opening and closing the
mobile phone 1 can thereby be reduced.

[0047] FIG.9is a schematic diagram showing the interface
portion between the upper housing section 10 and the lower
housing section 11 in the open state of the mobile phone 1 for
which the internal case 115 of the lower housing section 11 is
loaded with a conductive element 18a by which the feed point
17a of the antenna 17 provided on the printed board 11a of the
lower housing section 11 is covered. As shown in FI1G. 9, the
internal case 115 of the lower housing section 11 of the
mobile phone 1 on the side of the feed point 17a ofthe antenna
17 and the mounting portion of the antenna 17 is loaded with
the conductive element 18a that is not short-circuited to the
grounded portion of the printed board 11a, or else. Inciden-
tally, the conductive element 184 is shaped in a smaller area
than the conductive element 18 shown in FIG. 6.

[0048] FIG. 10 shows impedance characteristics of the
antenna 17 on a same graph in the open and closed states of
the mobile phone 1 for which the lower housing section 11 is
provided with the conductive element 18a by which the feed
point 174 of the antenna 17 of the upper housing section 10 is
covered.
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[0049] As shown in FIG. 10, the VSWR (voltage standing
wave ratio) of the antenna 17 is rendered minimum at a
frequency of approximately 2130 MHz (resonant frequency)
in the open state of the mobile phone 1. Further, the VSWR
(voltage standing wave ratio) of the antenna 17 is rendered
minimum at a frequency of approximately 1815 MHz (reso-
nant frequency) in the closed state of the mobile phone 1.
Thus, if the impedance characteristics of the antenna 17 in the
open and closed states are compared with each other, a change
of the resonant frequency caused by opening or closing the
mobile phone 1 is approximately 315 MHz. The change of the
resonant frequency is 405 MHz, as described above, and 315
MHz without and with being loaded with the conductive
element 18a, respectively. It is known that the configuration
loaded with the conductive element 184 contributes to reduc-
ing the change of the resonant frequency of the antenna 17 up
to approximately 20 percent of the bandwidth.

[0050] FIG. 11 is a schematic diagram showing the inter-
face portion between the upper housing section 10 and the
lower housing section 11 in the open state of the mobile phone
1 for which the internal case 115 of the lower housing section
11 is provided with a conductive element 185. As shown in
FIG. 11, the internal case 115 of the lower housing section 11
is provided with the conductive element 185 at a position
where the antenna 17 is isolated from the metallic member
105. FIG. 12 is a table showing a relationship between an
element width of the conductive element 185 provided in the
lower housing section 11 and a change of the resonant fre-
quency of the antenna 17 in a case where the element width of
the conductive element 185 is narrowed down from a maxi-
mum value equal to the width of the internal case 115 of the
lower housing section 11 (e.g., 39 mm) in a direction of the
width in a phased manner.

[0051] As shown in FIG. 12, the change of the resonant
frequency without the use of the conductive element 185 is
405 MHz as described above, and the change of the resonant
frequency is 210 MHz in a case where the lower housing
section 11 is provided with the conductive element 185 as
wide as 39 mm, i.e., the width of the internal case 115 of the
lower housing section 11 (an overlapping ratio of 100 percent
with the metallic member 105 of the upper housing section
10) as described above. The configuration provided with the
conductive element 185 contributes to reducing the change of
the resonant frequency of the antenna 17 up to approximately
50 percent of the change without loading the conductive
element 185.

[0052] Similarly, the change of the resonant frequency is
315 MHz in a case where the lower housing section 11 is
provided with the conductive element 185 as wide as 12 mm
(an overlapping ratio of 31 percent with the metallic member
105 of the upper housing section 10) as described above. The
configuration provided with the conductive element 185 con-
tributes to reducing the change of the resonant frequency of
the antenna 17 by approximately 20 percent of the change
without loading the conductive element 184.

[0053] Similarly, the change of the resonant frequency is
345 MHz in a case where the lower housing section 11 is
provided with the conductive element 185 as wide as 10 mm
(an overlapping ratio of 26 percent with the metallic member
105 of the upper housing section 10). The change of the
resonant frequency is 370 MHz in a case where the lower
housing section 11 is provided with the conductive element
1856 as wide as 8 mm (an overlapping ratio of 21 percent with
the metallic member 105 of the upper housing section 10).
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The change of the resonant frequency is 405 MHz in a case
where the lower housing section 11 is provided with the
conductive element 186 as wide as 6 mm (an overlapping
ratio of 15 percent with the metallic member 105 of the upper
housing section 10). The change of the resonant frequency is
405 MHz in a case where the lower housing section 11 is
provided with the conductive element 186 as wide as 4 mm
(an overlapping ratio of 10 percent with the metallic member
105 of the upper housing section 10).

[0054] Thetable shown in FIG. 12 shows that the change of
the resonant frequency caused by opening or closing the
mobile phone 1 is reduced in comparison with the change
without loading the conductive element 185 if the internal
case 115 of the lower housing section 11 is provided with the
conductive element 185 for which the overlapping ratio with
the metallic member 105 of the upper housing section 10 is
more than 15 percent.

[0055] According to the embodiment explained above, the
metallic member 105 provided in the internal case 10qa of the
upper housing section 10 is formed by magnesium. The
metallic member 105 is not limited to the above, and can be
similarly formed by other optional metallic material. Accord-
ing to the embodiment explained above, the antenna 17 is a
quarter-wavelength monopole antenna for a cellular commu-
nication use. The configuration of the present invention is not
limited to the above, and can be applied to other antennas.
[0056] According to the embodiment explained above, the
internal case 10a of the upper housing section 10 is provided
with the metallic member 105. The configuration of the
present invention is not limited to the above, and can be
applied to an arrangement such that an external case of the
upper housing section 10 is provided with the metallic mem-
ber 105. FIG. 13A is a schematic side view diagram showing
an example of a position of the mounting portion of the
antenna 17 relative to the metallic member 105 in the open
state of the mobile phone 1 for which the external case of the
upper housing section 10 is provided with the metallic mem-
ber 1056. FIG. 13B is a schematic side view diagram showing
an example of a position of the mounting portion of the
antenna 17 relative to the metallic member 104 in the closed
state of the mobile phone 1 for which the external case of the
upper housing section 10 is provided with the metallic mem-
ber 105.

[0057] As the metallic member 105 is formed on the exter-
nal case of the upper housing section 10 as shown in FIG.
13B, a distance S5 between the mounting portion of the
antenna 17 and a portion of the metallic member 105 closest
to the mounting portion of the antenna 17 in the closed state
of'the mobile phone 1 approximately equals a thickness of the
upper housing section 10. Meanwhile, a distance S4 between
the mounting portion of the antenna 17 and the portion of the
metallic member 105 closest to the mounting portion of the
antenna 17 in the open state of the mobile phone 1 as shown
in FIG. 13 A is smaller than the thickness of the upper housing
section 10.

[0058] That is, the distance S4 between the antenna 17 and
the metallic member 104 in the open state of the mobile phone
1 is smaller than the distance S5 between the antenna 17 and
the metallic member 105 in the closed state of the mobile
phone 1. As the internal case 115 of the lower housing section
11 is provided with the conductive element 185 also in this
case, the conductive element 185 is always the metallic com-
ponent (conductor) arranged closest to the antenna 17, so that
the distance between the antenna 17 and the metallic compo-

Jan. 6, 2011

nent arranged closest to the antenna 17 (i.e., the conductive
element 185) can be kept almost constant.

[0059] Further, the shape of the metallic member 105 of the
internal case 115 (or the external case) of the upper housing
section 11 is not limited to the shape explained with respect to
the embodiment, and the configuration of the present inven-
tion can be applied to any shape of the metallic member 105.
That is, the conductive element 185 can be loaded in accor-
dance with the shape of the metallic member 105 so that a
similar effect is obtained regardless of the shape of the metal-
lic member 105.

[0060] According to the embodiment explained above, the
feed point 17a of the antenna 17 is provided close to the hinge
portion 12 of the upper housing section 10. The configuration
of'the present invention is not limited to the above, and can be
applied no matter where the feed point 17a of the antenna 17
is provided.

[0061] According to the embodiment explained above, the
internal case 115 of the lower housing section 11 is provided
with the conductive element 18, 18a or 185. The configura-
tion of the present invention is not limited to the above, and
can be such that the internal case 115 itself is formed by
metallic material.

[0062] According to the embodiment explained above, the
mobile phone 1 of the flip type is taken as an example. The
configuration of the present invention is not limited to the
above, and can be applied to any mobile phone that can be
deformed into a plurality of shapes for which the distance
between the antenna 17 and a metallic component (conduc-
tor) arranged closest to the antenna 17 changes depending
upon the shape, such as a mobile phone of a two-axis rotating
swivel type.

[0063] Even if being deformed into a plurality of shapes
(e.g., open and closed states) and being provided with some-
thing metallic close to the antenna 17, the mobile communi-
cation terminal of the present invention (mobile phone 1) can
reduce an impedance change of the antenna 17 caused by the
change of the shape so that an antenna configuration more
resisting metallic conditions can be implemented.

[0064] A growing trend in a mobile phone of a flip type is to
have the internal case 10a of the upper housing section 10
formed by metallic material from a viewpoint of mechanical
strength of a display or from an aesthetic viewpoint. The
internal case 115 of the lower housing section 11 can be
loaded, however, with the conductive element 18 (of an
ungrounded type) and shaped to overlap the shape of the
metallic member 105 of the internal case 10a of the upper
housing section 10, so that the change of the resonant fre-
quency caused by opening and closing the housing sections
can be reduced much more than that in case without loading
the conductive element 18. Further, even if being loaded into
a position close to the feed point 17a and the antenna 17, the
conductive element 18 of the ungrounded type can improve
an impedance characteristic of the antenna 17 without
degrading antenna characteristics such as an antenna gain.

[0065] The present invention has been explained as to the
mobile phone 1. The mobile communication terminal of the
present invention is not limited to the above, and can be any
mobile terminal such as a PHS (Personal Handyphone Sys-
tem) phone, a PDA (Personal Digital Assistant), a portable
game machine, a portable music player, a portable TV and so
on as long as it can be deformed into a plurality of shapes and
has the antenna 17.
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[0066] The particular hardware or software implementa-
tion of the present invention may be varied while still remain-
ing within the scope of the present invention. It is therefore to
be understood that within the scope of the appended claims
and their equivalents, the invention may be practiced other-
wise than as specifically described herein.

What is claimed is:

1. A mobile communication terminal, comprising:

a first housing section including a metallic portion; and

asecond housing section movably coupled to the first hous-

ing section, the second housing section being provided
with an antenna, the second housing section being pro-
vided with a conductive element which covers a portion
of the antenna from the metallic portion regardless of a
position of the second housing section relative to the first
housing section, the conductive element being electri-
cally open.

2. The mobile communication terminal according to claim
1 further comprising a hinge portion, wherein

the second housing section is coupled to the first housing

section through the hinge portion.

3. The mobile communication terminal according to claim
1, wherein the conductive element is shaped to overlap a
portion of the metallic portion upon the metallic portion being
positioned closest to the antenna.

4. The mobile communication terminal according to claim
1, wherein the portion of the antenna covered from the metal-
lic portion by the conductive element includes a feed point of
the antenna.

5. The mobile communication terminal according to claim
1, wherein the conductive element is provided so as to occupy
more than 15 percent of an area of the metallic portion as
viewed from the portion of the antenna covered from the
metallic portion by the conductive element.

6. The mobile communication terminal according to claim
1, wherein the first housing section is constituted by including
a case formed by a metallic material as the metallic portion.

7. The mobile communication terminal according to claim
1, wherein the first housing section includes a metallic mem-
ber as the metallic portion.

8. A mobile communication terminal which can be
deformed into a plurality of shapes including a first shape and
a second shape, comprising:

an antenna; and

a conductive element provided at a position which is

equally distant from the antenna upon the mobile com-
munication terminal being in the first shape and in the
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second shape, the conductive element being a conductor
arranged closest to the antenna at the position regardless
of which of the first shape and the second shape the
mobile communication terminal is in.

9. The mobile communication terminal according to claim
8 further comprising a first housing section and a second
housing section, wherein

the mobile communication terminal is constituted by the
first housing section and the second housing section
hinge-coupled to each other, the mobile communication
terminal being deformed into the first shape and the
second shape as the first housing section changes a posi-
tion relative to the second housing section,

the first housing section is provided with a metallic mem-
ber,

the second housing section is provided with the antenna,
and

the conductive element is provided at a position in the
second housing section where the conductive element
covers the antenna from the metallic member.

10. The mobile communication terminal according to
claim 9, wherein the conductive element is shaped into a
shape which covers the whole antenna, the conductive ele-
ment being provided at the position where the conductive
element covers the antenna from the metallic member regard-
less of which of the first shape and the second shape the
mobile communication terminal is in.

11. The mobile communication terminal according to
claim 9, wherein the conductive element is shaped into a
shape which covers a feed point of the antenna, the conduc-
tive element being provided at the position where the conduc-
tive element covers the antenna from the metallic member
regardless of which of the first shape and the second shape the
mobile communication terminal is in.

12. The mobile communication terminal according to
claim 9, wherein the conductive element is shaped into a
shape which covers a feed point of the antenna, the conduc-
tive element being provided at the position where the conduc-
tive element covers the antenna from the metallic member
regardless of in which of the first shape and the second shape
the mobile communication terminal is in such a way that an
overlapping ratio with the metallic member provided to the
first housing section is equal to or more than 15 percent.

sk sk sk sk sk






_1357577938.pdf
US 20110001672A1

a2y Patent Application Publication (o) Pub. No.: US 2011/0001672 A1l

a9 United States

Harihara

43) Pub. Date: Jan. 6, 2011

(54) ANTENNA DEVICE AND WIRELESS
COMMUNICATION EQUIPMENT USING THE
SAME

(76) Inventor: Yasumasa Harihara, Tokyo (JP)

Correspondence Address:
MCDERMOTT WILL & EMERY LLP
600 13TH STREET, N.W.
WASHINGTON, DC 20005-3096 (US)

(21) Appl. No.: 12/809,856

(22) PCT Filed: Dec. 17,2008

(86) PCT No.: PCT/IP2008/072912

§371 (),

(2), (4) Date: Sep. 28, 2010

(30) Foreign Application Priority Data

Dec. 21,2007  (JP) .o 2007-330581

-—

— N

CHR AR
v

7] L

/l"-'.'.'.:."zr://

Publication Classification

(51) Int.CL

HOIQ 1/38 (2006.01)

HO1Q 1/00 (2006.01)

HO1Q 1/24 (2006.01)
(52) US.Cl ccoooonn.. 343/702; 343/787; 343/700 MS
(57) ABSTRACT

An object of the present invention is to obtain high radiation
efficiency by strengthening electromagnetic coupling in an
antenna device that supplies a radiation current by the elec-
tromagnetic coupling. An antenna device includes a substrate
110 and a conductor pattern that includes a radiation conduc-
tor 121, a feed conductor 122, and a coupling conductor 123
formed on the substrate 110. Both the feed conductor 122 and
the coupling conductor 123 are formed on a side surface 115
of the substrate 110. One end 1224 of the feed conductor 122
is connected to a feed line, and other end 1224 is connected to
a ground pattern. A coupling portion 1225 of the feed con-
ductor 122 is substantially U-shaped, and the coupling con-
ductor 123 is electromagnetically coupled to the coupling
portion 1225 of the feed conductor 122. Because the feed
conductor 122 is gently curved, an electric filed concentration
can hardly occur. The length of the feed conductor 122 can be
increased, and thus it is possible to obtain a strong electro-
magnetic coupling with the coupling conductor 123.
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ANTENNA DEVICE AND WIRELESS
COMMUNICATION EQUIPMENT USING THE
SAME

TECHNICAL FIELD

[0001] The present invention relates to an antenna device,
and more particularly relates to a conductor pattern shape of
a surface-mounted antenna that is used in a cellular phone and
the like. The present invention also relates to a wireless com-
munication equipment using the antenna device.

BACKGROUND OF THE INVENTION

[0002] A compact wireless communication equipment
such as a cellular phone has a built-in compact antenna
device. FIGS. 18 and 19 are schematic perspective views
showing examples of configuration of a conventional antenna
device.

[0003] An antenna device shown in FIG. 18 includes a
substrate 1 constituted by a dielectric rectangular cuboid and
alinear radiation conductor 2 that is formed at a center portion
of an upper surface of the substrate 1 in a lateral direction.
One end of the radiation conductor 2 is connected to a feed
electrode (a feed line) 4 via a gap g, and the other end of the
radiation conductor 2 is connected to a ground conductor 3
that is formed on a bottom surface of the substrate 1. Because
an open end of the radiation conductor 2 is electromagneti-
cally coupled to the feed electrode 4 via a capacitance of the
gap g, it can be excited in a non-contact manner with the feed
line, and even when the antenna device is downsized, an
impedance matching can be easily obtained (see Japanese
Patent No. 3114582).

[0004] In the antenna device shown in FIG. 19, the other
end of a radiation conductor 2 is bent in an L. shape. A feed
electrode 4 is formed on a substrate 1, which is connected to
ashortend of the radiation conductor 2 via the gap g. With this
configuration, it is possible to increase a resonant wavelength
of the antenna with respect to a chip size.

[0005] However, because the conventional antenna device
shown in FIG. 18 has a structure in which ends of elongated
linear conductor patterns face each other across the gap gofa
predetermined width, and a range of facing each other is
narrow, resulting in a problem that it is not possible to obtain
a large capacitive coupling.

[0006] On the other hand, in the conventional antenna
device shown in FIG. 19, because the feed conductor is
formed along the longitudinal direction of the radiation con-
ductor, the range of facing each other is relatively wide, so
that it is possible to obtain a larger capacitive coupling. How-
ever, because the feed conductor is formed on both top and
side surfaces of the substrate, it is necessary to secure a wide
area for forming the feed conductor. Therefore, it is not pos-
sible to utilize a principle surface of the substrate in an effi-
cient manner for the radiation conductor, resulting in a prob-
lem that the size of the entire antenna device is increased.

[0007] Further, the antenna devices shown in FIGS. 18 and
19 have a problem that the antenna characteristics are largely
changed depending on a mounting position on a printed cir-
cuit board. This problem is mentioned in Japanese Patent No.
3331852, which describes that the antenna characteristics are
changed depending on a change of a positional relationship
between a ground pattern on the printed circuit board and the
antenna device.
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[0008] A phenomenon that the antenna characteristics are
changed depending on the mounting position becomes
prominent when the radiation conductor and the feed conduc-
tor are capacitively coupled using a gap. Therefore, to sup-
press the change of the antenna characteristics depending on
the mounting position, it appears that the radiation conductor
and the feed conductor should be coupled to each other in a
method other than the capacitive coupling.

SUMMARY OF THE INVENTION

[0009] The present invention has been achieved to solve the
above problems. Therefore, an object of the present invention
is to achieve high radiation efficiency by strengthening elec-
tromagnetic coupling in an antenna device that supplies a
radiation current by the electromagnetic coupling.

[0010] Another object of the present invention is to down-
size the entire antenna device by utilizing a principle surface
of a substrate with high efficiency in an antenna device that
supplies a radiation current by electromagnetic coupling.
[0011] Still another object of the present invention is to
provide a wireless communication equipment that uses such
an antenna device.

[0012] To solve the above problems, an antenna device
according to the present invention includes a substrate that is
made of a dielectric or magnetic material and a conductor
pattern that is formed on the substrate, wherein the conductor
pattern includes a radiation conductor, a substantially
U-shaped feed conductor, and a coupling conductor that is
connected to one end of the radiation conductor and electro-
magnetically coupled to the feed conductor, the feed conduc-
tor and the coupling conductor are conductor patterns formed
on a different surface from a surface on which the radiation
conductor is formed, and a direction of a radiation current
flowing through the radiation conductor and a direction of a
feed current flowing through the feed conductor are different
from each other.

[0013] A communication equipment according to the
present invention includes a printed circuit board and the
antenna device described above that is mounted on the printed
circuit board.

[0014] According to the present invention, because the
direction of the radiation current is different from directions
of the feed current and an induction current, it is possible to
suppress a phenomenon that those currents counteract each
other. As a result, it is possible to obtain high radiation effi-
ciency. Further, because the radiation conductor and the feed
conductor are inductively coupled, antenna characteristics
are less affected by the mounting position. Furthermore, the
feed conductor and the coupling conductor are formed on a
different surface from the surface on which the radiation
conductor is formed, it is possible to secure enough length
and dimension of the radiation conductor. Accordingly,
because a principle surface of the substrate can be utilized
with high efficiency, it is possible to downsize the entire
antenna device.

[0015] Inthe present invention, it is preferable that one end
of'the feed conductor is connected to a feed line and the other
end of the feed conductor is grounded. Alternatively, it is
preferable that the one end of the feed conductor is connected
to the feed line and the other end of the feed conductor is
opened. Because impedance when the one end of the feed
conductor is grounded and impedance when the one end of
the feed conductor is opened are different from each other, it
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is possible to enhance the antenna characteristics by selecting
either one of the connection states according to a condition of
mounting the antenna.

[0016] Further, in the present invention, itis acceptable that
the one end of the feed conductor is connected to the feed line
and the other end of the feed conductor is grounded or opened
via a switching unit. By switching the connection state of the
feed conductor in an active manner by using the switching
unit, it is possible to further enhance the antenna characteris-
tics.

[0017] In the present invention, it is preferable that the
direction of the radiation current flow and the direction of the
feed current flow are substantially orthogonal to each other.
With this arrangement, it is possible to suppress counteract-
ing between the radiation current and the feed current in a
more effective manner.

[0018] In the present invention, it is preferable that the
substrate is substantially a rectangular cuboid shape, at least
aportion of the radiation conductor is formed on a top surface
of the substrate, the feed conductor and the coupling conduc-
tor are formed on a first side surface that is orthogonal to a
longitudinal direction of the substrate. With this arrangement,
it is possible to suppress counteracting between the radiation
current and the feed current, while securing enough length
and dimension of the radiation conductor. Particularly, by
forming the radiation electrode on a substantially entire area
of'the first surface of the substrate, it is also possible to reduce
an electric resistance of the radiation conductor.

[0019] It is preferable that the conductor pattern that is
formed on the substrate is bilaterally symmetric with respect
to a predetermined reference surface. It is preferable that the
reference surface is a surface that is parallel to a side surface
along a longitudinal direction of the substrate. When the
conductor pattern has a symmetry in this manner, even when
a direction of the antenna device is rotated by 180 degrees
around an axis that is orthogonal to the top surface and the
bottom surface, the shape of the conductor pattern viewed
from an end side of the printed circuit board is substantially
the same. Therefore, the antenna characteristics are not
largely changed depending on a direction of mounting the
antenna, making it possible to design the antenna easily.
[0020] In the present invention, the substantially U-shaped
portion of the feed conductor can be a rounded shape that is
gently curved or a bent shape that is flexed to a right angle.
Particularly, when the substantially U-shaped portion of the
feed conductor is a bent shape that is flexed to a right angle, it
is possible to strengthen the capacitive coupling as compared
to a case that it is a rounded shape that is gently curved.
[0021] As described above, according to the present inven-
tion, it is possible to increase the electromagnetic coupling in
an antenna device that supplies a radiation current by the
electromagnetic coupling, thereby obtaining high radiation
efficiency.

[0022] Furthermore, according to the present invention, it is
possible to downsize the entire antenna device by utilizing the
principle surface of the substrate with high efficiency in an
antenna device that supplies a radiation current by the elec-
tromagnetic coupling.

[0023] Further, according to the present invention, it is pos-
sible to provide a wireless communication equipment using
the antenna device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a schematic perspective view showing a
structure of an antenna device 100 according to a preferred
first embodiment of the present invention;
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[0025] FIG. 2 is a development view of the antenna device
100;
[0026] FIG. 3 is an enlarged schematic plan view showing

the feed conductor 122 and the coupling conductor 123;
[0027] FIG. 4 is a schematic plan view showing a pattern
layout on the printed circuit board on which the antenna
device 100 is to be mounted;

[0028] FIG. 5 is a schematic perspective view showing a
state where the antenna device 100 is mounted on the printed
circuit board 20;

[0029] FIG. 6 is an equivalent circuit diagram of the
antenna device 100 mounted on the printed circuit board 20;
[0030] FIG. 7 is a schematic plan view showing an example
of mounting the antenna device 100 on a printed circuit board
50 of an on-ground type including a plurality of antenna
mounting areas with a ground pattern arranged;

[0031] FIGS. 8A and 8B are graphs showing the character-
istics of antenna devices mounted on the antenna mounting
area 51 and 52, respectively;

[0032] FIG. 9 is a diagram showing an antenna device 200
according to a second embodiment of the present invention,
specifically a perspective view showing a state where the
antenna device 200 is mounted on a printed circuit board;
[0033] FIG.10is a diagram showing an antenna device 200
according to a second embodiment of the present invention,
specifically a schematic plan view of a pattern layout on the
printed circuit board.

