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COMPACT 3-PORT ORTHOGONALLY
POLARIZED MIMO ANTENNAS

TECHNICAL FIELD

The subject disclosure relates generally to multiple input
multiple output (MIMO) wireless communication systems.
The subject disclosure is particularly related to MIMO wire-
less communication systems that use polarization diversity.

BACKGROUND

Multiple-input multiple-output (MIMO) technology is a
technique that exploits multiple antennas to increase channel
capacity without requiring additional spectrum or transmit
power. With multiple antennas at the transmitter and receiver,
capacity gains can be achieved by utilizing spatial and polar-
ization diversity. In practical applications, due to the con-
straint of the spacing of the antenna elements, polarization
diversity is preferred since the antennas can be co-located. At
least one study has concluded that, with three orthogonal
components of the electric field and three of the magnetic
field, it is possible to obtain 6 independent channels at a single
point. However there are few published MIMO antenna
designs, and even fewer exploiting tri-polarization.

A MIMO wireless communication system is one that
includes typically a plurality of antennas at a transmitter and
one or more antennas at a receiver. The antennas are
employed in a multi-path rich environment such that due to
the presence of various scattering objects (buildings, cars,
hills, etc.) in the environment, each signal experiences mul-
tipath propagation. User data is transmitted from the transmit
antennas using a space-time coding (STC) transmission
method as is known in the art. The receive antennas capture
the transmitted signals and a signal processing technique is
then applied as is known in the art, to separate the transmitted
signals and recover the user data.

MIMO wireless communication systems are advantageous
in that they enable the capacity of the wireless link between
the transmitter and receiver to be improved compared with
previous systems because higher data rates can be obtained
with MIMO. The multipath rich environment enables mul-
tiple orthogonal channels to be generated between the trans-
mitter and receiver. Data for a single user can then be trans-
mitted over the air in parallel over those channels,
simultaneously and using the same bandwidth. Consequently,
higher spectral efficiencies are achieved than with non-
MIMO systems.

One problem with existing MIMO systems concerns the
large size of the transmit and receive antenna arrays. Typi-
cally, MIMO transmit and receive antenna arrays have used
spatially diverse antenna arrays. That is, the spacing between
the individual antenna elements is arranged to be large
enough such that decorrelated spatial fading is obtained. This
is desired in order to reduce a need for the number of orthogo-
nal channels from being reduced. That is, if the fading char-
acteristics between antenna elements are similar (correlated)
then the number of orthogonal channels that can be realized is
reduced. For example, for rooftop installations, or antennas
on towers, separations of up to 20 wavelengths can be
required to achieve decorrelated fading due to the low angle
spread of the multipath propagation.

It is desirable to both provide more axes such as exploiting
tri-polarization with a three axis antenna and smaller size
such as can be provided with a compact 3-port orthogonally
polarized MIMO antenna.
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2
SUMMARY

The generalized non-limiting embodiments described
herein include two designs for a 3-port orthogonally polar-
ized antenna. One generalized non-limiting embodiment
includes employing a dipole antenna. Another generalized
non-limiting embodiment includes employing a half slot
antenna. Each of the antennas constitutes three mutually per-
pendicular radiating elements to achieve good isolation and
low antenna signal correlation between the three ports.
Experimental results show that the antennas resonate at a
reasonable frequency and have a desired mutual coupling.

In one such exemplary non-limiting embodiment, a router
can utilize one of the herein described antennas to implement
MIMO type communications using three MIMO communi-
cation channels with one antenna, for example where a first
MIMO communication channel can be utilized on a first axis,
a second MIMO communication channel can be utilized on a
second axis, and a third MIMO communication channel can
be utilized on a third axis. In another embodiment, the router
can utilize additional MIMO channels with two or more
antennas, at least some of which can be a cross-polarized
antenna or an orthogonal antenna such as a herein described
antenna. In embodiments where multiple antennas (antennae)
are utilized, two MIMO channels can be utilized on for each
corresponding one of the antennas, although the scope of the
claimed subject matter is not limited in this respect.

A simplified summary is provided herein to help enable a
basic or general understanding of various aspects of exem-
plary, non-limiting embodiments that follow in the more
detailed description and the accompanying drawings. This
summary is not intended, however, as an extensive or exhaus-
tive overview. The sole purpose of this summary is to present
some concepts related to the various exemplary non-limiting
embodiments of the innovation in a simplified form as a
prelude to the more detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The temporal tri-port antennas and methods therefore in
accordance with the innovation are further described with
reference to the accompanying drawings in which:

FIG. 1a illustrates an antenna in accordance with the inno-
vation;

FIG. 15 illustrates an antenna in accordance with the inno-
vation;

FIG. 1¢ illustrates an antenna in accordance with the inno-
vation;

FIG. 2 illustrates a half-slot antenna design in accordance
with the innovation;

FIG. 3 illustrates the measured S-parameters of the three-
port tri-polarized dipole antennas of FIGS. 1a, 15, and 1¢ in
accordance with the innovation;

FIG. 4 illustrates the radiation patterns along the xy-plane
of the three-port tri-polarized dipole antennas of FIGS. 1a,
14, and 1¢ in accordance with the innovation;

FIG. 5 illustrates the measured S-parameters of the antenna
of FIG. 2 in accordance with the innovation;

FIG. 6 illustrates the measured radiation patterns along the
xy-plane of the antenna of FIG. 2 in accordance with the
innovation;

FIG. 7 illustrates capacity estimates in accordance with the
innovation;

FIG. 8 illustrates a communication environment wherein a
tri-port antenna is in wireless communication with a device in
accordance with the innovation;
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FIG. 9 illustrates a communication environment wherein a
tri-port antenna is in wireless communication with a device in
accordance with the innovation;

FIG. 10 is a block diagram representing an exemplary
non-limiting computing system or operating environment in
which the present innovation can be implemented; and

FIG. 11 illustrates an overview of a network environment
suitable for service by embodiments of the innovation.

DETAILED DESCRIPTION
Overview

As discussed in the background, the generalized non-lim-
iting embodiments described herein include two designs for a
3-port orthogonally polarized antenna. One generalized non-
limiting embodiment includes employing a dipole antenna.
Another generalized non-limiting embodiment includes
employing a half slot antenna. Each of the antennas consti-
tutes three mutually perpendicular radiating elements to
achieve good isolation and low antenna signal correlation
between the three ports. In one generalized non-limiting
embodiment the antennas are fabricated on FR-4 epoxy
boards. FR-4 is an abbreviation for Flame Resistant 4, and is
a type of material used for making a printed circuit board
(PCB). Typically an FR-4 is a composite of a resin epoxy
reinforced with a woven fiberglass mat. FR-4 is a material
from the class of epoxy resin bonded glass fabric (ERBGF1).
FR-4 meets the requirements of Underwriters Laboratories
UL94-V0. The FR-4 used in PCBs is typically UV stabilized
with a tetrafunctional resin system. It is typically a yellowish
color. FR-4 manufactured strictly as an insulator (without
copper cladding) is typically a difunctional resin system and
a greenish color.

Experimental results show that the antennas resonate at
2.55 GHz frequency and have a mutual coupling of less than
about —18 dB between elements. In addition experimental
results for the diversity performance and the MIMO channel
capacity are also provided for these antennas and these results
show that the herein described antennas offer good diversity
gain and the channel capacity can be increased by as much as
three times by using these antennas over traditional antennas.

As shown in FIG. 14, an antenna 100 includes a first board
102 such as a FR-4 board A (as illustrated in FIG. 16) and a
second board 104 such as a FR-4 board B (as illustrated in
FIG. 1¢). A port 1 (106), a port 2 (108), and a port 3 (110) are
provided to communicate as described below. Antenna 100
can couple with a router 150 to provide antenna functionality
to the router 150, for example where the router is a wireless
router 150. Antenna 100 can include a first lead 152 and a
second lead 154 to couple to a radio-frequency (RF) trans-
ceiver 156 and/or to a radio-frequency (RF) transceiver 158.
RF transceiver 156 and/or RF transceiver 158 can couple to a
processor 160, which in one or more embodiments can oper-
ate as a baseband processor to process baseband signals, for
example. Processor 160 in one or more embodiments can
operate as a broadband processor to process broadband sig-
nals. Processor 160 can couple to memory 162 that can store
one or more instructions and/or programs, and/or data that
can be utilized by processor 160. Processor 160 can couple to
anetwork interface 164 to couple router 150 to a network 166.

Alternatively, router 150 wirelessly couples to network
166. In one embodiment, network 166 can include the internet
or similar type of distributed network, and/or alternatively
network 166 can be any type of various network such as a
local area network (LAN), wide area network (WAN), met-
ropolitan area network (MAN), and/or the like. In one or more
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embodiments, network 166 can comprise at least in part a
wired network, and/or at least in part a wireless network. In
one or more embodiments, network 166 can comprise a cel-
Iular telephone network, and/or a public switched telephone
network (PSTN), and/or a plain old telephone service
(POTS). However, these are merely examples of networks,
and the scope of the claimed subject matter is not limited in
these respects.

In one or more embodiments, router 150 can be capable of
utilizing antenna 100 to communicate using one or more
wireless transmission standards. For example, at least one of
RF transceiver 156 and/or wireless transceiver 158 and/or a
third RF transceiver 159 can be part of router 150 which can
be arranged to communicate using a wireless local area net-
work transmission standard, such as in accordance with an
IEEE 802.11a standard, an IEEE 802.11b standard, an IEEE
802.11g standard, and/or an IEEE 802.11n standard. In one
embodiment, router 150 can transmit and/or receive signals
via antenna 100 in accordance with one such standard by
transmitting and/or receiving simultaneously on all of first
port 106, second axis or port 108, and third port 110 for
example to provide an omnidirectional radiation pattern, or at
least a nearly omnidirectional radiation pattern for signals
transmitted and/or received using such a standard. In another
embodiment, router 150 can transmit and/or receive signals
via antenna 100 in accordance with one such standard by
transmitting and/or receiving simultaneously on all of first
port 106, second axis or port 108, and third port 110 for
example to provide an orthogonal transmission or reception.

In another embodiment, router 150 can transmit and/or
receive signals with antenna 100 by utilizing RF transceiver
156 to communicate using a first communication standard,
for example IEEE Standard 802.11a, to transmit and/or
receive along first axis 106, and can transmit and/or receive
signals with antenna 100 by utilizing RF transceiver 156 to
communicate using a second communication standard, for
example IEEE Standard 802.11g, where such communication
using two standards can occur simultaneously. For example
where router 150 can communicate with a first remote device
using [EEE Standard 802.11a and can communicate with a
second remote device using IEEE Standard 802.11g,
although the scope ofthe claimed subject matter is not limited
in this respect. Additionally, this can be extended to all three
ports 106, 108, and 110 simultaneously.

It should be noted that certain generalized non-limiting
exemplary embodiments can be used in a variety of applica-
tions. Although the claimed subject matter is not limited in
this respect, the circuits disclosed herein can be used in many
apparatuses such as in the transmitters and/or receivers of a
radio system. Radio systems intended to be included within
the scope of the claimed subject matter can include, by way of
example, but not by way of limitation, wireless personal area
networks (WPAN) such as a network in compliance with the
WiMedia Alliance, a wireless local area networks (WLAN)
devices and/or wireless wide area network (WWAN) devices
including wireless network interface devices and/or network
interface cards (NICs), base stations, access points (APs),
gateways, bridges, hubs, cellular radiotelephone communi-
cation systems, satellite communication systems, two-way
radio communication systems, one-way pagers, two-way
pagers, personal communication systems (PCS), personal
computers (PCs), personal digital assistants (PDAs), and/or
the like, although the scope of the claimed subject matter is
not limited in this respect.

Types of wireless communication systems intended to be
within the scope of the claimed subject matter can include,
although are not limited to, Wireless Local Area Network





US 7,710,343 B2

5

(WLAN), Wireless Wide Area Network (WWAN), Code
Division Multiple Access (CDMA) cellular radiotelephone
communication systems, Global System for Mobile Commu-
nications (GSM) cellular radiotelephone systems, North
American Digital Cellular (NADC) cellular radiotelephone
systems, Time Division Multiple Access (IDMA) systems,
Extended-TDMA (E-TDMA) cellular radiotelephone sys-
tems, third generation (3G) systems like Wideband CDMA
(WCDMA), CDMA-2000, and/or the like, although the
scope of the claimed subject matter is not limited in this
respect.

In one or more embodiments, the router 150 can operate
using multiple-input, multiple output (MIMO) type commu-
nication. In one particular embodiment, the router 150 can
operate in accordance with an IEEE 802.11n standard. In a
MIMO type embodiment, the router 150 can utilize one of
antenna 100 for MIMO type and/or smart antenna type com-
munication, for example where RF transceiver 156 and RF
transceiver 158 are arranged to operate in a MIMO type
mode. In one particular embodiment, router 150 can be a
MIMO Wireless Router, although the scope of the claimed
subject matter is not limited in this respect.

In one such exemplary generalized non-limiting embodi-
ment, router 150 can utilize one of antenna 100 to implement
MIMO type communications using three MIMO communi-
cation channels with antenna 100, for example where a first
MIMO communication channel can be utilized on first axis
106, a second MIMO communication channel can be utilized
on second axis 108, and a third MIMO communication chan-
nel can be utilized on third axis 108. In another embodiment,
router 150 can utilize additional MIMO channels with two or
more antennas, at least some of which can be a cross-polar-
ized antenna or an orthogonal antenna such as antenna 100.

In embodiments where multiple antennas such as antenna
100 are utilized, two MIMO channels can be utilized on for
each corresponding one of antenna 100, although the scope of
the claimed subject matter is not limited in this respect. In an
alternative embodiment, router 150 can implement a spatial
division multiple access (SDMA) system, smart antenna sys-
tem, and/or a multiple input, multiple output (MIMO) system,
although the scope ofthe claimed subject matter is not limited
in this respect. Router 150 can couple with network 166 so
that a remote device can communicate with network 166,
including devices coupled to network 166, by communicating
with the router 150 via a wireless communication link and
antenna 100. Network 166 can include a public network such
as a telephone network and/or the internet, and/or alterna-
tively network 112 can include a private network such as an
intranet, and/or a combination of a public and/or a private
network, although the scope of the claimed subject matter is
not limited in this respect.

Processor 160 can operate to provide baseband and/or
media access control (MAC) processing functions. Processor
160 can comprise a single processor, and/or alternatively can
comprise a baseband processor and/or an applications pro-
cessor, although the scope of the claimed subject matter is not
limited in this respect. Processor 160 can couple to memory
162 which can comprise volatile memory such as DRAM,
non-volatile memory such as flash memory, and/or alterna-
tively can include other types of storage such as a hard disk
drive, although the scope of the claimed subject matter is not
limited in this respect. Some portion or all of memory 162 can
be included on the same integrated circuit as processor 160,
and/or alternatively some portion and/or all of memory 162
can be disposed on an integrated circuit and/or other medium,
for example a hard disk drive, that is external to the integrated
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circuit of processor 160, although the scope of the claimed
subject matter is not limited in this respect.

Communication between the router 150 to a remote device
can be implemented via a wireless personal area networks
(WPAN) such as in compliance with the WiMedia Alliance, a
wireless local area network (WLAN), for example a network
compliant with a an Institute of Electrical and Electronics
Engineers (IEEE) standard such as IEEE 802.11a, IEEE
802.11b, IEEE 802.11g, IEEE 802.11n, IEEE 802.16, Hiper-
LAN-II, HiperMAN, Ultra-Wideband (UWB), and so on,
although the scope ofthe claimed subject matter is not limited
in this respect. In another embodiment, communication
between router 150 and a remote device can be at least par-
tially implemented via a cellular communication network
compliant with a Third Generation Partnership Project (3GPP
or 3G) standard, a Wideband CDMA (WCDMA) standard,
and/or other types of cellular networks, although the scope of
the claimed subject matter is not limited in this respect.

FIG. 1b and FIG. 1¢ illustrate the antenna 100 with the first
board 102 separated from the second board 104. The tri-
polarized dipole antenna is constructed by integrating three
dipole antennas which are fabricated on two 51 mmx51
mmx1.6 mm FR-4 epoxy boards (dielectric constant of
approximately €,=4.5), as shown in FIGS. 14, 15, and 1c. In
one exemplary generalized non-limiting embodiment,
lengths 138 and 140 are both 51 mm. However, in other
exemplary generalized non-limiting embodiments, the
lengths 138 and 140 are less than 51 mm. A coplanar
waveguide-to-coplanar strip (CPW-to-CPS) transition 120 is
designed to act as an unbalance-to-balance transformer
(balun) from the Sub Miniature version A (SMA) connector
111 to the arms of the dipole. In one exemplary generalized
non-limiting embodiment the lengths of the dipole arm 107
and the transition 109 are approximately one quarter of the
length of the guided wavelength that is 20.5 mm long at 128
and 3 mm wide.

Note that the different guided wavelengths 122 and 124 are
in one exemplary embodiment 21.5 mm for port 1, while the
length 136 of the guided wavelength for port 3 is 23.1 mm. Of
course, one of skill in the art should realize that these lengths
can be adjusted. The overall length of the dipole is 0.37A in
one exemplary generalized non-limiting embodiment. The
CPW-10-CPS transition 120 is chosen to act as a balun
because of its uniplanar structure. It is also bent by 90 degrees
at the CPS side such that the three dipoles can be integrated
together orthogonally to form a tri-polarized antenna as illus-
trated in FIG. 1a. It is worth mentioning that the bend is
chamfered to avoid high current density concentrating at the
bending discontinuity 121. The chamfer can be from 35
degrees to 70 degrees, but in one exemplary generalized non-
limiting embodiments the chamfer is about 45 degrees.

