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An antenna design technigue which allows antennas to be self-matched while supporting multi-band and broadband operations.
The technigue Includes adding a raised and curved ground plane section electrically coupled to the ground plane. The curved
ground plane section allows for a smooth transition of the surface current hence a boarder bandwidth Is achieved. A slit positioned
between the ground plane and the ground plane section can also be used to further improve the antenna bandwidth. The

technique does not Increase the antenna thickness neither its volume, thus allowing application In slim handr
applications such as flip phones. Using this technigue, a narrow band antenna Is made broadband to cover severa

bands of interest. The technique Is applied to a quad-band antenna to broaden its bandwidth to become a sept-band ar
technique Is used to also improve the antenna match at all the seven bands it supports.
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ABSTRACT

An antenna design technique which allows antennas to be self-matched while supporting
multi-band and broadband operations. The technique includes adding a raised and curved
ground plane section electrically coupled to the ground plane. The curved ground plane
section allows for a smooth transition of the surface current hence a boarder bandwidth is
achieved. A slit positioned between the ground plane and the ground plane section can also
be used to further improve the antenna bandwidth. The technique does not increase the
antenna thickness neither its volume, thus allowing application in slim handheld device
applications such as flip phones. Using this technique, a narrow band antenna is made
broadband to cover several frequency bands of interest. The technique Is applied to a
quad-band antenna to broaden its bandwidth to become a sept-band antenna. The technique

IS used to also improve the antenna match at all the seven bands it supports.
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MODIFIED GROUND PLANE (MGP) APPROACH TO IMPROVING
ANTENNA SELF-MATCHING AND BANDWIDTH

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the benefit of and priority to United States Patent
Application No. 12/965.300, filed December 10, 2010.

BACKGROUND OF THE INVENTION

Field of the Invention

[001] The present invention relates tn general to the tield of wireless
communications and more specifically to the design and implementation of a

modified ground plane approach to improving antenna self-matching and bandwidth.

Description of the Related Art

1002) 1uis desirable for handheld devices to operate and support different
communication standards and technologies. With the existence of several
communication standards such as GSM 800/900/1800/1900. UMTS 2100, Bluctooth
24350 MHz. and 3GPP ILTE standard (expected to operate at 700MHz and/or
2600Mt12). there 18 an ever mounting pressure on antenna designers to develop
antenna designs that support all of the above frequency bands and fit the antenna n a
stmall. shim. and stylish device, An additional requirement is present handsets that

conform to the LTE standard support two recetve antennas.

[003] Attempting to develop an antenna that provides mult/broad-band
performance and maintains a low profile and a compact size at the same time can be
challenging. To realize a cood antenna broadband selt-match. certain antennas have

been proposed with the idea of Tolding a monopole into its ground plane creating a
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two dimensional planar structures. One possible disadvantage of this approach is that
the antenna will occupy a large surface on the PCB board. Tn addition, the antenna
will not have a usable bandwidth below 3GHz. Other antennas have been proposed
which include the idea of folding a ground plane 90 degrees 1o form a corner-like
reflector. While this approach potentially improves antenna performance, this tdea (s

still a conventional approach that does not realize true broad-band performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[004] The present invention may be better understood, and its numerous
objects, features and advantages made appareni to those skilled in the art by
referencing the accompanving drawings. The use of the same reference number

throughout the several figures designates a like or stmilar element

[005] Figure | shows a side view of an antenna in accordance with the

present nvention.

[006] Figure 2 shows a perspective view of an antenna in accordance with

the present invention.

[007] Figure 3 shows a graph of example performance of an antenna in

accordance with the present invention.

[008] Figures 4A — 4D show perspective views of current distributions

within an antenna in accordance with the present invention.

[009] Figure 5 shows an exemplaryv svstem in which the present invention

may be implemented.