[0034] FIGS. 11A and 11B are graphs showing a change of
the impedance characteristic of the antenna device when the
land 33 is short circuited (see FIG. 4), specifically FIG. 11A
is a smith chart, and FIG. 11B is a VSWR characteristic
diagram;

[0035] FIGS. 12A and 12B are graphs showing a change of
the impedance characteristic of the antenna device when the
land 33 is in a floating state (an open state, see FIG. 10),
specifically FIG. 12A is a smith chart, and FIG. 12B is a
VSWR characteristic diagram;

[0036] FIG. 13 shows a configuration of an antenna device
300 according to a third embodiment of the present invention,
which is an equivalent circuit diagram when the antenna
device 300 is mounted on a printed circuit board 20;

[0037] FIG. 14 is a schematic perspective view showing an
antenna device 400 according to a preferred fourth embodi-
ment of the present invention;

[0038] FIG.15is adevelopment view of the antenna device
400,
[0039] FIG. 16 is an enlarged schematic plan view of the

feed conductor 422 and the coupling conductor 423;

[0040] FIG. 17 is an enlarged schematic plan view of a
modification example of the feed conductor 422 and the cou-
pling conductor 423;

[0041] FIG. 18 is a schematic perspective view showing
one example of the structure of the conventional antenna
device; and

[0042] FIG. 19 is a schematic perspective view showing
another example of the structure of the conventional antenna
device.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0043] Preferred embodiments of the present invention will
be described in detail hereinafter with reference to the accom-
panying drawings.
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[0044] FIG.11s aschematic perspective view of an antenna
device 100 according to a preferred first embodiment of the
present invention, and FIG. 2 is a development view of the
antenna device 100.

[0045] As shown in FIGS. 1 and 2, the antenna device 100
according to the present embodiment includes a substrate 110
that is made of dielectric and a plurality of conductor patterns
formed on the substrate 110. The substrate 110 has a rectan-
gular cuboid shape with a direction A as its longitudinal
direction. Therefore, the substrate 110 includes four surfaces
111 to 114 that are parallel to the direction A and two surfaces
115 and 116 that are orthogonal to the direction A. Among the
surfaces, the surface 112 is a mounting surface on a printed
circuit board.

[0046] As for the material for the substrate 110, although
not limited to, a Ba—Nd—Ti based material (relative permit-
tivity of 80 to 120), a Nd—Al—Ca—Ti based material (rela-
tive permittivity of 43 to 46), a Li—Al—Sr—Ti based mate-
rial (relative permittivity of 38 to 41), a Ba—Ti based material
(relative permittivity of 34 t0 36),a Ba—Mg—W based mate-
rial (relative permittivity of 20 to 22), an Mg—Ca—Ti based
material (relative permittivity of 19 to 21), sapphire (relative
permittivity of 9 to 10), alumina ceramics (relative permittiv-
ity of 9to 10), and cordierite ceramics (relative permittivity of
4 to 6) can be used. The substrate 110 is fabricated by sinter-
ing these materials using a mold form.

[0047] Thedielectric material can be selected appropriately
according to a target frequency. As the relative permittivity €,
increases, a larger wavelength shortening effect can be
obtained. However, because the efficiency decreases as the
relative permittivity €, increases, it does not necessarily mean
that the larger relative permittivity e, is preferable, but there
exists a proper value for the relative permittivity e,. For
example, when the target frequency is 2.4 GHz, it is prefer-
able to use a material having the relative permittivity €, of
about 5 to 30. By using such a material, it is possible to
downsize the radiation conductor while securing enough effi-
ciency. The material having the relative permittivity €, of
about 5 to 30 preferably includes Mg—Ca—Ti based dielec-
tric ceramics. It is particularly preferable to use Mg—Ca—Ti
based ceramics containing Ti0O,, MgO, CaO, MnO, and SiO,.

[0048] The conductor patterns include a radiation conduc-
tor 121, a feed conductor 122, a coupling conductor 123, and
an adjustment conductor 124. These conductor patterns can
be formed by applying an electrode paste material using a
method such as screen printing and transferring and then
baking the applied electrode paste material under a predeter-
mined temperature condition. Silver, silver-palladium, silver-
platinum, copper and the like can be used as the electrode
paste material. It is also possible to form the conductor pat-
terns by using plating, sputtering and the like.

[0049] The radiation conductor 121 is formed on the sub-
stantially entire area of the surfaces 111 and 116 of the sub-
strate 110, having a continuous strip structure. One end 121a
of the radiation conductor 121 is connected to the coupling
conductor 123, and other end 1215 is connected to a ground
pattern on the printed circuit board.

[0050] The feed conductor 122 is formed on a portion of the
surface 115 of the substrate 110, having a continuous sub-
stantially U-shaped strip structure. One end 1224 of the feed
conductor 122 is connected to a feed line on the printed circuit
board, and other end 1225 is connected to the ground pattern
on the printed circuit board.
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[0051] The coupling conductor 123 is formed on a portion
of'the surface 115 of the substrate 110 on the upper side of the
feed conductor 122, having a curved shape fitted to the
U-shaped line of the feed conductor 122. An upper end of the
coupling conductor 123 is connected to the one end 121a of
the radiation conductor 121, and a lower end (a curved por-
tion) faces the feed conductor 122 across the gap g with a
substantially constant width along the curved line. Because
the upper end of the coupling conductor 123 is connected to
the radiation conductor 121, it also functions as a part of the
radiation conductor 121. Particularly, because a width of the
coupling conductor 123 at a connected portion with the radia-
tion conductor 121 is the same as a width of the radiation
conductor 121, it is possible to enhance radiation efficiency.

[0052] The adjustment conductor 124 is formed on a por-
tion of the surface 112 of the substrate 110, and is connected
to a land for adjusting the characteristics on the printed circuit
board.

[0053] AsshowninFIG. 1, the feed conductor 122 includes
a coupling portion 122¢ that extends in a direction B while
being curved in a substantially U shape. The direction B is a
direction orthogonal to the longitudinal direction. The cou-
pling portion 122¢ of the feed conductor 122 is formed on the
surface 115, and the feed conductor 122 and the coupling
conductor 123 are arranged in parallel with a constant gap
therebetween. With this arrangement, the coupling portion
122¢ of the feed conductor 122 and the coupling conductor
123 can be electromagnetically coupled to each other.

[0054] Itis preferable that these conductor patterns formed
on the surfaces of the substrate 110 are formed in bilaterally
symmetry with respect to a plane that is parallel to the sur-
faces 113 and 114 of the substrate 110. With this arrangement,
even when a direction of the antenna device 100 is rotated by
180 degrees around an axis (a Z axis) that is perpendicular to
the surfaces 111 and 112 of the substrate 110, the shape of the
conductor patterns of the antenna device 100 viewed from an
end side of the printed circuit board is substantially the same.
Therefore, the antenna characteristics are not largely changed
depending on a direction of mounting the antenna, making it
possible to design the antenna easily.

[0055] FIG. 3 is a schematic plan view of the feed conduc-
tor 122 and the coupling conductor 123.

[0056] As shown in FIG. 3, an insulation area (a slit) 122s
that is necessary for forming the feed conductor 122 as a strip
conductor defines the curved shape of the feed conductor 122.
However, as indicated by an arrow in the drawing, the imped-
ance can be changed by adjusting the depth or width of the slit
122s5. Although the electromagnetic coupling may become
too strong when the radiation conductor is elongated to down-
size the antenna device, it is possible to weaken the coupling
by reducing a depth D of the slit 122s. An impedance adjust-
ment can also be performed by adjusting the gap width g
between the feed conductor 422 and the coupling conductor
123; however, the impedance adjustment by changing the
depth or width of the slit 122s has an advantage in that it is
easier to perform a fine adjustment as compared to the case of
adjusting the gap width g.

[0057] FIG. 4 isaschematic plan view of a pattern layout on
the printed circuit board on which the antenna device 100 is to
be mounted.

[0058] As shown in FIG. 4, an antenna mounting area 21
that is surrounded by a ground pattern 22 in three directions is
formed on a printed circuit board 20. Four lands 31 to 34 are
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formed inside the antenna mounting area 21, and the antenna
device 100 is soldered on these lands 31 to 34.

[0059] Theland 31 is connected to the other end 1215 of the
radiation conductor 121. The land 32 is connected to the one
end 122a of'the feed conductor 122. The land 33 is connected
to the other end 1225 of the feed conductor 122. The land 34
is connected to the adjustment conductor 124. As shown in
FIG. 4, the lands 31 and 33 are connected to the ground
pattern 22, and the land 32 is connected to a feed line 41. The
land 34 is connected to the ground pattern 22 via an adjust-
ment element 42.

[0060] Aninductance element or a capacitance element can
be used as the adjustment element 42. As is described later,
the adjustment element 42 is an element that is added when
changing the antenna characteristics. Therefore, the connec-
tion of the adjustment element 42 is not essential. In the case
of not using the adjustment element 42, the land 34 can be
directly connected to the ground pattern 22 or can be placed in
a floating state.

[0061] FIG. 5 is a schematic perspective view showing a
state where the antenna device 100 is mounted on the printed
circuit board 20, which shows a portion of a wireless com-
munication equipment using the antenna device 100.

[0062] As shown in FIG. 5, when the antenna device 100 is
mounted on the printed circuit board 20, the other end 1215 of
the radiation conductor 121 is connected to the ground pattern
22 via the land 31. Besides, because a signal current is sup-
plied to the one end 121« of the radiation conductor 121 via
the coupling conductor 123, a radiation current Ia flows
through the radiation conductor 121 mainly in the direction A
that is the longitudinal direction of the substrate 110.

[0063] The one end 122a of the feed conductor 122 is
connected to the feed line 41 via the land 32, and the otherend
12254 is connected to the ground pattern 22 via the land 33.
Therefore, a feed current Ib that is supplied via the feed line
41 flows to the ground pattern 22 via the coupling portion
122¢. Because the coupling portion 122¢ of the feed conduc-
tor 122 and the coupling conductor 123 are connected via a
capacitive coupling by the gap, a portion of the feed current Ib
flows into the coupling conductor 123 via the capacitive cou-
pling. Particularly, because the coupling portion 122c¢ is
curved in a U shape so that a range of facing the coupling
conductor 123 is wide, a larger capacitive coupling can be
obtained.

[0064] Further, when the feed current Ib flows through the
coupling portion 122¢, an induction current Ic corresponding
to the feed current Ib flows through the coupling conductor
123. As shown in FIG. 5, because the coupling portion 122¢ of
the feed conductor 122 and the coupling conductor 123 are
extending in the direction B that is orthogonal to the longitu-
dinal direction, the induction current Ic also flows in the
direction B. The induction current Ic that flows in the direc-
tion B is supplied to the radiation conductor 121 via the
coupling conductor 123, and as a result, the radiation current
la is caused to flow through the radiation conductor 121 in the
direction A.

[0065] Inthis manner, in the antenna device 100 according
to the present embodiment, because the direction of flow of
the radiation current Ia and the direction of flow of the feed
current Ib are different from each other by 90 degrees, these
currents hardly counteract each other. Therefore, it is possible
to prevent a degradation of radiation efficiency caused by the
counteracting.
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[0066] FIG. 6 is an equivalent circuit diagram of the
antenna device 100 when it is mounted on the printed circuit
board 20.

[0067] As shown in FIG. 6, the antenna device 100 accord-
ing to the present embodiment constitutes a sort of an inverted
F antenna to which a current is supplied by an electromag-
netic coupling. Because the feed conductor 122 and the cou-
pling conductor 123 are arranged close to each other, a
capacitance C1 is generated between them. Particularly,
because the coupling portion 122¢ of the feed conductor 122
is substantially U-shaped so that the range of facing the cou-
pling conductor 123 is wide, it is possible to obtain a large
capacitive coupling.

[0068] The electromagnetic coupling is achieved by a
transformer M that takes the coupling portion 122¢ of the feed
conductor 122 as the primary side and the coupling conductor
123 as the secondary side. Furthermore, because the radiation
conductor 121 and the adjustment conductor 124 face each
other across the substrate 110, a capacitance C2 is generated
between them. Therefore, in order to obtain desired antenna
characteristics, it is necessary to take the coupling character-
istic of the transformer M and a value of the capacitance C2
into consideration as well as a value of the capacitance C1.
[0069] As described above, the adjustment conductor 124
can be directly connected to the ground pattern 22 or placed in
a floating state. However, when it is necessary to change the
antenna characteristics, it is sufficient to connect the adjust-
ment element 42, as shown in FIG. 5. When the adjustment
element 42 is connected, a reactance between the radiation
conductor 121 and the ground is changed, which makes it
possible to change the antenna characteristics in response to
the change of the reactance.

[0070] As described above, the antenna device 100 accord-
ing to the present embodiment is an antenna to which a
current is supplied by an electromagnetic coupling, in which
the direction of flow of the radiation current Ia and the direc-
tion of flow of the feed current Ib are different from each other
by 90 degrees. Therefore, because the radiation current la and
the feed current Ib can hardly counteract each other, it is
possible to prevent the radiation efficiency from being
degraded.

[0071] Furthermore, the antenna device 100 according to
the present embodiment includes the coupling conductor 123,
so that the radiation conductor 121 and the feed conductor
122 are electromagnetically coupled via the coupling conduc-
tor 123. Therefore, because the feed current Ib does not
directly flow into the radiation conductor 121, it is possible to
prevent counteracting between the radiation current Ia and the
feed current Ib in a more effective manner.

[0072] Moreover, in the antenna device 100 according to
the present embodiment, because the feed conductor 122 is a
substantially U shape that is gently curved, an electric filed
concentration can hardly occur. Particularly, because the
length of the feed conductor 122 can be increased by forming
the feed conductor 122 in a substantially U shape, it is pos-
sible to obtain a strong electromagnetic coupling with the
coupling conductor 123. Accordingly, current losses can be
suppressed, which makes it possible to enhance the radiation
efficiency.

[0073] Furthermore, in the antenna device 100 according to
the present embodiment, because the radiation conductor 121
is formed on the entire area of the surface 111 that is parallel
to the longitudinal direction and the feed conductor 122 and
the coupling conductor 123 are formed on a different surface
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from the surface 111, it is possible to secure enough length
and dimension of the radiation conductor 121. Moreover,
because the coupling conductor 123 is connected to the radia-
tion conductor 121 with the same width, it is also possible to
cause the coupling conductor 123 to function as apart of the
radiation conductor 121 in an effective manner. Accordingly,
because the principle surface of the substrate can be utilized
with high efficiency, it is possible to enhance the radiation
efficiency and to downsize the entire antenna device. Further-
more, it is also possible to reduce the electrical resistance of
the radiation conductor 121.

[0074] Furthermore, because the feed conductor 122 and
the coupling conductor 123 are formed on the surface of the
substrate 110, it is not necessary to form a through hole and
the like in the substrate 110, making it possible to suppress an
increase of manufacturing costs.

[0075] FIG.7is a schematic plan view showing an example
of mounting the antenna device 100 on a printed circuit board
50 of an on-ground type including a plurality of antenna
mounting areas with a ground pattern arranged.

[0076] The printed circuit board 50 shown in FIG. 7
includes two antenna mounting areas 51 and 52. The antenna
mounting area 51 is located at a corner of the printed circuit
board 50, being surrounded by a ground pattern 53 in two
directions. On the other hand, the antenna mounting area 52 is
located along an edge of the printed circuit board 50, being
surrounded by the ground pattern 53 in three directions.
[0077] FIGS. 8A and 8B shows graphs of the characteris-
tics of antenna devices mounted on the antenna mounting
areas 51 and 52, where FIG. 8A shows the characteristics
when the antenna device is mounted on the antenna mounting
area 51, and FIG. 8B shows the characteristics when the
antenna device is mounted on the antenna mounting area 52.
In FIGS. 8A and 8B, the characteristics in the case of mount-
ing the antenna device 100 shown in FIG. 1 is represented by
a solid line, and the characteristics in the case of mounting the
conventional antenna device shown in FIG. 18 is represented
by a broken line.

[0078] As shown in FIG. 8A, when the antenna device is
mounted on the antenna mounting area 51, there is no large
difference in the characteristics (radiation efficiency and
VSWR) of the two antenna devices. However, as shown in
FIG. 8B, when the antenna device is mounted on the antenna
mounting area 52, it is found that the characteristics of the
conventional antenna device is degraded as compared to the
antenna device 100 according to the present invention. It is
because a length G2 of the ground pattern 53 viewed from the
gap is relatively short when the antenna device is mounted on
the antenna mounting area 52, while a length G1 of the
ground pattern 53 viewed from the gap is relatively long when
the antenna device is mounted on the antenna mounting area
51.

[0079] Inthe case of using the antenna device 100 shown in
FIG. 1, the difference in the antenna characteristics due to the
mounting position is very small. It is because not only the
capacitive coupling using the gap is strong, but also the cur-
rent is supplied by the inductive coupling. In this manner,
with the antenna device 100 according to the present embodi-
ment, it is also possible to suppress a change of the antenna
characteristics due to the mounting position on the printed
circuit board.

[0080] FIGS. 9 and 10 show an antenna device 200 accord-
ing to a second embodiment of the present invention, where
FIG. 9 is aperspective view showing a state where the antenna
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device 200 is mounted on a printed circuit board, and FIG. 10
is a schematic plan view of a pattern layout on the printed
circuit board on which the antenna device 200 is to be
mounted.

[0081] As showninFIGS. 9 and 10, the antenna device 200
according to the present embodiment is different from the
antenna device 100 in that the land 33 is not connected to the
ground pattern 22 on the printed circuit board 20, but is placed
in a floating state. Other than this difference, the antenna
device 200 has the same configuration as that of the antenna
device 100. Therefore, like elements are denoted by like
reference numerals, and redundant explanations thereof will
be omitted.

[0082] When the land 33 is in a floating state, the one end
122a of the feed conductor 122 is not grounded at the time of
mounting the antenna device 200, but is left in an open state.
In this manner, by opening the other end 1225 of the feed
conductor 122, which is normally connected to the ground, it
is possible to change the impedance of the antenna. With this
configuration, it is possible to use the antenna device as an
impedance adjusting unit when incorporating the antenna
device in a cellular phone and the like.

[0083] FIGS. 11 and 12 are graphs showing a change ofthe
impedance characteristic of the antenna device, where FIGS.
11A and 11B show graphs when the land 33 is short circuited
(see FIG. 4), and FIGS. 12A and 12B show graphs when the
land 33 is in a floating state (an open state, see FIG. 10). FIGS.
11A and 12A are smith charts, and IGS. 11B and 12B are
VSWR characteristic diagrams.

[0084] As shown in FIGS. 11 and 12, the impedance char-
acteristic of the antenna device is largely different between a
short state and an open state. Particularly, as shown in FIG.
11B, when the land 33 is short circuited, the change of the
impedance characteristic is relatively small, and the VSWR
characteristic shows a sharp peak near 2.4 GHz. However,
when the land is opened, the change of the impedance char-
acteristic is relatively large, and the VSWR characteristic
shows a moderate peak near 2.4 GHz. In this manner, because
the impedance characteristic of the antenna device is largely
changed depending on the connection state of the land 33, it
is possible to use the connection state of the land 33 as an
impedance adjusting unit of the antenna device. Furthermore,
in response to a change of the impedance at the time of being
used, it is also possible to change the connection state of the
feed conductor 122 in an active manner.

[0085] FIG. 13 shows a configuration of an antenna device
300 according to a third embodiment of the present invention,
which is an equivalent circuit diagram when the antenna
device 300 is mounted on a printed circuit board 20.

[0086] As shown in FIG. 13, the antenna device 300
according to the present embodiment is different from the
antenna device 100 in that the antenna device 300 further
includes a switching unit 129 that grounds or opens the other
end 1225 of the feed conductor 122. Other than this differ-
ence, the antenna device 300 has the same configuration as
that of the antenna device 100. Therefore, like elements are
denoted by like reference numerals, and redundant explana-
tions thereof will be omitted.

[0087] The switching unit 129 shown in FIG. 13 is
grounded in an ON state, and is opened in an OFF state.
Although it is not particularly limited to, for example, a
transistor can be used as the switching unit 129. A switching
timing of the switching unit 129 can be adjusted depending on
a change of wave condition around the antenna. For example,
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when the wave condition is changed according to an opening
and closing condition of a folding-type cellular phone, the
switching can be performed in conjunction with the opening
and closing state. Alternatively, the switching can be per-
formed according to whether the cellular phone is being oper-
ated (or whether the cellular phone is held in hand).

[0088] In the manner, because the antenna device 300
includes the switching unit 129 that grounds or opens the
other end 1224 of the feed conductor 122, it is possible to
change the connection state of the feed conductor 122 in an
active manner according to a change of the antenna imped-
ance at the time of being used, making it possible to keep the
antenna characteristics even when the condition around the
antenna is changed. The connection state of the feed conduc-
tor 122 is not limited to the ground state and the open state, but
the feed conductor 122 can also be short circuited via a
predetermined resistor.

[0089] FIG. 14 is a schematic perspective view of an
antenna device 400 according to a preferred fourth embodi-
ment of the present invention, and FIG. 15 is a development
view of the antenna device 400.

[0090] As shown in FIGS. 14 and 15, the antenna device
400 according to the present embodiment includes a substan-
tially U-shaped feed conductor 422. The U-shaped portion of
the feed conductor 422 is not a rounded shape that is gently
curved, but a bent shape (one side open rectangle) that is
flexed to aright angle. Furthermore, a coupling conductor 423
has a bent shape fitted to the open rectangular shape of the
feed conductor 422. With this configuration, the feed conduc-
tor 422 and the coupling conductor 423 are capacitively
coupled via the gap g having a bent shape that is flexed to a
right angle. An upper end of the coupling conductor 423 is
connected to the one end 121a of the radiation conductor 121,
and a lower end (a flexed portion) faces the feed conductor
422 across the gap g with a substantially constant width.
Other configurations are substantially the same as those of the
antenna device 100 according to the first embodiment. There-
fore, like elements are denoted by like reference numerals,
and detailed explanations thereof will be omitted.

[0091] FIG. 16 is an enlarged schematic plan view of the
feed conductor 422 and the coupling conductor 423, and FIG.
17 is an enlarged schematic plan view of a modification
example of the feed conductor 422 and the coupling conduc-
tor 423.

[0092] Asshown in FIG. 16, an insulation area (a slit) 4225
that is necessary for forming the feed conductor 422 as a strip
conductor defines the curved shape of the feed conductor 422.
However, as indicated by an arrow in the drawing, the imped-
ance can be changed by adjusting the depth or width of the slit
422s. Although the electromagnetic coupling may become
too strong when the radiation conductor is elongated to down-
size the antenna device, it is possible to weaken the coupling
by reducing a depth D of the slit 422s. An impedance adjust-
ment can also be performed by adjusting the gap width g
between the feed conductor 422 and the coupling conductor
423; however, the impedance adjustment by changing the
depth or width of the slit 422s has an advantage in that it is
easier to perform a fine adjustment as compared to the case of
adjusting the gap width g.

[0093] Furthermore, it is possible to adjust the impedance
by changing a width W of a portion that extends in an orthogo-
nal direction (an up and down direction) to the direction B of
the coupling conductor 423. It is preferable that the conductor
width W is equal to or wider than 0.5 times the gap g and equal
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to or narrower than three times the gap g. When the conductor
width W is narrower than 0.5 times the gap g, the electromag-
netic coupling becomes too strong, and when the conductor
width W exceeds three times the gap g, the electromagnetic
coupling becomes too weak. When narrowing the conductor
width W while satistying this condition, as shown in FIG. 17,
the conductor can be formed on the inward side of an edge
115¢ of the surface 115 of a substrate rather than forming it
along the edge 115e.

[0094] Inthis manner, in the antenna device 400 according
to the present embodiment, because the feed conductor 422
and the coupling conductor 423 are capacitively coupled via
the gap of a bent shape that is flexed to a right angle, it is
possible to obtain a stronger capacitive coupling than that
obtained in the case of the gently curved gap. Furthermore, it
is possibleto adjust the impedance by changing the height and
width of the slit 422s that is provided for forming the feed
conductor 422 as a strip conductor.

[0095] Although the embodiments of the present invention
are described above, the invention is not limited to the
embodiments. Various modifications can be made without
departing from the scope of the present invention, and obvi-
ously the modifications are included in the scope of the
present invention.

[0096] For example, although the antenna devices accord-
ing to the above embodiments include a substrate of a rect-
angular cuboid, this aspect is not essential in the present
invention. Therefore, the substrate can be a square cubic or a
cylinder. Furthermore, a tapered structure can be provided at
acorner of the rectangular cuboid to define the direction of the
substrate.

[0097] Furthermore, although the dielectric is used as the
material for the substrate in the above embodiments, other
magnetic materials having a dielectric property can be used
instead. In this case, because a wavelength shortening effect
of 1/{(ex)"?} is obtained, it is possible to obtain a large
wavelength shortening effect by using a magnetic material
having a large magnetic permeability .

[0098] Moreover, in the antenna device according to the
above embodiments, although the direction of flow of the
radiation current la and the direction of flow of the feed
current Ib make an angle of 90 degrees, it is not essential that
the angle is 90 degrees in the present invention. It suffices as
far as these current directions are at least different from each
other. However, in order to most effectively prevent counter-
acting between the radiation current la and the feed current Ib,
as mentioned in the above embodiments, it is most preferable
that the angle is set to 90 degrees.

[0099] Although each of the antenna devices according to
the above embodiments includes the adjustment conductor
124, it is not essential that the adjustment conductor 124 is
provided in the present invention, and it can be omitted.
[0100] Although each of the antenna devices according to
the above embodiments is an inverted F antenna, it is not
essential that the antenna device of the present invention is an
inverted F antenna, and it can be of other types.