To achieve the same resonance frequency at 2.5 GHz for
the three dipoles, the lengths of dipole 2 and dipole 3 are tuned
to 21.5 mm and 23.1 mm respectively in one exemplary
generalized non-limiting embodiment. It should be noted that
dipole 3 is offset from the intersecting point of dipole 1 and
dipole 2 so that a slot can be cut at 134 for assembling antenna
100 as shown in FIG. 1a. Slot 134 is 3.2 mm wide in one
exemplary generalized non-limiting embodiment. In other
exemplary generalized non-limiting embodiments, slot 134
can be between 2 mm and 4.4 mm. Alternatively, in still other
exemplary generalized non-limiting embodiments, slot 134
can be between 1.3 mm and 5.1 mm. In addition, to obtain
better mutual coupling among the elements, dipole 3 is made
to be the mirror image of dipole 1 and dipole 2 such that the
dipoles 1, 2, and 3 are orthogonal.
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FIG. 2 illustrates a half-slot antenna design with an (a) side
illustrating a single board 200 and a (b) side illustrating an
antenna 202 formed by three boards 200. Antenna 202 is also
fabricated on a FR-4 epoxy board with overall size of about 22
mmx27 mmxabout 1.6 mm in one exemplary generalized
non-limiting embodiment. The length of a slot 204 is 0.148A
which is equal to 18.5 mm in one exemplary generalized
non-limiting embodiment. The half-slot antenna 202 is
evolved from a standard slot antenna with half-wavelength
resonant length. For a standard slot antenna, its midpoint is
always open after a quarter-wavelength from the feed side, no
matter if the other half of the slot is present or not. Therefore
a half-slot antenna can still resonate at the same frequency as
a normal slot antenna, but with its length reduced by half. A
tri-polarized antenna can then be formed by integrating three
of these half-slot antennas orthogonally, as illustrated in part
b of FIG. 2. It should be pointed out that the metal on one side
of'the slot is scratched out (removed) (see e.g., FIG. 2 part (a)
and FIG. 5) before assembling, otherwise, the half-slot anten-
nas would not have a sharp resonance and the mutual cou-
pling among each other is high. Although herein dimensions
are provided, there is inherent leeway in the dimensions and
therefore as used herein “about” means within 20% plus or
minus, “in close tolerance to” means within 10% plus or
minus, and “in tight tolerance to” means within 5% plus or
minus, and for every numerical limitation or description dis-
closed herein these variances may be applied unless other-
wise explicitly noted.

As shown in FIG. 2, the antenna 200 includes a port 1, a
port 2 and a port 3 that are provided to communicate as
described below. Antenna 200 includes a coaxial feed point in
which a coaxial or other type of cable can be attached in order
to transmit or receive from or to a communication framework
210. For example, antenna 200 can couple with a LAN or
WAN along with a plurality of remote computers 216 having
associated memory storage 218. The exemplary environment
210 for implementing various aspects of the innovation
includes a computer-processing unit 240, a system memory
242, and a system bus 244. The system bus 244 couples
system components including, but not limited to, the system
memory 242 to the processing unit 240. The processing unit
240 can be any of various commercially available processors.
Dual microprocessors and other multi processor architectures
can also be employed as the processing unit 240.

The system bus 244 can be any of several types of bus
structure that can further interconnect to a memory bus (with
or without a memory controller), a peripheral bus, and a local
bus using any of a variety of commercially available bus
architectures. The system memory 242 includes read-only
memory (ROM) and random access memory (RAM). A basic
input/output system (BIOS) is stored in a generalized non-
volatile memory such as ROM, EPROM, EEPROM, which
BIOS contains the basic routines that help to transfer infor-
mation between elements within the computer 240, such as
during start-up. The RAM can also include a high-speed
RAM such as static RAM for caching data.

The computer processor 240 further includes an internal
hard disk drive (HDD) (e.g., EIDE, SATA), which internal
hard disk drive can also be configured for external use in a
suitable chassis (not shown), a magnetic floppy disk drive
(FDD), (e.g., to read from or write to a removable diskette)
and an optical disk drive, (e.g., reading a CD-ROM disk or, to
read from or write to other high capacity optical media such as
the DVD). The hard disk drive, magnetic disk drive, and
optical disk drive can be connected to the system bus by a hard
disk drive interface, a magnetic disk drive interface, and an
optical drive interface, respectively. The interface for external
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drive implementations includes at least one or both of Uni-
versal Serial Bus (USB) and IEEE 1394 interface technolo-
gies. Other external drive connection technologies are within
contemplation of the subject innovation.

The drives and their associated computer-readable media
provide non-volatile storage of data, data structures, com-
puter-executable instructions, and so forth. For the computer
240, the drives and media accommodate the storage of any
data in a suitable digital format. Although the description of
computer-readable media above refers to a HDD, a remov-
able magnetic diskette, and a removable optical media such as
aCD or DVD, it should be appreciated by those skilled in the
art that other types of media which are readable by a com-
puter, such as zip drives, magnetic cassettes, flash memory
cards, cartridges, and the like, can also be used in the exem-
plary operating environment, and further, that any such media
can contain computer-executable instructions for performing
the methods of the innovation.

A number of program modules can be stored in the drives
and RAM, including an operating system, one or more appli-
cation programs, other program modules, and program data.
All or portions of the operating system, applications, mod-
ules, and/or data can also be cached in the RAM. It is appre-
ciated that the innovation can be implemented with various
commercially available operating systems or combinations of
operating systems.

A user can enter commands and information into the com-
puter 240 through one or more wired/wireless input devices,
e.g., a keyboard 260 and a pointing device, such as a mouse
262. Other input devices (not shown) can include a micro-
phone, an IR remote control, a joystick, a game pad, a stylus
pen, touch screen, or the like. These and other input devices
are often connected to the processing unit 240 through an
input device interface 264 that is coupled to the system bus
244, but can be connected by other interfaces, such as a
parallel port, an IEEE 1394 serial port, a game port, a USB
port, an IR interface, etc.

A monitor 250 or other type of display device is also
connected to the system bus 244 via an interface, such as a
video adapter 252. In addition to the monitor 250, a computer
typically includes other peripheral output devices (not
shown), such as speakers, printers, etc.

The computer 240 can operate in a networked environment
using logical connections via wired and/or wireless commu-
nications to one or more remote computers, such as the
remote computer(s) 216. The remote computer(s) 216 can be
a workstation, a server computer, a router, a personal com-
puter, portable computer, microprocessor-based entertain-
ment appliance, a peer device or other common network
node, and typically includes many or all of the elements
described relative to the computer 216, although, for purposes
of brevity, only a memory/storage device 218 is illustrated.
Thelogical connections depicted include wired/wireless con-
nectivity to the local area network (LAN) 212 and/or larger
networks, e.g., a wide area network (WAN) 214. Such LAN
and WAN networking environments are commonplace in
offices and companies, and facilitate enterprise-wide com-
puter networks, such as intranets, all of which can connect to
a global communications network, e.g., the Internet.

When used in a LAN networking environment, the com-
puter 240 is connected to the local network 212 through a
wired and/or wireless communication network interface or
adapter 266. The adapter 266 can facilitate wired or wireless
communication to the LAN 212, which can also include a
wireless access point disposed thereon for communicating
with the orthogonal antenna 202.
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When used in a WAN networking environment, the com-
puter 240 can include a modem 268, or is connected to a
communications server on the WAN 214, or has other means
for establishing communications over the WAN 214, such as
by way of the Internet. The modem 268, which can be internal
or external and a wired or wireless device, is connected to the
system bus 244 via the serial port interface 264. In a net-
worked environment, program modules depicted relative to
the computer 240, or portions thereof, can be stored in the
remote memory/storage device 218. It will be appreciated
that the network connections shown are exemplary and other
means of establishing a communications link between the
computers can be used.

The computer 240 is operable to communicate with any
wireless devices or entities operatively disposed in wireless
communication, e.g., a printer, scanner, desktop and/or por-
table computer, portable data assistant, communications sat-
ellite, any piece of equipment or location associated with a
wirelessly detectabletag (e.g., akiosk, news stand, restroom),
and telephone. This includes at least Wi-Fi and Bluetooth™
wireless technologies. Thus, the communication can be a
predefined structure as with a conventional network or simply
an ad hoc communication between at least two devices.

Wi-Fi, or Wireless Fidelity, allows connection to the Inter-
net from a couch at home, a bed in a hotel room, or a confer-
ence room at work, without wires. Wi-F1i is a wireless tech-
nology similar to that used in a cell phone that enables such
devices, e.g., computers, to send and receive data indoors and
out; anywhere within the range of a base station. Wi-Fi net-
works use radio technologies called IEEE 802.11 (a, b, g, etc.)
to provide secure, reliable, fast wireless connectivity. A Wi-Fi
network can be used to connect computers to each other, to
the Internet, and to wired networks (which use IEEE 802.3 or
Ethernet). Wi-Fi networks operate in the unlicensed 2.4 and 5
GHz radio bands, at an 11 Mbps (802.11a) or 54 Mbps
(802.11b) datarate, for example, or with products that contain
both bands (dual band), so the networks can provide real-
world performance similar to the basic 10BaseT wired Eth-
ernet networks used in many offices.

In one or more embodiments, communication framework
210 can operate using multiple-input, multiple output
(MIMO) type communication. In one particular embodiment,
communication framework 210 can operate in accordance
with an IEEE 802.11n standard. In a MIMO type embodi-
ment, communication framework 210 can utilize one of
antenna 202 for MIMO type and/or smart antenna type com-
munication, for example where several RF transceivers are
arranged to operate in a MIMO type mode. In one particular
embodiment, communication framework 210 can utilize one
of antenna 202 to implement MIMO type communications
using three MIMO communication channels with antenna
202, for example where a first MIMO communication chan-
nel can be utilized on port 1, a second MIMO communication
channel can be utilized on port 2, and a third MIMO commu-
nication channel can be utilized on a port 3.

In another embodiment, communication framework 210
can utilize additional MIMO channels with two or more
antennas, at least some of which can be a cross-polarized
antenna or an orthogonal antenna such as antenna 202. In
embodiments where multiple antennas such as antenna 202
are utilized, two MIMO channels can be utilized on for each
corresponding one of antenna 202, although the scope of the
claimed subject matter is not limited in this respect. In an
alternative embodiment, communication framework 210 can
implement a spatial division multiple access (SDMA) sys-
tem, smart antenna system, and/or a multiple input, multiple
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output (MIMO) system, although the scope of the claimed
subject matter is not limited in this respect.

Processor 240 can operate to provide baseband and/or
media access control (MAC) processing functions. Processor
240 can comprise a single processor, and/or alternatively can
comprise a baseband processor and/or an applications pro-
cessor, although the scope of the claimed subject matter is not
limited in this respect. Processor 240 can couple to memory
242 which can comprise volatile memory such as DRAM,
non-volatile memory such as flash memory, and/or alterna-
tively can include other types of storage such as a hard disk
drive, although the scope of the claimed subject matter is not
limited in this respect. Some portion or all of memory 242 can
be included on the same integrated circuit as processor 260,
and/or alternatively some portion and/or all of memory 242
can be disposed on an integrated circuit and/or other medium,
for example a hard disk drive, that is external to the integrated
circuit of processor 260, or the computer 260 although the
scope of the claimed subject matter is not limited in this
respect. An optical disk drive 270 in communication to the
bus 244 via an interface 272 is provided in one embodiment to
provide additional storage over other storage already pro-
vided.

FIG. 3 illustrates a graph 300 of the measured S-parameters
of the three-port tri-polarized dipole antennas of FIGS. 1a,
15, and 1c. Scattering Parameters, or s-parameters, are the
reflection and transmission coefficients between the incident
and reflection waves. They describe completely the behavior
of a device under linear conditions at microwave frequency
range. Each parameter is typically characterized by magni-
tude, decibel, and phase. The expression in decibel is 20
log(S,)) because s-parameters are voltage ratios of the waves.
For port 1 a, is the input and b, is the out put, for port 2 a, is
the input and b, is the output, and for port 3 a; is the input and
b, is the out put. Then for S, =b,/a,. Said differently S, , is the
input reflection coefficient of 502 terminated output. S,, is
the forward transmission coefficient of 50€2 terminated out-
put. S, is the reverse transmission coefficient of 50Q termi-
nated input. S,, is the output reflection coefficient of 502
terminated input. The measurement result shows that all of
the three antennas resonate at approximately 2.55 GHz at
302. It can be observed that the worst-case mutual coupling is
between port 2 and port 3, (S;,) which is =18 dB at 304. This
mutual coupling effect is expected because dipole 2 and
dipole 3 are fabricated on the same FR-4 board on the oppo-
site side and there is a small overlapping between the dipole
arm of dipole 2 and the balun of dipole 3.

FIG. 4 is a graph 400 that illustrates that the radiation
patterns along the xy-plane measured at 2.58 GHz of the
three-port tri-polarized dipole antennas of FIGS. 1a, 15, and
1c. The far-field of each port is measured with the other two
ports loaded with 50Q. Since in many practical applications,
one is only interested in effects where the distance from the
antenna to the observer is very much greater than the largest
dimension of the transmitting antenna, the equations describ-
ing the fields created about the antenna can be simplified by
assuming a large separation and dropping all terms which
provide only minor contributions to the final field. These
simplified distributions have been termed the far field and
usually have the property that the angular distribution of
energy does not change with distance, however the energy
levels still vary with distance and time. Such an angular
energy distribution is usually termed an antenna pattern.
From the figure, it can be seen that the field radiated by port 2
at 402 is orthogonal to that field radiated by port 3 at 404.
Hence, dual polarization can be obtained on the xy-plane.
Since three dipoles are located along the X, y, and z axes
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respectively the herein described antennas are therefore
capable of achieving tri-polarization. The gain and efficiency
of'the port 1 are measured and are found to be 3.2 dB and 74%
respectively.

The measured S-parameters of the antenna of FIG. 2 are
shown in FIG. § in a graph 500 where in S, are as defined
above with reference to FIG. 3. As seen from the figure, the
worst-case mutual coupling at 2.58 GHz is =21 dB at 502. It
can be observed that the return losses (S, , S5;, and S;,) of the
three half-slots are similar to each other, since the antennas
are symmetric about the center point. FIG. 5 illustrates the
difference between no scratching off of the material and the
scratching off of material on the S-parameters.

The measured radiation patterns along the xy-plane of the
antenna of FIG. 2 are shown in FIG. 6 on graph 600. It is
observed that the far-field patterns are irregular at irregular
areas 602 and do not resemble that of a full-slot antenna. This
is because there is a sharp discontinuity for the current path at
the end of the half-slot. However, as the half-slot antenna has
linearly polarized fields and three half-slot antennas are
located along the X, y and z axes respectively, the antenna of
FIG. 2 can therefore radiate and receive signals along three
orthogonal planes. The gain and efficiency of the port 1 are
measured and are found to be 4.8 dB and 80% respectively.

Diversity Performance

A system would have an ideal diversity performance if the
signal correlation coefficients are zero and the mean received
signal-to-noise ratios are equal. In case of practical system
using maximum ratio combining at the receiver, a condition
for good diversity action is p<0.8, where p is the signal
correlation coefficient. For practical antennas with non-ideal
radiation efficiency, the upper bound of the signal correlation
coefficient can be obtained the equation,

P —
—SiSii =SS

V=152 =185 = 1551 - 1852 mim;

where 1p,1,,,,, s the upper bound of the signal correlation
coefficient between antenna i and antenna j; M, and v, are the
radiation efficiencies of antenna i and antenna j respectively.
From the above expression, the maximum values of the signal
correlation coefficients of the proposed antennas are com-
puted using the measured data and the results are summarized
in Table I below. As seen from the table, the upper bounds of
the correlation coefficients of the proposed antennas do not
exceed the criteria given. Hence, it can be concluded that both
of'the herein described antennas have excellent diversity per-
formance.

TABLE I

Computed signal correlation coefficients of the
herein described antennas.

Antenna Dipole Half-slot
1 ] 103 e 103 e
1 2 0.48 0.36
1 3 0.41 0.38
2 3 0.56 0.46
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To determine the capacity gain of the herein described
exemplary non-limiting tri-port antennas, an experimental
measurement was performed of the MIMO channel capacity
using a 4x4 MIMO antenna test bed. The test bed provides
one with frequency flat MIMO channel estimates with an
accuracy of approximately 2% at 2.55 GHz. The flat fading
MIMO capacity can then be determined from these estimates.

In the measurement setup, a linear arrangement of four
dipoles with element separation of half-wavelength is placed
at the transmitter side, while the Antenna-Under-Test (AUT)
is placed at the receiver and the 3x3 MIMO channel estimates
are extracted. The measurements were performed in a labo-
ratory which resembles a rich scattering environment (the
channel statistics are approximately Rayleigh distributed)
with no line of sight transmission path. FIG. 7 is a graph of the
capacity estimates. From the results, it can be observed that
the herein described exemplary generalized non-limiting tri-
port antennas provide channel capacities close to the theoreti-
cal 3x3 MIMO capacity as the three plots are all clustered
together generally at 702. This demonstrates that that the
herein described exemplary generalized non-limiting tri-port
antennas can be used in a MIMO wireless communication
system. One reason for the capacity loss is due to the mutual
coupling between elements.

Herein described are designs for three-port antennas
including three mutually perpendicular radiating elements
using dipole and half-slot antennas. Because of the perpen-
dicular configuration, the mutual coupling between the
antenna elements in the herein described antennas is less than
-18 dB. By exploiting polarization diversity, the herein
described antennas can transmit information through three
independent channels. Measurement results demonstrate that
the herein described antennas possess good diversity gain and
the MIMO channel capacity is close to that as predicted by
theory.