[010] Figure 6 shows a wireless communications svstem including an

embodiment of a user equipment (UE):

[011] Figure 7 1s a simplified block diagram of an exemplary UE comprising

a digital signal processor (DSP); and

[012] Figure 8 is a simplified block diagram of a software environment that

mayv be implemented by the DSP.
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DETAILED DESCRIPTION

|013] An antenna design technique is presented which allows antennas to be
self-matched while supporting multi-band and broadband operations. The technique
does not increase the antenna thickness neither its volume, thus atlowing application
5 nshim handheld device applications such as flip phones. Using this technique. a
narrow band antenna 1s made broadband to cover several frequency bands of interest.
The technique 15 applied to a quad-band antenna to broaden its bandwidth to become a
sept-band antenna. The technique is used to also tmprove the antenna match at all the

seven bands it supports.

10) [014] The technique allows a narrow-band antenna to be made broader such
that 1t supports more frequency bands. For example, a quad-band antenna supporting
300/900/1800/1900 MHz can be made a sept-band antenna supporting GSM
300/900/1800/1900, UMTS 2100, Bluetooth 2450, and the proposed LTE 2600 MHz
band.

I5 [015] The technique as applied to a specific antenna drastically improves the
antenna multi-band and broadband performance. without increase in antenna volume

or thickness.

1016]  Varnous tllustrative embodiments of the present invention will now be
descnbed in detail with reference to the accompanyving figures. While various details
20 are set forth 1n the following description, it will be appreciated that the present
mvention may be practiced without these specific delails, and that numerous

implementation-specific decisions may be made to the invention described herein to

achieve the inventor’s specific goals, such as compliance with process technology or
design-related constraints, which will vary from one implementation to another.

25  While such a development effort might be complex and time-consuming, it would
nevertheless be a routine undertaking for those of skill in the art having the benefit of
this disclosure. For example, selected aspects are shown in block diagram and flow
chart form. rather than in detail, in order to avoid limiting or obscuring the present

Invention. In addition, some portions of the detailed descriptions provided herein are

30 presented in terms of algorithms or operations on data within a computer memory.
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Such descriptions and representations are used by those skilled in the art to describe

and conveyv the substance of their work to others skilled in the art.

|017] As used herein. the terms ~“component,” “svstem™ and the like are
intended to refer to a computer-related entity, either hardware, a combination of
hardware and software, software, or software in execution. For example, a
component may be, but is not limited to being. a process running on a processor, a
processor, an object. an executable, a thread of execution, a program, or a computer.
By way of illustration. both an application running on a computer and the computer
itself can be a component. One or more components may reside within a process or
thread of execution and a component may be localized on one computer or distnbuted

between two or more computers.

|O18}] As used herein, the terms “user equipment’™ and “UE" can refer to
wireless devices such as mobile telephones, smart phones, personal digital assistants
(PDAs), handheld or laptop computers, and similar devices or other user agents
("UAs") that have telecommunications capabilities. In some embodiments. a UE may
refer to a mobile, wireless device. The term “"UE™ may also refer to devices that have
stmilar capabilities but that are not generallv tranSportdble, such as desktop

computers. set-top boxes, or network nodes.

019} The term —article of manufacture™ (or altematively, “computer
program product”) as used herein is intended to encompass a computer program
accessible from anyv computer-readable device or media. For example, computer
readable media can include but are not limited to magnetic storage devices (e.g., hard
disk. tloppy disk, magnetic strips. etc.), optical disks such as a compact disk (CD) or
digital versatile disk (DVD), smart cards, and flash memorv devices (e.g.. card. stick.

elc.).

[020] The word “exemplary™ 1s used herein to mean serving as an example,
instance. or illustration. Any aspect or design descnbed herein as “exemplary™ 1s not
necessarily to be construed as preferred or advantageous over other aspects or
designs. Those of skill in the art will recognize many modifications may be made to
thus configuration without departing from the scope. spirit or intent of the claimed

subject matter. Furthermore, the disclosed subject matter may be implemented as a
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system, method, apparatus. or article o manufacture using standard programming and
engineering techniques to produce software, firmware, hardware, or any combination
thereof to control a computer or processor-based device to implement aspects detailed

herein.