[0101] 20 printed circuit board
[0102] 21 antenna mounting area
[0103] 22 ground pattern

[0104] 31-34 land

[0105] 41 feed line

[0106] 42 adjustment element
[0107] 50 printed circuit board
[0108] 51,52 mounting area
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[0109] 53 ground pattern

[0110] 100 antenna device

[0111] 110 substrate

[0112] 111 upper surface of substrate
[0113] 112-116 side surface of substrate
[0114] 121 radiation conductor

[0115] 121a one end of radiation conductor
[0116] 12154 other end of radiation conductor
[0117] 122 feed conductor

[0118] 122a one end of feed conductor
[0119] 12254 other end of feed conductor
[0120] 122¢ coupling portion of feed conductor
[0121] 1225 slit

[0122] 123 coupling conductor

[0123] 124 adjustment conductor

[0124] 129 switching unit

[0125] 200 antenna device

[0126] 300 antenna device

[0127] 400 antenna device

[0128] 422 feed conductor

[0129] 422a one end of feed conductor
[0130] 422b other end of feed conductor
[0131] 422¢ coupling portion of feed conductor
[0132] 4225 slit

[0133] 423 coupling conductor

[0134] C1,C2 capacitance

[0135] ggap

[0136] Ia radiation current

[0137] Ib feed current

[0138] Ic induction current

[0139] M transformer

What is claimed is:

1. An antenna device, comprising:

asubstrate thatis made of a dielectric or magnetic material;
and

aconductor pattern that is formed on the substrate, wherein

the conductor pattern includes a radiation conductor,

a substantially U-shaped feed conductor, and a coupling
conductor that is connected to one end of the radiation
conductor and electromagnetically coupled to the feed
conductor,

the feed conductor and the coupling conductor are conduc-
tor patterns formed on a different surface from a surface
on which the radiation conductor is formed, and
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a direction of a radiation current flowing through the radia-
tion conductor and a direction of a feed current flowing
through the feed conductor are different from each other.

2. The antenna device as claimed in claim 1, wherein one
end of the feed conductor is connected to a feed line and the
other end of the feed conductor is grounded.

3. The antenna device as claimed in claim 1, wherein one
end of the feed conductor is connected to the feed line and
other end of the feed conductor is opened.

4. The antenna device as claimed in claim 1, wherein one
end of the feed conductor is connected to the feed line and
other end of the feed conductor is grounded or opened via a
switching unit.

5. The antenna device as claimed in claim 1, wherein a
direction of the radiation current flow and a direction of the
feed current flow are substantially orthogonal to each other.

6. The antenna device as claimed in claim 1, wherein the
substrate is substantially a rectangular cuboid shape, at least
aportion of the radiation conductor is formed on a top surface
of' the substrate, the feed conductor and the coupling conduc-
tor are formed on a first side surface that is orthogonal to a
longitudinal direction of the substrate.

7. The antenna device as claimed in claim 1, wherein the
conductor pattern that is formed on the substrate is bilaterally
symmetric with respect to a predetermined reference surface.

8. The antenna device as claimed in claim 1, wherein the
substantially U-shaped portion of the feed conductor has a
rounded shape that is gently curved.

9. The antenna device as claimed in claim 1, wherein the
substantially U-shaped portion of the feed conductor has a
bent shape that is flexed to a right angle.

10. A wireless communication equipment, comprising: a
printed circuit board; and the antenna device as claimed in
claim 1 that is mounted on the printed circuit board.

11. A wireless communication equipment as claimed in
claim 10, wherein the printed circuit board includes a ground
pattern, and other end of the radiation conductor is coupled to
the ground pattern on the printed circuit board.

12. A wireless communication equipment as claimed in
claim 10, wherein the printed circuit board further includes a
antenna mounting area, and the antenna mounting area is
surrounded by the ground pattern in at least two directions.

sk sk sk sk sk
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A dual-band antenna for use in a wireless network device
comprises first, second, and third radiators. The first and
second radiators are connected by a stand portion. The second
radiator is a generally C-shaped plate having a connecting
section and a free-end portion. A ground end and an input end
are provided at predetermined positions of the connecting
section and are respectively and electrically connected to a
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DUAL-BAND ANTENNA AND WIRELESS
NETWORK DEVICE HAVING THE SAME

BACKGROUND OF INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a dual-band antenna
and, more particularly, to a bilaterally symmetric dual-band
antenna for use in a wireless network device, and a wireless
network device having such an antenna.

[0003] 2. Description of the Prior Art

[0004] Please refer to FIG. 1 for a perspective view of a
conventional wireless network device 10 in the form of a
wireless network card. The wireless network device 10 typi-
cally includes: a main body 11, an internal circuit device 12
provided in the main body 11, a connector portion 13 located
atone end of the main body 11 and configured for connecting
with an external host (not shown), and an antenna signal
transceiver portion 14 disposed at the end of the main body 11
that is opposite the connector portion 13. Generally, the
antenna signal transceiver portion 14 has a non-metal housing
and, when the wireless network device 10 is connected, to an
external host, must be exposed outside the external host in
order to transmit and receive wireless signals effectively.
[0005] FIG. 2 shows a conventional internal circuit device
20 for use in a wireless network device. The internal circuit
device 20 includes: a substrate 21, a control circuit 22 pro-
vided on the substrate 21, a grounding element 23 covering a
predetermined region of the substrate 21, and an antenna unit
24 electrically connected to the control circuit 22. The con-
ventional antenna unit 24 shown in FIG. 2 includes a first
antenna 241 and a second antenna 242 which are provided on
two lateral sides of the substrate 21, respectively. Moreover,
the antennas 241, 242 of the conventional internal circuit
device 20 are both designed as printed monopole antennas on
the substrate 21. However, due to their limited difference in
height in the vertical direction, such printed antennas can only
achieve the desired radiation patterns and high gain in the
X-Y plane (i.e., along the horizontal directions) by varying
the shapes of the first and second antennas 241, 242 but can
hardly be improved in terms of gain in the Z direction. With
the “vertical stand” design being the design trend of today’s
wireless network devices in order to save space and lend a
sense of modernity and technology to the devices, the low
gain of the conventional printed antennas particularly in the Z
direction simply cannot satisty the requirements of wireless
network devices having a vertical stand configuration.
[0006] For instance, FIG. 3 shows X-Y plane radiation
patterns plotted from test results of the first antenna 241 of the
conventional printed antenna unit 24 illustrated in FIG. 2. As
can be seen in the radiation patterns of FIG. 3, the maximum
gain of the first antenna 241 in the vertical direction is merely
-15.89 dBi, which is obviously lower than consumers’
acceptable lower gain limit (typically —10 dBi) and therefore
does not meet the design requirements of high-performance
antennas on the market.

SUMMARY OF INVENTION

[0007] The primary object of the present invention is to
provide a dual-band antenna wherein two symmetric and
externally independent radiators and a plurality of parallel
radiators provided in a multilayer substrate are vertically
connected to effect mutual oscillation and thereby produce a
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high frequency and a low frequency. Thus, the dual-band
antenna features not only high vertical gain but also few dead
zones.

[0008] In order to achieve the aforementioned objective,
the present invention discloses a dual-band antenna. The
dual-band antenna is provided on a substrate and comprising:
[0009] a first radiator;

[0010] a second radiator which is generally C-shaped and
has a connecting section and a free-end portion, wherein a
ground end and an input end are provided at predetermined
positions of the connecting section and are respectively and
electrically connected to a grounding portion and a control
circuit of the substrate, and wherein the free-end portion
overlaps with an orthogonal projection of the first radiator and
is parallel to the first radiator;

[0011] a third radiator electrically connected to the second
radiator via a conductive post and being parallel to the second
radiator; and

[0012] astand portion connected to the first radiator and the
second radiator;

[0013] wherein the substrate is a multilayer printed circuit
board, the second and third radiators being provided on dif-
ferent layers of the substrate, the first radiator being indepen-
dently provided outside the substrate, and the first, second,
and third radiators being parallel to and spaced apart from one
another by a predetermined distance.

[0014] In a preferred embodiment, the second radiator is
configured for signal oscillation and thereby producing a first
frequency, and the first radiator is configured for signal oscil-
lation and thereby producing a second frequency, the dual-
band antenna thus having a dual-band function.

[0015] In a preferred embodiment, the first frequency
ranges from 2.4 GHz to 2.5 GHz, and the second frequency
ranges from 4.9 GHz to 5.85 GHz.

[0016] Inapreferred embodiment, the first radiator and the
stand portion are integrally formed as a single piece by stamp-
ing a thin conductive metal plate and are perpendicular to
each other.

[0017] In a preferred embodiment, the dual-band antenna
comprises two corresponding antennas respectively and sym-
metrically provided on two lateral sides of the substrate,
wherein the two antennas substantially correspond in shape to
each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The invention as well as a preferred mode of use and
advantages thereof will be best understood by referring to the
following detailed description of an illustrative embodiment
in conjunction with the accompanying drawings, wherein:

[0019] FIG. 1 is a perspective view of a typical wireless
network device;
[0020] FIG. 2 schematically shows a conventional internal

circuit device for use in a wireless network device;

[0021] FIG.3 isan X-Y planeradiation pattern plotted from
test results of a first antenna of the conventional antenna unit
shown in FIG. 2;

[0022] FIG. 4A is an exploded perspective view of a dual-
band antenna according to the present invention;

[0023] FIG. 4B is an assembled perspective view of the
dual-band antenna according to the present invention;
[0024] FIG. 5 is a perspective view showing connection
between a substrate and the dual-band antenna of the present
invention;
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[0025] FIG. 6A is a perspective view of a wireless network
device having the dual-band antenna of the present invention;
[0026] FIG. 6B is another perspective view of the wireless
network device shown in FIG. 6A, when viewed from a
different angle;

[0027] FIG. 7A shows X-Y plane radiation patterns plotted
from the test results of a left antenna portion of the dual-band
antenna of the present invention in the application band (2.4
GHz-5.85 GHz);

[0028] FIG. 7B shows X-Y plane radiation patterns plotted
from the test results of a right antenna portion of the dual-
band antenna of the present invention in the application band
(2.4 GHz-5.85 GHz),

[0029] FIG. 8A isareturn loss plot based on the test results
of the left antenna portion of the dual-band antenna of the
present invention in the application band (2.4 GHz-5.85
GHz); and

[0030] FIG. 8B is a return loss plot based on the test results
of the right antenna portion of the dual-band antenna of the
present invention in the application band (2.4 GHz-5.85
GHz).

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0031] In the present invention, a dual-band antenna and a
wireless network device having the same are designed on the
principle that two (left and right) exposed and independent
radiators, each integrally formed by stamping, are symmetri-
cally and electrically connected to at least two other radiators
in a substrate (e.g., a multilayer printed circuit board) to form
two corresponding antenna portions, and that the substrate
has a universal serial bus (USB) connector end in addition to
the two antenna portions and thus forms a dual-band wireless
network device which operates in both a high-frequency band
and a low-frequency band, has high vertical gain, and can be
conveniently made and assembled at low costs. FIGS. 6 A and
6B show two perspective views of a wireless network device
7 having a dual-band antenna 5 of the present invention,
wherein the wireless network device 7 includes a substrate 71
and a USB connector end 72.

[0032] The substrate 71 is a multilayer printed circuit board
made of a dielectric material and having a flat rectangular
structure. As shown in FIG. 5, the substrate 71 includes a
grounding (GND) portion 711, a control circuit 712, and a
plurality of circuit layers 713. The grounding portion 711 is
configured for electrical grounding and at least partially cov-
ers one of the circuit layers 713. The control circuit 712,
which includes a circuit layout, several integrated circuit (IC)
elements, and several electronic elements, is provided on one
of'the circuit layers 713 in the substrate 71 and configured for
providing wireless network transmission. As the control cir-
cuit 712 is well known in the art and not a major technical
feature of the present invention, a detailed description of the
control circuit 712 is omitted herein.

[0033] Please refer to FIGS. 4A and 4B for an exploded
perspective view and an assembled perspective view, respec-
tively, of a preferred embodiment of the dual-band antenna 5
of the present invention. As shown in the drawings, the dual-
band antenna 5 includes two corresponding antenna portions,
namely a left antenna portion 51 and a right antenna portion
52, wherein each antenna portion 51, 52 includes a first radia-
tor 511, 521; a second radiator 512, 522; a third radiator 513,
523; a stand portion 514, 524; and a conductive post 515, 525.
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[0034] Inthe left and right antenna portions 51, 52, the first
radiators 511, 521 are connected to the second radiators 512,
522 via the metallic plate-shaped stand portions 514, 524,
respectively, such that the first radiators 511, 521 are gener-
ally parallel to the second radiators 512, 522. In this embodi-
ment, each stand portion 514, 524 is formed by a stamping
process and, more specifically, by bending a metal plate
extending from one end of the corresponding first radiator
511, 521. Thus, each stand portion 514, 524 and the corre-
sponding first radiator 511, 521 form a single-piece element
having a 90-degree angle. Besides, each stand portion 514,
524 has a lower end extended with an engaging structure
whereby the corresponding first radiator 511, 521 is engaged
with and thereby secured in position to the substrate 71; and
in consequence, the two first radiators 511, 521 are supported
away from the top surface of the substrate 71 by the two stand
portions 514, 524, respectively. In this embodiment, the sec-
ond radiators 512, 522 are formed on the top surface or an
inner layer of the substrate 71. Therefore, due to the height of
the stand portions 514, 524, the first radiators 511, 521 are
spaced apart from the second radiators 512, 522 by a prede-
termined distance H. Furthermore, in the left and right
antenna portions 51, 52, the two third radiators 513, 523 are
formed onthe bottom surface or an inner layer of the substrate
71; are respectively and electrically connected to the two
second radiators 512, 522 by the two conductive posts 515,
525; and are parallel to the second radiators 512, 522. In the
present invention, the first radiators 511, 521 are configured
for signal oscillation and thereby producing a second fre-
quency ranging generally from 4.9 GHz to 5.85 GHz, which
is a high-frequency band commonly used for wireless net-
work communication. On the other hand, the second radiators
512, 522 are configured for signal oscillation and thereby
producing a first frequency ranging generally from 2.4 GHz
to 2.5 GHz, which is another band commonly used for wire-
less network communication.

[0035] In other words, in the preferred embodiment of the
dual-band antenna of the present invention, the second radia-
tors 512, 522 and the third radiators 513, 523 are directly
provided on different circuit layers of a multilayer circuit
board by a printed circuit technique. The third radiators 513,
523 are respectively and electrically connected to the second
radiators 512, 522 by the conductive posts 515, 525 (i.e., vias
typically used for electrical connection between different cir-
cuit layers in a multilayer printed circuit board). Moreover,
the third radiators 513,523 are parallel to the second radiators
512, 522 and spaced apart therefrom by the height h of the
conductive posts 515, 525. Hence, the third radiators 513, 523
are also parallel to the first radiators 511, 521.

[0036] Referring to FIG. 5 in conjunction with FIGS. 4A
and 4B, the left and right antenna portions 51, 52 of the
dual-band antenna 5 are substantially symmetrically pro-
vided ontwo lateral sides of a circuit layer 713 in the substrate
71, and the left and right antenna portions 51, 52 substantially
correspond in shape to each other. Each first radiator 511, 521
is integrally formed by stamping, or more specifically by
bending, a thin conductive metal plate (e.g., of copper, iron,
aluminum, etc.) such that each first radiator 511, 521 has a
substantially uniform thickness t except at the bent portion. In
addition, the first radiators 511, 521 are independently pro-
vided outside the substrate 71. The engaging structure
extending from the lower end of each stand portion 514, 524
is configured for engaging with an engaging hole of the sub-
strate 71 and thereby fixing each first radiator 511, 521 in
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position to the substrate 71, such that the two first radiators
511, 521 are supported away from the top surface of the
substrate 71 by the two stand portions 514, 524, respectively.
[0037] Each second radiator 512, 522 is generally
C-shaped and has a connecting section 5121, 5221 and a
free-end portion 5122, 5222. A ground end 51211, 52211 and
an input end 51212, 52212 are respectively provided at pre-
determined positions on the two ends of each connecting
section 5121, 5221 and are respectively and electrically con-
nected to the circuit layer 713 in the substrate 71 that is
provided with the grounding portion 711 and the control
circuit 712. Starting from the input end 51212, 52212 of the
connecting section 5121, 5221, each second radiator 512,522
is extended in such as way as to form a slender C-shaped
structure, wherein the free-end portion 5122, 5222 at one end
of the C-shaped structure overlaps with the orthogonal pro-
jection of the corresponding first radiator 511, 521 and is
parallel to the corresponding first radiator 511, 521. At each
input end 51212, 52212, an input line 714 is electrically
connected to the control circuit 712 in the circuit layer 713 by
soldering or by other metal wire connecting techniques, so as
to provide signal transmission. In this embodiment, the sec-
ond radiators 512, 522 are formed on the top surface or an
inner layer of the substrate 71.

[0038] The third radiators 513, 523 are thin conductive
metal plates provided on a certain layer of the substrate 71 or
are formed on a certain layer of the substrate 71 by a printed
circuit technique. Furthermore, the third radiators 513, 523
are respectively and electrically connected to the second
radiators 512, 522 via the conductive posts 515, 525. Thus,
the first radiators 511, 521; the second radiators 512, 522; and
the third radiators 513, 523 are parallel to and spaced apart
from one another by a predetermined distance to form three
spaced layers of radiators.

[0039] As shown in FIGS. 6A and 6B, which are two per-
spective views of a preferred embodiment of a wireless net-
work device having the dual-band antenna of the present
invention, the left and right antenna portions 51, 52 of the
dual-band antenna 5 are independently and symmetrically
provided on the same end surface of the substrate 71 of the
wireless network device 7.

[0040] The control circuit 712 is provided on one of the
circuit layers 713 in the substrate 71 and includes a circuit
layout, several IC elements, and several electronic elements
s0 as to carry out wireless network transmission in accor-
dance with the 802.11a, 802.11b, 802.11g, 802.11n, or ultra-
wideband (UWB) communication protocol. As the control
circuit 712 is well known in the art and not a major technical
feature of the present invention, a detailed description of the
control circuit 712 is omitted herein.

[0041] The dual-band antenna 5 is installed on the substrate
71 of the wireless network device 7 in such a way that the first
radiators 511, 521 of' the left and right antenna portions 51, 52
are secured on two lateral sides of one end of the substrate 71
via the stand portions 514, 524, respectively, and are respec-
tively and electrically connected to the second radiators 512,
522 in the substrate 71. Furthermore, the stand portions 514,
524 have surfaces generally perpendicular to a surface of the
substrate 71 such that the first radiators 511, 521 are generally
parallel to the substrate 71.

[0042] The USB connector end 72 of the wireless network
device 7 is electrically connected to the control circuit 712 of
the substrate 71, wherein USB refers to a bus conforming to
the USB2.0, USB3.0 or other transmission specifications. It is
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understood that the wireless network device 7 may further
include a Bluetooth device (not shown) electrically connected
to the control circuit 712 so as to enable Bluetooth transmis-
sion. Since Bluetooth technology is a well-known and widely
used wireless communication technique, a detailed descrip-
tion thereof is omitted herein.

[0043] FIG. 7A shows X-Y plane radiation patterns plotted
from test results of the left antenna portion of the dual-band
antenna of the present invention, including radiation patterns
corresponding to the first frequency (which ranges from 2.4
GHz to 2.5 GHz) and radiation patterns corresponding to the
second frequency (which ranges from 4.9 GHz to 5.85 GHz).
[0044] FIG. 7B shows X-Y plane radiation patterns plotted
from test results of the right antenna portion of the dual-band
antenna of the present invention, including radiation patterns
corresponding to the first frequency (which ranges from 2.4
GHz to 2.5 GHz) and radiation patterns corresponding to the
second frequency (which ranges from 4.9 GHz to 5.85 GHz).
[0045] Table 1 shows the test results of gain (dBi) and
efficiency (%) of the left and right antenna portions of the
dual-band antenna of the present invention at the first fre-
quency (low frequency) and the second frequency (high fre-
quency), respectively.

TABLE 1

Duel-band Antenna

Left Antenna Portion _ Right Antena Portion

Gain Efficiency Gain Efficiency

Frequency (dBi) (%) (dBi) (%)
First 2,40 GHz 0.42 30.55 0.36 37.00
Frequency 245 GHz 0.77 32.40 0.19 36.83
2.50 GHz 0.34 26.98 -0.45 3045
Second 4.90 GHz 2.08 47.52 1.77 41.18
Frequency 5.15GHz 2.46 49.87 2.31 45.63
5.25GHz 2.96 50.21 2.30 4542
5.35GHz 3.12 54.04 2.49 48.38
5.725 GHz 4.18 5271 3.42 52.35
5.850 GHz 4.14 53.32 3.21 53.63

[0046] Referring to the radiation patterns shown in FIG. 7A

of the left antenna portion in conjunction with Table 1, the
maximum vertical gain and the highest efficiency of the left
antenna portion 51 at the first (low) frequency (which ranges
from 2.4 GHz to 2.5 GHz) are 0.77 dBi and 32.4%, respec-
tively, and the maximum vertical gain and the highest effi-
ciency of the left antenna portion 51 at the second (high)
frequency (which ranges from 4.9 GHz to 5.85 GHz) are 4.18
dBi and 54.04%, respectively.

[0047] Onthe other hand, referring to the radiation patterns
shown in FIG. 7B of the right antenna portion in conjunction
with Table 1, the maximum vertical gain and the highest
efficiency of the right antenna portion 52 at the first (low)
frequency (which ranges from 2.4 GHz to 2.5 GHz) are 0.36
dBi and 37%, respectively, and the maximum vertical gain
and the highest efficiency of the right antenna portion 52 at the
second (high) frequency (which ranges from 4.9 GHz to 5.85
GHz) are 3.42 dBi and 53.63%, respectively.

[0048] It can be further known from FIGS. 7A and 7B and
Table 1 that the left and right antenna portions 51, 52 of the
dual-band antenna 5 have much higher gain values in the X-Y
plane than the prior art shown in FIGS. 2 and 3 (whose
maximum gain value is —15.89 dBi). Besides, the gain values
of' the left and right antenna portions 51, 52 of the dual-band
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antenna 5 at both the first and second frequencies form gen-
erally circular radiation patterns, meaning that the dual-band
antenna 5 is capable of relatively uniform radiation at difter-
ent angles and in different directions, has no dead zones, and
therefore provides good communication quality.

[0049] Inaddition, the test results of return losses of the left
and right antenna portions of the dual-band antenna of the
present invention in the X-Y plane at the first and second
frequencies are shown in Table 2.

TABLE 2

X-Y Plane

Return Loss of Return Loss of

Duel-band Left Antenna Right Antenna
Antenna Frequency Portion (dB) Portion (dB)
First 2.40 GHz -13.462 -13.787
Frequency 245 GHz -16.587 -26.313
2.50 GHz -22.146 -17.264
Second 4.90 GHz -12.899 -16.679
Frequency 5.15 GHz -16.321 -23.252
5.25GHz -15.070 -16.464
5.35GHz -12.802 -14.346
5.725 GHz -18.730 -20.713
5.850 GHz -20.449 -19.642
[0050] Referring to FIG. 8A, which is a return loss plot

based on the test results of the left antenna portion of the
dual-band antenna of the present invention, in conjunction
with Table 2, the return loss of the left antenna portion 51 of
the dual-band antenna 5 at the first (low) frequency (which
ranges from 2.4 GHz to 2.5 GHz) is generally between -13.
462 dB and -22.146 dB, and the return loss of the left antenna
portion 51 of the dual-band antenna 5 at the second (high)
frequency (which ranges from 4.90 GHz to 5.850 GHz) is
generally between —12.802 dB and -20.449 dB.

[0051] Referring to FIG. 8B, which is a return loss plot
based on the test results of the right antenna portion of the
dual-band antenna of the present invention, in conjunction
with Table 2, the return loss of the right antenna portion 52 of
the dual-band antenna 5 at the first (low) frequency (which
ranges from 2.4 GHz to 2.5 GHz) is generally between -13.
787 dB and -26.313 dB, and the return loss of the right
antenna portion 52 of the dual-band antenna 5 at the second
(high) frequency (which ranges from 4.90 GHz to 5.850 GHz)
is generally between —14.346 dB and -23.252 dB.

[0052] With return losses lower than —10 dB at the first
(low) frequency (2.4 GHz, 2.45 GHz, and 2.5 GHz) as well as
the second (high) frequency (4.9 GHz, 5.15 GHz, 5.25 GHz,
5.35 GHz, 5.725 GHz, and 5.85 GHz), the left and right
antenna portions 51, 52 of the dual-band antenna of the
present invention meet the design requirements of high-per-
formance antennas on the market. It follows that the left and
right antenna portions 51, 52 of the antenna 5 of the present
invention provide efficient signal transmission, enable high-
quality and stable dual-band wireless communication, allow
fast manufacture and easy assembly to the substrate 71 of the
wireless network device 7, and help reduce the costs and
overall volume of the wireless network device 7 having the
antenna 5.

[0053] The present invention has been described with pre-
ferred embodiments thereof, and it is understood that many
changes and modifications to the described embodiment can
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be carried out without departing from the scope and the spirit
of the invention that is intended to be limited only by the
appended claims.

What is claimed is:

1. A dual-band antenna, provided on a substrate and com-
prising:

a first radiator;

a second radiator which is generally C-shaped and has a
connecting section and a free-end portion, wherein a
ground end and an input end are provided at predeter-
mined positions of the connecting section and are
respectively and electrically connected to a grounding
portion and a control circuit of the substrate, and
wherein the free-end portion overlaps with an orthogo-
nal projection of the first radiator and is parallel to the
first radiator;

a third radiator electrically connected to the second radia-
tor via a conductive post and being parallel to the second
radiator; and

a stand portion connected to the first radiator and the sec-
ond radiator;

wherein the substrate is a multilayer printed circuit board,
the second and third radiators being provided on differ-
ent layers of the substrate, the first radiator being inde-
pendently provided outside the substrate, and the first,
second, and third radiators being parallel to and spaced
apart from one another by a predetermined distance.

2. The dual-band antenna of claim 1, wherein the second
radiator is configured for signal oscillation and thereby pro-
ducing a first frequency, and the first radiator is configured for
signal oscillation and thereby producing a second frequency,
the dual-band antenna thus having a dual-band function.