FIG. 8 illustrates a communication environment 800
wherein a tri-port antenna 802 is in wireless communication
with a device 804. Device 804 can be a wireless device and
antenna 802 can be in direct communication with the device
804, or the device 804 can be a wired device and the antenna
802 is in communication with the device 804 through a inter-
mediately device (not shown), however some of the commu-
nication path involves wireless communication. The device
can be any device already described herein or it can be a
device not already herein described such as a user wearable
device such as a wearable personal computers (or “wear-
ables”). Wearables are devices that commonly serve as elec-
tronic companions and intelligent assistants to their users, and
are typically strapped to their users’ bodies or carried by their
user in a holster. Like other computers, wearables can have
access to a wide variety of input devices. Moreover, in addi-
tion to more conventional input devices, a wearable can have
avariety of other input devices such as chording keyboards or
a digitizer tablet. Similarly, a wearable computer can have
access to a wide variety of sensors, such as barometric pres-
sure sensors, global positioning system devices, or a heart rate
monitor for determining the heart rate of its user. Wearables
also can have access to a wide variety of generalized non-
conventional output devices.

Device 804 can be virtually any electronic device where
data can be stored. Examples of such electronic devices can
include a computer, a cellular phone, a digital phone, a video
device (e.g., video playing and/or recording device), a smart
card, a personal digital assistant (PDA), a television, an elec-
tronic game (e.g., video game), a digital camera (stand alone
or integrated with a cellular phone), an electronic organizer,
an audio player and/or recorder, an electronic device associ-
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ated with digital rights management, Personal Computer
Memory Card International Association (PCMCIA) cards,
trusted platform modules (TPMs), Hardware Security Mod-
ules (HSMs), set-top boxes, secure portable tokens, Universal
Serial Bus (USB) tokens, key tokens, secure memory devices
with computational capabilities, devices with tamper-resis-
tant chips, and the like.

Because at least a portion of the communication between
the device 804 and the tri-port antenna is wireless, a security
layer 806 is provided in one exemplary generalized non-
limiting embodiment. The security layer 806 can be used to
cryptographically protect (e.g., encrypt) data as well as to
digitally sign data, to enhance security and unwanted, unin-
tentional, or malicious disclosure. In operation, the security
component or layer 802 can communicate data to/from both
the antenna 802 and the retrieval component device 804.

An encryption component can be used to cryptographically
protect data during transmission as well as while stored. The
encryption component employs an encryption algorithm to
encode data for security purposes. The algorithm is essen-
tially a formula that is used to turn data into a secret code.
Each algorithm uses a string of bits known as a ‘key’ to
perform the calculations. The larger the key (e.g., the more
bits in the key), the greater the number of potential patterns
can be created, thus making it harder to break the code and
descramble the contents of the data.

Most encryption algorithms use the block cipher method,
which code fixed blocks of input that are typically from 64 to
128 bits in length. A decryption component can be used to
convert encrypted data back to its original form. In one aspect,
apublic key can be used to encrypt data upon transmission to
a storage device. Upon retrieval, the data can be decrypted
using a private key that corresponds to the public key used to
encrypt.

A signature component can be used to digitally sign data
and documents when transmitting and/or retrieving from the
device 804. It is to be understood that a digital signature or
certificate guarantees that a file has not been altered, similarto
if it were carried in an electronically sealed envelope. The
‘signature’ is an encrypted digest (e.g., one-way hash func-
tion) used to confirm authenticity of data. Upon accessing the
data, the recipient can decrypt the digest and also re-compute
the digest from the received file or data. If the digests match,
the file is proven to be intact and tamper free. In operation,
digital certificates issued by a certification authority are most
often used to ensure authenticity of a digital signature.

Still further, the security layer 806 can employ contextual
awareness (e.g., context awareness component) to enhance
security. For example, the contextual awareness component
can be employed to monitor and detect criteria associated
with data transmitted to and requested from the device 804. In
operation, these contextual factors can be used to filter spam,
control retrieval (e.g., access to highly sensitive data from a
public network), or the like. It will be understood that, in
aspects, the contextual awareness component can employ
logic that regulates transmission and/or retrieval of data in
accordance with external criteria and factors. The contextual
awareness employment can be used in connection with an
artificial intelligence (Al) layer 808.

The Al layer or component can be employed to facilitate
inferring and/or determining when, where, how to dynami-
cally vary the level of security. Such inference results in the
construction of new events or actions from a set of observed
events and/or stored event data, whether or not the events are
correlated in close temporal proximity, and whether the
events and data come from one or several event(s) and data
source(s).
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The Al component can also employ any of a variety of
suitable Al-based schemes in connection with facilitating
various aspects of the herein described innovation. Classifi-
cation can employ a probabilistic and/or statistical-based
analysis (e.g., factoring into the analysis utilities and costs) to
prognose or infer an action that a user desires to be automati-
cally performed. The Al layer can be used in conjunction with
the security layerto infer changes in the data being transferred
and make recommendations to the security layer as to what
level of security to apply.

For example, a support vector machine (SVM) classifier
can be employed. Other classification approaches include
Bayesian networks, decision trees, and probabilistic classifi-
cation models providing different patterns of independence
can be employed. Classification as used herein also is inclu-
sive of statistical regression that is utilized to develop models
of priority.

Additionally a sensor 810 can be employed in conjunction
with the security layer 806. Still further, human authentica-
tion factors can be used to enhance security employing sensor
810. For instance, biometrics (e.g., fingerprints, retinal pat-
terns, facial recognition, DNA sequences, handwriting analy-
sis, voice recognition) can be employed to enhance authenti-
cation to control access of the storage vault. It will be
understood that embodiments can employ multiple factor
tests in authenticating identity of a user.

The sensor 810 can also be used to provide the security
layer 806 with generalized non-human metric data, such as
electromagnetic field condition data or predicted weather
data etc. For example, any conceivable condition can be
sensed for and security levels can be adjusted or determined
in response to the sensed condition.

One of ordinary skill in the art can appreciate that the
innovation can be implemented in connection with any com-
puter or other client or server device, which can be deployed
as part of a computer network, or in a distributed computing
environment, connected to any kind of data store. In this
regard, the present innovation pertains to any computer sys-
tem or environment having any number of memory or storage
units, and any number of applications and processes occur-
ring across any number of storage units or volumes, which
can be used in connection with optimization algorithms and
processes performed in accordance with the present innova-
tion. The present innovation can apply to an environment with
server computers and client computers deployed in a network
environment or a distributed computing environment, having
remote or local storage. The present innovation can also be
applied to standalone computing devices, having program-
ming language functionality, interpretation and execution
capabilities for generating, receiving and transmitting infor-
mation in connection with remote or local services and pro-
cesses.

Distributed computing provides sharing of computer
resources and services by exchange between computing
devices and systems. These resources and services include
the exchange of information, cache storage and disk storage
for objects, such as files. Distributed computing takes advan-
tage of network connectivity, allowing clients to leverage
their collective power to benefit the entire enterprise. In this
regard, a variety of devices can have applications, objects or
resources that can implicate the optimization algorithms and
processes of at least one generalized non-limiting embodi-
ment.

FIG. 9 illustrates a communication environment 900
wherein a tri-port antenna 902 is in wireless communication
with a device 904. Device 904 can be a wireless device and
antenna 902 can be in direct communication with the device
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904, or the device 904 can be a wired device and the antenna
902 is in communication with the device 904 through a inter-
mediately device (not shown), however some of the commu-
nication path involves wireless communication. An optimizer
906 is provided to optimize communication between 902 and
device 904. Optimizer 906 optimizes or increases communi-
cation between 902 and device 904 by receiving security
information from security layer 908. For example, when
security layer 908 informs optimizer 906 that they are both in
a secured environment, the optimizer 906 balances this infor-
mation with other information and may instruct the security
layer 908 to make all transmissions security free to achieve
top speed. Additionally, a feedback layer or component 910
can provide feedback as to missed data packets or other
information to provide feedback to the optimizer 906. This
feedback of missed packets can be balanced against desired
security level to enable less secure but higher throughput data
transfer if desired.

FIG. 10 provides a schematic diagram of an exemplary
networked or distributed computing environment. The dis-
tributed computing environment comprises computing
objects 10104, 10105, etc. and computing objects or devices
10204, 10205, 1020c¢, 10204, 1020¢, etc. These objects can
comprise programs, methods, data stores, programmable
logic, etc. The objects can comprise portions of the same or
different devices such as PDAs, audio/video devices, MP3
players, personal computers, etc. Each object can communi-
cate with another object by way of the communications net-
work 1040. This network can itself comprise other computing
objects and computing devices that provide services to the
system of FIG. 10, and can itself represent multiple intercon-
nected networks. In accordance with an aspect of at least one
generalized non-limiting embodiment, each object 1010a,
10105, etc. or 1020a, 10205, 1020¢, 10204, 1020e, etc. can
contain an application that might make use of an application
programming interface (API), or other object, software, firm-
ware and/or hardware, suitable for use with the design frame-
work in accordance with at least one generalized non-limiting
embodiment.

It can also be appreciated that an object, such as 1020c¢, can
be hosted on another computing device 1010a, 10105, etc. or
10204, 10205, 1020c¢, 10204, 1020¢, etc. Thus, although the
physical environment depicted can show the connected
devices as computers, such illustration is merely exemplary
and the physical environment can alternatively be depicted or
described comprising various digital devices such as PDAs,
televisions, MP3 players, etc., any of which can employ a
variety of wired and wireless services, software objects such
as interfaces, COM objects, and the like.

There are a variety of systems, components, and network
configurations that support distributed computing environ-
ments. For example, computing systems can be connected
together by wired or wireless systems, by local networks or
widely distributed networks. Currently, many ofthe networks
are coupled to the Internet, which provides an infrastructure
for widely distributed computing and encompasses many dif-
ferent networks. Any of the infrastructures can be used for
exemplary communications made incident to optimization
algorithms and processes according to the present innovation.

In home networking environments, there are at least four
disparate network transport media that can each support a
unique protocol, such as Power line, data (both wireless and
wired), voice (e.g., telephone) and entertainment media. Most
home control devices such as light switches and appliances
can use power lines for connectivity. Data Services can enter
the home as broadband (e.g., either DSL or Cable modem)
and are accessible within the home using either wireless (e.g.,
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HomeRF or 802.11A/B/G) or wired (e.g., Home PNA, Cat 5,
Ethernet, even power line) connectivity. Voice traffic can
enter the home either as wired (e.g., Cat 3) or wireless (e.g.,
cell phones) and can be distributed within the home using Cat
3 wiring. Entertainment media, or other graphical data, can
enter the home either through satellite or cable and is typically
distributed in the home using coaxial cable. IEEE 1394 and
DVI are also digital interconnects for clusters of media
devices. All of these network environments and others that
can emerge, or already have emerged, as protocol standards
can be interconnected to form a network, such as an intranet,
that can be connected to the outside world by way of a wide
area network, such as the Internet. In short, a variety of
disparate sources exist for the storage and transmission of
data, and consequently, any of the computing devices of the
present innovation can share and communicate data in any
existing manner, and no one way described in the embodi-
ments herein is intended to be limiting.

The Internet commonly refers to the collection of networks
and gateways that utilize the Transmission Control Protocol/
Internet Protocol (TCP/IP) suite of protocols, which are well-
known in the art of computer networking. The Internet can be
described as a system of geographically distributed remote
computer networks interconnected by computers executing
networking protocols that allow users to interact and share
information over network(s). Because of such wide-spread
information sharing, remote networks such as the Internet
have thus far generally evolved into an open system with
which developers can design software applications for per-
forming specialized operations or services, essentially with-
out restriction.

Thus, the network infrastructure enables a host of network
topologies such as client/server, peer-to-peer, or hybrid archi-
tectures. The “client” is a member of a class or group that uses
the services of another class or group to which it is not related.
Thus, in computing, a client is a process, i.e., roughly a set of
instructions or tasks, that requests a service provided by
another program. The client process utilizes the requested
service without having to “know” any working details about
the other program or the service itself. In a client/server
architecture, particularly a networked system, a client is usu-
ally a computer that accesses shared network resources pro-
vided by another computer, e.g., a server. In the illustration of
FIG. 10, as an example, computers 1020a, 10205, 1020c¢,
10204, 1020e, etc. can be thought of as clients and computers
10104, 101054, etc. can be thought of as servers where servers
10104, 101054, etc. maintain the data that is then replicated to
client computers 1020a, 10205, 1020¢, 10204, 1020e, etc.,
although any computer can be considered a client, a server, or
both, depending on the circumstances. Any of these comput-
ing devices can be processing data or requesting services or
tasks that can implicate the optimization algorithms and pro-
cesses in accordance with at least one generalized non-limit-
ing embodiment.

A server is typically a remote computer system accessible
over a remote or local network, such as the Internet or wire-
less network infrastructures. The client process can be active
in a first computer system, and the server process can be active
in a second computer system, communicating with one
another over a communications medium, thus providing dis-
tributed functionality and allowing multiple clients to take
advantage of the information-gathering capabilities of the
server. Any software objects utilized pursuant to the optimi-
zation algorithms and processes of at least one generalized
non-limiting embodiment can be distributed across multiple
computing devices or objects.
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Client(s) and server(s) communicate with one another uti-
lizing the functionality provided by protocol layer(s). For
example, HyperText Transfer Protocol (HTTP) is a common
protocol that is used in conjunction with the World Wide Web
(WWW), or “the Web.” Typically, a computer network
address such as an Internet Protocol (IP) address or other
reference such as a Universal Resource Locator (URL) can be
used to identify the server or client computers to each other.
The network address can be referred to as a URL address.
Communication can be provided over a communications
medium, e.g., client(s) and server(s) can be coupled to one
another via TCP/IP connection(s) for high-capacity commu-
nication.

Thus, FIG. 10 illustrates an exemplary networked or dis-
tributed environment, with server(s) in communication with
client computer (s) via a network/bus, in which the present
innovation can be employed. In more detail, a number of
servers 1010a, 10105, etc. are interconnected via a commu-
nications network/bus 1040, which can be a LAN, WAN,
intranet, GSM network, the Internet, etc., with a number of
client or remote computing devices 1020a, 10205, 1020c,
10204, 1020e, etc., such as a portable computer, handheld
computer, thin client, networked appliance, or other device,
such as a VCR, TV, oven, light, heater and the like in accor-
dance with the present innovation. It is thus contemplated that
the present innovation can apply to any computing device in
connection with which it is desirable to communicate data
over a network.

In a network environment in which the communications
network/bus 1040 is the Internet, for example, the servers
10104, 10105, etc. can be Web servers with which the clients
1020a, 10205, 1020c¢, 10204, 1020e, etc. communicate via
any of a number of known protocols such as HTTP. Servers
1010a, 10105, etc. can also serve as clients 1020a, 10205,
1020¢, 10204, 1020e, etc., as can be characteristic of a dis-
tributed computing environment.

As mentioned, communications can be wired or wireless,
or a combination, where appropriate. Client devices 1020a,
10205,1020¢, 10204, 1020e¢, etc. can or cannot communicate
via communications network/bus 14, and can have indepen-
dent communications associated therewith. For example, in
the case of a TV or VCR, there can or cannot be a networked
aspect to the control thereof. Each client computer 1020a,
10205,1020¢,10204, 1020¢, etc. and server computer 10104,
10105, etc. can be equipped with various application program
modules or objects 10354, 10355, 1035¢, etc. and with con-
nections or access to various types of storage elements or
objects, across which files or data streams can be stored or to
which portion(s) of files or data streams can be downloaded,
transmitted or migrated. Any one or more of computers
1010a, 10105, 10204, 10205, 1020¢, 10204, 1020e, etc. can
be responsible for the maintenance and updating of a database
1030 or other storage element, such as a database or memory
1030 for storing data processed or saved according to at least
one generalized non-limiting embodiment. Thus, the present
innovation can be utilized in a computer network environ-
ment having client computers 1020a, 10205, 1020¢, 10204,
1020e, etc. that can access and interact with a computer
network/bus 1040 and server computers 1010a, 10105, etc.
that can interact with client computers 1020a, 10205, 1020c,
10204, 1020e, etc. and other like devices, and databases 1030.

Exemplary Computing Device
As mentioned, the innovation applies to any device

wherein it can be desirable to communicate data, e.g., to a
mobile device. It should be understood, therefore, that hand-
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held, portable and other computing devices and computing
objects of all kinds are contemplated for use in connection
with the present innovation, i.e., anywhere that a device can
communicate data or otherwise receive, process or store data.
Accordingly, the below general purpose remote computer
described below in FIG. 11 is but one example, and the
present innovation can be implemented with any client hav-
ing network/bus interoperability and interaction. Thus, the
present innovation can be implemented in an environment of
networked hosted services in which very little or minimal
client resources are implicated, e.g., a networked environ-
ment in which the client device serves merely as an interface
to the network/bus, such as an object placed in an appliance.

Although not required, at least one generalized non-limit-
ing embodiment can partly be implemented via an operating
system, for use by a developer of services for a device or
object, and/or included within application software that oper-
ates in connection with the component(s) of at least one
generalized non-limiting embodiment. Software can be
described in the general context of computer executable
instructions, such as program modules, being executed by one
or more computers, such as client workstations, servers, or
other devices. Those skilled in the art will appreciate that the
innovation can be practiced with other computer system con-
figurations and protocols.