5 [021] Referning to Figures | and 2. a side view and a perspective view of an
antenna are shown. The antenna 100 includes a relatively smali, substantially
orthogonal ground plane section [ 10 positioned between a ground plane 112 and a
radiating antenna element 114. In certain embodiments, the ground plane section 110
1s substantially the same depth as the ground plane 112 and is substantially as wide as

10 the radiating antenna element 114. More specifically, in certain embodiments, the
ground plane section 1s 1.5 mm deep (+/- 0.5 mm) and 7.5 mm wide (+/- 1.5 mm)
The width of the ground plane section 110 is within +/- 20 percent of the width of the
radiating element (see e.g.. Figure 2). Additionally, the ground plane 112 is 60 mm
wide (+/- 10 mm). Accordingly, the ground plane section 110 is substantially less

15  wide than the ground plane 112,

022} The size of the ground plane affects the antenna performance. More
specifically, a larger ground plane can relax the design of the antenna and its
performance. However. the ground plane size in a handheld device is always
confined to the handheld form factor. In the present antenna. an extended ground

20 plane section 110 is positioned substantially perpendicular (o the ground plane 112
and the radiating element 114, virtually incredsing the ground plane size and hence
improving the antenna performance. This positioning is made such that the overall

ground plane size, hence the handheld device. remains the same.

[023] In certain embodiments. the ground plane section 110 is planar and
25  forms a substantially 90 degree angle with the ground plane 112. In other
embodiments, the ground plane section 110 is curved and/or tapered awayv from the
ground plane to guide the propagating wave excited by any radio frequencv (RF)
sources that are provided to the anienna 100. The curvature of the ground plane
section 110 ts such that an end of the ground plane section which is opposite that of
30 the portion coupled to the ground plane 112 is perpendicular to the ground plane 112.

By providing the curved ground plane section 110. a [irst discontinuity observed by a

)
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guided wave 1s a smooth discontinuity rather than an abrupt one. Bv creating this
smooth discontinuity, strong back reflections that often occur at the first discontinuity
are eltminated and the energy of the gutded wave is passed onto the antenna and

radiates away. This results in a very broadband matching performance.

[024]  The ground plane section 110 1s positioned in the bufter zone 120 that
separates the radiating element 114 from the ground plane 112 e, the antenna -
dedicated volume that includes both the antenna itself and the buffer volume does not

increase over a volume of such an antenna without the added ground plane section.

[025] In certain embodiments, the modified ground plane section 110 1s
partially etched at the interconnection with the horizontal ground plane to provide a
slit 130 between the modified groﬁnd plane section |10 and the ground plane 112
where the modified ground plane section 110 is electrically coupled with the ground
plane 112 via a shorting pin 132 with a width of about 1 mm (+/- 0.2 mm). This
shorting pin provides an additional current path making the modified ground plane
section 110 function as a balun that further improves the antenna match at broadband
[requencies. Thus, the shorting pin counters the current {low within the radiating
element 114. In certain embodiments, the shorting pin is positioned along an edge
134 of the modified ground plane section 110 and an edge 136 of the ground plane
112. Where the edges 134 and 36 are determinced relative to an outside edge of the

radiating element |14

1026] In certain embodiments. the radiating element 114 further includes a
monopole microstrip radiator feed element 140, The monopole microstrp radiator

feed element 140 further includes a section 142 positioned separate but parallel to the

ground plane 112 such that excitation occurs between the radiator feed element 140
and the ground plane 112. The monopole radiator feed element 140 also includes a
curved portion 144 which extends parallel with the curve of the modified ground

plane section 110.