3. The dual-band antenna of claim 2, wherein the first
frequency ranges from 2.4 GHz to 2.5 GHz, and the second
frequency ranges from 4.9 GHz to 5.85 GHz.

4. The dual-band antenna of claim 1, wherein the first
radiator and the stand portion are integrally formed as a single
piece by stamping a thin conductive metal plate and are per-
pendicular to each other.

5. The dual-band antenna of claim 1, wherein said dual-
band antenna comprises two corresponding antennas respec-
tively and symmetrically provided on two lateral sides of the
substrate, wherein the two antennas substantially correspond
in shape to each other.

6. A wireless network device having a dual-band antenna,
the wireless network device comprising:

a substrate formed as a multilayer printed circuit board,
wherein the substrate is provided with a grounding por-
tion configured for electrical grounding and a control
circuit configured for providing wireless network com-
munication;

a bus connector end electrically connected to the control
circuit of the substrate; and

at least a said dual-band antenna comprising:

a first radiator;

a second radiator which is generally C-shaped and has a
connecting section and a free-end portion, wherein a
ground end and an input end are provided at predeter-
mined positions of the connecting section and are
respectively and electrically connected to the grounding
portion and the control circuit of the substrate, and
wherein the free-end portion overlaps with an orthogo-
nal projection of the first radiator and is parallel to the
first radiator;
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a third radiator electrically connected to the second radia-
tor via a conductive post and being parallel to the second
radiator; and

a stand portion connected to the first radiator and the sec-
ond radiator;

wherein the second and third radiators are provided on dif-
ferent layers of the substrate, the first radiator is provided
outside the substrate, and the first, second, and third radiators
are parallel to and spaced apart from one another by a prede-
termined distance.

7. The wireless network device of claim 6, wherein the
second radiator is configured for signal oscillation and
thereby producing a first frequency, and the first radiator is
configured for signal oscillation and thereby producing a
second frequency, the dual-band antenna thus having a dual-
band function.
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8. The wireless network device of claim 7, wherein the first
frequency ranges from 2.4 GHz to 2.5 GHz, and the second
frequency ranges from 4.9 GHz to 5.85 GHz.

9. The wireless network device of claim 6, wherein the first
radiator and the stand portion are integrally formed as a single
piece by stamping a thin conductive metal plate and are per-
pendicular to each other.

10. The wireless network device of claim 6, wherein said at
least a dual-band antenna comprises two corresponding
antennas respectively and symmetrically provided on two
lateral sides of the substrate, wherein the two antennas sub-
stantially correspond in shape to each other.

sk sk sk sk sk
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MICROSTRIP ANTENNA COMPRISED OF
TWO SLOTS

TECHNICAL FIELD

[0001] The present invention relates to a microstrip
antenna, particularly, to a multiple-band microstrip antenna
having two slots.

[0002] This work was supported by the I'T R&D program of
MIC/IITA [2006-S-020-02, Development of Internet satellite
wireless interlock of a high speed object].

BACKGROUND ART

[0003] A Wireless Local Area Network (WLAN) is a tech-
nology that enables the use of high speed Internet through a
PDA, notebook, and computer within a certain distance
around a location where a wireless access point is set. That is,
the WLAN being free from a wired LAN can provide every
advantage and function that the conventional wired LAN
provides. WLAN service based on 802.11b ofa 2.4 GHzband
has been assessed as having disadvantages in transmission
rate, security, and interworking with a potable Internet ser-
vice. Conversely, a 5 GHz band based on IEEE 802,11a
standard with high transmission rate recently attracts public
attention. Therefore, requirement to include the both bands
appears.

[0004] However, there is no significant problem to provide
the service when the service is provided in a downtown loca-
tion where an existing terrestrial network is well established,
but there is a limitation when the service is provided in an area
with restrictive access such as mountains, islands or other
remote place, high speed train, airplane, marine ship, and the
like. Accordingly, a study is under way to provide effective
service to broader area using a satellite. However, even when
providing the service with the satellite, there is a problem in
that the service is discontinued when a high speed object
passes through a shadow area where a satellite signal cannot
directly reach, such as a tunnel. Since the tunnel is a typical
shadow area, for reliable service in the tunnel, development of
an antenna for a signal relay apparatus with optimum perfor-
mance in a wireless environment of when the high speed
object passes through the tunnel is absolutely required.
[0005] A dual band microstrip antenna used as a relay sta-
tion for providing satellite Internet service is required to
accept a band of 802.11a and 802.11b, which is a band
between 2.4 GHz and 2.483 GHz and a band between 5.725
GHz and 5.825 GHz, and also is required to have a vertical
polarization and a radiation pattern in a similar shape as an
operating range.

[0006] In general, since a microstrip antenna has a feature
of a narrow band, many methods for improving a bandwidth
are suggested. Also, a method using a thick dielectric sub-
stance, a method using a laminated structure, and a method
using a parasitic element are suggested. However, those
methods have a problem in that the overall size of an antenna
becomes larger.

[0007] An antenna with a microstrip patch where U-type of
a slot is positioned has a relatively wider bandwidth than
conventional microstrip antenna. This is a method that can
induce an additional resonance frequency by the U-type of
slot close to a resonance frequency by a patch, wherein an
antenna for broadband can be designed with only a single
element. However, when a relatively higher resonance fre-
quency is equal to or greater than two times a relatively lower
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resonance frequency, the radiation pattern may be altered.
Thus, an antenna that can accept the dual band and also can
satisfy the size and same radiation pattern is required.

DISCLOSURE OF INVENTION
Technical Problem

[0008] An aspect of the present invention provides a
microstrip antenna which has two slots, and thereby enabling
a vertical polarization and a radiation pattern in a similar
shape in a dual band.

Technical Solution

[0009] According to an aspect of the present invention,
there is provided a microstrip antenna, including: a conductor
plate having a first hole and a substrate having a microstrip
patch where slots of two different sizes are positioned, the
substrate being located on a top of the conductor plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG.1is a perspective view illustrating a microstrip
antenna including two slots according to an example of the
present invention;

[0011] FIG. 2 is a exploded perspective view of FIG. 1;
[0012] FIG. 3 illustrates a feature of a return loss according
to a frequency of a microstrip antenna including two slots
according to an example embodiment of the present inven-
tion;

[0013] FIGS. 4 and 5 illustrate a feature of 2.44 GHz radia-
tion of a microstrip antenna including two slots according to
an example embodiment of the present invention; and
[0014] FIGS. 6 and 7 illustrate a feature of 5.69 GHz radia-
tion of a microstrip antenna including two slots according to
an example embodiment of the present invention.

MODE FOR THE INVENTION

[0015] Although a few exemplary embodiments of the
present invention have been shown and described, the present
invention is not limited to the described exemplary embodi-
ments, wherein like reference numerals refer to the like ele-
ments throughout.

[0016] FIG.11is a perspective view illustrating a microstrip
antenna including two slots and FIG. 2 is a divided perspec-
tive view of FIG. 1.

[0017] Referring to FIGS. 1 and 2, the microstrip antenna
100 includes a conductor plate 110, substrate 120, and coaxial
line 150.

[0018] The conductor plate 110 includes a first hole 111
and serves as a ground connection.

[0019] The substrate 120 is located on a top of the conduc-
tor plate 110 and has a relative dielectric constant (e,) of 3.38
and a thickness of 0.508 mm. A certain interval between the
conductor plate 110 and substrate 120 exists, thereby having
a layer of air. The substrate 120 includes a microstrip patch
130 and a plurality of slots positioned in the microstrip patch
130.

[0020] The microstrip patch 130 may include a second hole
131 and a size of the microstrip patch 130 may be 50x47 mm.
[0021] The plurality of slots may be two Y-type slots, a first
Y-type slot and a second Y-type slot 132 and 133. The first
Y-type slot 132 faces opposite to the second Y-type slot 133.
A length, width, and location of the first and second Y-type
slots 132 and 133 may be changed according to a resonance
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frequency that the slots induce. In this instance, the resonance
frequency intended to be induced may be altered without
affecting each other by respectively changing slots.

[0022] Here, the first Y-type slot 132 induces a relatively
lower frequency and the second Y-type slot 133 induces a
relatively higher frequency. Accordingly, the first Y-type slot
132 is bigger than the second Y-type slot 133. For example, a
width (a) and height (b) of the first Y-type slot is respectively
46 mm and 38 mm and its width may be 3.5 mm. Also, a width
(c) and height (d) of the second Y-type slot 133 is respectively
23.5 mm and 14 mm and its width may be 5.5 mm.

[0023] The coaxial line 150 includes an external conductor
151 and internal conductor 152. The coaxial line 150 may
pass through the first hole 111 of the conductor plate 110 and
the second hole 131 of the substrate 120, and is located to be
in contact with a microstrip patch 130, thereby performing
feeding. Specifically, a lower part of the coaxial line 150
includes an external conductor 151 and internal conductor
152 and an upper part of the coaxial line is comprised of an
internal conductor 152. That is, the external conductor 151
and internal conductor 152 of the coaxial line 150 are built up
to the conductor plate 110 and the internal conductor 152 of
the coaxial line 150 is exposed between the conductor plate
110 and microstrip patch 130. In this instance, a diameter of
the internal conductor 152 is 1.6 mm, and a height of the
exposed internal conductor 152 is 6.5 mm. The internal con-
ductor 152 may be located in 24.5 mm from a top of the
microstrip patch 130. Therefore, a first hole 111 of the con-
ductor plate 110 corresponds to a size of the external conduc-
tor 151 of the coaxial line 150, namely, a circumference of the
external conductor 151, and a second hole 131 of the micros-
trip patch 130 corresponds to a size of the internal conductor
152 of the coaxial line 150, namely, a circumference of the
internal conductor 152.

[0024] A radiation to a space occurs by an induced electri-
cal current at a patch when a signal is provided through the
coaxial line, and thus the microstrip antenna can perform as
an antenna.

[0025] The above described microstrip antenna includes
the first and second Y-type slot, and thereby can perform in
dual bands. Also, the microstrip antenna can independently
adjust the resonance frequency band by changing each Y-type
slot.

[0026] FIG. 3 illustrates a feature of a return loss according
to a frequency of a microstrip antenna including two slots
according to an example embodiment of the present inven-
tion.

[0027] Referring to FIG. 3, the return loss of the microstrip
antenna in aband 2.389 to 2.504 GHz and 5.489 t0 5.928 GHz
is respectively about 32 dB and 40 dB, which are outstand-
ingly higher than a return loss in other frequency band. There-
fore, a Voltage Standing Wave Ratio (VSWR) of the micros-
trip antenna is less than 2. This means that the microstrip
antenna can perform in a dual band, 2.389 to 2.504 GHz and
5.489 t0 5.928 GHz.

[0028] FIGS. 4 and 5 illustrate a feature of 2.44 GHz radia-
tion of a microstrip antenna including two slots according to
an example embodiment of the present invention.

[0029] Referring to FIGS. 4 and 5, a radiation pattern of an
x-z plane and y-z plane in a relatively lower central frequency
where the antenna performs, 2.43 GHz, is recognized and a
gain of 9.77 dBi is obtained.
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[0030] FIGS. 6 and 7 illustrate a feature of 5.69 GHz radia-
tion of a microstrip antenna including two slots according to
an example embodiment of the present invention.

[0031] Referring to FIGS. 6 and 7, a radiation pattern of an
x-Z plane and y-z plane in a relatively higher central fre-
quency where the antenna performs, 5.69 GHz, is recognized
and a gain of 7.76 dBi is obtained.

[0032] As described above, the microstrip antenna accord-
ing to the present invention position two slots of different
sizes into a patch, and thereby can accept both 802.11a and
802.11 b bands and obtain a gain equal to or greater than 7
dBi, and have a radiation pattern in a similar shape. Therefore,
the microstrip antenna according to the present invention may
be applicable to an antenna for WLAN and antenna for a
signal relay apparatus to provide a satellite Internet service,
and further applicable to a base station, satellite mobile com-
munication technique, and communication technique for
military use.

[0033] An micro strip antenna according to the present
invention may be recorded computer-readable media includ-
ing program instructions to implement various operations
embodied by a computer. The media may also include, alone
or in combination with the program instructions, data files,
data structures, and the like. The program instructions may be
those specially designed and constructed for the purposes of
example embodiments, or they may be of the kind well-
known and available to those having skill in the computer
software arts. Examples of computer-readable media include
magnetic media such as hard disks, floppy disks, and mag-
netic tape; optical media such as CD ROM disks and DVD;
magneto-optical media such as floptical disks; and hardware
devices that are specially configured to store and perform
program instructions, such as read-only memory (ROM), ran-
dom access memory (RAM), flash memory, and the like.
Examples of program instructions include both machine
code, such as produced by a compiler, and files containing
higher level code that may be executed by the computer using
an interpreter. The described hardware devices may be con-
figured to act as one or more software modules in order to
perform the operations of the above-described exemplary
embodiments of the present invention.

[0034] Although a few embodiments of the present inven-
tion have been shown and described, the present invention is
not limited to the described embodiments. Instead, it would
be appreciated by those skilled in the art that changes may be
made to these embodiments without departing from the prin-
ciples and spirit of the invention, the scope of which is defined
by the claims and their equivalents.

1. A microstrip antenna, comprising:

a conductor plate having a first hole; and

a substrate having a microstrip patch where slots of two

different sizes are positioned, the substrate being located
on a top of the conductor plate.

2. The microstrip antenna of claim 1, wherein a length,
width, and location of the two slots are changed according to
a resonance frequency that the slots induce.

3. The microstrip antenna of claim 1, wherein the two slots
include a first Y-type slot and a second Y-type slot, and the first
Y-type slot faces opposite to the second Y-type slot.

4. The microstrip antenna of claim 3, wherein the first
Y-type slot is bigger than the second Y-type slot.

5. The microstrip antenna of claim 3, wherein the first
Y-type slot induces a relatively lower resonance frequency
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and the second Y-type slot induces a relatively higher reso-
nance frequency.

6. The microstrip antenna of claim 1, wherein the substrate
has a second hole, and further comprises:

acoaxial line that passes through the first and second holes

and contacts with the microstrip patch.

7. The microstrip antenna of claim 6, wherein a size of the
first hole corresponds to a circumference of an external con-
ductor of the coaxial line.
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8. The microstrip antenna of claim 6, wherein a size of the
second hole corresponds to a circumference of an internal
conductor of the coaxial line.

9. The microstrip antenna of claim 1, wherein a relative
dielectric constant of the substrate is from 3 to 4 and a thick-
ness of the substrate is from 0.5 mm to 0.6 mm.

sk sk sk sk sk
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57 ABSTRACT

Antennas are provided for electronic devices such as portable
computers. An electronic device may have a housing in which
an antenna is mounted. The housing may be formed of con-
ductive materials. A dielectric antenna window may be
mounted in the housing to allow radio-frequency signals to be
transmitted from the antenna and to allow the antenna to
receive radio-frequency signals. Near-field radiation limits
may be satisfied by reducing transmit power when an external
object is detected in the vicinity of the dielectric antenna
window and the antenna. A proximity sensor may be used in
detecting external objects. A parasitic antenna resonating ele-
ment may be interposed between the antenna resonating ele-
ment and the dielectric antenna window to minimize near-
field radiation hotspots. The parasitic antenna resonating
element may be formed using a capacitor electrode for the
proximity sensor. A ferrite layer may be interposed between
the parasitic element and the antenna window.
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ELECTRONIC DEVICES WITH PARASITIC
ANTENNA RESONATING ELEMENTS THAT
REDUCE NEAR FIELD RADIATION

[0001] This application claims the benefit of provisional
patent application No. 61/226,684, filed Jul. 17, 2009, which
is hereby incorporated by reference herein in its entirety.

BACKGROUND

[0002] This relates generally to antennas, and, more par-
ticularly, to antennas for electronic devices.

[0003] Electronic devices such as portable computers and
handheld electronic devices are becoming increasingly popu-
lar. Devices such as these are often provided with wireless
communications capabilities. For example, electronic
devices may use long-range wireless communications cir-
cuitry such as cellular telephone circuitry to 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).
Long-range wireless communications circuitry may also be
used handle the 2100 MHz band and other bands. Electronic
devices may use short-range wireless communications links
to handle communications with nearby equipment. For
example, electronic devices may communicate using the
WiFi® (IEEE 802.11) bands at 2.4 GHz and 5 GHz (some-
times referred to as local area network bands) and the Blue-
tooth® band at 2.4 GHz.

[0004] It can be difficult to incorporate antennas success-
fully into an electronic device. Some electronic devices are
manufactured with small form factors, so space for antennas
is limited. In many electronic devices, the presence of elec-
tronic components in the vicinity of an antenna serves as a
possible source of electromagnetic interference. Antenna
operation can also be blocked by conductive structures. This
can make it difficult to implement an antenna in an electronic
device that contains conductive housing walls or other con-
ductive structures that can potentially block radio-frequency
signals.

[0005] It would therefore be desirable to be able to provide
improved antennas for wireless electronic devices.

SUMMARY

[0006] Antenna structures in an electronic device may be
used in transmitting and receiving radio-frequency signals.
For example, single band and multiband antennas may be
formed. Each antenna may have an antenna resonating ele-
ment. The antenna resonating elements may be based on
inverted-F designs, slot configurations, or other antenna reso-
nating element arrangements. Each antenna may also have a
parasitic antenna resonating element formed from one or
more conductive members.

[0007] The electronic devices may have conductive hous-
ings. A portion of the conductive housing in each device may
serve as antenna ground. An antenna may be fed using a
positive antenna feed terminal coupled to the antenna reso-
nating element and a ground antenna feed terminal coupled to
the conductive housing.

[0008] The antenna resonating element may be mounted
adjacent to an antenna window in the conductive housing.
During operation, the antenna may induce localized currents
in the conductive housing. These currents can exhibit

Jan. 20, 2011

hotspots that are associated with the potential radiation of
relatively concentrated amounts of electromagnetic radiation
into the surrounding environment.

[0009] To reduce the strength of transmitted radio-fre-
quency signals in the immediate vicinity of an electronic
device, the electronic device may be provided with a proxim-
ity sensor. The proximity sensor may detect when a human
body part or other external object comes within a given dis-
tance of the electronic device and antenna. When the presence
of'an external object in the vicinity of the antenna is detected,
the transmit power of the device may be reduced to ensure that
radiation transmission levels are sufficiently low to meet
regulatory limits for near field radiation powers. When the
external object is no longer present, transmit powers may
increased.

[0010] Further features of the invention, its nature and vari-
ous advantages will be more apparent from the accompanying
drawings and the following detailed description of the pre-
ferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a front perspective view of an illustrative
electronic device with an antenna having a parasitic antenna
resonating element in accordance with an embodiment of the
present invention.

[0012] FIG. 2 is a rear perspective view of an illustrative
electronic device with an antenna having a parasitic antenna
resonating element in accordance with an embodiment of the
present invention.

[0013] FIG. 3 is a schematic diagram of an illustrative
electronic device with antenna structures in accordance with
an embodiment of the present invention.

[0014] FIG. 4is across-sectional side view of an illustrative
electronic device with an antenna in accordance with an
embodiment of the present invention.

[0015] FIG. 5 is a diagram of an illustrative electronic
device having an antenna and wireless circuitry that may
reduce the amount of power transmitted through the antenna
when a proximity sensor detects that an external object is
within a given range of the antenna and the electronic device
in accordance with an embodiment of the present invention.
[0016] FIG. 6 is a perspective view of an illustrative
antenna having an antenna resonating element and a parasitic
antenna resonating element that overlap a dielectric antenna
window in accordance with an embodiment of the present
invention.

[0017] FIG. 7 is a graph showing how the presence of a
parasitic antenna resonating element may help to reduce
radio-frequency signal hotspots and thereby reduce near field
radiation hotspots produced by an antenna in an electronic
device in accordance with an embodiment of the present
invention.

[0018] FIG. 8is atop view of a parasitic antenna resonating
element that has been coupled by a capacitor to a portion of a
conductive device housing that is serving as antenna ground
in accordance with an embodiment of the present invention.
[0019] FIG. 9 is a top view of a notched parasitic antenna
resonating element that has been coupled by a capacitor to a
portion of a conductive device housing that is serving as
antenna ground in accordance with an embodiment of the
present invention.

[0020] FIG. 10 is a top view of another notched parasitic
antenna resonating element that has been coupled by a





US 2011/0012794 Al

capacitor to a portion of a conductive device housing that is
serving as antenna ground in accordance with an embodiment
of the present invention.

[0021] FIG.11isatop view of parasitic antenna resonating
element structures having a rectangular conductor and an
elongated bent conductor that has been coupled by a capacitor
to a portion of a conductive device housing that is serving as
antenna ground in accordance with an embodiment of the
present invention.

[0022] FIG. 12 is atop view of a parasitic antenna resonat-
ing element that includes a rectangular conductor and an
elongated bent conductor that are coupled by parasitic capaci-
tances to a portion of a conductive device housing that is
serving as antenna ground in accordance with an embodiment
of the present invention.

[0023] FIG. 13 is a top view of an illustrative antenna
resonating element that may be formed from an elongated
housing structure that overlaps or protrudes into a dielectric
antenna window in accordance with an embodiment of the
present invention.

DETAILED DESCRIPTION

[0024] Electronic devices may be provided with wireless
communications circuitry. The wireless communications cir-
cuitry may be used to support wireless communications in
one or more wireless communications bands. For example,
the wireless communications circuitry may transmit and
receive signals in cellular telephone bands.

[0025] To satisty consumer demand for small form factor
wireless devices, manufacturers are continually striving to
reduce the size of components that are used in these devices
while providing enhanced functionality. Particularly in con-
figurations in which an electronic device is used in transmit-
ting and receiving radio-frequency signals in cellular tele-
phone bands and other communications bands that have
relatively wide bandwidths, it can be challenging to meet
desired antenna performance criteria in a compact device.
High transmit powers and wide antenna bandwidths can be
desirable to ensure adequate signal strength during commu-
nications, but these attributes may give rise to challenges with
controlling emitted radiation levels.

[0026] It is generally impractical to completely shield a
user of an electronic device from transmitted radio-frequency
signals. For example, conventional cellular telephone hand-
sets generally emit signals in the vicinity of a user’s head
during telephone calls. Government regulations limit radio-
frequency signal powers. At the same time, wireless carriers
require that the user equipment that is used in their networks
be capable of producing certain minimum radio-frequency
powers so as to ensure satisfactory operation of the equip-
ment.

[0027] In many jurisdictions, specific absorption rate
(SAR) standards are in place that impose maximum energy
absorption limits on handset manufacturers. These standards
place restrictions on the amount of radiation that may be
emitted at any particular point within a given distance of the
antenna. Particular attention is given to radiation limits at
distances of about 1-20 mm from the device, where users are
likely to place a body part near an antenna.

[0028] Satisfactory antenna performance and regulatory
compliance can be ensured by using an antenna does not
exhibit local “hotspots” in which emitted radiation exceeds
desired power levels. A proximity sensor may also be used to
detect when an external object such as a user’s body is in the
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vicinity of the antenna. When the presence of the external
object is detected, transmitted power levels can be reduced.
[0029] Hotspots can be minimized by proper antenna
design. If desired, a parasitic antenna resonating element may
be placed in the vicinity of a device antenna to help smooth
out near-field emitted radiation patterns. Electromagnetic
shielding arrangements may also be implemented using fer-
rite tape or other high permeability materials.

[0030] Any suitable electronic devices may be provided
with antennas that use these configurations. As an example,
antennas may be formed in electronic devices such as desktop
computers, portable computers such as laptop computers and
tablet computers, handheld electronic devices such as cellular
telephones, etc. With one suitable configuration, which is
sometimes described herein as an example, the antennas are
formed in relatively compact electronic devices in which
interior space can be valuable. These compact devices may be
portable electronic devices.

[0031] Portable electronic devices that may be provided
with antennas include laptop computers and small portable
computers such as ultraportable computers, netbook comput-
ers, and tablet computers. Portable electronic devices may
also be somewhat smaller devices. Examples of smaller por-
table electronic devices that may be provided with antennas
include cellular telephones, wrist-watch devices, pendant
devices, headphone and earpiece devices, and other wearable
and miniature devices.

[0032] Spaceis at a premium in portable electronic devices
and housings for these devices are sometimes constructed
from conductive materials that block antenna signals.
Arrangements in which antenna structures are formed behind
an antenna window can help address these challenges.
Antenna windows may be formed in conductive housing
walls by forming a dielectric antenna window structure from
an opening in the conductive housing wall. If desired, slot-
based antenna windows may be formed in conductive hous-
ing walls. In a slot-based antenna window, the window region
is defined by a pattern of window slots. Arrangements in
which dielectric antenna windows are used are sometimes
described herein as an example.

[0033] An antenna resonating clement may be formed
under the antenna window. Portions of the conductive hous-
ing or other conductive structures may serve as antenna
ground. The antenna can be fed using a positive antenna feed
terminal that is coupled to the antenna resonating element and
using a ground antenna feed terminal that is coupled to the
conductive housing. During operation, radio-frequency sig-
nals for the antenna can pass through the antenna window.
The parasitic antenna resonating element and ferrite tape may
help to reduce near-field hotspots.