FIG. 11 thus illustrates an example of a suitable computing
system environment 1100a in which the innovation can be
implemented, although as made clear above, the computing
system environment 1100« is only one example of a suitable
computing environment for a media device and is not
intended to suggest any limitation as to the scope of use or
functionality of the innovation. Neither should the computing
environment 1100a be interpreted as having any dependency
or requirement relating to any one or combination of compo-
nents illustrated in the exemplary operating environment
1100a.

With reference to FIG. 11, an exemplary remote device for
implementing at least one generalized non-limiting embodi-
ment includes a general purpose computing device in the
form of a computer 1110a. Components of computer 1110a
can include, but are not limited to, a processing unit 1120a, a
system memory 1130q, and a system bus 11254 that couples
various system components including the system memory to
the processing unit 1120qa. The system bus 11254 can be any
of several types of bus structures including a memory bus or
memory controller, a peripheral bus, and a local bus using any
of a variety of bus architectures.

Computer 11104 typically includes a variety of computer
readable media. Computer readable media can be any avail-
able media that can be accessed by computer 1110a. By way
of'example, and not limitation, computer readable media can
comprise computer storage media and communication
media. Computer storage media includes volatile and non-
volatile, removable and non-removable media implemented
in any method or technology for storage of information such
as computer readable instructions, data structures, program
modules, or other data. Computer storage media includes, but
is not limited to, RAM, ROM, EEPROM, flash memory or
other memory technology, CDROM, digital versatile disks
(DVD) or other optical disk storage, magnetic cassettes, mag-
netic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store the
desired information and which can be accessed by computer
1110a. Communication media typically embodies computer
readable instructions, data structures, program modules or
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other data in a modulated data signal such as a carrier wave or
other transport mechanism and includes any information
delivery media.

The system memory 1130a can include computer storage
media in the form of volatile and/or non-volatile memory
such as read only memory (ROM) and/or random access
memory (RAM). A basic input/output system (BIOS), con-
taining the basic routines that help to transfer information
between elements within computer 1110a, such as during
start-up, can be stored in memory 1130a. Memory 1130a
typically also contains data and/or program modules that are
immediately accessible to and/or presently being operated on
by processing unit 1120a. By way of example, and not limi-
tation, memory 1130qa can also include an operating system,
application programs, other program modules, and program
data.

The computer 1110a can also include other removable/
non-removable, volatile/non-volatile computer storage
media. For example, computer 1110a could include a hard
disk drive that reads from or writes to non-removable, non-
volatile magnetic media, a magnetic disk drive that reads
from or writes to a removable, non-volatile magnetic disk,
and/or an optical disk drive that reads from or writes to a
removable, non-volatile optical disk, such as a CD-ROM or
other optical media. Other removable/non-removable, vola-
tile/non-volatile computer storage media that can be used in
the exemplary operating environment include, but are not
limited to, magnetic tape cassettes, flash memory cards, digi-
tal versatile disks, digital video tape, solid state RAM, solid
state ROM and the like. A hard disk drive is typically con-
nected to the system bus 1125a through a non-removable
memory interface such as an interface, and a magnetic disk
drive or optical disk drive is typically connected to the system
bus 11254 by a removable memory interface, such as an
interface.

A user can enter commands and information into the com-
puter 1110qa through input devices such as a keyboard and
pointing device, commonly referred to as a mouse, trackball
or touch pad. Other input devices can include a microphone,
joystick, game pad, satellite dish, scanner, or the like. These
and other input devices are often connected to the processing
unit 1120a through user input 1140a and associated interface
(s) that are coupled to the system bus 1125a, but can be
connected by other interface and bus structures, such as a
parallel port, game port or a universal serial bus (USB). A
graphics subsystem can also be connected to the system bus
11254. A monitor or other type of display device is also
connected to the system bus 11254 via an interface, such as
output interface 1150a, which can in turn communicate with
video memory. In addition to a monitor, computers can also
include other peripheral output devices such as speakers and
a printer, which can be connected through output interface
1150a.

The computer 11104 can operate in a networked or distrib-
uted environment using logical connections to one or more
other remote computers, such as remote computer 1170a,
which can in turn have media capabilities different from
device 1110a. The remote computer 1170a can be a personal
computer, a server, a router, a network PC, a peer device or
other common network node, or any other remote media
consumption or transmission device, and can include any or
all of the elements described above relative to the computer
1110a. The logical connections depicted in FIG. 11 include a
network 11804, such local area network (LAN) or a wide area
network (WAN), but can also include other networks/buses.
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Such networking environments are commonplace in homes,
offices, enterprise-wide computer networks, intranets and the
Internet.

When used in a LAN networking environment, the com-
puter 1110a is connected to the LAN 11804 through a net-
work interface or adapter. When used in a WAN networking
environment, the computer 1110a typically includes a com-
munications component, such as a modem, or other means for
establishing communications over the WAN;, such as the
Internet. A communications component, such as a modem,
which can be internal or external, can be connected to the
system bus 1125a via the user input interface of input 11404,
or other appropriate mechanism. In a networked environ-
ment, program modules depicted relative to the computer
1110a, or portions thereof, can be stored in a remote memory
storage device. It will be appreciated that the network con-
nections shown and described are exemplary and other means
of'establishing a communications link between the computers
can be used.

While the present innovation has been described in con-
nection with the preferred embodiments of the various Fig-
ures, itis to be understood that other similar embodiments can
be used or modifications and additions can be made to the
described embodiment for performing the same function of
the present innovation without deviating therefrom. For
example, one skilled in the art will recognize that the present
innovation as described in the present application can apply to
any environment, whether wired or wireless, and can be
applied to any number of such devices connected via a com-
munications network and interacting across the network.
Therefore, the present innovation should not be limited to any
single embodiment, but rather should be construed in breadth
and scope in accordance with the appended claims.

The word “exemplary” is used herein to mean serving as an
example, instance, or illustration. For the avoidance of doubt,
the subject matter disclosed herein is not limited by such
examples. In addition, any aspect or design described herein
as “exemplary” is not necessarily to be construed as preferred
or advantageous over other aspects or designs, nor is it meant
to preclude equivalent exemplary structures and techniques
known to those of ordinary skill in the art. Furthermore, to the
extent that the terms “includes,” “has,” “contains,” and other
similar words are used in either the detailed description or the
claims, for the avoidance of doubt, such terms are intended to
be inclusive in a manner similar to the term “comprising” as
an open transition word without precluding any additional or
other elements.

Various implementations of the innovation described
herein can have aspects that are wholly in hardware, partly in
hardware and partly in software, as well as in software. As
used herein, the terms “component,” ““system” and the like are
likewise 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 can be,
but is not limited to being, a process running on a processor,
aprocessor, an object, an executable, a thread of execution, a
program, and/or a computer. By way of illustration, both an
application running on computer and the computer can be a
component. One or more components can reside within a
process and/or thread of execution and a component can be
localized on one computer and/or distributed between two or
more computers.

Thus, the methods and apparatus of the present innovation,
or certain aspects or portions thereof, can take the form of
program code (i.e., instructions) embodied in tangible media,
such as floppy diskettes, CD-ROMs, hard drives, or any other
machine-readable storage medium, wherein, when the pro-
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gram code is loaded into and executed by a machine, such as
a computer, the machine becomes an apparatus for practicing
the innovation. In the case of program code execution on
programmable computers, the computing device generally
includes a processor, a storage medium readable by the pro-
cessor (including volatile and non-volatile memory and/or
storage elements), at least one input device, and at least one
output device.

Furthermore, the disclosed subject matter can be imple-
mented as a system, method, apparatus, or article of manu-
facture using standard programming and/or engineering tech-
niques to produce software, firmware, hardware, or any
combination thereofto control a computer or processor based
device to implement aspects detailed herein. The terms
“article of manufacture”, “computer program product” or
similar terms, where used herein, are intended to encompass
a computer program accessible from any computer-readable
device, carrier, or media. For example, computer readable
media can include but are not limited to magnetic storage
devices (e.g., hard disk, floppy disk, magnetic strips . . . ),
optical disks (e.g., compact disk (CD), digital versatile disk
(DVD) . . .), smart cards, and flash memory devices (e.g.,
card, stick). Additionally, it is known that a carrier wave can
be employed to carry computer-readable electronic data such
as those used in transmitting and receiving electronic mail or
in accessing a network such as the Internet or a local area
network (LAN).

The aforementioned systems have been described with
respect to interaction between several components. It can be
appreciated that such systems and components can include
those components or specified sub-components, some of the
specified components or sub-components, and/or additional
components, and according to various permutations and com-
binations of the foregoing. Sub-components can also be
implemented as components communicatively coupled to
other components rather than included within parent compo-
nents, e.g., according to a hierarchical arrangement. Addi-
tionally, it should be noted that one or more components can
be combined into a single component providing aggregate
functionality or divided into several separate sub-compo-
nents, and any one or more middle layers, such as a manage-
ment layer, can be provided to communicatively couple to
such sub-components in order to provide integrated function-
ality. Any components described herein can also interact with
one or more other components not specifically described
herein but generally known by those of skill in the art.

In view of the exemplary systems described supra, meth-
odologies that can be implemented in accordance with the
disclosed subject matter will be better appreciated with ref-
erence to the various flow diagrams. While for purposes of
simplicity of explanation, the methodologies are shown and
described as a series of blocks, it is to be understood and
appreciated that the claimed subject matter is not limited by
the order of the blocks, as some blocks can occur in different
orders and/or concurrently with other blocks from what is
depicted and described herein. Where non-sequential, or
branched, flow is illustrated via flowchart, it can be appreci-
ated that various other branches, flow paths, and orders of the
blocks, can be implemented which achieve the same or a
similar result. Moreover, not all illustrated blocks can be
required to implement the methodologies described herein-
after.

Furthermore, as will be appreciated various portions of the
disclosed systems above and methods below can include or
consist of artificial intelligence or knowledge or rule based
components, sub-components, processes, means, methodolo-
gies, or mechanisms (e.g., support vector machines, neural
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networks, expert systems, Bayesian belief networks, fuzzy
logic, data fusion engines, classifiers . . . ). Such components,
inter alia, can automate certain mechanisms or processes
performed thereby to make portions of the systems and meth-
ods more adaptive as well as efficient and intelligent.

While the present innovation has been described in con-
nection with the preferred embodiments of the various fig-
ures, itis to be understood that other similar embodiments can
be used or modifications and additions can be made to the
described embodiment for performing the same function of
the present innovation without deviating therefrom.

While exemplary embodiments refer to utilizing the
present innovation in the context of particular programming
language constructs, specifications or standards, the innova-
tion is not so limited, but rather can be implemented in any
language to perform the optimization algorithms and pro-
cesses. Still further, the present innovation can be imple-
mented in or across a plurality of processing chips or devices,
and storage can similarly be effected across a plurality of
devices. Therefore, the present innovation should not be lim-
ited to any single embodiment, but rather should be construed
in breadth and scope in accordance with the appended claims.

What is claimed is:

1. A method comprising:

at least one of sending or receiving radio frequency data on

at least three orthogonal channels simultaneously,
wherein the at least one of sending or receiving employs
a dipole tri-port antenna or a half-slot tri-port antenna,
wherein the dipole tri-port antenna comprises a first
board with a single dipole antenna and a second board
with two dipole antennae positioned such that coupling
of the first board with the second board arranges the
three antennae orthogonal to each other, the half-slot
tri-port antenna comprises three half slot antenna boards
coupled to each other such that each half slot antenna
board is orthogonal to an other two half slot antenna
boards of the three half slot antenna boards.

2. The method of claim 1, wherein each channel is simul-
taneously communicating from a wireless device to a distinct
remote wireless device, wherein each of the three orthogonal
channels employs a communication standard that is distinct
from communications standards employed by an other two
channels of the three orthogonal channels.

3. The method of claim 1, wherein the channels are at about
2.5 GHz.

4. The method of claim 1, wherein the channels are at about
2.55 GHz.

5. The method of claim 1, wherein the first and second
boards include three coplaner waveguide-to-coplaner strip
transitions (CPW-to-CPS), one CPW-to-CPS for each dipole
antenna as a balun, wherein each CPW-to-CPS is bent ninety
degrees at a CPS side to allow the orthogonal alignment of the
dipole antennae.

6. The method of claim 5, wherein the bend of the CPW-
to-CPS is chamfered.

7. The antenna of claim 1, wherein each half slot antenna
board has metal on one side of the slot removed where the half
slot antenna board couples with another half slot antenna
board.

8. An antenna comprising:

a first port;

a second port orthogonal to the first port; and

a third port orthogonal to the first port and the second port,

wherein:

the first, second, and third ports are dipole ports, wherein
the first port is mounted on a first board, the second
and third ports are mounted on a second board, the





about 21.5 mm.

third halfslot antenna boards are fabricated to be substantially
identical and from epoxy boards.

US 7,710,343 B2

23

first and second boards couple to each other aligning
the three ports orthogonal to each other; or
the first port is a first half slot antenna board, second port

is a second half slot antenna board, and third port is a
third half slot antenna board, the first, second, and 3
third half'slot antenna boards couple via slots aligning
the first, second, and third ports orthogonal to each
other.

9. The antenna of claim 8, wherein the first dipole port is

10. The antenna of claim 9, wherein the second dipole port

is about 20.5 mm.

11. The antenna of claim 10, wherein the third dipole port

is about 23.5 mm.

12. The antenna of claim 11, wherein the third dipole port

is offset from an intersection of the first and second ports.

13. The antenna of claim 8, wherein the first, second, and

third ports operate about at 2.55 GHz.

14. The antenna of claim 8, wherein the first, second, and 20

15. The antenna of claim 14, wherein the first, second, and

third half slot antenna boards have a length that is half of a
length of a standard slot antenna for a given frequency.

25
16. The antenna of claim 8, wherein the first and second

boards include three coplaner waveguide-to-coplaner strip
transitions (CPW-to-CPS), one CPW-10-CPS for each dipole
antenna as a balun, wherein each CPW-to-CPS is bent ninety
degrees ata CPS side to allow the orthogonal alignment of the
dipole antennae.

24

17. The antenna of claim 16, wherein the bend of the
CPW-10-CPS is chamfered.

18. The antenna of claim 8, wherein each half slot antenna
board has metal on one side of the slot removed where the half
slot antenna board couples with another half slot antenna
board.

19. An antenna comprising:

means for sending radio frequency signals; and

means for receiving radio frequency signals; wherein the

means for sending and the means for receiving operate
simultaneously on at least three orthogonal channels
wherein at least one of the means for sending or the
means for receiving employs a dipole tri-port antenna or
a half-slot tri-port antenna, wherein the dipole tri-port
antenna comprises a first board with a single dipole
antenna and a second board with two dipole antennae
positioned such that coupling of the first board with the
second board arranges the three antennae orthogonal to
each other, the half-slot tri-port antenna comprises three
half slot antenna boards coupled to each other such that
each half'slot antenna board is orthogonal to an other two
half slot antenna boards of the three half slot antenna
boards.

20. The antenna of claim 19, wherein the first and second
boards include three coplaner waveguide-to-coplaner strip
transitions (CPW-to-CPS), one CPW-to-CPS for each dipole
antenna as a balun, wherein each CPW-to-CPS is bent ninety
degrees at a CPS side to allow the orthogonal alignment of the
dipole antennae.
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MULTI-BAND ANTENNA APPARATUS
DISPOSED ON A THREE-DIMENSIONAL
SUBSTRATE, AND ASSOCIATED
METHODOLOGY, FOR A RADIO DEVICE

The present invention relates generally to an antenna con-
struction for a mobile station, or other radio device, operable
over multiple frequency bands. More particularly, the present
invention relates to antenna apparatus, and an associated
methodology for forming a hybrid strip antenna of a multi-
mode mobile station, or other radio device, operable, e.g., at
the 800/900/1800/1900/2100 MHz frequency bands.

The antenna includes radiation elements comprising a strip
including an impedance matching element disposed upon the
external surfaces of a three-dimensional rectilinear substrate,
such as a parallelepiped, cube, or pyramidal frustum. The
length of'the strip is chosen to efficiently transduce RF energy
in at least one frequency band of as many as four or more
frequency bands. Since a relatively long strip antenna is
wound around a very compact substrate, the antenna is of
compact dimensions and exhibits stable and relatively wide
resonant frequency band characteristics and radiation pat-
terns.

BACKGROUND OF THE INVENTION

In modern society, the ready availability and access to
mobile radio communication systems through which to com-
municate is a practical necessity. Cellular, and cellular-like,
communication systems are exemplary radio communication
systems whose infrastructures have been widely deployed
and regularly utilized by many. Successive generations of
cellular communication systems have been developed, and
their operating parameters and protocols are set forth in stan-
dards promulgated by standard-setting bodies. And, succes-
sive generations of network apparatus have been deployed,
each operable in conformity with an associated operating
standard.

Early-generation cellular communication systems pro-
vided voice communication services and limited data com-
munication services. Successor-generation, cellular commu-
nication systems provide increasingly data-intensive
communication services. Differing operating standards not
only provide different communication capabilities, but utilize
different communication technologies and ditfering frequen-
cies of operation in different frequency bands. The installa-
tion of different types of cellular communication systems is
sometimes geographically dependent. That is to say, in dif-
ferent areas, network infrastructures, operable pursuant to
different types of operating standards, are deployed. The net-
work infrastructures deployed in the different areas are not
necessarily compatible. A mobile station operable to commu-
nicate by way of network infrastructure constructed in con-
formity with one operating specification is not necessarily
operable to communicate by way of network infrastructure
operable pursuant to another operating standard.