[027] Figure 3 shows a graph of example performance of an antenna in
accordance with the present invention. The dashed line of the graph of Figure 3

represents an mitial quad band antenna performance. The solid line of the graph of
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Figure 3 represents an improved performance of a sept band antenna 100 having a
moditied ground plane section 110. As shown in the example performance, the
modttied ground plane technique (MGP) significantly improves the antenna matching
where excellent matching properties at all the frequency bands of interest (e.g.,
frequency bands from 800 MHz to 2.4 GH7) can be demonstrated without the need to

use a complicated matching lumped element network.

[028] Figures 4A — 4D show perspective views of current distributions
within an antenna in accordance with the present invention. Specifically, Figures 4A,
4B, 4C and 4D shows perspective views of current distributions at 980 MHz, 1700
MHz, 2000 MHz and 2500 MHz, respectively. From these current distributions, it
can be seen that the antenna 100 presents a current with a smooth transition with
frequency which makes the structure broadband. It can also be seen that providing the
antenna 110 with the etch between the modified ground plane section | 10 and the
ground plane 112 provides additional current paths that balance the currents on the

structure of the antenna and provides further broadband performance.

1029] Figure 5 illustrates an example of a system 500 suitable for

implementtng one or more embodiments disclosed herein. In various embodiments.
the system 500 comprises a processor 510. which may be referred to as a central
processor unit (CPU) or digital signal processor (DSP). network connectivity devices
520, random access memory (RAM) 530, read only memorv (ROM) 340, secondary
storage 5350, and input/output (1/O) devices 360. In some embodiments. some of these

components may not be present or may be combined in vanous combinations with

one another or with other components not shown. These components may be located

1n a single physical entity or in more than one physical entity. Any actions described

herein as being taken by the processor 510 might be taken by the processor 510 alone

or by the processor 510 in conjunction with one or more components shown or not

shown 1n Figure 5.

[030] The processor 510 executes instructions, codes, computer programs, or
scripts that it might access from the network connectivity devices 520. RAM 530, or
ROM 540. While only one processor 510 is shown, multiple processors may be

present. Thus, while instructions may be discussed as being executed by a processor

PCT/CA2011/050760
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510, the instructions may be executed simultaneously, serially, or otherwise by one or

multiple processors 510 implemented as one or more CPU chips.

[031] In vanous embodiments, the network connectivity devices 520 may
take the form of modems, modem banks, Ethemet devices, universal serial bus (USB)
interface devices, serial interfaces. token ring devices, fiber distributed data interface
(FDDI) devices, wireless local area network (WLAN) devices. radio transceiver
devices such as code division multiple access (CDMA) devices. global svstem for
mobile communications (GSM) radio transceiver devices, worldwide interoperability
for microwave access (WiMAX) devices, and/or other well-known devices for
connecting 1o networks. These network connectivity devices 520 may enable the
processor 510 to communicate with the Internet or one or more telecommunications
networks or other networks from which the processor 510 might receive information

or to which the processor 510 might output information.

[032] The network connectivity devices 520 may also be capable of
transmiutting or recerving data wirelessly in the form of electromagnetic waves. such
as radio frequency signals or microwave frequency signals. Information transmitted
or received by the network connectivity devices 520 may include data that has been
processed by the processor 510 or instructions that are to be executed bv processor
510. The data may be ordered according to different sequences as mav be desirable

for either processing or generating the data or transmitting or recetving the data

[033] In various embodiments, the RAM 330 may be used to store volatile
data and instructions that are executed by the processor 510. The ROM 540 shown in
Figure 5 may be used to store instructions and perhaps data that are read during

execution of the instructions. Access to both RAM 530 and ROM 340 is typically

faster than to secondary storage 550. The secondary storage 550 is typically
comprised of one or more disk drives or tape drives and may be used for non-volatile
storage of data or as an over-flow data storage device if RAM 530 is not large enough
to hold all working data. Secondary storage 550 may be used to store programs that
are loaded into RAM 530 when such programs are selected for execution. The /O
devices 560 may include liquid crystal displavs (LCDs). touch screen displays.

Kevboards, kevpads, switches, dials, mice, track balls. voice recognizers, card readers.