[0034] A proximity-based antenna power control circuit
may also be used to reduce near-field electromagnetic radia-
tion intensities when the presence of an external object is
detected in the vicinity of the antenna. The proximity-based
antenna power control circuit may be based on a capacitive
proximity sensor. Sensor electrodes for the capacitive prox-
imity sensor may be placed in the vicinity of the antenna. If
desired, a conductive structure such as a sensor electrode may
serve both as part of a capacitive sensor and as part of a
parasitic antenna resonating element. With this type of
arrangement, the sensor electrode may be used in reducing
near-field radiation hotspots while simultaneously serving as
part of a capacitor electrode that detects the presence of
nearby external objects for a proximity detector.
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[0035] Antenna structures with configurations such as
these can be mounted on any suitable exposed portion of a
portable electronic device. For example, antennas can be
provided on the front or top surface of the device. In a tablet
computer, cellular telephone, or other device in which the
front of the device is all or mostly occupied with conductive
structures such as a touch screen display, it may be desirable
to form at least part of the antenna window on a rear device
surface. Other configurations are also possible (e.g., with
antennas mounted in more confined locations, on device side-
walls, etc.). The use of antenna mounting locations in which
at least part of a dielectric antenna window is formed in a
conductive rear housing surface is sometimes described
herein as an example, but, in general, any suitable antenna
mounting location may be used in an electronic device if
desired.

[0036] An illustrative portable device that may include an
antenna is shown in FIG. 1. As shown in FIG. 1, device 10
may be a relatively thin device such as a tablet computer.
Device 10 may have display such as display 50 mounted on its
front (top) surface. Housing 12 may have curved portions that
form the edges of device 10 and a relatively planar portion
that forms the rear surface of device 10 (as an example). An
antenna window such as antenna window 58 may be formed
in housing 12. Antenna structures for device 10 may be
formed in the vicinity of antenna window 58.

[0037] Device 10 may have user input-output devices such
as button 59. Display 50 may be a touch screen display that is
used in gathering user touch input. The surface of display 50
may be covered using a dielectric member such as a planar
cover glass member. The central portion of display 50 (shown
asregion 56 in FIG. 1) may be an active region that is sensitive
to touch input. The peripheral regions of display 50 such as
regions 54 may be inactive regions that are free from touch
sensor electrodes. A layer of material such as an opaque ink
may be placed on the underside of display 50 in peripheral
regions 54 (e.g., on the underside of the cover glass). This
layer may be transparent to radio-frequency signals. The con-
ductive touch sensor electrodes in region 56 may tend to block
radio-frequency signals. However, radio-frequency signals
may pass through the cover glass and opaque ink in inactive
display regions 54 (as an example). Radio-frequency signals
may also pass through antenna window 58.

[0038] Housing 12 may be formed from one or more struc-
tures. For example, housing 12 may include an internal frame
and planar housing walls that are mounted to the frame.
Housing 12 may also be formed from a unitary block of
material such as a cast or machined block of aluminum.
Arrangements that use both of these approaches may also be
used if desired.

[0039] Housing 12 may be formed of any suitable materials
including plastic, wood, glass, ceramics, metal, or other suit-
able materials, or a combination of these materials. In some
situations, portions of housing 12 may be formed from a
dielectric or other low-conductivity material, so as not to
disturb the operation of conductive antenna elements that are
located in proximity to housing 12. In other situations, hous-
ing 12 may be formed from metal elements. An advantage of
forming housing 12 from metal or other structurally sound
conductive materials is that this may improve device aesthet-
ics and may help improve durability and portability.

[0040] With one suitable arrangement, housing 12 may be
formed from a metal such as aluminum. Portions of housing
12 in the vicinity of antenna window 58 may be used as
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antenna ground. Antenna window 58 may be formed from a
dielectric material such as polycarbonate (PC), acrylonitrile
butadiene styrene (ABS), a PC/ABS blend, or other plastics
(as examples). Window 58 may be attached to housing 12
using adhesive, fasteners, or other suitable attachment
mechanisms. To ensure that device 10 has an attractive
appearance, it may be desirable to form window 58 so that the
exterior surfaces of window 58 conform to the edge profile
exhibited by housing 12 in other portions of device 10. For
example, if housing 12 has straight edges 12A and a flat
bottom surface, window 58 may be formed with a right-angle
bend and vertical sidewalls. If housing 12 has curved edges
12A, window 58 may have a similarly curved surface.
[0041] FIG. 2isarearperspective view of device 10 of FIG.
1 showing how device 10 may have a relatively planar rear
surface 12B and showing how antenna window 58 may be
rectangular in shape with curved portions that match the
shape of curved housing edges 12A.

[0042] A schematic diagram of device 10 showing how
device 10 may include one or more antennas 26 and trans-
ceiver circuits that communicate with antennas 26 is shown in
FIG. 3. Electronic device 10 of FIG. 3 may be a portable
computer such as a laptop computer, a portable tablet com-
puter, 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
desktop computer, a combination of such devices, or any
other suitable electronic device.

[0043] As shown in FIG. 3, electronic device 10 may
include storage and processing circuitry 16. Storage and pro-
cessing circuitry 16 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., static or
dynamic random-access-memory), etc. Processing circuitry
in storage and processing circuitry 16 may be used to control
the operation of device 10. Processing circuitry 16 may be
based on a processor such as a microprocessor and other
suitable integrated circuits. With one suitable arrangement,
storage and processing circuitry 16 may be used to run soft-
ware on device 10, such as internet browsing applications,
voice-over-internet-protocol (VOIP) telephone call applica-
tions, email applications, media playback applications, oper-
ating system functions, control functions for controlling
radio-frequency power amplifiers and other radio-frequency
transceiver circuitry, etc. Storage and processing circuitry 16
may be used in implementing suitable communications pro-
tocols. Communications protocols that may be implemented
using storage and processing circuitry 16 include internet
protocols, cellular telephone protocols, wireless local area
network protocols (e.g., IEEE 802.11 protocols—sometimes
referred to as WiFi®), protocols for other short-range wire-
less communications links such as the Bluetooth® protocol,
etc.

[0044] Input-output circuitry 14 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. Input-output devices 18
such as touch screens and other user input interface are
examples of input-output circuitry 14. Input-output devices
18 may also include user input-output devices such as but-
tons, 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 such user input devices. Display and audio devices
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may be included in devices 18 such as liquid-crystal display
(LCD) screens, light-emitting diodes (LEDs), organic light-
emitting diodes (OLEDs), and other components that present
visual information and status data. Display and audio com-
ponents in input-output devices 18 may also include audio
equipment such as speakers and other devices for creating
sound. If desired, input-output devices 18 may contain audio-
video interface equipment such as jacks and other connectors
for external headphones and monitors.

[0045] Wireless communications circuitry 20 may include
radio-frequency (RF) transceiver circuitry 23 formed from
one or more integrated circuits, power amplifier circuitry,
low-noise input amplifiers, passive RF components, one or
more antennas, and other circuitry for handling RF wireless
signals. Wireless signals can also be sent using light (e.g.,
using infrared communications).

[0046] Wireless communications circuitry 20 may include
radio-frequency transceiver circuits for handling multiple
radio-frequency communications bands. For example, cir-
cuitry 20 may include transceiver circuitry 22 thathandles 2.4
GHz and 5 GHz bands for WiFi (IEEE 802.11) communica-
tions and the 2.4 GHz Bluetooth communications band. Cir-
cuitry 20 may also include cellular telephone transceiver cir-
cuitry 24 for handling wireless communications in cellular
telephone bands such as the GSM bands at 850 MHz, 900
MHz, 1800 MHz, and 1900 MHz, and the 2100 MHz data
band (as examples). Wireless communications circuitry 20
can include circuitry for other short-range and long-range
wireless links if desired. For example, wireless communica-
tions circuitry 20 may include global positioning system
(GPS) receiver equipment, wireless circuitry for receiving
radio and television signals, paging circuits, etc. In WiFi and
Bluetooth links and other short-range wireless links, wireless
signals are typically used to convey data over tens or hundreds
of feet. In cellular telephone links and other long-range links,
wireless signals are typically used to convey data over thou-
sands of feet or miles.

[0047] Wireless communications circuitry 20 may include
antennas 26 such as the antenna located adjacent to antenna
window 58 of FIGS. 1 and 2. Antennas 26 may be single band
antennas that each cover a particular desired communications
band or may be multiband antennas. A multiband antenna
may be used, for example, to cover multiple cellular tele-
phone communications bands. If desired, a dual band antenna
may be used to cover two WiFi bands (e.g., 2.4 GHz and 5
GHz). Different types of antennas may be used for different
bands and combinations of bands. For example, it may be
desirable to form a dual band antenna for forming a local
wireless link antenna, a multiband antenna for handling cel-
Iular telephone communications bands, and a single band
antenna for forming a global positioning system antenna (as
examples).

[0048] Transmission line paths 44 may be used to convey
radio-frequency signals between transceivers 22 and 24 and
antennas 26. Radio-frequency transceivers such as radio-fre-
quency transceivers 22 and 24 may be implemented using one
or more integrated circuits and associated components (e.g.,
switching circuits, matching network components such as
discrete inductors, capacitors, and resistors, and integrated
circuit filter networks, etc.). These devices may be mounted
on any suitable mounting structures. With one suitable
arrangement, transceiver integrated circuits may be mounted
on a printed circuit board. Paths 44 may be used to intercon-
nect the transceiver integrated circuits and other components
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on the printed circuit board with antenna structures in device
10. Paths 44 may include any suitable conductive pathways
over which radio-frequency signals may be conveyed includ-
ing transmission line path structures such as coaxial cables,
microstrip transmission lines, etc.

[0049] Antennas 26 may, in general, be formed using any
suitable antenna types. Examples of suitable antenna types
for antennas 26 include antennas with resonating elements
that are formed from patch antenna structures, inverted-F
antenna structures, closed and open slot antenna structures,
loop antenna structures, monopoles, dipoles, planar
inverted-F antenna structures, hybrids of these designs, etc.
With one suitable arrangement, which is sometimes
described herein as an example, part of housing 12 (e.g., the
portion of housing 12 in the vicinity of antenna window 58)
may form a ground structure for the antenna associated with
window 58.

[0050] A cross-sectional view of device 10 in the vicinity of
antenna window 58 is shown in FIG. 4. As shown in FIG. 4,
antenna 26 may have antenna resonating element 68 (e.g., a
patch antenna resonating element, a single arm inverted-F
antenna structure, a dual-arm inverted-F antenna structure, or
other suitable multi-arm or single arm inverted-F antenna
structures, closed and open slot antenna structures, loop
antenna structures, monopoles, dipoles, planar inverted-F
antenna structures, hybrids of these designs, etc. Housing 12
may serve as antenna ground for antenna 26.

[0051] Antenna 26 may also have a parasitic antenna reso-
nating element formed from one or more conductive struc-
tures such as structure 66. If desired, a layer of ferrite material
such as ferrite tape 74 may be placed between antenna reso-
nating element 68 and window 58 to help reduce near-field
signal strengths without over-attenuating far-field signals. In
the example of FIG. 4, ferrite tape 74 has been placed under
parasitic antenna resonating element 66.

[0052] As shown in FIG. 4, antenna 26 may be fed using a
positive antenna feed terminal that is coupled to antenna
resonating element 68 such as positive antenna feed terminal
76 and a ground antenna feed terminal that is coupled to
housing 12 such as ground antenna feed terminal 78.

[0053] Antennaresonating element 68 may be placed in the
vicinity of dielectric antenna window 58 as shown in FIG. 4,
so that radio-frequency signals can be conveyed through win-
dow 58 (e.g., in directions 72 and 71). Radio-frequency sig-
nals can also be conveyed through a transparent display cover
member such as cover glass 60. Display 50 may have an
active region such as region 56 in which cover glass 60 has
underlying conductive structure such as display panel module
64. The structures in display panel 64 such as touch sensor
electrodes and active display pixel circuitry may be conduc-
tive and may therefore attenuate radio-frequency signals. In
region 54, however, display 50 may be inactive (i.e., panel 64
may be absent). An opaque ink such as ink 62 may be formed
on the underside of transparent cover glass 60 in region 54 to
block antenna resonating element 68 from view. Ink 62 and
the dielectric material of cover member 60 in region 54 may
be sufficiently transparent to radio-frequency signals that
radio-frequency signals can be conveyed through these struc-
tures in directions 70.

[0054] Any suitable conductive materials may be used in
forming antenna structures for antenna 26. With one suitable
arrangement, the conductive structures for antenna resonat-
ing element 68 and parasitic antenna resonating element 66
may each be formed from conductive traces on a dielectric
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support. The conductive traces may be formed from copper or
other metals (as an example) to help ensure low losses and
good performance at radio frequencies. The dielectric sup-
ports for these structures may be printed circuit boards or
plastic members. Plastic support structures may also be used
to support printed circuit boards. In general, printed circuit
boards may be rigid or flexible. Rigid printed circuit boards
may be formed from epoxy (e.g., FR4) or other dielectric
substrates. Flexible printed circuit boards (“flex circuits™)
may be formed from flexible polymer sheets such as polyim-
ide sheets or other flexible dielectrics. When an antenna struc-
ture is formed from a sheet of flex circuit substrate, the flex
circuit may, if desired, be flexed to form a curved surface (e.g.,
to adapt to a curved plastic support structure). With rigid
substrate arrangements, the printed circuit board is typically
flat.

[0055] Antenna structures such as conductive structure 66
may serve multiple functions. For example, because structure
66 is adjacent to antenna resonating element 68, structure 66
influences the electromagnetic behavior of antenna 26 and
can therefore serve as a parasitic antenna resonating element.
At the same time, conductive structure 66 may, if desired, be
used as a sensor electrode for a proximity sensor.

[0056] Transceiver circuitry 23 may be mounted to printed
circuit board 79 and may be connected to the conductive lines
in transmission line 44 via connector 81 and traces in board
79. Transmission line 44 may have positive and ground con-
ductors and may be used in conveying radio-frequency
antenna signals between transceiver 23 and feed terminals 76
and 78 of antenna 26.

[0057] Device 10 and antenna window 58 may have any
suitable dimensions. For example, device 10 may have lateral
dimensions of about 10-50 cm. Device 10 may be more than
2 cm thick, less than 2 cm thick, less than 1.5 cm thick, or less
than 0.5 cm thick.

[0058] In thin device configurations, the removal of con-
ductive housing portions in the immediate vicinity of antenna
resonating element 68 helps ensure that antenna 26 will
exhibit satisfactory efficiency and bandwidth (e.g., for sup-
porting communications in wide bandwidth long-range com-
munications bands such as cellular telephone communica-
tions bands).

[0059] A circuit diagram showing how a proximity sensor
signal may be used in controlling the amount of power that is
transmitted by antenna 26 is shown in FIG. 5. As shown in
FIG. 5, device 10 may include storage and processing cir-
cuitry 16 (see, e.g., FIG. 3). Device 10 may also include a
proximity sensor such as proximity sensor 80. Proximity
sensor 80 may be implemented using any suitable type of
proximity sensor technology (e.g., capacitive, optical, etc.).
An advantage of capacitive proximity sensing techniques is
that they can be relatively insensitive to changes in the reflec-
tivity of external object 87.

[0060] As shown in the example of FIG. 5, proximity sen-
sor 80 may contain a capacitor electrode formed from a con-
ductive member such as conductive member 66 (FIG. 4).
Conductive member 66 may, if desired, serve as a parasitic
antenna resonating element for antenna 26.

[0061] Proximity sensor 80 may be mounted in housing 12
in the vicinity of antenna 26 (as shown in FIG. 4) to ensure
that the signal from proximity sensor 80 is representative of
the presence of external object 87 in the vicinity of antenna 26
(e.g., within a distance D of antenna 26 and/or device 10).
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[0062] Output signals from proximity sensor 80 may be
conveyed to storage and processing circuitry 16 using path
86. The signals from proximity sensor 80 may be analog or
digital signals that provide proximity data to storage and
processing circuitry 16. The proximity data may be Boolean
data indicating that object 87 is or is not within a given
predetermined distance of antenna 26 or may be continuous
data representing a current estimated distance value for D.

[0063] Storage and processing circuitry 16 may be coupled
to transceiver circuitry 23 and power amplifier circuitry 82.
Dashed line 83 shows how received radio-frequency signals
can be conveyed from antenna 26 to transceiver circuitry 23.
During data transmission operations, control lines 84 may be
used to convey control signals from storage and processing
circuitry 16 to transceiver circuitry 23 and power amplifier
circuitry 82 to adjust output powers in real time. For example,
when data is being transmitted, transceiver 23 and is associ-
ated output amplifier 82 can be directed to increase or
decrease the power level of the radio-frequency signal that is
being provided to antenna 26 over transmission line 44 to
ensure that regulatory limits for electromagnetic radiation
emission are satisfied. If, for example, proximity sensor 80
does not detect the presence of external object 87, power can
be provided at a relatively high (unrestricted) level. If, how-
ever, proximity sensor 80 determines that the user’s leg or
other body part or other external object 87 is in the immediate
vicinity of antenna 26 (e.g., within 20 mm or less, within 15
mm or less, within 10 mm or less, etc.), storage and process-
ing circuitry can respond accordingly by directing transceiver
circuitry 23 and/or power amplifier 82 to transmit radio-
frequency signals through antenna 26 at reduced powers.

[0064] A perspective view of an illustrative antenna 26 is
shown in FIG. 6. As shown in FIG. 6, antenna resonating
element 68 may contain one or more conductive traces such
as conductive trace 96. In the example of FIG. 6, antenna
resonating element 68 has an inverted-F configuration. With
this configuration, antenna resonating element 68 may have a
dielectric substrate such as rigid or flexible printed circuit
substrate 90 on which a conductive pattern has been formed
such as conductive trace 94. Conductive trace 94 may have a
main resonating element arm 92, a short circuit branch such
as branch 96 that shorts arm 92 to ground (e.g., a path coupled
to antenna feed terminal 78 of FIG. 4), and a branch 98 to
which positive antenna feed terminal 76 is coupled. Arm 92
may, if desired, be provided with different shapes (e.g., mul-
tiple branches) to support operation in desired communica-
tions bands with desired bandwidths. The trace pattern for
antenna resonating element 68 that is shown in FIG. 6 is
merely illustrative. In general, any suitable type of antenna
resonating element pattern may be used for antenna resonat-
ing element 68 if desired.

[0065] Antenna resonating element 68 may be mounted so
as to overlap antenna window 58 and so as to lie under
inactive region 54 of display 50 (FIG. 4). Conductive struc-
ture 66 may be interposed between antenna resonating ele-
ment 68 and window 58.

[0066] During operation of antenna 26, the electromagnetic
fields that are produced by antenna resonating element 68
may induce currents in conductive housing 12, such as cur-
rents 95 in the vicinity of window 58. If care is not taken, the
relative shapes and sizes of the components of antenna 26
may give rise to undesirable concentrations of currents. This
can, in turn, lead to undesirable hotspots in the near-field
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radiation pattern for antenna 26, as the induced currents re-
radiate electromagnetic energy through antenna window 58.
[0067] A graph that illustrates how antenna signals may
exhibit undesirable hotspots is shown in FIG. 7. In the graph
of FIG. 7, the power associated with near-field transmitted
radio-frequency signals (e.g., signals for an antenna 26 that
have been emitted in direction 72 or 71 through antenna
window 58) is shown as a function of position (e.g., position
along the inner edge of antenna window 58). Solid line 120
corresponds to a possible near-field radiation pattern in the
absence of suitable antenna structures to reduce hotspots in
currents 95 and associated hotspots in emitted radio-fre-
quency signal powers. Dashed line 122 shows how hotspots
can minimized or eliminated by inclusion of proper hotspot-
reducing structures. Because dashed line 122 is smoother
than line 120 and exhibits lower peak powers, dashed line 122
reflects a reduced spatial concentration of radio-frequency
signal power. Smoothed radiation characteristics help
antenna 26 to transmit desired amounts of signal power when
communicating with a remote base station without exceeding
regulatory limits for emitted radiation levels.

[0068] The near-field radiation pattern smoothing struc-
tures may include structures such as parasitic antenna reso-
nating element 66. Ferrite tape 74 may also help to reduce
hotspots and/or near-field signal intensities while allowing
desired far-field antenna efficiency criteria to be satisfied.
Proximity-sensor-based adjustments may be used in conjunc-
tion with these techniques if desired.

[0069] Parasitic antenna resonating clement 66 may be
formed from one or more conductive structures. Illustrative
configurations for the conductive structures of a parasitic
antenna resonating element 66 are shown in the top views of
the interior of device 10 that are presented in FIGS. 8-13.
[0070] FIG. 8 is a top view of parasitic antenna resonating
element 66 in which the parasitic antenna resonating element
is formed from a substantially rectangular conductive mem-
ber (e.g., a rectangular patch). The patch may have lateral
dimensions of LP and WP. Any suitable sizes may be used for
dimensions LLP and WP if desired. As an example, LP may be
about 40 mm (e.g., 10-70 mm) and WP may be about 15 mm
(e.g., about 5-25 mm). The outline of antenna window 58 may
also be rectangular and may have any suitable dimensions.
For example, the outline of antenna window 58 may have
lateral dimensions of [. and W. With one suitable arrange-
ment, [, may be about 80 mm (e.g., 50-110 mm) and W may
be about 15 mm (e.g., about 5-25 mm).

[0071] Capacitor 124 may be coupled between housing 12
(e.g., the antenna ground) and parasitic antenna resonating
element 66 using capacitor terminals 126 and 128. The
capacitance of capacitor 124 may be selected to provide suf-
ficient coupling between terminal 126 and terminal 128 and
therefore housing 12 and element 66 at the operating frequen-
cies of antenna 26 (e.g., at 850-2100 MHz, as an example).
For example, the capacitance of capacitors such as capacitor
124 may be about 1-5 pF (i.e., less than 100 pF).

[0072] The location of terminals 126 and 128 and the cou-
pling provided by capacitor 124 give rise to an impedance
discontinuity along the paths of the induced currents in hous-
ing 12 (i.e., currents 95, which flow in housing 12 along the
edge of housing 12 adjacent to antenna window 58, as shown
in FIG. 6). Adjustments to the location and size of capacitor
124 and the size and shape of conductive structures of para-
sitic antenna resonating element structures 66 may be made to
ensure that these impedance discontinuities cause antenna 26
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to exhibit less pronounced hotspots and therefore exhibit
improved compliance with regulatory limits on emitted radia-
tion.

[0073] Inthe example of FIG. 9, parasitic antenna resonat-
ing element 66 has a notch 130. Adjustments to the location
and shape of features such as notch 130, bends, openings, or
other characteristics of parasitic antenna resonating element
66 may be used to tune the performance of parasitic antenna
resonating element in operating frequencies of interest.
[0074] FIG. 10 shows an illustrative configuration in which
parasitic antenna resonating element 66 has been provided
with a notch 130 on one of its narrower ends. The FIG. 10
example also shows how notch 130 may have an enlarged
inner portion such as portion 132.

[0075] In the illustrative arrangement of FIG. 11, parasitic
antenna resonating element 66 has a first conductive member
(rectangular conductive member 66A) and a second conduc-
tive member (bent elongated conductive member 66B).
Capacitor 124 may be coupled to member 66 A or 66B or two
capacitors may be used, a first of which is connected between
housing 12 and member 66A and a second of which is con-
nected between housing 12 and member 66B (as an example).
[0076] There may, in general, be any suitable number of
conductive members in parasitic antenna resonating element
66 (e.g., one conductive member, two conductive members,
more than two conductive members, etc.). The use of two
conductive members in parasitic antenna resonating element
66 of FIG. 11 is merely illustrative.

[0077] FIG. 12 shows how parasitic antenna element 66
may have one or more conductive members that are coupled
to housing 12 using parasitic capacitances rather than discrete
capacitors. With the FIG. 12 configuration, there is a first
parasitic capacitance between conductive member 66A and
housing 12 that is produced by the gap between opposing
conductive edges 134 and 136. Similarly, there is a second
parasitic capacitance between conductive member 66B and
housing 12 that is produced by the gap between opposing
conductive edges 138 and 140.

[0078] If desired, parasitic antenna element 66 may be
formed from a portion of housing 12. This type of arrange-
ment is shown in FIG. 13. As shown in FIG. 13, antenna
window 58 may have a rectangular outline (when viewed in
the top view of FIG. 13). Dashed line 146 may separate the
longest side of antenna window 58 from the conductive mate-
rial of housing 12. Parasitic antenna resonating element 66
may be formed by an elongated portion of housing 12 that is
integrally connected to housing 12 and that protrudes into
window 58 in direction 144 to the right of line 146. Other
arrangements may be used. For example, there may be two or
more protruding housing portions that form parasitic antenna
resonating element 66. The housing portions need not be
elongated or bent as shown in FIG. 13. For example, the
housing portions may be straight, serpentine, curved, rectan-
gular, etc. These housing portions may, if desired, protrude
into antenna window 58 from the shorter (upper and lower)
sides of antenna window 58. Mixtures of these approaches
may also be used (e.g., where there are one or more different
types of housing protrusions combined with one or more of
the parasitic antenna resonating element structures of FIGS.
8,9,10, and 11).

[0079] Parasitic antenna resonating elements of the types
shown in FIGS. 8-13 may be formed from conductive traces
on flex circuits or rigid printed circuit board substrates, from
metal or other conductors formed directly on plastic support
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structures, from patterned metal foil, or using other suitable
antenna structures. One or more of the conductive members in
a given parasitic antenna resonating element 66 may serve as
a proximity sensor electrode as well as a parasitic antenna
resonating element.

[0080] 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. An electronic device having front and rear surfaces,
comprising:

a conductive housing;

a dielectric antenna window in the conductive housing;

an antenna resonating element mounted in the conductive

housing so that radio-frequency signals are transmitted
through the dielectric antenna window; and

aparasitic antenna resonating element located between the

antenna resonating element and the dielectric window.

2. The electronic device defined in claim 1 further com-
prising a display on the front surface of the electronic device,
wherein the display has an inactive region through which
radio-frequency signals are transmitted from the antenna
resonating element.