So-called, multi-mode mobile stations have been devel-
oped that provide the mobile station with communication
capability in more than one, i.e., multiple, communication
systems, which also operate at different frequencies in differ-
ent frequency bands. Generally, such multi-mode mobile sta-
tions automatically select the manner by which the mobile
station is to be operable, responsive to the detected network
infrastructure in whose coverage area that the mobile station
is positioned. If positioned in the coverage area of the network
infrastructures of more than one type of communication sys-
tem with which the mobile station is capable of communicat-
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ing, selection of a network infrastructure through which to
communicate is made pursuant to a preference scheme, or
manually. When provided with multi-mode capability, the
mobile station contains circuitry and circuit elements permit-
ting its operation to communicate pursuant to each of the
communication systems. Most simply, a multi-mode mobile
station is formed of separate circuitry, separately operable to
communicate pursuant to the different operating standards.
Sometimes, to the extent that circuit elements of the different
circuit paths can be shared, parts of the separate circuit paths
are constructed to be intertwined, or otherwise shared. By
sharing circuit elements, the circuitry size and part count is
reduced, resulting in cost and size savings.

Sharing of antenna transducer elements between the dif-
ferent circuit paths, however, presents unique challenges. The
required size of an antenna transducer element is, in part,
dependent upon the frequencies of the signal energy that is to
be transduced by the transducer element. And, as mobile
station constructions become increasingly miniaturized,
housed in housings of increasingly small package sizes,
antenna transducer design becomes increasingly difficult,
particularly in multi-mode mobile stations when the different
modes operate at different frequencies. Significant effort has
been exerted to construct an antenna transducer, operable
over multiple frequency bands, and also of small dimension to
permit its positioning within the housing of a mobile station
of compact size.

A PIFA (Planar Inverted-F Antenna) has been used in
multi-mode mobile stations because of its relatively compact
size, low profile and because it permits dual-band radiation,
however, PIFA antennas have narrow bandwidths. In order to
enhance the bandwidth of a PIFA, the structure of the PIFA is
sometimes combined together with a parasitic element, or a
multi-layered, three-dimensional structure. Such additions,
however, increase the volumetric dimensions of the antenna,
as well as its weight. The additional resonant branches make
the antenna difficult to tune and sometimes introduce EMC
and EMI, which interferes with transducing of signal energy.
A need therefore exists for an improved small-dimension
antenna structure which is also capable of use in multiple
different frequency bands.

It is in light of this background information related to
antenna transducers for radio devices that the significant
improvements of the present invention have evolved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a functional block diagram of a radio
communication system in which an embodiment of the
present invention is operable.

FIG. 2 illustrates a perspective view of an embodiment of
the present invention.

FIG. 3 illustrates a close-up perspective view of the
embodiment depicted in FIG. 2.

FIG. 4 illustrates another close-up perspective view of the
embodiment depicted in FIG. 2 but viewed from a different
direction than shown in FIG. 3.

FIG. 5 illustrates a plan view of the antenna depicted in
FIG. 2 with the faces of the substrate unfolded and depicting
antenna current flow in the two low or fundamental frequency
bands of 800 and 900 MHz.

FIG. 6 illustrates a plan view of the antenna depicted in
FIG. 2 with the faces of the substrate unfolded as in FIG. 5 but
instead depicting antenna current flow in the high fundamen-
tal frequency bands of 1800 and 1900 MHz.
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FIGS. 7A and 7B illustrate radiation patterns of the antenna
shown in FIG. 2 in two orthogonal planes, at two different
frequencies.

FIG. 8 illustrates a plot of the antenna’s return loss as a
function of an input signal frequency.

FIG. 9 illustrates a method flow diagram in accordance
with an embodiment of the present invention.

DETAILED DESCRIPTION

The present invention, accordingly, advantageously pro-
vides compact, lightweight antenna apparatus, and an asso-
ciated method, for a mobile station, or other radio device,
operable over multiple frequency bands.

Through operation of an embodiment of the present inven-
tion, a manner is provided by which to form a hybrid strip
antenna of a multi-mode mobile station, or other radio device,
operable, e.g., at the 800/900/1800/1900 MHz frequency
bands.

In one aspect of the present invention, an antenna for a
multi-mode mobile station is formed of a cube-shaped dielec-
tric antenna substrate, the surfaces of which carry an end-fed
antenna strip, formed of a strip of metal or other conductive
material having a length, width and thickness. The length of
the strip is much longer than the dimensions of any one face
of the antenna substrate, requiring the strip to be folded at
least part way over different faces of the antenna substrate. In
other words, the length of the antenna strip is multiples of the
dimensions of any one face of the cube. The antenna includes
a feed point at one end of the strip and a “T”’-shaped imped-
ance matching/adjustment element at the end of the strip
opposite the feed point.

The cube dimensions and the length and width of the radia-
tion element, which of course also receives signals, are
selected so that the radiation element can be “folded” across
or “wrapped” around several faces of the cube without the
radiation element overlapping itself and without the edges of
the radiation element abutting each other. The cube dimen-
sions are also selected so that the cube can fit within the
housing of a mobile station.

In the embodiment depicted in the figures, the length of the
strip forming the antenna element was approximately one-
quarter the wavelength of a signal in the 800 MHz frequency
band, and it effectuated resonance in both the 800 and 900
MHz bands. The antenna was also resonant in the 1800, 1900
and 2100 MHz bands.

Since the length of the metal strip forming the radiator is
such that the radiator is wrapped around different faces of the
cube, the strip forming the radiation element can be thought
of, and also described as, several different substantially
equal-length conductive segments that are electrically con-
nected to each other in series. Successive segments are joined
to each other on the cube face such that each segment’s length
dimension is orthogonal to the length dimension of adjacent
segments. In the embodiments shown, each cube face sup-
ports more than one antenna segment. The impedance match-
ing element at the terminus end of the strip is also folded
across cube faces.

Due to the compact size, stability of operation, and stable
radiation pattern provided by the antenna, the antenna is
advantageously utilized in a mobile station, or other radio
device, of small volumetric dimensions.

In these and other aspects, therefore, a folded strip antenna,
and an associated methodology is provided for a multi-band
communication device. The folded strip antenna is embodied
by forming a dielectric material into the shape of a cube. A
radiation element, such as a thin, flat metal strip, has a length
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and width such that the strip can be folded to extend at least
part way across several of the different faces of the cube.

Turning, therefore, first to FIG. 1, a radio communication
system, shown generally at 10, provides for radio communi-
cations with mobile stations, of which the mobile station 12 is
representative. The mobile station 12 is here representative of
a quad-mode mobile station, capable of communicating at the
800/900/1800/1900 MHz frequency bands. Such a mobile
station is sometimes referred to as a world-band mobile sta-
tion as the mobile station is operable in conformity with the
operating specifications and protocols of the cellular commu-
nication systems that presently are predominant. More gen-
erally, the mobile station is representative of various radio
devices that are operable over multiple bands or large band-
widths at relatively high frequencies.

Radio access networks 14, 16, 18, and 22 are representative
of four radio networks operable respectively at the 800, 900,
1800, and 1900 MHz frequency bands, respectively. When
the mobile station 12 is positioned within the coverage area of
any of the radio access networks 14-22, the mobile station is
capable of communicating therewith. If the separate networks
have overlapping coverage areas, then the selection is made as
to which of the networks through which to communicate. The
radio access networks 14-22 are coupled, here by way of
gateways (GWY's) 26 to a core network 28. A communication
endpoint (CE) 32 that is representative of a communication
device that communicates with the mobile station.

The mobile station 12 includes a radio transceiver having
transceiver circuitry 36 capable of transceiving communica-
tion signals with any of the networks 14-22. The transceiver
circuitry includes separate or shared transceiver paths con-
structed to be operable with the operating standards and pro-
tocols of the respective networks. The radio station further
includes an antenna 50 of an embodiment of the present
invention. The antenna is of characteristics to be operable at
the different frequency bands at which the transceiver cir-
cuitry and the radio access networks are operable. Here, the
antenna 50 is operable at the 800, 900, 1800, and 1900 MHz
frequency bands. In the exemplary implementation, the
antenna 50 is housed together with the transceiver circuitry, in
a housing 44 of the mobile station. As the space within the
housing that is available to house the antenna is limited, the
dimensions of the antenna 50 are correspondingly small
while providing for the transducing of signal energy by the
antenna over broad frequencies at which the mobile station is
operable.

FIG. 2 illustrates an exemplary implementation of a multi-
band strip antenna 50 for the multi-band communications
device 12, depicted in FIG. 1. The multi-band strip antenna 50
is comprised of a dielectric antenna substrate 52 having the
shape of right rectangular parallelepiped but which is also
accurately described as a type of three-dimensional rectilin-
ear body. The parallelepiped-shaped antenna substrate 52
shown in FIG. 2 is more commonly known as a cube, which
of course has six rectangular, i.e., square, sides, denominated
here as a top face 64, bottom face 66 and four side faces 68,
70, 72 and 74 that extend between corresponding edges of the
top face 64 and bottom face 66.

Inasmuch as the antenna substrate 52 is in the shape of a
cube, the top face 64 and bottom face 66 are planar or at least
substantially planar and lie in corresponding parallel but
spaced-apart geometric planes, the separation distance of
which defines the height, H, of'the cube. The side faces 68, 70,
72 and 74 of the antenna substrate 52 are also planar or
substantially planar and orthogonal to the top face 64 and the
bottom face 66 with faces adjacent to each other also being
orthogonal to each other.
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In FIG. 2, the antenna 50 is depicted atop a substantially
planar dielectric supporting substrate 76 to which a metal
ground plane 78 is also attached. When the antenna 50 and
supporting substrate 76 with the ground plane 78 as shown in
FIG. 2 are used in a mobile communications device 12, the
ground plane 78 acts to shield circuitry of the device 12 from
signals emitted from the antenna as well as electromagnetic
interference or EMI from external sources. The ground plane
78 also shapes the radiation pattern of the antenna 50.

In one embodiment, a three-dimensional rectilinear
antenna substrate 52 depicted is fabricated as a solid piece of
molded dielectric material, in which case, the substrate will of
course have multiple sides. A cube-shaped substrate 52 will
have six sides. In embodiments where the antenna substrate
52 is solid, the bottom face 66 of the substrate 52 will abut a
surface of the supporting substrate 76 when the antenna sub-
strate 52 is mounted atop a supporting substrate 76. Since a
solid substrate 52 will add weight and cost, in at least one
other embodiment, the three-dimensional rectilinear antenna
substrate 52 is not solid but is instead constructed from one or
more separate panels of dielectric material that is folded into
a desired shape for the antenna substrate 52. In yet another
embodiment, the parallelepiped is constructed from several
separate discrete panels affixed to each other. Various well-
known methods of attachment can be used including, but not
limited to, adhesives, heat, ultrasonic welding or mechanical
fasteners.

In embodiments where the antenna substrate 52 is not solid
but is instead composed of multiple panels and therefore
hollow, a cube-shaped antenna substrate 52 can have either
five or six sides, the construction of which is referred to herein
as being a panelized substrate. In embodiments wherein a
panelized antenna substrate 52, such as a cube-shaped sub-
strate is constructed to have only five sides and which is then
mounted to a separate supporting substrate 76, the portion of
the supporting substrate 76 that is directly below the hollow
antenna substrate 52 is then considered to be a de facto “side”
of the antenna substrate 52. The portion of the supporting
substrate 76 directly below the antenna substrate 52 is con-
sidered herein to be the “bottom” face 66 of the parallelepiped
antenna substrate 52.

FIG. 3 is a close-up, perspective view of the embodiment of
the multi-band antenna 50 depicted in FIG. 2, showing in
greater detail how the antenna 50 depicted in FIG. 2 is con-
structed using a three-dimensional rectilinear body as an
antenna substrate 52.

As can be seen in FIG. 3, a radiation element 80 of the
antenna 50 is a single, elongated strip of metal or other con-
ductive material folded around the faces 64-74 of a cube-
shaped antenna substrate 52, except for the bottom face 66, to
which the antenna substrate 52 is attached. As with any end-
fed strip antenna, the strip that forms the radiation element 80
has a feed point 82, whereat radio frequency signals for trans-
mission from the antenna 50 are introduced to the antenna 50
from a transmitter and whereat radio signals received by the
antenna 50 are recovered from the antenna 50 by a receiver. In
the embodiment shown in FIG. 3, the feed point 82 is located
atthe edge 84 formed by the intersection of the bottom face 66
and one of the side faces 68. In alternate embodiments of the
antenna 50, the feed point 82 is located away from an edge,
e.g., at the interior of the strip connecting the antenna and the
ground plane.

The radiation element 80 has length, width and thickness,
the length of which is chosen to be approximately one-quarter
the wavelength of a signal in the antenna’s fundamental band,
e.g., the 800 Mhz band. As will be appreciated from the
figures and description below, the length and width will deter-
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mine the resonant frequencies and characteristic impedances
of the antenna 50, however, the width of the strip is also
chosen to allow the radiation element 80 to be folded over the
faces of the parallelepiped-shaped substrate without having
the segments overlap or abut each other.

Note that a “I”’-shaped impedance matching element 88 is
located at the terminus end 90 of the strip. The input imped-
ance of the antenna 50 at the feed point 82 can thereby be
adjusted by varying the length as well as the width of the
impedance matching element 88. As with the metal strip that
forms the radiation element 80, the metal strip or strips form-
ing the impedance matching element 88 are also disposed on
one or more faces of the antenna substrate 52. In the embodi-
ment shown, the impedance matching element 88 wraps over
the top face 64 and two side faces 70 and 74.

Segments forming the radiation element 80 and segments
forming the impedance matching element 88 can be over
coated with a thin layer of insulative material (not shown). A
non-conductive, i.e., insulative material deposited over the
segments can reduce or prevent oxidation of the segments,
prevent the segments from being separated from surfaces of
the antenna substrate 52 but also prevent the segments from
being short circuited during or after installation of the antenna
50 into a mobile device 12.

FIG. 4 is another close-up perspective view of the antenna
50 depicted in FIG. 3 albeit from a different direction. FIG. 4
therefore further illustrates how the metal strip forming the
radiation element 80 and the impedance matching section 88
are wrapped around the parallelepiped shaped antenna sub-
strate 52.

An even better understanding of the construction and
operation of the antenna 50 can be had from FIGS. 5 and 6,
which are plane views of the antenna depicted in FIG. 2 albeit
with the faces of the antenna substrate 52 unfolded with the
radiation element 80 still on them. FIG. 5 differs from FIG. 6
in that FIG. 5 depicts antenna 50 current distributions in the
800 and 900 MHz bands whereas FIG. 6 depicts current
distributions of the same antenna in the 1800 and 1900 MHz.
bands.

FIGS. 5 and 6 both show that the radiation element 80 can
be considered to be several separate but electrically and
physically contiguous elongated planar conductive segments,
the segment end points of which being identified in the figures
by the letters S, O, and A through L. The various segments that
comprise the radiation element 80 are therefore denominated
as SA, AB, BC, CD, DE, EF, FG, GH, HL, 1J, JK, KL and LO.
The segments are connected to each other in series and extend
between the feed point 82 of the antenna 50 and the imped-
ance matching element 88 at the terminus end 90. The sum of
the lengths of all the segments SA, AB, BC, CD, DE, EF, FG,
GH, HI, 11, JK, KL, LO, including the length of at least one of
segments OM or ON of the impedance matching element 88,
are responsible for achieving low frequency band resonances,
which for the mobile communications device shown in FIG.
1 were 800 and 900 MHz bands.

Because of the symmetry of the layout of the segments on
the antenna substrate 52, a zero current point occurs at the
geometric center point P of the antenna 50. The geometric
center point for the high frequency bands i.e., the 1800, 1900
and 2100 MHz bands will shift however along the EF at
various different frequencies of operation. The shifting zero
current point P makes the current flow along the strips in the
Y direction, i.e., strips IH and BC, and current flowing along
the strips in the Z direction, i.e., strips DE and GF, HG and
CD, I and AB, KJ and SA, to be in-phase with respect to each
other, resulting in high gain, uniform radiation patterns for the
cube-shaped antenna 50, as depicted in FIGS. 7A and 7B.
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Note that for every two segments that are electrically con-
nected to each other, such as the segments AB and BC, or BC
and CD, or DE and EF, one of them extends at least part way
across two adjacent faces of the substrate so that one of the
segments folds over an edge of the cube to allow the metal
strip forming the radiation element to change direction and
extend onto an adjacent face. Stated another way, segments of
the radiation element 80 that are electrically and physically
adjacent to each other in the concatenation of elements SA,
AB,BC,CD,DE, EF, FG, GH, HL, 1J, JK, KL and LO, are also
orthogonal to each other at their points of connection.

By way of example, segment SA is connected to segment
AB on the top surface 64. As can be seen in FIGS. 3 and 4, the
portions of segments SA and AB on the side faces 68 and 70
are parallel, however, SA and AB are orthogonal to each other
where they meet, i.e., on the top surface 64. Consider also
segment CD, which extends over a side face 70 as well as part
way over the top surface 64. While segment CD is orthogonal
to segment BC where they meet on the side face 70. Segment
CD is also orthogonal to segment DE where CD and DE meet
on the top surface 64. Thus two successive segments SA, AB,
BC,CD, DE, EF, FG, GH, HL, 1], JK, KL and L.O, are orthogo-
nal to each other where they meet on the surfaces of the
antenna substrate 52.