PCT/CA2011/050760
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paper tape readers. printers. video monitors. or other well-known input/output

devices.

|034] Figure 6 shows a wireless communications svstem including an
embodiment of user equipment (UE) 602. Though illustrated as a mobile phone, the
UE 602 may take various forms including a wireless handset, a pager, a personal
digital assistant (PDA), a portable computer, a tablet computer, or a laptop computer.
Many suitable devices combine some or all of these functions. In some embodiments,
the UE 602 is not a general purpose computing device like a portable, laptop or tablet
computer, but rather is a special-purpose communications device such as a mobile
phone. a wireless handset, a pager, a PDA. or a telecommunications device mslalled
in a vehicle. The UE 602 may likewise be a device, include a device. or be included
in a device that has stmilar capabilities but that ts not transportable, such as a desktop
computer. a set-top box. or a network node. In these and other embodiments, the UE
602 may support specialized activities such as gaming. mnventorv control, job control,

and/or task management functions, and so on.

1035] In vanous embodiments. the UE 602 includes a display 604. The UE
602 likewise include a touch-sensitive surface, a kevboard or other input kevs 606
generallv used for input by a user. In these and other environments, the keyboard
may be a full or reduced alphanumeric keyboard such as QWERTY. Dvorak,
AZERTY. and sequential kevboard types. or a traditional numeric kevpad with
alphabet letters associated with a telephone kevpad. The input keys may likewise
include a trackwheel, an exit or escape kev, a trackball, and other navigational or
functional keys. which mayv be inwardlv depressed to provide further input function.
The UE 602 mayv likewise present options for the user to select, controls tor the user

to actuate. and cursors or other indicators for the user to direct.

[036] The UE 602 may further accept data entry from the user, including
numbers to dial or various parameter values for configuring the operation of the UE
602. The UE 602 mav further execute one or more software or firmware applications
In response to user commands. These applications may configure the UE 602 to

perform various customized functions in response to user interaction. Additionally,

the UE 602 may be programmed or configured over-the-air (OTA), for example from

PCT/CA2011/050760
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a wireless base station 610, a server 616, a wireless network access node 608, or a

peer UE 602.

|037] Among the various applications executable by the UE 500 are a web
browser, which enables the display 604 to display a web page. The web page may be
obtained via wireless communications with a wireless network access node 608, such
as a cell tower. a peer UE 602, or any other wireless communication network 612 or
system. In various embodiments, the wireless network 612 1s coupled to a wired
network 614, such as the [nternet. Via the wireless network 612 and the wired
network 614, the UE 602 has access to information on various servers, such as a
server 616. The server 616 may provide content that may be shown on the display
604. Alternately. the UE 602 mav access the wireless network 612 through a peer UE
602 acting as an intermediary. in a relay tvpe or hop tvpe of connection. Skilled
practitioners of the art will recognized that many such embodiments are possible and

the foregoing is not intended to limit the spint. scope, or inteniion of the disclosure.

[038] Figure 7 depicts a block diagram of an exemplary user equpment (UE)
602 in which the present invention mav be implemented. While vanous components
of a UE 602 are depicted, various embodiments of the UE 602 may include a subset
of the listed components or additional components not listed. As shown in Figure 7,
the UE 602 includes a digital signal processor (DSP) 702 and a memory 704. As
shown. the UE 602 may further include an antenna and front end umt 706 (which may
include e g., antenna 100), a radio frequency (RF) transceiver 708, an analog
baseband processing unit 710, a microphone 712, an earpiece speaker 714, a headset
porl 716, an input/output (I/0) interface 718, a removable memory card 720. a
universal senal bus (USB) port 722, a short range wireless communication sub-system
724. an alert 726, a kevpad 728. a liquid crystal display (I.CD) 730. which may
include a touch sensitive surface, an LCD controller 732, a charge-coupled device
(CCD) camera 734, a camera controller 736, and a global positioning system (GPS)
sensor 738. In vanous embodiments, the UE 602 may include another kind of display
that does not provide a touch sensitive screen. In an embodiment, the DSP 702 may
communicate directly with the memory 704 without passing through the input/output

interface 718.