3. The electronic device defined in claim 1 further com-
prising a display having display panel circuitry thatis covered
by a transparent dielectric cover member, wherein the
antenna resonating element emits radio-frequency signals
that pass through the transparent dielectric cover member
without passing through the display panel circuitry.

4. The electronic device defined in claim 1 wherein the
dielectric antenna window comprises a plastic member
mounted in the conductive housing and wherein the parasitic
antenna resonating element comprises a capacitive proximity
sensor electrode.

5. The electronic device defined in claim 1 further com-
prising a proximity sensor that detects external objects near
the antenna resonating element and dielectric antenna win-
dow, wherein the parasitic antenna resonating element com-
prises a capacitor electrode for the proximity sensor.

6. The electronic device defined in claim 5 wherein the
antenna resonating element comprises an inverted-F antenna
resonating element formed on a flex circuit.

7. The electronic device defined in claim 6 wherein the
parasitic antenna resonating element comprises a rectangular
conductive member.

8. The electronic device defined in claim 7 further com-
prising a capacitor having a first terminal connected to the
conductive housing and a second terminal connected to the
parasitic antenna resonating element.

9. A tablet computer comprising:

a conductive housing;

a dielectric antenna window in the conductive housing;

radio-frequency transceiver circuitry;
an antenna with which the radio-frequency transceiver cir-
cuitry transmits radio-frequency signals in at least one
cellular telephone band, wherein the antenna comprises:

an antenna ground formed from at least a portion of the
conductive housing;

an antenna resonating element mounted adjacent to the

dielectric antenna window; and
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a parasitic antenna resonating element formed from a pla-
nar metal member that is interposed between the antenna
resonating element and the dielectric antenna window.

10. The tablet computer defined in claim 9 further com-
prising a capacitor connected between the conductive hous-
ing and the parasitic antenna resonating element.

11. The tablet computer defined in claim 9 further com-
prising a capacitive proximity sensor that detects when an
external object is in the vicinity of the antenna, wherein the
parasitic antenna resonating element comprises a capacitor
electrode in the capacitive proximity sensor.

12. The tablet computer defined in claim 11 further com-
prising a display mounted to the conductive housing, wherein
the conductive housing forms a planar rear surface for the
tablet computer, and wherein the display has a cover glass
with an inactive region through which the radio-frequency
signals are transmitted.

13. The tablet computer defined in claim 12 further com-
prising a capacitor connected between the conductive hous-
ing and the parasitic antenna resonating element.

14. The tablet computer defined in claim 13 further com-
prising a layer of ferrite interposed between the parasitic
antenna resonating element and the dielectric antenna win-
dow.

15. The tablet computer defined in claim 9 wherein the
parasitic antenna resonating element comprises at least two
separate metal structures.

16. A portable electronic device comprising:

at least one conductive housing structure to which a ground
antenna feed terminal is connected;

an antenna window in the conductive housing structure;

an antenna resonating element formed from conductive
traces on a flex circuit to which a positive antenna feed
terminal is connected;

radio-frequency transceiver circuitry that is coupled to the
positive antenna feed terminal and the ground antenna
feed terminal and that transmits radio-frequency signals
through the antenna window using the antenna resonat-
ing element; and

a parasitic antenna resonating element interposed between
the antenna resonating element and the antenna window.

17. The portable electronic device defined in claim 16
wherein the parasitic antenna resonating element comprises a
capacitor electrode in a capacitive proximity sensor.

18. The portable electronic device defined in claim 17
further comprising a layer of ferrite tape between the parasitic
antenna resonating element and the antenna window.

19. The portable electronic device defined in claim 18
further comprising a capacitor connected between the con-
ductive housing structure and the parasitic antenna resonating
element.

20. The portable electronic device defined in claim 19
wherein the electronic device comprises a display and
wherein at least some of the radio-frequency signals are trans-
mitted through an inactive portion of the display.

21. The portable electronic device defined in claim 16
wherein the parasitic antenna resonating element comprises a
portion of the conductive housing structure that overlaps the
dielectric antenna window.

sk sk sk sk sk
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MULTI-SLOT ANTENNA AND MOBILE
DEVICE

FIELD

[0001] The present application generally relates to an
antenna and, in particular, to a multi-slot antenna and a
mobile device incorporating the multi-slot antenna.

BACKGROUND

[0002] Modern mobile communications devices are often
equipped to operate on more than one frequency band. For
example, some devices are capable of communicating on
GSM-850 and GSM-1900. Yet other devices are capable of
communication on GSM-900 and GSM-1800. Some tri-band
devices, or even quad-band devices are configured to operate
on three or four bands.

[0003] In addition, modern mobile communications
devices are often multi-mode devices configured to commu-
nicate in more than one mode. For example, a multi-mode
device may be configured to communicate with WWAN
(wireless wide area networks) in accordance with standards
such as GSM, EDGE, 3GPP, UMTS, etc., and may further be
configured to communicate with WLAN (wireless local area
networks) in accordance with standards like IEEE 802.11.
Some devices are also equipped for short-range communica-
tions such as Bluetooth™ The multi-functionality of these
devices often requires multiple antennas within the devices in
order to communicate over the various frequency bands.
[0004] At the same time, the form factors for mobile com-
munications devices are increasingly sleeck and compact. This
puts space within the device at a premium and makes it
difficult to accommodate multiple antennas.

[0005] It would be advantageous to provide for an antenna
that has a low profile but is capable of operating on multiple
frequency bands.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Reference will now be made, by way of example, to
the accompanying drawings which show example embodi-
ments of the present application, and in which:

[0007] FIG. 1 diagrammatically shows an embodiment of
an antenna,
[0008] FIG. 2 shows a dimensioned illustration of an

embodiment of the antenna;

[0009] FIG. 3 shows a side view of one embodiment of the
antenna,
[0010] FIG. 4 shows a bottom perspective view of the

antenna of FIG. 3;
[0011] FIG. 5 shows a top perspective view of another
embodiment of an antenna;

[0012] FIG. 6 shows a front perspective view of the antenna
of FIG. 5;
[0013] FIG. 7 shows a bottom perspective view of the

antenna of FIG. 5;

[0014] FIG. 8 shows a portion of a mobile device incorpo-
rating the antenna of FIG. 5;

[0015] FIG. 9 shows an S11 plot for the antenna of FIG. 6;
[0016] FIG. 10 shows a perspective view of another
embodiment of an antenna; and

[0017] FIG. 11 shows a block diagram of a handheld elec-
tronic device incorporating the antenna.
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[0018] Similar reference numerals may have been used in
different figures to denote similar components.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0019] In one aspect, the present application describes a
mobile communication device. The device includes a dielec-
tric substrate having a surface; a radio frequency patch
antenna formed from a conductive material on the surface of
the substrate; a signal feed conductor connected to the patch
antenna; and a ground conductor connecting the patch
antenna to a ground plane. The patch antenna has defined
therein at least two slots.

[0020] In another aspect, the present application describes
a mobile communication device. The device includes a
dielectric substrate having a surface; a radio frequency multi-
band patch antenna formed from a conductive material on the
surface of the substrate; a signal feed conductor connected to
the patch antenna; and a ground conductor connecting the
patch antenna to a ground plane. The patch antenna has
defined therein a first slot and a second slot. The first slot and
the second slot each have two or more parts.

[0021] In yet another aspect, the present application
describes a multiband antenna that includes a dielectric sub-
strate having a surface; a patch of conductive material on the
surface of the substrate; a signal feed conductor connected to
the patch; and a ground conductor connecting to the patch.
The patch has defined therein at least two slots. The at least
two slots each have two or more parts.

[0022] Insome cases atleastone part of each of the first and
second slots is open to an edge of the patch. In some embodi-
ments, the second slot is disposed on the patch between at
least one of the parts of the first slot and the edge of the patch.
In some embodiments, the signal feed conductor is connected
to the patch between the first and second slots. In some
embodiments, the signal feed conductor is connected to the
edge of the patch between the parts of the respective first and
second slot that are open to that edge.

[0023] In some embodiments, the first and second slots
include an L-shaped slot and a C-shaped slot. In some
embodiments, the [-shaped slot is an open slot projecting into
the patch antenna from an edge. In some embodiments, the
C-shaped slot is also an open slot projecting into the patch
antenna from the edge. The signal feed conductor may be
connected to the same edge of the patch antenna at a point
between the L-shaped slot and the C-shaped slot. In some
embodiments, the C-shaped slot is nested within the [.-shaped
slot.

[0024] Many electronic devices include an antenna for
radio frequency communications, including mobile devices,
laptop computers, desktop computers, smartphones, personal
digital assistants, and many other such devices. Multi-mode
or multi-band devices are configured to operate on more than
one frequency band. Accordingly, such devices required more
than one antenna or at least one antenna that is capable of
operating on more than one band.

[0025] Reference is now made to FIG. 1, which diagram-
matically illustrates an example embodiment of an antenna
10. The antenna 10 is a low profile patch antenna formed from
a conducting material, such as a metal. In this embodiment,
the patch antenna 10 includes a main patch, formed as a
generally rectangular portion 12 having a length L. and width
W. The generally rectangular portion 12 includes a lower
edge 20, and upper edge 22, a left edge 24 and a right edge 26.
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Inother embodiments, other shapes for the patch antenna may
be used, including other polygonal shapes.

[0026] In this embodiment, a tuning stub 14 extends from
one side of the rectangular portion 12. In this embodiment, the
tuning stub 14 extends from the right side of the upper edge
22. The tuning stub 14 is integral with the rectangular portion
12 to form a single polygonal patch. The tuning stub 14 is
placed and sized to tune the common mode resonance of the
antenna 10, as will be described further below. Those ordi-
narily skilled in the art will appreciate that the patch antenna
10 need not necessarily include the tuning stub 14 and that the
dimensions and shape ofthe patch may be adjusted to tune the
common mode resonance of the antenna 10. Industrial design
restrictions imposed by the form factor of the mobile device
or other device in which the antenna 10 will be used may
make use of the tuning stub 14 advantageous for those situa-
tions in which particular dimensions of the patch cannot be
varied in a manner to achieve the desired resonance.

[0027] A signal feed conductor 30 connects to the lower
edge 20 of the rectangular portion 12. The signal feed con-
ductor 30 supply excitation current to the antenna 10 from
driving circuitry, such as a transceiver (not shown). When
used for reception, the signal feed conductor 30 conducts
current induced in the antenna 10 by incident RF signals to
receiving circuitry (not shown), such as a transceiver for
filtering, amplification and demodulation. The signal feed
conductor 30 in this embodiment connects to the lower edge
20 at a position to the right of the center of the rectangular
portion 12. The centerline of the rectangular portion 12 is
illustrated by a dashed line labeled 28. Although in the
embodiments described herein the signal feed conductor 30
may be considered a microstrip-type direct feed connector,
those ordinarily skilled in the art will appreciate that the
signal feed conductor may be a different type of feed. For
example, in some embodiments, a coax feed connector may
be used. In yet other embodiments, an indirect coupling may
be used, such as a capacitive or inductive coupling.

[0028] A ground conductor 32 also connects to the lower
edge 20 of the rectangular portion 12. The ground conductor
32 connects to a ground plane (not shown). The ground plane
is typically roughly parallel to and spaced apart from the
antenna 10. In an electronic device, the antenna 10 may be
supported by or mounted upon a non-conducting substrate of
suitable dielectric material.

[0029] The dielectric material may space the antenna 10
apart from an underlying ground plane in some embodiments.
[0030] Two or more slots (individually labeled 16 and 18)
are formed in the generally rectangular portion 12. The two or
more slots 16 and 18 each have two or more parts. The term
“parts” in this context refers to the joined segments that make
up the slot. In the embodiment shown the segments are
straight-line segments or parts that are joined at right-angles;
however, it will be understood that in some embodiments one
ormore parts may not be straight, and two parts may be joined
at an angle other than a right angle. In some cases, a part may
be curved or have a non-uniform width. In this embodiment,
the slots are an [-shaped slot 16 and a C-shaped slot 18, and
they extend from the lower edge 20 of the generally rectan-
gular portion 12.

[0031] The slots 16 and 18 in this embodiment are of dif-
ferent length. Accordingly, they have different resonant fre-
quencies; however, in this embodiment they are formed to
have resonant frequencies sufficiently close that in combina-
tion they result in wideband performance for the antenna 10.
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[0032] In this particular embodiment, the slots 16 and 18
are located on either side of the signal feed conductor 30. In
particular, the L-shaped slot 16 extends from the lower edge
20 to the right of the signal feed conductor 30 and the
C-shaped slot extends from the lower edge 20 to the left of the
signal feed conductor 30. The L-shaped slot 16 has a first
section 40 that extends upwards from the lower edge 20 in the
direction of the upper edge 22, and a second section 42 that
extends from the upper end of the first section 42 perpendicu-
lar to the first section 40 towards the left edge 24. The second
section 42 in this embodiment extends beyond the centerline
28.

[0033] Inthis embodiment, the C-shaped slot 18 is an open
C-shape facing towards the [.-shaped slot 16. In particular, the
C-shaped slot 18 includes a first portion 50 that extends
perpendicularly from the lower edge 20 towards the upper
edge 22. It then includes a second portion 52 that extends
perpendicular to the first portion 50 towards the left edge 24.
The second portion 52 extends beyond the centerline 28. The
C-shaped slot 18 then includes a third portion 54 and a fourth
portion 56 to form the C-shape.

[0034] In this embodiment, the C-shaped slot 18 is at least
partly nested below or in the L-shaped slot 16. In particular,
the C-shaped slot 18 is disposed between the second section
42 of the L-shaped slot 16 and the edge 20.

[0035] The length and relative positioning of the C-shaped
slot 18 and L-shaped slot 16 produce two slot-based reso-
nances that create a coupling effect that improves the imped-
ance matching for the desired frequency bands to produce a
wideband resonance for the antenna 10.

[0036] Becausetheslots 16, 18 are open at the edge 20, they
are termed “open” slots, as opposed to “closed” slots. A
“closed” slot is one located entirely within the boundaries or
edges of the patch. In some embodiments, the C-shaped slot
18 may be a closed slot. The L-shaped slot 16 may, in some
embodiments be a closed slot; however, in its location shown
in FIG. 1 it serves to separate the current paths of the signal
feed conductor 30 from the ground conductor 32. Accord-
ingly, if the L-shaped slot 16 were made a closed slot, the
signal feed conductor 30 or the ground conductor 32 may
need to be relocated to another areas of the antenna 10. Such
relocation, would, of course, alter the current paths and result-
ing resonances.

[0037] It will be appreciated that in other embodiments,
different shaped slots may be used to realize different current
paths, and that different shaped slots may result in positive or
negative coupling of the respective resonances depending on
their relative shapes and distances apart in terms of fractions
of resonant wavelengths. The slots may be lengthened or
shortened to tune the resonances to particular desired fre-
quencies. Additional slots may be added to create additional
resonances to support additional bands of operation, or to
tune or increase the bandwidth of the wideband response. It
will also be appreciated that additional elements, including
parasitic patches may be added to further tune or shape the
performance of the antenna 10.

[0038] The multi-band antenna 10 shown in FIG. 1 includes
three resonances. The first resonance is a common mode
resonance set by the dimensions of the generally rectangular
portion 12 and the location of the signal feed conductor 30,
and tuned by the tuning stub 14. The second and third reso-
nances are slot resonances determined by the dimensions of
the slots 16, 18. As noted above, if the dimensions are such
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that the resonances are somewhat close together in frequency,
they merge to enable wideband communications.

[0039] In the embodiment illustrated in FIG. 1, the shape
and configuration of the slots 16, 18 contributes to obtaining
a positive coupling between the two slot resonances that
improves the wideband performance of the antenna 10. In
some other embodiments, the slots may be arranged such that
they do not result in positive coupling and have more distinc-
tive resonances.

[0040] The generally rectangular portion 12 has the left
edge 24 and right edge 26 that respectively define a left
portion and right portion on either side of the slots 16 and 18.
The sizes of these portions or regions may be adjusted to tune
the antenna 10. In particular, increasing or decreasing the size
of the left portion or region may tune the common mode
resonance. Increasing or decreasing the size of the right por-
tion or region may tune the common mode resonance and the
slot resonances.

[0041] Reference is now made to FIG. 2, which shows the
example antenna 10 with sample dimensions. In particular,
the dimensions of the slots 16, 18 for a particular embodiment
are illustrated. The L-shaped slot 16 has a first section 40 that
extends upwards 10.3 mm, and a second section 42 that is
29.8 mm long. The first section 40 is 1.65 mm wide and the
second section 42 is 1.18 mm wide.

[0042] TheC-shaped slot 18 has afirst portion 1.1 mm wide
and 2.8 mm long, a second portion 1.0 mm wide and 21.35
mm long, a third portion 1.25 mm wide and 5.3 mm long, and
a fourth portion 1.1 mm wide and 10.8 mm long. As noted
previously, adjustments to the dimensions will impact the
impedance and resonance of the slots 16, 18.

[0043] The “sections” or “portions” of the slots may also be
referred to herein as “parts” of the slots.

[0044] The first portion of the C-shaped slot 18 is separated
from the first section of the L-shaped slot 16 by 5.3 mm.
[0045] The tuning stub, in this embodiment, is 18.3 mm
long and 3.7 mm wide. The rectangular portion is approxi-
mately 14 mm from its upper edge to its lower edge.

[0046] The dimensions for the slots given above and in
connection with FIG. 2 have been selected to realize slot
resonances in the range of 1.7 GHz to 2.1 GHz band. The
resulting wideband functionality of the antenna 10 between
1710 MHz and 2170 MHz provides operability for DCS
(Digital Cellular Service), PCS (Personal Communication
Service) and UMTS (Universal Mobile Telecommunications
System) applications. The dimensions of the tuning stub 14
and the generally rectangular portion 12 realize common
mode resonance in the 824-960 MHz band, enabling cellular
communications in this band, such as GSM-850, GSM-900,
etc. It will be understood that the dimensions shown in FIG. 2
and the corresponding resonances are specific to a given
industrial design, including the curvature of the underlying
dielectric and the properties of the dielectric. Variations in
these features may introduce variations in the resonances and
performance of the antenna 10.

[0047] Reference is now made to FIG. 3, which shows a
side view of one embodiment of the antenna 10. In this
embodiment, the antenna 10 is supported by a substrate 100.
The substrate 100 is a dielectric material, such a suitable
non-conducting plastic. The substrate 100 has a curved upper
surface 102 to which the antenna 10 is applied, or upon which
the antenna 10 is formed. Accordingly, the antenna 10 in this
implementation is non-planar. It molds to the curvature of the
substrate 100.
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[0048] The upper surface 102 of the substrate 100 support-
ing the antenna 10 curves downwards to a corner point 104
and had a substantially planar bottom surface 106.

[0049] Reference is now made to FIG. 4, which shows a
perspective view of the underside of one embodiment of the
substrate 100 and antenna 10. In this embodiment, it will be
noted that the substrate 100 does not feature a solid core such
that the bottom surface 106 spans the full width and length of
the substrate 100. Instead, the substrate 100 forms a shell
shape, with the bottom surface 106 running around the perim-
eter.

[0050] The signal feed conductor 30 and the ground con-
ductor 32 are folded over the corner point 104 so as to form
tabs visible on the bottom surface 106. The folded tabs of
these conductors 30, 32 enable connections with circuitry
housed under the substrate, for example by connection to
connectors on a printed circuit board. The connection may be
made by solder, clips, etc.

[0051] Reference is now made to FIGS. 5, 6, and 7, which
show perspective views of an embodiment of the antenna 10
and a substrate 120. FIG. 5 shows a top perspective view, FIG.
6 shows a front perspective view, and FIG. 7 shows a bottom
perspective view. The substrate 120 includes a curved upper
surface 122 along its front face and two arms 124, 126 extend-
ing back from the front face.

[0052] In this embodiment it will be noted that the gener-
ally rectangular portion of the patch antenna 10 is not per-
fectly rectangular. The bottom edge 20, in particular, is not
straight; rather, it includes various cutouts, partly to accom-
modate pins 128. The pins 128 are for securing the substrate
120 within the casing (not shown) of a mobile electronic
device, for example. Moreover, the antenna 10 is not planar
since it is molded to the curved upper surface 122 of the
substrate 120.

[0053] As best shown in FIG. 7, the signal feed conductor
and ground conductor wrap around the front face of the sub-
strate 120 to the bottom surface, where they are accessible for
making connections to components within the mobile elec-
tronic device.

[0054] Reference is now made to FIG. 8, which shows a
portion of an example mobile electronic device 150 in which
the antenna 10 may be used. The device 150 includes a hous-
ing 152 containing a number of components and having a
battery compartment 154 for housing a battery (not shown).
The housing 152 is designed to matingly engage with the
substrate 120. In particular the pins 128 may be push fit into
corresponding holes in the housing 152. Any other method of
connecting the housing to the substrate may be used. In other
embodiments, the substrate may form part of the housing. In
some embodiments, a device casing, including front and back
casing plates are designed to fit over the housing 152 and
substrate 120. The housing 152 includes appropriate connec-
tion points for connecting to the signal feed conductor 30 and
ground conductor 32.

[0055] The example shown in FIGS. 5 through 8 is one
example of a mobile electronic device having a curved sur-
face upon which the antenna 10 may be formed. In other
embodiments, supporting substrate surfaces having other
shapes or curves may be realized.

[0056] Reference is now made to FIG. 10, which illustrates
a perspective view of another embodiment of a multiband
patch antenna 111. The multiband patch antenna 111 includes
a closed-slot C-shaped slot 118. It will also be noted that the
C-shaped slot 118 is positioned such that the L.-shaped slot
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116 is nested within the C-shaped slot 118. Those skilled in
the art will appreciate that the closed-slot C-shaped slot 118
will result in a closed-slot mode resonance different from the
open-slot resonance described earlier. In some instances the
resonance of the closed-slot is at approximately 2x the fre-
quency of the resonance of an equivalent open-slot.

[0057] Reference is now made to FIG. 9, which shows an
example S11 plot 170 obtained for a test antenna having the
approximate dimensions detailed in FIG. 6. It will be noted
that the plot 170 shows the common mode resonance 172
between 824-960 MHz. It also shows the two slot resonances,
174 and 176, which occur around 1.7 GHz and 2.0 GHz. The
two slot resonances 174, 176 combine to provide the wide-
band resonance 178 that enables wideband operation over a
significant frequency range suitable for DCS/PCS/UMTS.
[0058] It will be appreciated that an antenna with the
response profile shown in FIG. 10 is advantageously pos-
sessed of resonance in five operating bands: GSM 800, GSM
900, DCS, PCS, and UMTS.

[0059] Reference is now made to FIG. 11, which shows an
example embodiment of a mobile communication device 201
which may incorporate the antenna 10 described herein. The
mobile communication device 201 is a two-way communica-
tion device having voice and possibly data communication
capabilities; for example, the capability to communicate with
other computer systems, e.g., via the Internet. Depending on
the functionality provided by the mobile communication
device 201, in various embodiments the device may be a
multiple-mode communication device configured for both
data and voice communication, a smartphone, a mobile tele-
phone or a PDA (personal digital assistant) enabled for wire-
less communication, or a computer system with a wireless
modem.

[0060] The mobile communication device 201 includes a
controller comprising at least one processor 240 such as a
microprocessor which controls the overall operation of the
mobile communication device 201, and a wireless communi-
cation subsystem 211 for exchanging radio frequency signals
with the wireless network 101. The processor 240 interacts
with the communication subsystem 211 which performs
communication functions. The processor 240 interacts with
additional device subsystems. In some embodiments, the
device 201 may include a touchscreen display 210 which
includes a display (screen) 204, such as a liquid crystal dis-
play (LCD) screen, with a touch-sensitive input surface or
overlay 206 connected to an electronic controller 208. The
touch-sensitive overlay 206 and the electronic controller 208
provide a touch-sensitive input device and the processor 240
interacts with the touch-sensitive overlay 206 via the elec-
tronic controller 208. In other embodiments, the display 204
may not be atouchscreen display. Instead, the device 201 may
simply include a non-touch display and one or more input
mechanisms, such as, for example, a depressible scroll wheel.
[0061] The processor 240 interacts with additional device
subsystems including flash memory 244, random access
memory (RAM) 246, read only memory (ROM) 248, auxil-
iary input/output (I/O) subsystems 250, data port 252 such as
serial data port, such as a Universal Serial Bus (USB) data
port, speaker 256, microphone 258, input mechanism 260,
switch 261, short-range communication subsystem 272, and
other device subsystems generally designated as 274. Some
of'the subsystems shown in FIG. 11 perform communication-
related functions, whereas other subsystems may provide
“resident” or on-device functions.
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[0062] The communication subsystem 211 may include a
receiver, a transmitter, and associated components, such as
the antenna 10, other antennas, local oscillators (I.Os), and a
processing module such as a digital signal processor (DSP).
The antenna 10 may be embedded or internal to the mobile
communication device 201 and a single antenna may be
shared by both receiver and transmitter, as is known in the art.
As will be apparent to those skilled in the field of communi-
cation, the particular design of the communication subsystem
211 depends on the wireless network 101 in which the mobile
communication device 201 is intended to operate. As
described above, the antenna 10 may be a multi-slot multi-
band antenna configured for wideband operation. In one
example embodiment, the antenna 10 is configured to operate
in at least a first frequency range, such as GSM-900, GSM-
850, etc., and to operate in at least a second frequency range,
such as bands for DCS/PCS/UMTS communications, like
1710-2170 MHz. By “range”, the present application refers to
the broad set of frequency bands (both uplink and downlink)
intended to be used for wireless communications conforming
to a particular standard.