FIGS. 7A and 7B illustrate graphical representations of
measured radiation patterns of the antenna 50 depicted in
FIG. 2 at both 912 MHz and 1946 MHz. As can be seen in
FIG. 7A, the antenna 50 has a radiation pattern in the ZX
plane (as marked in FIGS. 2-4) which is a nearly perfect circle
at 912 MHz. The radiation pattern is also substantially circu-
lar at 1946 MHz. FIG. 7B shows that the antenna 50 has fairly
good circular radiation patterns in the YZ plane, (as marked in
FIGS. 2-4) at both 912 MHz and at 1946 MHz. The radiation
pattern emitted from the mobile communication device 12
can therefore be chosen to be at least one of those depicted in
FIGS. 7A and 7B, by simply orienting the antenna substrate
52 within a mobile communications device 12 so that the ZX
plane is parallel, orthogonal to or oriented in some other
fashion to obtain a desired radiation pattern relative to the
earth’s surface.

Referring now to FIG. 8 there is shown a plot of the return-
loss of the antenna 50 depicted in FIGS. 2-4 as a function of
frequency. The frequency of signal input to the antenna at the
feed point 82 is plotted along the abscissa or X-axis 92. The
ordinate or Y-axis 94 is scaled in terms of return loss in
decibels or dB.

The antenna 50 depicted in FIGS. 2-4 exhibits a pass band
96 between approximately 800 MHz and 900 MHz. A second
pass band 98 extends between approximately 1600 MHz and
2200 MHz. As shown by the FIG. 8, the antenna will effi-
ciently transduce RF signal energy anywhere within the pass
bands 94 and 96. The pass bands and their corresponding
frequencies therefore define frequency bands wherein a
multi-mode communications device can operate efficiently.

FIG. 9 illustrates a method flow diagram, shown generally
at 100, representative of a method of operation of an embodi-
ment of the present invention. The method provides for trans-
ducing signal energy at a radio device.

First, and as indicated by the block 102, a three-dimen-
sional rectilinear substrate is formed, such as the cube
depicted in the figures described above. As indicated in block
104, a first radiation element is formed and deposited onto the
surface of the substrate.

The radiation element is formed in the shape of an elon-
gated, thin strip of metal or other conductive material. The
strip has a predetermined length, which is substantially equal
to one-quarter the wavelength of the lowest frequency band at
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which the antenna will operate. It is important that the
antenna strip be provided with a feed point, such as the one
described above, whereat signal energy can be introduced to
and obtained from the antenna.

The radiation element can be formed upon the faces of the
antenna substrate by different methods. Such methods
include but are not limited to, electro-plating, chemical vapor
deposition or CVD or by adhesives. In one embodiment, the
segments forming the radiation element and the surfaces of
the antenna substrate are overcoated with a thin layer of
dielectric material as indicated by step 106, which will protect
the segments from oxidation as well as inadvertent short
circuiting.

As shown in block 108, radio frequency signal energy is
then transduced within first, second, third or fourth sets of
frequency bands at which the radiation element is resonant.

The antenna 50 described above defines a strip antenna of
small dimensions and which is easily positioned within the
housing of a compact mobile station. The antenna enables a
mobile station to operate on multiple frequency bands,
including the quad-bands of a quad-mode mobile station
operable at the 800/900/1800/1900 MHz frequency bands,
however, the foregoing description should not be construed as
limiting because the inventive concept extends to antenna
substrates that are not necessarily cube-shaped.

While the embodiment depicted in the figures and
described above used an antenna substrate in the shape of a
cube having the radiation element 80 around its faces, a more
general description of the antenna 50 is that the antenna is
formed from a substrate 52 in the shape of any three-dimen-
sional rectilinear dielectric body. A radiation element 80 is
disposed on, i.e., wrapped around, multiple sides of the body,
with the possible exception of one face on which the substrate
is attached to a supporting substrate or mobile unit. The
antenna substrate 52 and the radiation element 80 are sized
together so that it can fit within the small and confined spaces
of'a multi-band mobile unit 12 yet transduce radio frequency
energy in multiple different frequency bands.

Three-dimensional rectilinear bodies that are usable to
form an antenna include but are not limited to, truncated
prisms and truncated pyramids, and parallelepipeds gener-
ally, e.g., cubes and cuboids, whether such bodies are solid or
hollow. As used herein, a truncated prism is considered to be
any polyhedron with two polygonal faces lying in parallel
planes and with the other faces that connect the two polygonal
faces being parallelograms. The polygonal faces can include
regular polygons such as triangles, squares, rectangles, pen-
tagons, octagons as well as irregular polygons. The parallelo-
gram sides can include rectangles and squares. In such a body,
the two polygonal faces may or may not correspond to the top
face 64 and the bottom face 66 of the cube described above.

A pyramid is of course a polyhedron having for its base a
polygon and faces that are triangles with a common vertex. A
truncated pyramid is therefore a pyramid with a top portion
that is removed to provide a flat top in the shape of a regular
polygon. The sides of a truncated pyramid are trapezoidal. In
a truncated pyramid, the shape of the bottom face and the
shape of the top face will be the same but with the bottom face
being larger than the top. The slope or inclination of the sides
is a design choice and can vary from just over 90 degrees to
virtually any angle.

Itwill be recognized by those of ordinary skill in the art that
as the shape of the antenna substrate 52 varies from a cube, the
spatial relationships between antenna segments on differently
arranged faces will also vary. As the spatial relationship
between the segment vary, the pattern of RF signal energy is
radiated from them will also vary. It is therefore expected that
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an emitted radiation pattern for an antenna formed from a
substrate other than the cube depicted in FIGS. 2-4 will likely
vary from the radiation patterns depicted in FIGS. 7A and 7B.
The true scope of the invention is defined by the appurtenant
claims.

By using three-dimensional wrapping, the antenna dis-
closed herein significantly reduces the physical size or exten-
sion of a multi-band antenna while also increasing the band-
width of the antenna. Increasing bandwidth is equivalent to
reducing the energy stored around the antenna.

The compact size of the three-dimensional wrapped
antenna also lends itself to use in multiple antenna systems,
including multiple input and multiple output (MIMO)
antenna systems. Because of their size, prior art antennas
cannot be used to implement a MIMO antenna system in a
portable communications device.

Presently preferred embodiments of the invention and
many of its improvements and advantages have been
described with a degree of particularity. The description is of
preferred examples of implementing the invention, and the
description of preferred examples is not necessarily intended
to limit the scope of the invention. The scope of the invention
is defined by the following claims.

What is claimed is:

1. A multi-band strip antenna for a communication device,
the antenna comprising:

a three-dimensional rectilinear antenna substrate having a

plurality of substantially planar faces; and

a radiation element formed of a plurality of elongated

planar conductive segments, each of which is disposed
upon at least one face of the three-dimensional rectilin-
ear antenna substrate, a first segment disposed at least on
a first face of said substrate, a second segment disposed
at least on a second face of said substrate, said second
face in orthogonal orientation to said first face, and a
third segment disposed at least on a third face of said
substrate, said third face in orthogonal orientation to said
first face and said second face, such that the plurality of
segments are electrically coupled one to another in
series, the combined lengths of the segments being
selected to be substantially equal to a one-quarter wave-
length at a lowest frequency band of two different fre-
quency bands in which the strip antenna is capable of
operating and of a length that a zero electrical current
point is created at substantially the geometric center of
said combined length series coupled segments at a high-
est frequency band of said two different frequency
bands.

2. The strip antenna of claim 1, further comprising a

T-shaped impedance matching element coupled with a termi- 5

nus end of the radiation element, said T-shaped impedance
matching element disposed on at least one surface of the
antenna substrate.

3. The strip antenna of claim 2, farther comprising an
insulative layer deposited over at least one of: the radiation
element and the T-shaped an impedance matching element.

4. The strip antenna of claim 1, wherein at least two faces
ofthe three-dimensional rectilinear antenna substrate are sub-
stantially rectangular.

5. The strip antenna of claim 1, wherein at least two faces
of'the three-dimensional rectilinear antenna substrate are par-
allelograms.

6. The strip antenna of claim 1, wherein the three-dimen-
sional rectilinear antenna substrate is in the shape of a cube.

7. The strip antenna of claim 1, wherein the radiation
element is sized, shaped and arranged to transduce signal
energy in a plurality of different frequency bands.
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8. The strip antenna of claim 7, wherein the plurality of
different bands include at least two of: the 800 Mhz band; the
900 Mhz band; the 1800 Mhz band; and the 1900 Mhz band.

9. The strip antenna of claim 7, wherein the plurality of
different bands include at least: the 800 Mhz band; the 900
Mhz band; the 1800 Mhz band; and the 1900 Mhz band.

10. The strip antenna of claim 8, wherein the pattern of
radiation emitted from the antenna in the 900 MHz band is
substantially circular, in at least one direction.

11. The strip antenna of claim 1 wherein said plurality of
elongated planar conductive segments disposed on said three
dimensional rectilinear antenna substrate in a configuration
that is substantially a mirror image about a plane parallel to at
least one face and bisecting said substrate.

12. The strip antenna of claim 11 wherein electric currents
at a highest frequency band of said two different frequency
bands flow in said conductive segments in mirror image direc-
tions referenced to said plane.

13. The strip antenna of claim 1 wherein said electrical
coupling of one segment to another further comprises a physi-
cally orthogonal connection between two coupled segments,
said physically orthogonal connection and at least a portion of
said coupled two segments disposed on one face of said
substrate.

14. A multi-band strip antenna for a communication
device, said strip antenna comprising:

a dielectric antenna substrate in the shape of a cube having

a plurality of faces;

a radiation element formed of a plurality of N elongated
planar and conductive segments of conductive material
disposed on surfaces of the cube such that they are
electrically coupled one to another other in series, the
series-coupled segments defining a feed point for the
antenna and a terminus end that is opposite the feed
point; and

an impedance matching element comprised of a length of
conductive material electrically coupled with the radia-
tion element, each segment of the plurality of segments
extending at least part way across a face of the substrate,
the radiation element having a physical length equal to
the combined length of the N segments such that the
radiation element is folded over and disposed on a plu-
rality of the faces of the substrate, a first segment dis-
posed at least on a first face of said substrate, a second
segment disposed at least on a second face of said sub-
strate, said second face in orthogonal orientation to said
first face, and a third segment disposed at least on a third
face of said substrate, said third face in orthogonal ori-
entation to said first face and said second face.

15. The strip antenna of claim 14, wherein the combined
lengths of the N segments is substantially equal to a quarter
wavelength of a first operating band of the antenna.

16. The strip antenna of claim 14 wherein said plurality of
N elongated planar conductive segments are disposed on said
dielectric antenna substrate in a configuration that is substan-
tially a mirror image about a plane parallel to at least one face
and bisecting said substrate and wherein electric currents at a
highest frequency band of said two different frequency bands
flow in said conductive segments in mirror image directions
referenced to said plane.

17. The strip antenna of claim 14 wherein said combined
lengths of said N segments are of a length that a zero electrical
current point is created at substantially the geometric center
of'said combined lengths at a highest frequency band of said
two different frequency bands in which the strip antenna is
capable of operating.
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18. A method of transducing radio frequency energy from
a multi-band communication device comprising the steps of:
forming a three-dimensional rectilinear substrate, said sub-
strate having a plurality of external surfaces; and

depositing an elongated, thin strip of conductive material,
having a predetermined length, onto a plurality of the
external surfaces of the three-dimensional rectilinear
substrate in a configuration that is substantially a mirror
image about a plane parallel to at least one face and
bisecting said substrate, and further comprising the steps
of:

depositing a first segment of said strip of conductive
material on at least a first face of said substrate,

depositing a second segment of said strip of conductive
material on at least a second face of said substrate,
said second face oriented orthogonally to said first
face, and

depositing a third segment of said strip of conductive
material on at least a third face of said substrate, said
third face oriented orthogonally to said first face and
said second face, the strip of conductive material
defining a feed point for the antenna.

19. The method of claim 18 further including the step of:
transducing radio frequency signal energy at the feed point,
the radio frequency energy being in at least one of four dif-
ferent frequency bands at which the radiation element is
resonant.

20. The method of claim 18, wherein the step of forming
includes the step of forming a cube.

21. The method of claim 18 further comprising a step of
over coating at least a portion of the conductive material.

22. The method of claim 18, wherein the step of depositing
includes the step of depositing a strip having a length sub-
stantially equal to one-quarter the wavelength of a lowest
frequency band at which the antenna will operate.

23. The method of claim 18 wherein the step of depositing
includes at least one of: electro-plating; chemical vapor depo-
sition; and adhesion.

24. The method of claim 18 further including the step of
transducing radio frequency energy within at least one of at
least first and second frequency bands at which the radiation
element is resonant.

25. The method of claim 18 wherein the step of depositing
includes the step of depositing a strip having a length such
that a zero electrical current point is created at substantially
the geometric center of said length at a highest frequency
band of said two different frequency bands in which the strip
antenna is capable of operating.

26. A multi-band strip antenna for a communication
device, the antenna comprising:

a dielectric substrate in the shape of a cube having a plu-

rality of faces;

aradiation element formed of a plurality of electrically and

physically contiguous elongated planar conductive seg-

ments connected one to another in series and extending
from a feed point to a terminus end,

said feed point coupled to a first segment having a first
portion thereof disposed on a first face of said sub-
strate and a second portion disposed on an adjacent
second face of said substrate and orthogonally
coupled to a first portion of a second segment on said
second face of said substrate,

a second portion of said second segment disposed on a
third face of said substrate and coupled to a first por-
tion of a third segment on said third face of said
substrate,
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a second portion of said third segment disposed on said
second face of said substrate and orthogonally
coupled to a first portion of a fourth segment disposed
on said second face of said substrate,

a second portion of said fourth segment disposed on a
fourth face of said substrate and coupled to a first
portion of a fifth segment on said fourth face of said
substrate,

a second portion of said fifth segment disposed on said
second face of said substrate and orthogonally
coupled to a first portion of a sixth segment disposed
on said second face of said substrate,

asecond portion of said sixth segment disposed on a fifth
face of said substrate and coupled to a first portion of
a seventh segment on said fifth face of said substrate,

a second portion of said seventh segment disposed on
said second face of said substrate and orthogonally
coupled to a first portion of an eighth segment dis-
posed on said second face of said substrate; and

an impedance matching element, comprising a length of
conductive material disposed on a face of said sub-
strate and electrically coupled to said radiation ele-
ment.

27. A multi-band strip antenna of claim 26 wherein said
impedance matching element further comprises an electrical
coupling to said radiation element at said terminus end and a
deposition location on said second face of said substrate.

28. A multi-band strip antenna for a communication
device, the antenna comprising:

a three-dimensional rectilinear antenna substrate having a

plurality of substantially planar faces; and

a radiation element formed of a plurality of elongated

planar conductive segments, each of which is disposed
upon at least one face of the three-dimensional rectilin-
ear antenna substrate in a configuration that is substan-
tially a mirror image about a plane parallel to at least one
face and bisecting said substrate, a first segment dis-
posed at least on a first face of said substrate, a second
segment disposed at least on a second face of said sub-
strate, said second face in orthogonal orientation to said
first face, and a third segment disposed at least on a third
face of said substrate, said third face in orthogonal ori-
entation to said first face and said second face, such that
the plurality of segments are electrically coupled one to
another in series, the combined lengths of the segments
being selected to be substantially equal to a one-quarter
wavelength at a lowest frequency band of two different
frequency bands in which the strip antenna is capable of
operating.

29. The strip antenna of claim 28, further comprising a
T-shaped impedance matching element coupled with a termi-
nus end of the radiation element, said T-shaped impedance
matching element disposed on at least one surface of the
antenna substrate.

30. The strip antenna of claim 29, further comprising an
insulative layer deposited over at least one of: the radiation
element and the T-shaped an impedance matching element.

31. The strip antenna of claim 28, wherein the three-dimen-
sional rectilinear antenna substrate is in the shape of a cube.

32. The strip antenna of claim 28, wherein the radiation
element is sized, shaped and arranged to transduce signal
energy in a plurality of different frequency bands.

33. The strip antenna of claim 32, wherein the plurality of
different bands include at least two of: the 800 Mhz band; the
900 Mhz band; the 1800 Mhz band; and the 1900 Mhz band.
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34. The strip antenna of claim 33, wherein the pattern of
radiation emitted from the antenna in the 900 MHz band is
substantially circular, in at least one direction.

35. The strip antenna of claim 28 wherein said combined
lengths of said series coupled segments are of a length that a
zero electrical current point is created at substantially the
geometric center of said combined length series coupled seg-
ments at a highest frequency band of said two different fre-
quency bands in which the strip antenna is capable of oper-
ating.

36. The strip antenna of claim 28 wherein electric currents
at a highest frequency band of said two different frequency
bands flow in said conductive segments in mirror image direc-
tions referenced to said plane.

37. The strip antenna of claim 28 wherein said electrical
coupling of one segment to another further comprises a physi-
cally orthogonal connection between two coupled segments,
said physically orthogonal connection and at least a portion of
said coupled two segments disposed on one face of said
substrate.

38. A method of transducing radio frequency energy from
a multi-band communication device comprising the steps of:

forming a three-dimensional rectilinear substrate, said sub-

strate having a plurality of external surfaces; and
depositing an elongated, thin strip of conductive material,
having a length such that a zero electrical current point is
created at substantially the geometric center of said
length at a highest frequency band of said two different
frequency bands in which the strip antenna is capable of
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operating, onto a plurality of the external surfaces of'the

three-dimensional rectilinear substrate, and further

comprising the steps of:

depositing a first segment of said strip of conductive
material on at least a first face of said substrate,

depositing a second segment of said strip of conductive
material on at least a second face of said substrate,
said second face oriented orthogonally to said first
face, and

depositing a third segment of said strip of conductive
material on at least a third face of said substrate, said
third face oriented orthogonally to said first face and
said second face, the strip of conductive material
defining a feed point for the antenna.