10
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1039] In various embodiments, the DSP 702 or some other [orm of controller
or central processing unit (CPU) operates to control the various components of the UE
602 in accordance with embedded software or firmware stored in memorv 704 or
stored in memory contained within the DSP 702 itself. In addition to the embedded
5 software or firmware, the DSP 702 mav execute other applications stored in the

memorv 704 or made available via information carrier media such as portable data
storage media like the removable memory card 720 or via wired or wireless network
communications. The application software may compnse a compiled set of machine-
readable instructions that configure the DSP 702 to provide the desired functionality,

10 or the application softwarc may be high-level software instructions to be processed by

an interpreter or compiler to indirectlv configure the DSP 702.

[040] The antenna and front end unit 706 may be provided to convert
between wireless signals and electrical signals, enabling the UE 602 to send and
receive information from a cellular network or some other available wireless

15  communications network or from a peer UE 602, In an embodiment, the antenna and
front end unit 506 may include multiple antennas to support beam forming and/or
multiple input multiple output (MIMO) operations. As is known (o those skilled in
the art, MIMO operations may provide spatial diversity which can be used to
overcome difficult channel conditions or to increase channel throughput. Likewise,

20  the antenna and front end unit 706 may Include antenna tuning or impedance

matching components. RF power ampliliers, or low noise amplifiers.

[041] In vanous embodiments, the RF transceiver 708 provides frequency
shifling, converting received RF signals to baseband and converting baseband
transmit signals to RF. In some descriptions a radio transceiver or RF transceiver

25 may be understood to include other signal processing functionality such as
modulation/demodulation, coding/decoding, interleaving/deinterleaving,
spreading/despreading. inverse fast Founer transforming (IFFT)/tast Fourier
transforming (FFT), cyvclic prefix appending/removal, and other signal processing
functions. For the purposes of clantv, the description here separates the description of

30  this signal processing [rom the RF and/or radio stage and conceptually allocates that

signal processing to the analog baseband processing unit 710 or the DSP 702 or other

central processing unit. In some embodiments, the RF Transceiver 508. portions of

11
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the Antenna and Front End 706, and the analog base band processing unil 710 may be
combined in one or more processing units and/or application specific integrated

circuits (ASICs).

[042] The analog baseband processing unit 710 mav provide vanous analog
processing of inputs and outputs, for example analog processing of inputs from the
microphone 712 and the headset 716 and outputs to the earpiece 714 and the headset
716. To that end. the analog baseband processing unit 710 may have ports for
connecting to the built-in microphone 712 and the earpiece speaker 714 that enable
the UE 602 to be used as a cell phone. The analog baseband processing unit 710 may
[urther include a port {or connecting to a headset or other hands-free microphone and
speaker configuration. The analog baseband processing unit 710 may provide digital-
to-analog conversion in one signal direction and analog-to-digital conversion in the
opposing signal direction. In various embodiments, at least some of the functionality
of the analog baseband processing unit 710 may be provided by digital processing

components. for example by the DSP 702 or by other central processing units.

|043] The DSP 702 may perform modulation/demodulation.
coding/decoding, interleaving/deinterleaving, spreading/despreading, inverse fast
Fourier transformung (IFFT)/ fast Fourier transforming (FFT), cyclic prefix
appending/removal. and other signal processing functions associated with wireless
communications. In an embodiment. for example in a code division multiple access
(CDMA) technology application, for a transmutter function the DSP 702 may perform
modulation, coding, interleaving, and spreading, and for a receiver function the DSP
702 may perform despreading. deinierleaving. decoding, and demodulation. In
another embodiment, for example in an orthogonal frequency division multiplex
access (OFDMA) technology application, for the transmitter function the DSP 702
may perform modulation, coding, interleaving, inverse fast Fourier transforming. and
cvchic prefix appending, and for a recetver function the DSP 702 may perform cvclic
prefix removal. fast Fourier transforming. deinterleaving, decoding. and
demodulation. In other wireless technology applications. vet other signal processing

[unctions and combinations of signal processing {unctions may be performed bv the
DSP 702.