[0063] The mobile communication device 201 may com-
municate with any one of a plurality of fixed transceiver base
stations of a wireless network 101 within its geographic cov-
erage area. The mobile communication device 201 may send
and receive communication signals over the wireless network
101 after a network registration or activation procedures have
been completed. Signals received by the antenna 10 through
the wireless network 101 are input to the receiver, which may
perform such common receiver functions as signal amplifi-
cation, frequency down conversion, filtering, channel selec-
tion, etc., as well as analog-to-digital (A/D) conversion. A/D
conversion of a received signal allows more complex com-
munication functions such as demodulation and decoding to
be performed in the DSP. In a similar manner, signals to be
transmitted are processed, including modulation and encod-
ing, for example, by the DSP. These DSP-processed signals
are input to the transmitter for digital-to-analog (D/A) con-
version, frequency up conversion, filtering, amplification,
and transmission to the wireless network 101 via the antenna
10.

[0064] The processor 240 operates under stored program
control and executes software modules 220 stored in memory
such as persistent memory, for example, in the flash memory
244. As illustrated in FIG. 11, the software modules 220
comprise operating system software 222 and software appli-
cations 224.

[0065] Those skilled in the art will appreciate that the soft-
ware modules 220 or parts thereof may be temporarily loaded
into volatile memory such as the RAM 246. The RAM 246 is
used for storing runtime data variables and other types of data
or information, as will be apparent to those skilled in the art.
[0066] Although specific functions are described for vari-
ous types of memory, this is merely one example, and those
skilled in the art will appreciate that a different assignment of
functions to types of memory could also be used.

[0067] The software applications 224 may include a range
of other applications, including, for example, a messaging
application, a calendar application, and/or a notepad applica-
tion. In some embodiments, the software applications 224
include an email message application, a push content viewing
application, a voice communication (i.e. telephony) applica-
tion, a map application, and a media player application. Each
of'the software applications 224 may include layout informa-
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tion defining the placement of particular fields and graphic
elements (e.g. text fields, input fields, icons, etc.) in the user
interface (i.e. the display device 204) according to the appli-
cation.

[0068] In some embodiments, the auxiliary input/output
(I/O) subsystems 250 may comprise an external communica-
tion link or interface, for example, an Ethernet connection.
The mobile communication device 201 may comprise other
wireless communication interfaces for communicating with
other types of wireless networks, for example, a wireless
network such as an orthogonal frequency division multi-
plexed (OFDM) network or a GPS transceiver for communi-
cating with a GPS satellite network (not shown). The auxil-
iary I/O subsystems 250 may comprise a vibrator for
providing vibratory notifications in response to various
events on the mobile communication device 201 such as
receipt of an electronic communication or incoming phone
call, or for other purposes such as haptic feedback (touch
feedback).

[0069] In some embodiments, the mobile communication
device 201 also includes a removable memory card 230 (typi-
cally comprising flash memory) and a memory card interface
232. Network access may be associated with a subscriber or
user of the mobile communication device 201 via the memory
card 230, which may be a Subscriber Identity Module (SIM)
card for use in a GSM network or other type of memory card
for use in the relevant wireless network type. The memory
card 230 is inserted in or connected to the memory card
interface 232 of the mobile communication device 201 in
order to operate in conjunction with the wireless network 101.
[0070] The mobile communication device 201 stores data
240 in an erasable persistent memory, which in one example
embodiment is the flash memory 244. In various embodi-
ments, the data 240 includes service data comprising infor-
mation required by the mobile communication device 201 to
establish and maintain communication with the wireless net-
work 101. The data 240 may also include user application
data such as email messages, address book and contact infor-
mation, calendar and schedule information, notepad docu-
ments, image files, and other commonly stored user informa-
tion stored on the mobile communication device 201 by its
user, and other data. The data 240 stored in the persistent
memory (e.g. flash memory 244) of the mobile communica-
tion device 201 may be organized, at least partially, into a
number of databases each containing data items of the same
data type or associated with the same application.

[0071] The serial data port 252 may be used for synchroni-
zation with a user’s host computer system (not shown). The
serial data port 252 enables a user to set preferences through
an external device or software application and extends the
capabilities of the mobile communication device 201 by pro-
viding for information or software downloads to the mobile
communication device 201 other than through the wireless
network 101. The alternate download path may, for example,
be used to load an encryption key onto the mobile communi-
cation device 201 through a direct, reliable and trusted con-
nection to thereby provide secure device communication.
[0072] In some embodiments, the mobile communication
device 201 is provided with a service routing application
programming interface (API) which provides an application
with the ability to route traffic through a serial data (i.e., USB)
or Bluetooth® (Bluetooth® is a registered trademark of Blue-
tooth SIG, Inc.) connection to the host computer system using
standard connectivity protocols. When a user connects their
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mobile communication device 201 to the host computer sys-
tem via a USB cable or Bluetooth® connection, traffic that
was destined for the wireless network 101 is automatically
routed to the mobile communication device 201 using the
USB cable or Bluetooth® connection. Similarly, any traffic
destined for the wireless network 101 is automatically sent
over the USB cable Bluetooth® connection to the host com-
puter system for processing.

[0073] The mobile communication device 201 also
includes a battery 238 as a power source, which is typically
one or more rechargeable batteries that may be charged, for
example, through charging circuitry coupled to a battery
interface such as the serial data port 252. The battery 238
provides electrical power to at least some of the electrical
circuitry in the mobile communication device 201, and the
battery interface 236 provides a mechanical and electrical
connection for the battery 238. The battery interface 236 is
coupled to a regulator (not shown) which provides power V+
to the circuitry of the mobile communication device 201.
[0074] The short-range communication subsystem 272 is
an additional optional component which provides for com-
munication between the mobile communication device 201
and different systems or devices, which need not necessarily
be similar devices. For example, the subsystem 272 may
include an infrared device and associated circuits and com-
ponents, or a wireless bus protocol compliant communication
mechanism such as a Bluetooth® communication module to
provide for communication with similarly-enabled systems
and devices.

[0075] A predetermined set of applications that control
basic device operations, including data and possibly voice
communication applications will normally be installed on the
mobile communication device 201 during or after manufac-
ture. Additional applications and/or upgrades to the operating
system 221 or software applications 224 may also be loaded
onto the mobile communication device 201 through the wire-
less network 101, the auxiliary /O subsystem 250, the serial
port 252, the short-range communication subsystem 272, or
other suitable subsystem 274 other wireless communication
interfaces. The downloaded programs or code modules may
be permanently installed, for example, written into the pro-
gram memory (i.e. the flash memory 244), or written into and
executed from the RAM 246 for execution by the processor
240 at runtime. Such flexibility in application installation
increases the functionality of the mobile communication
device 201 and may provide enhanced on-device functions,
communication-related functions, or both. For example,
secure communication applications may enable electronic
commerce functions and other such financial transactions to
be performed using the mobile communication device 201.
[0076] The wireless network 101 may comprise one or
more of a Wireless Wide Area Network (WWAN) and a
Wireless Local Area Network (WLAN) or other suitable net-
work arrangements. In some embodiments, the mobile com-
munication device 201 is configured to communicate over
both the WWAN and WLAN, and to roam between these
networks. In some embodiments, the wireless network 101
may comprise multiple WWANs and WLANs. In some
embodiments, the mobile device 201 includes the communi-
cation subsystem 211 for WWAN communications and a
separate communication subsystem for WLAN communica-
tions. In most embodiments, communications with the
WLAN employ a different antenna than communications
with the WWAN. Accordingly, the antenna 10 may be con-
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figured for WWAN communications or WLAN communica-
tions depending on the embodiment and desired application.
[0077] Insomeembodiments, the WWAN conforms to one
or more of the following wireless network types: Mobitex
Radio Network, DataTAC, GSM (Global System for Mobile
Communication), GPRS (General Packet Radio System),
TDMA (Time Division Multiple Access), CDMA (Code
Division Multiple Access), CDPD (Cellular Digital Packet
Data), iDEN (integrated Digital Enhanced Network), EvDO
(Evolution-Data Optimized) CDMA2000, EDGE (Enhanced
Data rates for GSM Evolution), UMTS (Universal Mobile
Telecommunication Systems), HSPDA (High-Speed Down-
link Packet Access), IEEE 802.16e (also referred to as World-
wide Interoperability for Microwave Access or “WiMAX), or
various other networks. Although WWAN is described as a
“Wide-Area” network, that term is intended herein also to
incorporate wireless Metropolitan Area Networks (WMAN)
and other similar technologies for providing coordinated ser-
vice wirelessly over an area larger than that covered by typical
WLANS.

[0078] The WLAN comprises a wireless network which, in
some embodiments, conforms to IEEE 802.11x standards
(sometimes referred to as Wi-Fi) such as, for example, the
IEEE 802.11a, 802.11b and/or 802.11g standard. Other com-
munication protocols may be used for the WLAN in other
embodiments such as, for example, IEEE 802.11n, IEEE
802.16e (also referred to as Worldwide Interoperability for
Microwave Access or “WiMAX”), or IEEE 802.20 (also
referred to as Mobile Wireless Broadband Access). The
WLAN includes one or more wireless RF Access Points (AP)
that collectively provide a WLAN coverage area.

[0079] Certain adaptations and modifications of the
described embodiments can be made. Therefore, the above
discussed embodiments are considered to be illustrative and
not restrictive.

What is claimed is:

1. A mobile communication device, comprising:

a dielectric substrate having a surface;

aradio frequency multi-band patch antenna formed from a

conductive material on the surface of the substrate;
asignal feed conductor connected to the patch antenna; and

a ground conductor connecting the patch antenna to a

ground plane, wherein the patch antenna has defined
therein a first slot and a second slot, and wherein the first
slot and the second slot each have two or more parts.

2. The mobile communication device of claim 1, wherein
the first slot is an open slot having at least one part projecting
into the patch antenna from an edge.

3. The mobile communication device of claim 2, wherein
the signal feed conductor and ground conductor connect to
the edge of the patch antenna on opposite sides of the at least
one part of the first slot.

4. The mobile communication device of claim 3, wherein
the second slot is disposed on the same side of the first slot as
the signal feed conductor.

5. The mobile communication device of claim 4, wherein
the second slot is an open-slot at the edge.

6. The mobile communication device of claim 5, wherein
the signal feed conductor is connected to the edge between the
first and second slots.

7. The mobile communication device of claim 1, wherein
the second slot is an open-slot having at least one part pro-
jecting into the patch antenna from the same edge as the first
slot.
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8. The mobile communication device of claim 7, wherein
the second slot is nested in the first slot.

9. The mobile communication device of claim 8, wherein
second slot is disposed between at least one of the parts of the
first slot and the edge.

10. The mobile communication device of claim 9, wherein
the patch has a left side and right side, and wherein the size of
the left side tunes a common mode resonance, and wherein
the size of the right side tunes the common mode resonance
and slot resonances.

11. The mobile communication device of claim 1, wherein
the surface is curved and wherein the patch antenna molds to
the curvature of the surface.

12. The mobile communication device of claim 11,
wherein the conductive material includes a main patch and a
tuning stub.

13. The mobile communication device of claim 12,
wherein the tuning stub comprises a patch smaller than the
main patch and projecting from an edge thereof.

14. The mobile communication device of claim 1, wherein
the patch antenna is dimensioned to have a common mode
resonance between 824 MHz and 960 MHz, and wherein the
slots are dimensioned to have slot resonances between 1710
MHz and 2170 MHz.

15. The mobile communication device of claim 1, wherein
the substrate is disposed in a back bottom region of the mobile
communications device.

16. The mobile communication device of claim 1, wherein
the second slot includes a first part open to an edge of the
patch antenna and projecting perpendicularly from the edge
into the patch antenna to a first end, a second part projecting
from the first end of the first part parallel to the edge to a
second end, a third part projecting from the second end per-
pendicular to the edge in a direction away from the edge to a
third end, and a fourth part projecting from the third end in a
direction parallel to the edge.

17. The mobile communication device of claim 16,
wherein the first slot includes at least one part projecting
perpendicularly from the edge into the patch antenna to a fifth
end, and at least another part projecting from the fifth end
parallel to the edge to a sixth end.

18. The mobile communication device of claim 17,
wherein the at least one part is dimensioned to be longer than
the first and third parts together, and wherein the first, second,
third and fourth parts are disposed between the at least
another part and the edge, such that the second slot is nested
within the first slot.

19. The mobile communication device of claim 18,
wherein the first slot is an L-shaped slot and wherein the
second slot is a C-shaped slot.

20. A multiband antenna,

a dielectric substrate having a surface;

a patch of conductive material on the surface of the sub-
strate;

a signal feed conductor connected to the patch; and
a ground conductor connecting to the patch,
wherein the patch has defined therein at least two slots, and

wherein the at least two slots each have two or more
parts.
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ANTENNA WITH ACTIVE ELEMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuing application relating to U.S. Ser.
No. 11/841,207, filed Aug. 20, 2007, and title “ANTENNA
WITH ACTIVE ELEMENTS”.

FIELD OF INVENTION

[0002] The presentinventionrelates generally to the field of
wireless communication. In particular, the present invention
relates to an antenna for use within such wireless communi-
cation.

BACKGROUND OF THE INVENTION

[0003] As new generations of handsets and other wireless
communication devices become smaller and embedded with
more and more applications, new antenna designs are
required to address inherent limitations of these devices. With
classical antenna structures, a certain physical volume is
required to produce a resonant antenna structure at a particu-
lar radio frequency and with a particular bandwidth. In multi-
band applications, more than one such resonant antenna
structure may be required. With the advent of a new genera-
tion of wireless devices, such classical antenna structure will
need to take into account beam switching, beam steering,
space or polarization antenna diversity, impedance matching,
frequency switching, mode switching, etc., in order to reduce
the size of devices and improve their performance.

[0004] Wireless devices are also experiencing a conver-
gence with other mobile electronic devices. Due to increases
in data transfer rates and processor and memory resources, it
has become possible to offer a myriad of products and ser-
vices on wireless devices that have typically been reserved for
more traditional electronic devices. For example, modern day
mobile communications devices can be equipped to receive
broadcast television signals. These signals tend to be broad-
cast at very low frequencies (e.g., 200-700 Mhz) compared to
more traditional cellular communication frequencies of, for
example, 800/900 Mhz and 1800/1900 Mhz.

[0005] In addition, the design of low frequency dual band
internal antennas for use in modern cell phones poses other
challenges. One problem with existing mobile device antenna
designs is that they are not easily excited at such low frequen-
cies in order to receive all broadcasted signals. Standard
technologies require that antennas be made larger when oper-
ated at low frequencies. In particular, with present cell phone,
PDA, and similar communication device designs leading to
smaller and smaller form factors, it becomes more difficult to
design internal antennas for varying frequency applications to
accommodate the small form factors. The present invention
addresses the deficiencies of current antenna design in order
to create more efficient antennas with a higher bandwidth.

SUMMARY OF THE INVENTION

[0006] In one aspect of the present invention, a multi-fre-
quency antenna comprises an Isolated Magnetic Dipole™
(IMD) element, one or more parasitic elements and one or
more active tuning elements, wherein the active elements are
positioned off the IMD element.

[0007] In one embodiment of the present invention, the
active tuning elements are adapted to vary the frequency
response of the antenna.
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[0008] In one embodiment, the parasitic elements are
located below the IMD element. In another embodiment, the
parasitic elements are located off the IMD element. In one
embodiment, the active tuning elements are positioned on one
or more parasitic elements.

[0009] In another embodiment, the active tuning elements
and parasitic elements may be positioned above the ground
plane. In yet another embodiment, the one or more parasitic
elements are positioned below the IMD element and a gap
between the IMD element and the parasitic element provides
a tunable frequency. Further, another embodiment provides
that the parasitic element has an active tuning element at the
region where one of parasitic element connects to the ground
plane.

[0010] In another embodiment of the present inventions
provides that the multi-frequency antenna contains multiple
resonant elements. Further, the resonant elements may each
contain active tuning elements.

[0011] Inanother embodiment of the present invention, the
antenna has an external matching circuit that contains one or
more active elements.

[0012] In one embodiment, the active tuning elements uti-
lized in the antenna are at least one of the following: voltage
controlled tunable capacitors, voltage controlled tunable
phase shifters, FET’s, and switches.

[0013] Another aspect of the invention relates to a method
for forming a multi-frequency antenna that provides an IMD
element above a ground plane, one or more parasitic ele-
ments, and one or more active tuning elements all situated
above the ground plane, and the active tuning element posi-
tioned off the IMD element.

[0014] Yet another aspect of the present invention provides
an antenna arrangement for a wireless device that includes an
IMD element, one or more parasitic elements, and one or
more active tuning elements, where the IMD element may be
located on a substrate, while the active tuning element is
located off the IMD element. In a further embodiment, one or
more parasitic elements are utilized to alter the field of the
IMD element in order to vary the frequency of the antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 illustrates an embodiment of an antenna
according to the present invention.

[0016] FIG. 2 illustrates another embodiment of an antenna
according to the present invention.

[0017] FIG. 3 illustrates an embodiment of an antenna
according to the present invention with multiple parasitic
elements distributed around an IMD element with active tun-
ing elements.

[0018] FIG. 4illustrates a side view of another embodiment
of'an antenna according to the present invention having mul-
tiple parasitic elements with active tuning elements.

[0019] FIG. Sillustrates a side view of an embodiment of an
antenna according to the present invention having a parasitic
element with varying height and active tuning element.
[0020] FIG. 6illustrates a side view of another embodiment
of an antenna according to the present invention having a
parasitic element with varying height and active tuning ele-
ment.

[0021] FIG. 7illustrates a side view of another embodiment
of an antenna according to the present invention having a
parasitic element with varying height and active tuning ele-
ment.
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[0022] FIG. 8illustrates an antenna according to the present
invention having a parasitic element with active tuning ele-
ment included in an external matching circuit.

[0023] FIG.9illustrates an antenna according to the present
invention having an active tuning element and a parasitic
element with an active tuning element.

[0024] FIG. 10 illustrates an antenna according to the
present invention having multiple resonant active tuning ele-
ments and a parasitic element with active tuning elements.
[0025] FIG. 11 illustrates another antenna according to an
embodiment of the present invention with active tuning ele-
ments utilized with the main IMD element and a parasitic
element.

[0026] FIGS. 12a and 126 illustrate an exemplary fre-
quency response with an active tuning element with an
antenna according to an embodiment of the present invention.
[0027] FIGS. 13a and 135 illustrate wide-band frequency
coverage through adjustment of the active tuning element in
an antenna according to an embodiment of the present inven-
tion.

[0028] FIG.14a-14dillustrate parasitic elements of various
shapes according to embodiments of the present invention.
[0029] FIG. 15 illustrates a planar IMD antenna element
disposed above a ground plane forming a volume of the
antenna between the conductor portions and the ground
plane; a parasitic element is positioned within the volume of
the antenna.

[0030] FIG. 16a-165 illustrates an antenna according to a
preferred embodiment of the invention.

[0031] FIG. 17a-176 illustrates an antenna according to
another preferred embodiment of the invention.

[0032] FIG. 184-185b illustrates an antenna according to
another preferred embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] In the following description, for purposes of expla-
nation and not limitation, details and descriptions are set forth
in order to provide a thorough understanding of the present
invention. However, it will be apparent to those skilled in the
art that the present invention may be practiced in other
embodiments that depart from these details and descriptions.
[0034] The term “Isolated Magnetic Dipole (IMD)” is used
throughout the application to describe an spiral-shaped con-
ductor element having at least two conductor portions dis-
posed substantially parallel to one another forming a capaci-
tive seam therebetween, and each of the at least two conductor
portions individually connected to a perpendicular conductor
portion such that a spiral current may flow through the
antenna element for generating an inductive loop current; the
IMD antenna thereby having a capacitive and inductive char-
acteristic. In a particular embodiment as illustrated in FIGS.
15-18, a dual resonance IMD antenna is provided having a
first parallel conductor portion, a second parallel conductor
portion, and a third parallel conductor portion each disposed
within a common horizontal plane at a distance above a
ground plane. The first parallel conductor portion is con-
nected to the second parallel conductor portion by a first
perpendicular conductor portion; the first perpendicular con-
ductor portion is also disposed within a common horizontal
plane of the parallel conductor portions. The first parallel
conductor portion is further connected to the third parallel
conductor portion by a second perpendicular conductor por-
tion; the second perpendicular conductor portion is disposed
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in a common plane with the first perpendicular conductor
portion and the first through third parallel conductor portions
at a distance above the ground plane. Other configurations of
IMD antennas are known in the art, and may be configured
horizontally as illustrated herein, or vertically; in which case
the embodiments illustrated herein can be modified accord-
ingly to bring about similar results.

[0035] One having skill in the art will recognize that the
inductive component of the IMD antenna is substantially
confined within the volume of the antenna, thereby reducing
coupling to nearby components of the device circuitry. Addi-
tionally, one would recognize that the capacitive component
of the antenna can be configured to cancel the inductive
reactance for matching the antenna. The magnetic dipole
generated by the IMD antenna is thereby isolated from device
circuitry resulting in improved performance of the antenna. In
certain embodiments of the invention, the IMD antenna is
improved by further tuning the frequency of the antenna using
one or more parasitic elements within a volume of the
antenna, and particularly within a slot region of the IMD
antenna. The inventors of the present application have dis-
covered that placing a parasitic element in one or more loca-
tions of the slot region of an IMD antenna results in a fre-
quency shift that can be used to tune the antenna to a desired
bandwidth. Furthermore, by coupling the parasitic element to
an active component, the coupling of the parasitic can be
switched on/off, or variably tuned using a varactor or similar
diode, such that the IMD antenna is adapted to operate over a
larger bandwidth and tuned to a desired frequency. In this
regard, the IMD antennas disclosed herein provide a signifi-
cant improvement over prior art antennas.

[0036] Referring to FIG. 1, an antenna 10 in accordance
with an embodiment of the present invention includes an
Isolated Magnetic Dipole (IMD) element 11 and a parasitic
element 12 with an active tuning element 14 situated on a
ground plane 13 of a substrate. In this embodiment, the active
tuning element 14 is located on the parasitic element 12 or on
a vertical connection thereof. The active tuning element can
be any one or more of voltage controlled tunable capacitors,
voltage controlled tunable phase shifters, FET’s, switches,
MEMs device, transistor, or circuit capable of exhibiting
ON-OFF and/or actively controllable conductive/inductive
characteristics, for example. Further, in this embodiment, the
distance between the IMD element 11 and the ground plane
13 is greater than the distance between the parasitic element
12 and the ground plane 13. The distance can be varied in
order to adjust the frequency due to the coupling between the
parasitic element 14 and the IMD element 11. The current is
driven mainly through the IMD element 11 which, in turn,
allows for improved power handling and higher efficiency.

[0037] The IMD element is used in combination with the
active tuning for enabling a variable frequency at which the
communications device operates. As well, the active tuning
elements are located off of the IMD element in order to
control the frequency response of the antenna. In one embodi-
ment, this is accomplished through the tuning of one or more
parasitic elements. The parasitic elements, which may be
positioned below, above, or off center of the IMD element,
couple with the IMD element in order to change one or more
operating characteristic of the IMD element. In one embodi-
ment, the parasitic element when excited exhibits a quadra-
pole-type of radiation pattern. In addition, the IMD element
may comprise a stub type antenna.
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[0038] The adjustment ofthe active tuning elements as well
as the positioning of the parasitic elements allows for
increased bandwidth and adjustment of the radiation pattern.
The parasitic location, length, and positioning in relation to
the IMD element allows for increased or decreased coupling
and therefore an increase or decrease in frequency of opera-
tion and a modification of radiation pattern characteristics.
The active tuning elements being located on the parasitic
allows for finer adjustment of the coupling between the IMD
and parasitic and, in turn, finer tuning of the frequency
response of the total antenna system.

[0039] FIG.2 illustrates another embodiment of an antenna
20 with an IMD element 21 and one or more parasitic ele-
ments 24 with active tuning elements 22. All elements are
situated on a ground plane. However, in this embodiment, the
multiple parasitic elements 24 are aligned in an x-y plane
being placed one above another for multiple levels of tuning
adjustments. The distance between the ground plane and the
parasitic elements varies along with the distance between the
parasitic and the IMD element. This allows variations in the
frequency response and/or radiation patterns from coupling.
The parasitic element in this embodiment also has multiple
portions varying in length on the y-axis, again in order to
further manipulate the radiation pattern created by the IMD
element. The current is still driven only through the IMD
element, providing increased efficiency of the antenna 20.
[0040] FIG. 3 illustrates yet another embodiment to vary
the transmitted signal from the IMD element 31. In this
embodiment, the antenna 30 includes an IMD element 31 and
multiple parasitic elements 32. Each of the parasitic elements
32 has active tuning elements 34 attached to them. The active
tuning elements 34 are situated on a ground plane 33 of the
antenna 30. In this embodiment, the parasitic elements 32 are
distributed around the IMD element 31. As shown, the para-
sitic elements 34 may vary in both length in the x and y plane,
and distance to the IMD element 31 in the z direction. The
surface area variation as well as the proximity to the IMD
element allow for control of the coupling between the para-
sitic and IMD element and an increased variance in the radia-
tion pattern of the IMD element 31 which can then be adjusted
to a desired frequency by the active tuning elements 33 on
each respective parasitic element 32.

[0041] FIG. 4illustrates a side view of an embodiment of an
antenna 40 with a general configuration containing an IMD
element 41 situated slightly above multiple parasitic elements
42 and multiple active tuning elements 44. All elements again
are situated on a ground plane 43, with connectors extending
vertically into the z direction. However, dependent on the
configuration of the device in which they are placed, the
elements could be located within any plane and should not be
limited to those provided in the exemplary embodiments. In
this embodiment, multiple active tuning elements 44 are
located on the parasitic element 42, varying in stationary
height and, in turn, distance to the IMD element 41. As well,
the active tuning elements 44 are located between multiple
parasitic elements 42 that extend and vary horizontally in
length. In this configuration, each respective active tuning
element is able to control the parasitic element located
directly above it, further controlling the frequency output of
the antenna. Because the distance and surface area of the
multiple parasitics 42 vary in relation to the IMD element 41
and with each other, more variation is achievable.