39. The method of claim 38, wherein the step of forming
includes the step of forming a cube.

40. The method of claim 38 further comprising a step of
over coating at least a portion of the conductive material.

41. The method of claim 38, wherein the step of depositing
includes the step of depositing a strip having a length sub-
stantially equal to one-quarter the wavelength of a lowest
frequency band at which the antenna will operate.

42. The method of claim 38 wherein the step of depositing
includes at least one of: electro-plating; chemical vapor depo-
sition; and adhesion.

43. The method of claim 38 further including the step of
disposing said elongated thin strip of conductive material on
said substrate in a configuration that is substantially a mirror
image about a plane parallel to at least one face and bisecting
said substrate.
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MULTI-BAND ANTENNA, AND ASSOCIATED
METHODOLOGY, FOR A RADIO
COMMUNICATION DEVICE

The present invention relates generally to a manner by
which to transduce signal energy at a radio device, such as a
portable mobile station. More particularly, the present inven-
tion relates to an antenna, and an associated methodology, for
the radio device.

The antenna is of dimensions permitting its positioning
within, or carriage together with, a hand-carriable mobile
station while providing operability over a wide range of fre-
quencies. The antenna is formed of a set of antenna patches
that are configured together in a tri-dimensional arrangement.
The spatial requirements of the antenna are reduced by fold-
ing one of the patches to cause contiguous portions thereof to
extend in planar directions offset from that of another of the
antenna patches. The antenna is operable with a multi-mode
radio device that operates at multiple, spaced frequency
bands.

BACKGROUND OF THE INVENTION

Mobile communications have become pervasive through-
out modern society. Ready access to amobile communication
system is, for many, a practical necessity. A cellular, or cel-
Iular-like communication system is an exemplary mobile
radio communication system whose availability is wide-
spread throughout significant portions of the populated areas
of the world.

A cellular communication system is constructed generally
to be in conformity with operational requirements set forth in
an operating specification promulgated by a standards-setting
body. The operating specification, amongst other things,
defines a radio air interface extending between communica-
tion stations, i.e., the network infrastructure and a mobile
station, operable in the communication system. Regulatory
bodies allocate portions of the electromagnetic spectrum.
Different allocations are made for different types of systems,
and different regulatory bodies regulate the use of the elec-
tromagnetic spectrum in different jurisdictions. And, operat-
ing standards associated with different communication sys-
tems define operating parameters including parameters
associated with the frequencies upon which the radio air
interface is defined.

While early implementations of mobile stations used to
communicate in a cellular communication system were rela-
tively bulky, and were relatively heavy, advancements in inte-
grated-circuit, processing, and communication technologies
have permitted the miniaturization of newer implementations
of mobile stations. Mobile stations are now regularly of
dimensions permitting their hand-carriage. And, increas-
ingly, mobile stations are constructed to be operable in con-
formity with the operating requirements of more than one
operating standard. Such a mobile station, referred to as a
multi-mode mobile station, is capable of operation pursuant
to a communication service by way of any communication
system with which the multi-mode mobile station is operable.

Miniaturization of a mobile station provided as a result of
the technological advancements noted-above has permitted
the circuitry required for multi-mode mobile station to be
housed in a housing of small dimension. Multi-mode mobile
stations are, for example, sometimes of configurations per-
mitting their carriage in a shirt pocket of the user. Miniatur-
ization is provided, not only by reducing the physical dimen-
sions of the circuit paths of the receive and transmit chains of
the circuitry of the mobile station, but also through sharing of
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circuit components between circuit paths used for communi-
cations pursuant to the different communication systems.

Miniaturization of antenna elements presents unique chal-
lenges, particularly when the antenna element is to form part
of a multi-mode mobile station, operable at disparate fre-
quency bands. An antenna element is generally most effective
in transducing signal energy when the transducer is of dimen-
sions related to the wavelength of the signal energy that is to
be transduced. For instance, antenna lengths corresponding
to, or multiples of, one-quarter wavelengths of the signal
energy that is to be transduced exhibit good antenna charac-
teristics. When the mobile station forms a multi-mode mobile
station that operates at different frequency bands, different
sizes of antennas are needed to transduce the signal energy of
the different frequencies and wavelengths. As the sizes of
housings otherwise required to house the circuitry of a multi-
mode mobile station continue to decrease, dimensional
requirements of the antenna elements are sometimes a limit-
ing factor limiting further miniaturization of a mobile station.
Significant effort has therefore been exerted to construct an
antenna, operable over multiple frequency bands, that is also
of small dimension, thereby to permit its positioning within
the housing of a mobile station.

A PIFA (Planar Inverted-F Antenna) is sometimes utilized
to transduce signal energy at a mobile station. Generally, a
PIFA is of compact size and is of a low profile while providing
for transducing of signal energy at more than one frequency
band. A problem typically exhibited with a PIFA, however, is
that a PIFA generally exhibits pass bands of narrow band-
widths. A bandwidth of a PIFA is enhanced by configuring the
PIFA together with a parasitic element. Such use of a parasitic
element, however, increases the dimensions of the antenna.
Additionally, tuning of the antenna becomes more difficult
due to the additional resonant branches. Also, the branches
sometimes introduce EMI (Electromagnetic Interference)
that interferes with antenna operation.

An improved antenna structure, of small dimensions, and
operable to transduce signal energy at multiple, disparate
frequency bands is therefore needed.

Itis in light of this background information related to radio
communications that the significant improvements of the
present invention have evolved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a functional block diagram of a radio
communication system in which an embodiment of the
present invention is operable.

FIG. 2 illustrates a representation of the configuration of
the antenna of an embodiment of the present invention.

FIG. 3 illustrates a representation of the antenna shown in
FIG. 2, here in which the antenna is configured with folds
formed in the folded patch portion thereof.

FIG. 4 illustrates a representation of an exemplary return
loss, plotted as a function of frequency, of an exemplary
antenna of an embodiment of the present invention.

FIGS. 5 and 6 represent exemplary radiation patterns
exhibited by the antenna of an embodiment of the present
invention at two separate frequencies, at 950 MHz and 1880
MHz, respectively.
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FIG. 7 illustrates a method flow diagram representative of
method of operation of an embodiment of the present inven-
tion.

DETAILED DESCRIPTION

The present invention, accordingly, advantageously pro-
vides an antenna, and an associated methodology for trans-
ducing signal energy at a radio device, such as a portable
mobile station.

Through operation of an embodiment of the present inven-
tion, an antenna is provided for the radio device. The antenna
is of compact dimensions that permits its positioning within,
or carriage together with, a mobile station. The antenna char-
acteristics of the antenna permit its operation at selected
frequency bands over a wide range of frequencies.

The antenna includes a set of antenna patches that are
configured together in a tri-dimensional arrangement that
extends in multiple planar directions. Reduction in the spatial
requirements of the antenna is provided by the tri-dimen-
sional configuration of the antenna. One of the patches of the
set of antenna patches is forwarded such that contiguous
portions thereof extend in planar directions offset from that of
a portion contiguous thereto. The antenna is configured to be
operable at disparate frequency bands over a wide range of
frequencies.

In another aspect of the present invention, a first patch of
the antenna forms a first main radiation element. The first
patch is L-shaped, forming an I.-shaped patch. The first radia-
tion element is resonant at a frequency band depending upon
the length of the patch and its location of connection to the
second patch of the antenna. The first main radiation element
forming the L-shaped patch includes both a feed point con-
nection and a ground connection that are connectable with
corresponding portions of the circuitry of the mobile station.
Signal energy generated at the mobile station circuitry is
provided to the antenna at the feed point connection, and
signal energy transduced into electrical form at the antenna is
provided to the transceiver circuitry at the feed point connec-
tion. The L-shaped patch includes a lengthwise-extending leg
piece and a foot piece extending outwardly therefrom. Appro-
priate selection of the dimensions of the leg piece and of the
foot piece are determinative, together with the location of the
connection of the L-shaped patch with the second antenna
patch, of the characteristics of the first antenna patch.

In another aspect of the present invention, the second
antenna patch forms a folded patch, formed of multiple folded
portions. A first portion is contiguous to, and integral with, the
L-shaped patch forming the first antenna patch. The first
portion is folded to extend in a planar direction offset from
that of the planar direction in which the L-shaped first antenna
patch extends. The first folded portion of the folded antenna
patch extends, e.g., in a planar direction substantially perpen-
dicular to the planar direction in which the L-shaped, first
antenna patch extends. The folded antenna patch further
includes a second folded portion, formed contiguous to, and
integral with, the first folded portion. The second folded
portion is folded to extend in a direction offset from the planar
direction in which the first folded section extends. The second
folded portion extends in a direction, e.g., substantially per-
pendicular to the planar direction in which the first folded
portion extends. And, the folded antenna patch further
includes a third folded portion, formed contiguous to and
integral with the second folded portion. The third folded
portion extends, e.g., in a direction substantially perpendicu-
lar to the planar direction in which the second folded portion
extends. Thereby, the spatial requirements of the second
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antenna patch are reduced relative to the space that the second
antenna patch would be required to be provided if the antenna
were not folded.

In another aspect of the present invention, the folded, sec-
ond antenna patch includes a tuning strip, tunable to be of a
length to cause the antenna patch to include resonant frequen-
cies at a desired frequency range.

In one implementation, the antenna forms a pent-band
antenna, capable of operation at five disparate frequency
bands, including the 850, 900, 1800, 1900, and 2200 MHz
frequency bands. In other implementations, the antenna is
configured to be resonant at other, and other numbers of,
frequency bands. When connected to transceiver circuitry
capable of operating in conformity with communication sys-
tems at the corresponding frequencies, the antenna permits
signal energy to be transduced at any of the resonant frequen-
cies. Due to its compact size, the antenna facilitates increased
miniaturization of a mobile station, permitting its positioning
within the housing of the mobile station.

In these and other aspects, therefore, an antenna, and an
associated methodology is provided for a radio communica-
tion device. A first patch forms a first radiation element. The
first patch is defined in a first planar direction and is resonant
at least at a first higher frequency band. A second patch forms
a second resonant element. The second patch includes a con-
tiguous first portion, contiguous and integral with, the first
patch. The contiguous first portion is folded to be upstanding
beyond the first planar direction in which the first patch
extends. Thereby, the contiguous first portion extends in a
second planar direction. The second patch is resonant at a
lower frequency band and a second higher frequency band.
The first and second higher frequency bands are, e g., of
corresponding, overlapping, or differing frequencies.

Referring first, therefore, to FIG. 1, a radio communication
system, shown generally at 10, provides for communication
services, with mobile stations, of which the mobile station 12
is representative, by way of radio links defined upon a radio
air interface 14. While the mobile station is generally repre-
sentative of a mobile station operable in conformity with
operating protocols of any of various operating specifica-
tions, in the exemplary implementation, the mobile station is
operable to communicate at the 850, 900, 1800, 1900, and
2200 MHz frequency bands that correspond to 4 GSM (Glo-
bal System for Mobile communications) frequency bands and
a UMTS (Universal Mobile Telephone Service) band. Oper-
ability of the mobile station at the GSM frequencies and the
UMTS frequencies provides a mobile station that is permit-
ting of operation in a majority of the world-wide areas that
provide for cellular-type communications.

A plurality of radio access networks (RANs), radio access
networks 16, 18, 22, 24, and 26 are illustrated in FIG. 1. The
radio access networks 16-26 are representative, respectively,
ofa GSM 850 MHz system, a GSM 900 MHz system, a GSM
1800 MHz system, a GSM 1900 MHz system, and a UMTS
2200 MHz network, respectively. When the mobile station 12
is positioned within the coverage area of any of such networks
16-26, the mobile station is capable of communicating with
the radio access network. Here, merely for purposes of sim-
plicity, the mobile station is positioned within the coverage of
each of the radio access networks. That is to say, in the
illustrated example, all of the networks have overlapping
coverage areas. In an actual implementation, various of the
networks are implemented in separate, and non-overlapping,
jurisdictional areas. The radio access networks 16-26 are
coupled, here by way of gateways (GWYs) 28 to a core
network 30. A communication endpoint (CE) 32 is coupled to
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the core network. The communication endpoint is represen-
tative of a communication device that communicates with the
mobile station.

The mobile station sends data upon the radio air interface
14 and receives data communicated thereon. Transceiver cir-
cuitry 36 is embodied at the mobile station, formed of a
transmit part and a receive part to operate upon data that is to
be communicated by the mobile station or data that is
received thereat. The receive and transmit chains forming the
receive and transmit parts, respectively, of the transceiver
circuitry are operable in conformity with the operating stan-
dards and protocols associated with, and defining, the respec-
tive systems. The transceiver circuitry of the mobile station is
coupled to an antenna 42 of an embodiment of the present
invention. The antenna is constructed to permit its operation
to transduce signal energy at all of the frequency bands at
which the mobile station transceiver circuitry is operable.
That is to say, in the exemplary implementation, the antenna
42 operates to transduce signal energy at any of the 850, 900,
1800, 1900, and 2200 MHz frequency bands. In the exem-
plary implementation, the antenna is positioned within the
housing 44 of the mobile station to be supportively enclosed
by the housing. Howsoever positioned, the antenna is of small
dimensions, facilitating its carriage together with the mobile
station at any of the frequencies at which the mobile station
operates.

FIG. 2 illustrates the antenna 42, shown in FIG. 1 to form
part of the mobile station 12. The exemplary implementation
shown in FIG. 2 forms a pent-band, i.e., a five-band, antenna
that operates in conjunction with a five-band mobile station to
transduce signal energy during its operation. The view shown
in FIG. 2 is representative of the antenna prior to configura-
tion into a tri-dimensional form. The view is that of the pattern
of the antenna. And, once formed, the antenna is folded at
folds 48, 52, and 54, as shall be described below. By forming
the folds in the antenna, the antenna is shaped into three
dimensions to be tri-dimensional in shape. As each of the
folds taken along the respective folding lines, in the exem-
plary implementation, forms a substantially perpendicular
angle, the resultant form of the antenna is substantially rect-
angular.

The antenna includes two antenna patches, a first antenna
patch 58 and a second antenna patch 62. The first antenna
patch 58 here comprises an L-shaped patch including a
lengthwise-extending leg part 64 and an outwardly-extending
foot part 66. An outer lengthwise dimension of the L.-shaped
patch extends in a linear direction along the entire length of
the patch. An inner lengthwise dimension, also extending in
the same linear direction, is of a length that extends to the foot
part and is of a length, in part, dependent upon the positioning
and configuration of the foot part. The first antenna patch is
connected to the transceiver circuitry (shown in FIG. 1) of the
mobile station at a feed point connection 72 and a ground
connection 74. The first antenna patch is resonant at a fre-
quency band of frequencies determined by the characteristics
of the antenna patch. Through appropriate selection of the
lengthwise dimension of the patch, i.e., the length of the leg
piece of the L-shaped patch together with the location of
connection of the second antenna patch is, in significant part,
determinative of the operable frequency band of the first
antenna patch. In the exemplary, pent-mode embodiment, the
first antenna patch is configured to exhibit a resonant band of
a relatively high frequency.

The second antenna patch 62 forms a folded patch with
three portions, a first portion 78, a second portion 82, and a
third portion 84 defined by the folding lines 48, 52, and 54,
respectively. That is to say, the portion 78, 82, and 84 are
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defined by the folding of the antenna patch at the fold lines.
The first portion is constructed to be contiguous to, and inte-
gral with, portions of the first antenna patch 58. When folded
about the fold line 48, the portion 78 extends in a second
planar direction, offset from a first planar direction in which
the first antenna patch extends. The planar directions are
offset, e.g., by ninety degree angles to be perpendicular to one
another.

The second portion 82 is formed contiguous to, and inte-
gral with, the first portion 78. Folding of the second portion
about the fold line 52 causes the second portion to extend in
a third planar direction, offset from the second planar direc-
tion in which the portion 78 extends. In the exemplary imple-
mentation, the angle formed by folding of the antenna patch
about the fold line 54 forms a substantially perpendicular
angle to cause the third portion to extend in a planar direction
substantially perpendicular to the planar direction of the sec-
ond portion. The three portions of the second antenna patch
and the first antenna patch define four planar directions that,
when perpendicular, together define a rectangular shape.

The second portion 82 of the antenna patch 62 includes a
tuning strip 88 that is of a length that is determinative of one
of the frequency ranges, and hence bands, at which the
antenna is resonant. And, the length of the patch, in the
lengthwise direction, independently determines resonant fre-
quencies at a lower frequency band and at a high frequency
band. Tuning of the lower frequency is provided by the selec-
tion, or change, of the configuration of the tuning strip.

FIG. 3 again illustrates the antenna 42, shown previously in
FIGS. 1 and 2. The antenna is here positioned at a substrate 92
at which the transceiver circuitry 36 is mounted. The trans-
ceiver circuitry is connected by way of conductive paths 94
with the feed point connection and the ground connection 72
and 74, respectively. The antenna is mounted upon a substrate
part 98 that, in the exemplary implementation forms a FR-4
dielectric substrate of a thickness of 1.5 millimeters and is of
a relative permittivity of 4.4. Folded as shown, the second
portion 82 of the second antenna patch is upstanding beyond
the first antenna patch 58. The first portion 78 is of a height of
10 millimeters in the exemplary implementation. And, the
ground panel size is 55 millimeters by 90 millimeters. The
conductive paths of the first and second antenna patches of the
antenna are of lengths and widths that are resonant at selected
frequency ranges, selected in the exemplary implementation
to be resonant at five frequency ranges, including the 850,
900, 1800, 1900, and 2200 MHz bands. And, a lower fre-
quency band width extends between 824 and 961 MHz while
a higher frequency band width extends from 1700 to 2200
MHz. Appropriate selection of the dimensions of the first
antenna patch extends the bandwidth of the higher frequency
band to extend between 1600 and 2300 MHz. Due to the
folded nature of the second antenna patch, the space required
on the substrate 92/98 is reduced relative to a two-dimen-
sional implementation.