12
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|044] The DSP 702 may communicale with a wireless network via the
analog baseband processing unit 710. In some embodiments, the communication may
provide Intemet connectivitv, enabling a user to gain access to content on the Internet
and to send and receive e-mail or text messages. The input/outpul interface 718
interconnects the DSP 702 and vanous memones and interfaces. The memory 704
and the removable memory card 720 mav provide software and data to configure the
operation of the DSP 702. Among the interfaces may be the USB interface 722 and
the short range wireless communication sub-svstem 724. The USB interface 722 may
be used to charge the UE 602 and may also enable the UE 602 to function as a
peripheral device to exchange information with a personal computer or other
computer svstem. The short range wireless communication sub-system 724 may
include an infrared port, a Bluetooth interface, an IEEE 802.11 compliant wireless
interface, or anv other short range wireless communication sub-system, which may
enable the UE 602 to communicate wirelessly with other nearbv mobile devices

and/or wireless base stations.

|045] The input/output interface 718 may further connect the DSP 702 to the
alert 726 that. when tnggered, causes the UE 602 to provide a notice to the user. for
example, by ringing, playing a melody, or vibrating. The alert 726 may serve as a
mechanism for alerting the user to any of various events such as an incoming call, a
new text message. and an appointment reminder by silentlv vibrating, or by playing a

specific pre-asstgned melody (or a particular caller.

[046] The kevpad 728 couples to the DSP 702 via the I/O interface 718 to
provide one mechanism for the user to make selections, enter information. and
otherwise provide input to the UE 602, The kevboard 728 may be a full or reduced
alphanumeric keyboard such as QWERTY. Dvorak, AZERTY and scquential types,
or a traditional numeric keypad with alphabet letters assoctated with a telephone
kevpad. The input keys may likewise include a trackwheel, an exit or escape key. a
trackball. and other navigational or functional kevs, which may be inwardly depressed
to provide further input function. Another input mechantsm mayv be the LCD 730,
which may include 1ouch screen capability and also display text and/or graphics to the

user. The LCD controller 732 couples the DSP 702 to the LCD 730
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[047] The CCD camera 734, 1{ equipped, enables the UE 602 to take digital
pictures. The DSP 702 communicates with the CCD camera 734 via the camera
controller 736. In another embodiment. a camera operating according to a technology
other than Charge Coupled Device cameras may be employed. The GPS sensor 738
is coupled to the DSP 702 to decode global positioning system signals, thereby
enabling the UE 602 to determine its positton. Vartous other peripherals may also be

included to provide additional functions, such as radio and television reception.

[048] Figure 8 tllustrates a software environment 802 that mav be
implemented by the DSP 702. The DSP 702 executes operating svstem drivers 804
that provide a platform [rom which the rest of the soltware operates. The operating
svstem drivers 804 provide dnvers for the UE 602 hardware with standardized
interfaces that are accessible to application software. The operating svstem drivers
804 include application management services (AMS) 806 that transfer contro!
between applications running on the UE 602. Also shown in Figure 8 are a web
browser application 808, a media plaver application 810, and Java applets 812. The
web browser application 808 configures the UE 602 to operate as a web browser,
allowing a user to enter information into forms and select links to retrieve and view
web pages. The media plaver application 810 configures the UE 602 to retrieve and
ptay audio or audiovisual media. The Java applets 812 configure the UE 602 to
provide games, utilities, and other functionality. A component 8 I4 might provide
{unctionality descnibed herein. The UE 602, a base station 610. and other components
descnbed herein might include a processing component that ts capable of executing

instructions related to the actions described above.
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IN THE CLAIMS:
. An antenna comprising:

a ground plane;

a radiating element; and

a ground plane element having one end contiguous with and extending from the
ground plane and an opposite end raised relative to the ground plane and positioned
between the ground plane and the radiating element, the opposite end maintained in a
spaced non-contact relationship to the ground plane and the radiating element, the ground
plane element being curved from the one end to the opposite end such that a smooth
transition of the current distribution on a surface of the ground plane element is

achieved..