[0042] Inanother embodiment, FIG. 5 provides a configu-
ration in which a singular parasitic element 54 may vary in
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height in the z direction, above the ground plane 53. In this
regard, the parasitic element 54 is configured as a plate that is
not parallel to the IMD element 51. Rather, the parasitic
element 54 is configured such that a free end is positioned
closer to the IMD element 51 than an end connected to a
vertical connector. Again, an IMD element 51, the parasitic
element 54 and an active tuning element 55 are all situated on
a ground plane, with the active tuning element 55 being
located on the parasitic element 54. Because the singular
parasitic element 54 may vary in height above the ground
plane, it allows for more control over the coupling between
the IMD element 51 and the parasitic element 54. This feature
creates a coupling region 52 between the IMD element 51 and
the parasitic element 54. In addition, the active tuning ele-
ment 55 may further vary the coupling between the parasitic
element 54 and the IMD element 51. The length on the para-
sitic element 54 in the x axis may be substantially longer than
in other embodiments, providing more surface area to better
couple to the IMD element 51, and further manipulation of
the frequency response and/or the radiation patterns pro-
duced. The length of the variable height parasitic may also be
much shorter, dependent of the amount of coupling, and,
consequently, frequency variance desired.

[0043] Inasimilar embodiment, FIG. 6 provides a variation
of'the concept provided in FIG. 5, with the parasitic element
64 again varying in height on the z axis. In the embodiment of
FIG. 6, the parasitic element 64 is configured such that a free
end is positioned further from the IMD element 61 than the
end connected to the vertical connector. As discussed in FIG.
5, the length of the parasitic element 64 may vary and in this
embodiment the height of the parasitic element 64 in relation
to the IMD element 61 may also vary due to the directional
change of the ascending height portion of the parasitic. This
variance again affects the coupling by the parasitic to the IMD
element. Being at a distance more proximate to the IMD
element 61, the coupling region 62 is decreased, allowing for
slightly less variance in coupling and a more stable control
over the frequency output of the antenna. The length of the
parasitic element 64, similar to that in FIG. 5, is longer than in
other embodiments, and may be shorter if less coupling is
necessary. The active tuning element 65 is still located on the
parasitic element 64 allowing for even further control of
frequency characteristics of the antenna.

[0044] FIG. 7 provides an exemplary embodiment similar
to FIG. 5, wherein multiple parasitic elements 72 are varied in
height in relation to the IMD element 71 and the ground plane
73. Instead of a continual descent or ascent of the portion of
the parasitic element 64 with one active tuning element 65,
this embodiment includes a stair step configuration with mul-
tiple active tuning elements 74 to control the frequency to a
specific output. One or more portions of the smaller parasitic
steps may be individually tuned to achieve the desired fre-
quency output of the antenna.

[0045] Next, referring to the embodiment provided in FIG.
8, an IMD element 81 and parasitic element 82 with active
tuning element 85 are all situated on a ground plane 83. In this
embodiment, an active element is included in a matching
circuit 84 external to the antenna structure. The matching
circuit 84 controls the current flow into the IMD element 81 in
order to match the impedance between the source and the load
created by the active antenna and, in turn, minimize reflec-
tions and maximize power transfer for larger bandwidths.
Again, the addition of the matching circuit 84, allows for a
more controlled frequency response through the IMD ele-
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ment 81. The active matching circuit can be adjusted inde-
pendently or in conjunction with the active components posi-
tioned on the parasitic elements to better control the
frequency response and/or radiation pattern characteristics of
the antenna.

[0046] In another embodiment, FIG. 9 illustrates another
configuration where IMD element 91 with an active tuning
element 92 are incorporated on the IMD element 91 structure
and situated on the ground plane 94. Similar to previous
embodiments, the parasitic element 93 also has an active
tuning element 92 in order to adjust the coupling of the
parasitic 93 to the IMD element 91. In this embodiment, the
addition of the active tuning element 92 on the IMD element
91 comprises a device that may exhibit ON-OFF and/or con-
trollable capacitive or inductive characteristics. In one
embodiment, active tuning element 92 may comprise a tran-
sistor device, a FET device, a MEMs device, or other suitable
control element or circuit. In an embodiment, where the
active tuning element exhibits OFF characteristics, it has been
identified that the LC characteristics of the IMD element 91
may be changed such that IMD element 91 operates at a
frequency one or more octaves higher or lower than the fre-
quency at which the antenna operates with a active tuning
element that exhibits ON characteristics. In another embodi-
ment, where the inductance of the active tuning element 92 is
controlled, it has been identified that the resonant frequency
of'the IMD element 91 may be varied quickly over a narrow
bandwidth.

[0047] FIG. 10 illustrates another embodiment of an
antenna wherein the IMD element 101 contains multiple
resonant elements 105, with each resonant element 105 con-
taining an active element 104. As well, a parasitic element
102 has an active tuning element 104. The parasitic and IMD
elements are both situated on the ground plane 103. The
addition of the resonant elements 105 to the IMD element
101, permits for multiple resonant frequency outputs through
resonant interactions and modified current distributions.

[0048] FIG. 11 illustrates an embodiment of an antenna
with various implementations of active tuning elements 115
utilized in combination with the main IMD element 111 and
parasitic element 113, which are both situated on the ground
plane 114 of the antenna. In this embodiment, the IMD ele-
ment 111 has multiple resonant elements 117, each having an
active element 115 for tuning. The parasitic element 113 has
an active element 115 on the structure of the parasitic 113 as
well as an active element 115 at the region where the parasitic
113 connects to the ground plane 114. As well, there is an
external matching circuit 116 connected to the IMD element
111 and an external matching circuit 116 connected to the
parasitic element 113. Active tuning elements 115 are also
included in matching circuits 116 external to the IMD ele-
ment 111 and the parasitic element 113. The addition of the
elements allows for finer tuning of the precise frequency
response of the antenna. Each tuning element and its location,
both on the resonant elements and parasitic elements can
better control the exact frequency response for the transmitted
or received signal.

[0049] FIG. 12a and FIG. 124 provide exemplary fre-
quency response achieved when an active tuning element
positioned off the IMD element is used to vary the frequency
response of the antenna. FIG. 124 provides a graph of the
return loss 121 (y axis) versus the frequency 122 (x axis) of
the antenna. The return loss displayed along the y axis of FIG.
12a represents a measure of impedance match between the

Jan. 20, 2011

antenna and transceiver. FIG. 1256 provides a graph of the
efficiency 123 versus the frequency 122 of the antenna. In
each graph, F1 represents the frequency response of the IMD
element prior to activating the tuning element, e.g. the base
frequency of the antenna. F2 represents the frequency
response of the antenna when the active tuning element is
used to shift the frequency response lower in frequency. F3
represents the frequency response of the antenna when the
active tuning element is used to shift the frequency response
higher in frequency.

[0050] FIG. 13a and FIG. 1356 provide graphs displaying
exemplary embodiments where the active tuning elements are
adjusted, which alters the transmitted or received signal, i.e.
frequency response, of the antenna. The figures show that
wide band frequency coverage can be achieved through the
adjustments of the active tuning elements. A return loss
requirement and efficiency variation over a wide frequency
range can be also achieved by generating multiple tuning
“states”. This allows for the antenna to maintain both effi-
ciency and return loss requirements even when the output
frequency is manipulated.

[0051] Aspreviously discussed, the surface area exposed to
the IMD element, distance to the IMD element, and shape of
the parasitic may affect the coupling and, in turn, variable
frequency response and/or radiation patterns produced by the
IMD element. FIGS. 14A-D provide some embodiments of
the possible shapes for the parasitic element 141, 142, 143,
144. For example, in one simplistic embodiment, the parasitic
element 141 provides a minimal surface area and simplistic
straight shape that may be exposed to the IMD element, and
tuned by the active element 145. The smaller and less expo-
sure the parasitic provides to the IMD element means less
frequency variation is achievable. For parasitic elements like
the embodiments provided in 143 and 144 a larger bandwidth
achievable and still actively tunable 145 in the antenna’s
frequency response. The shape of the parasitic element is not
constrained to the types shown and can be altered to achieve
the desired frequency of the antenna as needed for use within
many different types of communication devices.

[0052] Turning now to FIG. 15, an IMD antenna element
includes a spiral-shaped conductor having at least one slot
portion, the spiral-shaped conductor further comprising a first
parallel conductor portion 150, a second parallel conductor
portion 151, and a third parallel conductor portion 152 each
disposed substantially parallel with one another and within a
common horizontal plane at a distance above a ground plane
157. A first perpendicular conductor portion 153 connects to
a first end of the first parallel conductor portion 150, and
extends perpendicularly therefrom to further connect to the
second parallel conductor portion 151. A second perpendicu-
lar conductor portion 154 connects to a second end of'the first
parallel conductor portion 150, and extends perpendicularly
therefrom to further connect to the third parallel conductor
portion 152; the second end of the first parallel conductor
portion is disposed at a side opposite of the first end. Each of
the first through third parallel conductor portions 150; 151;
152 and the first and second perpendicular conductor portions
153; 154 is substantially disposed within a common horizon-
tal plane disposed at a height above the ground plane 157 to
form a volume of the IMD antenna 156 therebetween. A
parasitic conductor element 155 is substantially disposed
within the volume of the IMD antenna. The parasitic conduc-
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tor element is connected to at least one active element for
varying the coupling between the parasitic element and the
IMD element.

[0053] Inanother embodiment, as illustrated in FIGS. 16a-
164, a planar IMD antenna element 161 is disposed above a
ground plane as described in FIG. 15; the IMD antenna ele-
ment includes a first slot portion 164 formed in the space
between the first and second parallel conductor portions 150;
151, and the first and second perpendicular conductor por-
tions 153; 154. The first slot portion 164 is denoted by dashed
lines in FIG. 165. In practice, the planar IMD antenna 161
exhibits a dual resonance characteristic, wherein a first reso-
nance band can be tuned by placing the parasitic within or
near an area extending from the ground plane to the first slot
portion 164.

[0054] Inanother embodiment, as illustrated in FIGS. 17a-
1754, a planar IMD antenna element 171 is disposed above a
ground plane as described in FIG. 15; the IMD antenna ele-
ment includes a second slot portion 170 formed in the space
between the second and third parallel conductor portions 151;
152, and the second perpendicular conductor portion 154.
The second slot portion 170 is denoted by dashed lines in FIG.
175b. In practice, the planar IMD antenna 171 exhibits a dual
resonance characteristic, wherein a second resonance band
can be tuned by placing the parasitic within or near an area
extending from the ground plane to the second slot portion
170. The active tuning element 173 attached to the parasitic
allows on/off switching, or a variable tuning capability such
as can be provided by a varicap or similar component, such
that the second resonance band can be tuned or shifted by
controlling the active element 173.

[0055] In yet another embodiment, as illustrated in FIGS.
184-18b, a planar IMD antenna element 181 is disposed
above a ground plane as described in FIG. 15; the IMD
antenna element includes a third slot portion 185 formed in
the space between the first, second and third parallel conduc-
tor portions 150; 151; 152, and the second perpendicular
conductor portion 154. The second slot portion 185 is denoted
by dashed lines in FIG. 185b. In practice, the planar IMD
antenna 171 exhibits a dual resonance characteristic, wherein
both the first and second resonance bands can be tuned by
placing the parasitic within or near an area extending from the
ground plane to the third slot portion 185.

[0056] While particular embodiments of the present inven-
tion have been disclosed, it is to be understood that various
different modifications and combinations are possible and are
contemplated within the true spirit and scope of the appended
claims. There is no intention, therefore, of limitations to the
exact abstract and disclosure herein presented.

What is claimed is:

1. An antenna capable of frequency shifting, comprising:

a spiral-shaped conductor element substantially disposed

within a horizontal plane and having at least one slot
portion therein, said horizontal plane positioned at a
distance above a ground plane to form a volume of the
antenna therebetween, and

at least one parasitic element positioned at least partially

within said volume of the antenna.

2. The antenna of claim 1, further comprising at least one
active tuning element.

3. The antenna of claim 2, wherein said at least one active
tuning element is selected from the group consisting of: volt-
age controlled tunable capacitors, voltage controlled tunable
phase shifters, FET’s, and switches.
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4. The antenna of claim 2, wherein said at least one active
tuning element includes a first active tuning element con-
nected to said parasitic element.

5. The antenna of claim 4, wherein said at least one active
tuning element further includes a second active tuning ele-
ment positioned on said spiral-shaped conductor.

6. The antenna of claim 1, wherein said at least one para-
sitic element includes a first parasitic element at least partially
positioned in a space between said ground plane and said at
least one slot portion.

7. The antenna of claim 6, wherein said at least one slot
portion includes a first slot portion and a second slot portion.

8. The antenna of claim 7, wherein said first parasitic
element is at least partially positioned within a space between
said ground plane and said first slot portion.

9. The antenna of claim 8, further comprising a second
parasitic element, wherein said second parasitic element is at
least partially positioned in a space between said ground
plane and said second slot portion.

10. The antenna of claim 8, wherein said first parasitic
element is adapted to shift a first resonant frequency charac-
teristic of the spiral shaped conductor element.

11. The antenna of claim 9, wherein said second parasitic
element is adapted to shift a second resonant frequency char-
acteristic of the spiral shaped conductor element.

12. The antenna of claim 11, wherein said first and second
parasitic elements are each attached to an active tuning ele-
ment for actively adjusting one or more frequency character-
istics of the antenna.

13. An antenna capable of frequency shifting, comprising:

a spiral-shaped conductor having a first parallel conductor

portion connected to a second parallel conductor portion
by a first perpendicular conductor portion extending
therebetween, said first parallel conductor portion fur-
ther connected to a third parallel conductor portion by a
second perpendicular conductor portion extending ther-
ebetween, said first through third parallel conductor por-
tions and said first and second perpendicular conductor
portions each disposed within a common plane, wherein
said first and second parallel conductor portions are
spaced apart at a first slot portion and adapted to form a
capacitive coupling therebetween, and wherein said first
through third parallel conductor portions and said first
and second perpendicular conductor portions are
arranged to provide a loop current along said spiral-
shaped conductor; and

at least one parasitic element positioned near said spiral-

shaped conductor and adapted to shift a resonant fre-
quency characteristic of the spiral-shaped conductor.

14. The antenna of claim 13, further comprising at least one
active tuning element.

15. The antenna of claim 14, wherein said active tuning
element is selected from the group consisting of: voltage
controlled tunable capacitors, voltage controlled tunable
phase shifters, FET’s, switches, MEMs device, and transistor.

16. The antenna of claim 14, wherein said at least one
active tuning element includes a first active tuning element
connected to said at least one parasitic element.

17. The antenna of claim 16, wherein said at least one
parasitic element further includes a second parasitic element,
and wherein said at least one active tuning element further
includes a second active tuning element connected to said
second parasitic element.
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18. An antenna capable of frequency shifting, comprising:

aspiral-shaped planar conductor element substantially dis-
posed within a horizontal plane and positioned at a
height above a ground plane, said spiral-shape planar
conductor element having one or more slot portions; and

a parasitic element positioned between said ground plane
and said slot portion for tuning a resonant frequency
characteristic of the antenna, wherein said parasitic ele-
ment is connected to an active tuning element for cou-
pling said parasitic element to said spiral-shaped planar
conductor element.
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19. The antenna of claim 18, wherein said active tuning
element is further connected to said ground plane for shorting
said parasitic element.

20. The antenna of claim 19, wherein said at least one
active tuning element is selected from the group consisting of:
voltage controlled tunable capacitors, voltage controlled tun-
able phase shifters, FET’s, switches, MEMs device, and
transistor.
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A multiband antenna includes a feed portion, a radiating
portion and a matching portion. The radiating portion is oper-
able to transceive electromagnetic signals, and includes a first
radiator, a second radiator and a third radiator. The first radia-
tor is connected to the feed portion, and includes a first free
end and a second free end. The second radiator is bent, and
includes a first feed end and a third free end, wherein the first
feed end is connected to the feed portion. The third radiator is
substantially L shaped, and includes a second feed end and a
fourth free end, wherein the second feed end is electrically
connected to the feed portion. The matching portion is rect-
angularly shaped, and electrically connected to the first radia-
tor, for impedance matching.
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MULTIBAND ANTENNA
BACKGROUND
[0001] 1. Technical Field
[0002] Embodiments of the present disclosure relate to

antennas, and especially to a multiband antenna.

[0003] 2. Description of Related Art

[0004] Planar inverter-F antennas (PIFA) are widely
applied in research and application, due to their capacity for
minimal volume in various shapes.

[0005] However, PIFA operational frequency bands narrow
when physical dimensions of the PIFA are decreased, to a
point where working bands of the host device may not be
covered. In one example, the problem may be reduced by
increasing the distance between the PIFA and ground, but this
method increases device volume of the host device. Another
method is to change the shape of the PIFA, but this method
requires a redesign of the PIFA antenna, which may be costly.
In yet another method, a monopole antenna rather than PIFA
may be used, but the monopole antenna generally exhibits a
higher specific absorption rate (SAR), and is harder for
impedance matching.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG.1 is a schematic diagram of an embodiment of
a multiband antenna according to the present disclosure;
[0007] FIG. 2 illustrates exemplary dimensions of the
multiband antenna of FIG. 1; and

[0008] FIG. 3 is a graph showing exemplary return loss of
the multiband antenna of FIG. 1.

DETAILED DESCRIPTION

[0009] Referring to FIG. 1, a schematic diagram of an
embodiment of a multiband antenna 100 as disclosed is
shown. The multiband antenna 100 may be made of flexible
metal, and is easily assembled. In one embodiment, the multi-
band antenna 100 comprises a feed portion 10, a radiating
portion 20 and a matching portion 30.

[0010] The feed portion 10 supplies electromagnetic sig-
nals, and is rectangularly shaped.

[0011] The radiating portion 20 is electrically connected to
the feed portion 10, to transceive electromagnetic signals. In
one embodiment, a profile of the radiating portion 20 is sub-
stantially rectangularly shaped, and defines a plurality of slots
40. The radiating portion 20 comprises a first radiator 210, a
second radiator 220 and a third radiator 230.

[0012] The first radiator 210 is substantially inverted-C
shaped, and connected to the feed portion 10. The first radia-
tor 210 comprises a first free end 211, a first horizontal section
212, aperpendicular section 213 and a second free end 214. In
one embodiment, the first free end 211 is perpendicular to the
second free end 214, the first free end 211 is parallel to the first
perpendicular section 213, and the second free end 214 is
parallel to the first horizontal section 212. The second free end
214 is shorter than the first horizontal section 212. The first
horizontal section 212 comprises a first protrusion 2120 in the
center. The feed portion 10 and the matching portion 30 are
configured on the two ends of the first horizontal section 212
to define slots 40 with the first protrusion 2120.

[0013] The matching portion 30 is rectangularly shaped,
and electrically connected to the first radiator 210, for imped-
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ance matching. In one embodiment, the matching portion 30
and the feed portion 10 are configured on the same side of the
radiating portion 20.

[0014] The second radiator 220 is bent, and comprises a
first feed end 221, a second horizontal section 222, a second
perpendicular section 223 and a third free end 224. In one
embodiment, the first feed end 221 is connected to feed por-
tion 10 by the first perpendicular section 213. The second
horizontal section 222 comprises a second protrusion 2220,
and the third free end 224 comprises a third protrusion 2240,
to adjust frequency bands of the second radiator 220.

[0015] The third radiator 230 is substantially L shaped, and
comprises a second feed end 231, a third perpendicular sec-
tion 232 and a fourth free end 233. In one embodiment, the
second feed end 231 is electrically connected to the feed
portion 10. The second feed portion 231 comprises a fourth
protrusion 2310, the juncture of the feed portion 231 and the
third perpendicular section 232 comprises a fifth protrusion
2320, to adjust frequency bands of the third radiator 230. The
fourth free end 233 is wave-shaped. The fourth free end 223
and the third free end 224 are in the same line and parallel to
the second free end 214, to radiate directionally. In one
embodiment, the second radiator 220 and the third radiator
230 are operable in low frequency bands, such as, approxi-
mately 1.0 GHz.

[0016] In another embodiment, the radiating portion 20
comprises a plurality of radiators 210, 220 230, each radiator
constituting one or more L. shaped radiating sections con-
nected in series. For example, the first radiator 210 may
comprise a L. shape consisting of the first free end 211 and the
first horizontal section 212, and a L. shape consisting of the
first perpendicular section 213 and the second free end 214.
One end of each radiator 210, 220 and 230 is connected to the
feed portion 10, for example radiating section 231 of the
radiator 230 electrically connecting to the feed portion 10.
Protrusions are configured on one or more radiating sections
onthe radiators 210,220 and 230, such as, for example, on the
radiating section 212.

[0017] The first protrusion 2120, the second protrusion
2220, the third protrusion 2240, the fourth protrusion 2310,
and the fifth protrusion 2320 may be rectangular, triangular,
or L shaped.

[0018] The slots 40 are defined by the bend of the radiating
portion 20, and junctures of the feed portion 10 and the
radiating portion 20 and junctures of the matching portion 30
and the radiating portion 10, to add couple effectiveness.
[0019] FIG. 2 illustrates exemplary dimensions of the
multiband antenna of FIG. 1. However, it should be under-
stood that the disclosure is not limited thereto, and may
include other dimensions according to the embodiment. As
shown in FIG. 2, a width of the feed portion 10 may be
approximately 4.0 cm, and a width of the matching portion 30
may be approximately 2.0 cm. A length of outline of the
radiating portion 20 may be approximately 64.0 cm, and a
width may be approximately 23.0 cm. A length of the first
horizontal section 212 may be approximately 35.0 cm, and a
length ofthe second free end 214 may be approximately 10.0
cm. A length of the second horizontal section 222 may be
approximately 35.0 cm, and a third free end 224 may be
approximately 17.0 cm. A length of the second feed end 231
may be approximately 13.0 cm, and a length of the fourth free
end 233 may be approximately 40.0 cm. In another example,
the multiband antenna 100 can be designed with other dimen-
sions.
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[0020] Referring to FIG. 3, an exemplary return loss of the
multiband antenna 100 is shown. When the multiband
antenna 100 functions at 824 MHz to 960 MHz and 1710
MHz to 2150 MHz, the return loss is less than -5 dB, in
accordance with the industry standard. In one embodiment
the first radiator 210 functions at high frequency bands of
1710 MHz to 2150 MHz, and the second radiator 220 and the
third radiator 230 function at low frequency bands of 824
MHz to 960 MHz.

[0021] Although the features and elements of the present
disclosure are described as embodiments in particular com-
binations, each feature or element can be used alone or in
other various combinations within the principles of the
present disclosure to the full extent indicated by the broad
general meaning of the terms in which the appended claims
are expressed.

What is claimed is:

1. A multiband antenna, comprising:

a feed portion to feed electromagnetic signals, the feed
portion being rectangularly shaped;

a radiating portion connected to the feed portion, to trans-
ceive electromagnetic signals, the radiating portion
comprising:

a first radiator being a substantially inverted-C shape,
connected to the feed portion, wherein the first radia-
tor comprises a first free end and a second free end;

a second radiator being bent and comprising a first feed
end and a third free end, wherein the first feed end is
connected to the feed portion; and

a third radiator, substantially L shaped and comprising a
second feed end and a fourth free end, wherein the
second feed end is electrically connected to the feed
portion; and

a matching portion, being rectangularly shaped, and elec-
trically connected to the first radiator, for impedance
matching.

2. The multiband antenna as claimed in claim 1, wherein
the first radiator further comprises a first horizontal section
and a first perpendicular section, and wherein the first hori-
zontal section is parallel to the second free end and is longer
than the second free end.

Jan. 6, 2011

3. The multiband antenna as claimed in claim 2, wherein
the first horizontal section comprises a first protrusion in the
center, and the feed portion and the matching portion are
configured on the two ends of the first horizontal section to
define slots with the first protrusion.

4. The multiband antenna as claimed in claim 1, wherein
the second radiator comprises a second horizontal section and
a second perpendicular section.

5. The multiband antenna as claimed in claim 4, wherein
the second horizontal section comprises a second protrusion,
and the third free end comprises a third protrusion, to adjust
frequency bands.

6. The multiband antenna as claimed in claim 1, wherein
the third radiator comprises a third perpendicular section,
connecting the second feeding section to the fourth free end.

7. The multiband antenna as claimed in claim 6, wherein
the second feed portion comprises a fourth protrusion, and the
juncture of the feed portion and the third perpendicular sec-
tion comprises a fifth protrusion to adjust frequency bands.

8. The multiband antenna as claimed in claim 7, wherein
the fourth free end is wave-shaped.

9. The multiband antenna as claimed in claim 7, wherein
the first free end is vertically to the second free end.

10. The multiband antenna as claimed in claim 9, wherein
the third free end and the fourth free end are in the same line
and parallel to the second free end.

11. A multiband antenna, comprising:

a feed portion to feed electromagnetic signals;

a radiating portion connected to the feed portion, to trans-
ceive electromagnetic signals, wherein the radiating
portion comprises a plurality of radiators, and each
radiator constitutes one or more L shaped radiating sec-
tions connected in series;

a matching portion connected to one of the radiators for
impedance matching.

12. The multiband antenna as claimed in claim 11, wherein
the feed portion and the matching portion are configured on
the same side of the radiating portion.

13. The multiband antenna as claimed in claim 11, wherein
the one or more L shaped radiating sections comprise protru-
sions, respectively.