2. The antenna of claim 1 wherein the smooth transition of the current distribution on the

surface of the ground plane element allows for a broader bandwidth.

3. The antenna of claim 2 wherein the ground plane element is curved away from the
ground plane, curvature ot the ground plane element is such that the opposite end of the

ground plane element 1s perpendicular to the ground plane.

4. The antenna of claim 2 wherein the radiating element further comprises a radiator feed
element, the radiator feed element comprising a section positioned separate but parallel to
the ground plane such that excitation occurs between the radiator feed element and the
ground plane, the radiator feed element further comprising a curved portion, the curved

portion extending parallel with the curvature of the ground plane element.

5. The antenna of claim 1 wherein the ground plane and the ground plane element are

electrically connected.

6. The antenna of claim 1 wherein the ground plane element allows a narrow-band

antenna to be made broader such that antenna supports a plurality of frequency bands.

15
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7. The antenna of claim 5 wherein the narrow-band antenna comprises a quad-band

antenna supporting 800/900/1800/1900 MHz and the ground plane element enables the
antenna to function as a sept-band antenna supporting GSM 800/900/1800/1900, UNITS

2100, Bluetooth 2450, and a proposed LTE 2600 MHz band.

8. A user equipment (UE) comprising:
a processor; and
an antenna coupled to the processor, the antenna comprising
a ground plane;
a radiating element; and
a ground plane element having one end contiguous with and extending
from the ground plane and an opposite end raised relative to the ground plane and
positioned between the ground plane and the radiating element, the opposite end
maintained in a spaced non contact relationship to the ground plane and the radiating
element, the ground plane element being curved from the one end to the opposite end
such that a smooth transition of the current distribution on a surface ot the ground plane

element 1s achieved,.

9. The antenna of claim 8 wherein the smooth transition ot the current distribution on the

surface of the ground plane element allows for a broader bandwidth.

10. The UE of claim 8 wherein the ground plane element is curved away from the ground
plane, curvature of the ground plane element 1s such that the opposite end of the ground

plane element ts perpendicular to the ground plane.

11. The UE of claim 10 wherein the radiating element further comprises a radiator feed

element, the radiator feed element comprising a section positioned separate but parallel
to the ground plane such that excitation occurs between the radiator teed element and the
oround plane, the radiator feed element further comprising a curved portion, the curved

portion extending parallel with the curvature of the ground plane element.
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12. The UE of claim 8 wherein the ground plane and the ground plane element are

electrically connected.

13. The UE of claim 8 wherein the ground plane element allows a narrow-band antenna

to be made broader such that antenna supports a plurality of frequency bands.

14. The UE of claim 13 wherein the narrow-band antenna comprises a quad-band antenna
supporting 800/900/1800/1900 MHz and the ground plane element enables the antenna to
function as a sept-band antenna supporting GSM 800/900/1800/1900, UMTS 2100,
Bluetooth 2450, and a proposed LTE 2600 MHz band.

15. The antenna of claim 1, wherein the ground plane element is configured to tunction

as a balun.

16. The antenna of claim 15, wherein the one end of the ground plane element 1s
separated from the ground plane by a slit and including a shorting pin connecting the one

end to the ground plane.

17. The antenna of claim 8, wherein the ground plane element is configured to function

as a balun.

18. The antenna of claim 17, wherein the one end of the ground plane element 1s
separated from the ground plane by a slit and including a shorting pin connecting the one

end to the ground plane.

17
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