FIG. 4 illustrates a graphical representation 104 that shows
exemplary return loss of an exemplary antenna 42 shown in
any of the preceding figures. Review of the representation
illustrates pass bands 106, 108, and 112. Through appropriate
selection of the configuration of the antenna, the pass bands
are located at other frequencies.

FIGS. 5 and 6 illustrate exemplary radiation patterns
exhibited by the antenna 42 in an exemplary implementation.
In FIG. 5, a first plot 118 is representative of the radiation
pattern at 950 MHz in the YZ plane. And, the curve 122 is
representative of a second radiation pattern, also at the 950
MHz frequency, but in an XY plane.
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Analogously, in FIG. 6, a first radiation pattern 128 is
representative of the radiation pattern at 1880 MHz in the YZ
plane. And, the radiation pattern 132 is representative of the
radiation pattern, at the same frequency, but in the XY plane.

FIG. 7 illustrates a method flow diagram shown generally
at 142, representative of the method of operation of an
embodiment of the present invention. The method transuces
signal energy at a radio device.

First, and as indicated by the block 144, a first radiation
element is formed, comprised of a first patch defined to
extend in a first planar direction and resonant at a first fre-
quency band. Then, and as indicated by the block 146, a
second radiation element is formed. The second radiation
element includes a folded loop having a contiguous first por-
tion. The contiguous first portion is contiguous and integral
with the first patch. The second radiation element also
includes a contiguous second portion, contiguous and integral
with the first portion. The contiguous first portion is folded to
be upstanding beyond the first patch in a second planar direc-
tion and the contiguous second portion is folded to extend in
a third planar direction, offset from the second planar direc-
tion. The second radiation element is resonant at a second
frequency band. The second radiation element further
includes a contiguous third portion, contiguous and integral
with the contiguous second portion. The contiguous third
portion extends in a fourth planar direction, offset from the
third planar direction. In one implementation, the element is
formed such that the second and fourth planar directions are
substantially parallel and such that the third planar direction
is substantially parallel to the first planar direction in which
the first element extends.

Then, and as indicated by the block 148, the folded loop is
tuned. And, as indicated by the block 152, signal energy is
transduced within any of the first and second frequency bands
at any of the first patch and the folded loop.

Due to the tri-dimensional configuration of the antenna, a
multi-band antenna is formed, of compact configuration,
facilitating its use together with a mobile station, or other
portable radio device.

Presently preferred embodiments of the invention and
many of its improvements and advantages have been
described with a degree of particularity. The description is of
preferred examples of implementing the invention, and the
description of preferred examples is not necessarily intended
to limit the scope of the invention. The scope of the invention
is defined by the following claims.

What is claimed is:

1. An antenna for a radio communication device, said
antenna comprising:

a first patch forming a first radiation element, said first
patch being substantially L.-shaped and defined in a first
planar direction, said first antenna patch being resonant
at least at a first higher frequency band, said resonance
determined by a dimension of the [.-shaped patch and by
a location of a connection of a second antenna patch to
said first antenna patch; and

said second patch forming a second radiation element and
including a first portion, a second portion, and a third
portion, said first portion being contiguous and integral
with at least a portion of said first patch, the first portion
being folded to extend in a second planar direction dif-
ferent than the first planar direction in which said first
patch extends, said second portion being contiguous and
integral with said first portion, said second portion being
folded to extend in a third planar direction different than
the second planar direction, said third portion being
folded to extend in a fourth planar direction different
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than the third planar direction, the second patch being
resonant at least at a lower frequency band and a second
higher frequency band.

2. The antenna of claim 1 wherein said first patch forming
the first radiation element comprises an elongated leg piece
and a foot piece extending therefrom.

3. The antenna of claim 2 wherein the first higher frequency
band at which said first patch is configured to be resonant is
dependent upon a lengthwise dimension of the elongated leg
piece.

4. The antenna of claim 3 wherein the lengthwise dimen-
sion of the elongated leg piece comprises an inner lengthwise
dimension determined by positioning of the foot piece rela-
tive to the elongated leg piece.

5. The antenna of claim 3 wherein the lengthwise dimen-
sion of the elongated leg piece comprises an outer lengthwise
dimension defining an entire length of the leg piece.

6. The antenna of claim 1 wherein the first higher frequency
band at which said first patch is resonant is positioned
between 1600 MHz and 2300 MHz.

7. The antenna of claim 1 wherein the first higher frequency
band at least overlaps with the second higher frequency band.

8. The antenna of claim 1 wherein said first patch is further
configured to include a communication-device feed point
connection.

9. The antenna of claim 1 wherein said first patch is further
configured to include a communication-device ground con-
nection.

10. The antenna of claim 1 wherein the third planar direc-
tion in which the contiguous second portion extends is sub-
stantially perpendicular to the second planar direction in
which the contiguous first portion extends.

11. The antenna of claim 1 wherein the fourth planar direc-
tion in which the contiguous third portion extends is substan-
tially perpendicular to the third planar direction in which the
contiguous second portion extends.

12. The antenna of claim 1 wherein the second higher
frequency band at which the second radiation element is
configured to be resonant is dependent upon a lengthwise
dimension of said second patch.

13. The antenna of claim 1 wherein the second radiation
element further comprises a tuning strip of a tuning-strip
length, a lengthwise dimension of the tuning strip determina-
tive, in part, of the lower frequency band at which said second
patch is resonant.

14. The antenna of claim 1 wherein the first higher fre-
quency band encompasses 1600-2300 MHz and wherein the
second higher frequency band encompasses 1700-2200
MHz.

15. The antenna of claim 1 wherein the lower frequency
band at which said second patch is resonant comprises a
frequency band within a 824 MHz to 961 MHz range and
wherein the second higher frequency band comprises a fre-
quency band within a 1700 MHz to 2200 MHz range.

16. A method for transducing signal energy at a radio
device, said method comprising the operations of:

forming a first radiation element comprised of a first patch

being substantially L-shaped and defined to extend in a
first planar direction and resonant at a first higher fre-
quency band, said resonance determined by a dimension
of the L-shaped patch and by a location of a connection
of a second antenna patch to said first antenna patch;

forming said second radiation element comprised of a

folded loop having a first portion, a second portion, and
athird portion, including forming said first portion con-
tiguous and integral with at least a portion of said first
patch and folding said first portion to extend in a second
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planar direction different than the first planar direction
in which said first patch extends, forming said second
portion contiguous and integral with said first portion
and folding said second portion to extend in a third
planar direction different than said second planar direc-
tion, and folding said third portion to extend in a fourth
planar direction different than said third planar direc-
tion, the second radiation element resonant at least at a
lower frequency band and a second higher frequency
band; and

transducing signal energy within any of the first and second

higher and the lower frequency bands at any of the first
patch and the folded loop.
17. The method of claim 16 comprising the further opera-
tion of tuning the folded loop.
18. An antenna for pent-band radio communication for
connection to a radio transceiver circuitry, said antenna being
mounted on a substrate and comprising:
afirst patch forming a first radiation element said first patch
being L-shaped and having a lengthwise-extending leg
part and an outwardly-extending foot part, a lengthwise
dimension of said first patch extending in a linear direc-
tion along an entire length of said first patch, an inner
lengthwise dimension also extending in the linear direc-
tion to the outwardly-extending foot part, said first patch
including a feed point connection extending from and
contiguous with said first patch, said first patch being
connected to the radio transceiver circuitry at said feed
point connection and at a ground connection for the
antenna, said first patch being configured to resonate at
a frequency determined by the lengthwise dimension of
said patch and by a location of a connection of a second
folded patch to said first patch, said first patch being
resonant at least at a first higher frequency band; and

said second folded antenna patch forming a second radia-
tion element, and including a first portion, a second
portion and a third portion, said first portion being con-
tiguous and integral with at least a portion of said first
patch, said first portion of said second folded antenna
patch being folded to extend in a second planar direction
substantially perpendicular to a first planar direction of
said first patch, said second portion of said second folded
patch being contiguous and integral with said first por-
tion and being folded to extend in a third planar direc-
tion, said second portion having a tuning strip of a length
determinative of one of the frequency ranges of the
antenna, said third portion of said second folded antenna
patch being folded to extend in a fourth planar direction
substantially perpendicular to said third planar direction
of said second portion, said second patch resonant at
least at a lower frequency band and a second higher
frequency band.

19. The antenna of claim 18, wherein the first higher fre-
quency band at which said first patch is configured to be
resonant is dependent upon a lengthwise dimension of the
lengthwise-extending leg part of said first patch.

20. The antenna of claim 19 wherein the lengthwise dimen-
sion of said first patch comprises an inner lengthwise dimen-
sion determined by positioning of said foot piece relative to
said elongated leg piece.

21. The antenna of claim 19 wherein said lengthwise
dimension of said elongated leg piece comprises an outer
lengthwise dimension defining an entire length of the leg
piece.

22. The antenna of claim 18 wherein said first higher fre-
quency band at which said first patch is resonant is positioned
between 1600 MHz and 2300 MHz.
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23. The antenna of claim 18 wherein said first higher fre-
quency band at least overlaps with said second higher fre-
quency band.

24. The antenna of claim 18 wherein said first patch is
further configured to include a communication-device feed
point connection.

25. The antenna of claim 18 wherein said first patch is
further configured to include a communication-device
ground connection.

26. The antenna of claim 18 wherein said third planar
direction in which said second portion extends is substan-
tially perpendicular to said second planar direction in which
said first portion extends.

27. The antenna of claim 18 wherein said second higher
frequency band at which said second patch is configured to be
resonant is dependent upon a lengthwise dimension of said
second patch.

28. The antenna of claim 18 wherein said second radiation
element forming said second patch further comprises a tuning
strip of a tuning-strip length, a lengthwise dimension of the
tuning strip determinative, in part, of the lower frequency
band at which said second patch is resonant.

29. The antenna of claim 18 wherein said first higher fre-
quency band encompasses 1600-2300 MHz and wherein said
second higher frequency band encompasses 1700-2200
MHz.

30. The antenna of claim 18 wherein said lower frequency
band at which said second patch is resonant comprises a
frequency band within a 824 MHz to 961 MHz range and
wherein said second higher frequency band comprises a fre-
quency band within a 1700 MHz to 2200 MHz range.

31. A method for transducing signal energy at a pent-band
radio device, said method comprising the operations of:

forming a first radiation element comprised of an [.-shaped

patch defined to extend in a first planar direction and
resonant at a first higher frequency band, said L.-shaped
patch having a lengthwise-extending leg part and an
outwardly-extending foot part, a lengthwise dimension
of the L-shaped patch extending in a linear direction
along an entire length of the [.-shaped patch and an inner
lengthwise dimension also extending in the linear direc-
tion to the outwardly-extending foot part, the first
L-shaped patch including a feed point connection
extending from and contiguous with the [.-shaped patch,
the L-shaped patch for connection to radio transceiver
circuitry at the feed point connection and at a ground
connection for said first radiation element, the L.-shaped
patch being resonant at a frequency determined by the
lengthwise dimension of said L-shaped patch and by a
location of a connection of a second radiation element to
said L-shaped patch;

forming said second radiation element comprised of a

folded patch being contiguous and integral with at least
aportion of said first radiation element and having a first
portion, a second portion, and a third portion, said first
portion of said folded patch being folded to extend in a
second planar direction substantially perpendicular to a
first planar direction of said L.-shaped patch, said second
portion of said folded patch being contiguous and inte-
gral with said first portion and being folded to extend in
a third planar direction, said second portion having a
tuning strip of a length determinative of one of the fre-
quency ranges of at least one of said first and second
radiation elements, said third portion of said folded
patch being folded to extend in a fourth planar direction
substantially perpendicular to said third planar direction





US 7,719,470 B2

11 12
of said second portion, said second radiation element transducing signal energy within any of the higher and
resonant at least at a lower frequency band and a second lower frequency bands at any of said first radiation ele-

ment and said second radiation element.
32. The method of claim 31 comprising the further opera-
5 tion of tuning the tuning strip.

higher frequency band;

mounting said first and second radiation elements on a
substrate and connecting said first radiation element to
circuitry of said pent-band radio device; and L
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1
ANTENNA APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to an antenna appa-
ratus, and more particularly relates to an antenna apparatus
which includes a UWB antenna encased in an antenna case
and is normally attached to another apparatus when used.

2. Description of the Related Art

In recent years, wireless communication technologies
using UltraWideBand (UWB) have gotten a lot of attention
because of UWB’s wide range of applications such as radar
positioning and high capacity transmission. In 2002, the Fed-
eral Communications Commission (FCC) of the United
States approved the use of UWB in the frequency band
between 3.1-10.6 GHz.

UWRB is a transmission system which uses ultrawideband
signals for communication. An antenna used for UWB must
be capable of sending/receiving ultrawideband signals.

An antenna, which is composed of a base board and a
power feeder, for use in the frequency band between 3.1-10.6
GHz approved by FCC has been proposed (non-patent docu-
ment 1).

[Non-patent document 1] 2003 IEICE (The Institute of
Electronics, Information and Communication Engineers)
General Conference, Mar. 22, 2003, Room B201, B-1-133:
An Omnidirectional and Low-VSWR Antenna for the FCC-
Approved UWB Frequency Band, Takuya Taniguchi and
Takehiko Kobayashi (Tokyo Denki University).

An antenna as described above has a use for devices such as
apersonal computer and a mobile communication device, and
there has been a demand for a more compact and thinner
antenna.

In Japanese Patent Application No. 2005-160286 titled
“Antenna Apparatus” filed by the same applicant as the
present application, a compact and thin antenna for UWB is
proposed.

To attach such an antenna to a device and to actually use the
antenna, an easy-to-use antenna apparatus for adjusting the
position of the antenna to achieve good reception is necessary.

SUMMARY OF THE INVENTION

The present invention provides an antenna apparatus that
substantially obviates one or more problems caused by the
limitations and disadvantages of the related art.

Embodiments of the present invention provide an antenna
apparatus which makes it possible to easily adjust the position
of an antenna to achieve good reception.

According to an embodiment of the present invention, an
antenna apparatus includes an antenna case housing an
antenna; a connector to be connected to a device which con-
nector is electrically connected to the antenna; and an antenna
case supporting mechanism which supports the antenna case
and enables changing a position of the antenna case at least to
a horizontal position and a vertical position.

The antenna case supporting mechanism of the antenna
apparatus according to an embodiment of the present inven-
tion allows the user to easily adjust the position of the antenna
case at least to a horizontal position and a vertical position,
thereby making it easier for the user to adjust the antenna to a
horizontally polarized wave and a vertically polarized wave.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an antenna apparatus
according to an embodiment of the present invention;
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FIG. 2A is afront transparent view of the antenna apparatus
shown in FIG. 1;

FIG. 2B is aback transparent view of the antenna apparatus
shown in FIG. 1;

FIG. 3 is a drawing used to describe how an antenna case of
an antenna apparatus attached to a device is rotated stepwise
in a Y-Z plane;

FIG. 4 is a drawing used to describe how an antenna case of
an antenna apparatus attached to a device is rotated in an X-Z
plane;

FIGS. 5A through 5C are drawings used to describe how
the direction of an antenna case of an antenna apparatus
attached to a device is changed;

FIG. 6A is a front perspective view of a UWB antenna;

FIG. 6B is a back perspective view of the UWB antenna;

FIG. 7 is a graph showing VSWR vs. frequency character-
istics of a UWB antenna;

FIGS. 8A and 8B are perspective views of a pair of a
coaxial connector and a connecting board seen from the Y2
direction;

FIGS. 9A and 9B are perspective views of a pair of a
coaxial connector and a connecting board seen from the Y1
direction;

FIG. 10 is a cross-sectional view of a coaxial connector to
which a connecting board is soldered;

FIG. 11A is an entire perspective view of an antenna case;

FIG.11B is an enlarged view of an arm of the antenna case;

FIG. 11C is an enlarged view of rods of the antenna case;

FIG. 12 is anexploded perspective view of an antenna case;

FIG. 13 is an enlarged perspective view of arm parts and
rod parts shown in FIG. 12;

FIG. 14 is an exploded perspective view of a connector
case;

FIG. 15is a drawing used to describe how a connector case
is assembled;

FIG. 16 is a cross-sectional view of a connector case taken
along line XVI-XVI shown in FIG. 1;

FIG. 17 is a cross-sectional view of a connector case taken
along line XVII-XVII shown in FIG. 1;

FIGS. 18A and 18B are drawings illustrating the angle
within which a connector case can be rotated; and

FIG. 19 is an exploded perspective view of an antenna case
supporting mechanism.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention are
described below with reference to the accompanying draw-
ings.

[Outline of Antenna Apparatus]

FIG. 1 is a perspective view of an antenna apparatus 10
according to an embodiment of the present invention. FIG.
2A is a front transparent view of the antenna apparatus 10;
and FIG. 2B is a back transparent view of the antenna appa-
ratus 10. Arrows X1-X2 show the width directions, Y1-Y2
show the length directions, and Z1-72 show the thickness
directions. The Y2 side is the bottom of the antenna apparatus
10 and the Y1 side is the head of the antenna apparatus 10.

FIG. 3, FIG. 4, and FIGS. 5A through 5C illustrate an
antenna case in various positions.

The antenna apparatus 10 is used to send/receive UWB
signals. As shown in FIG. 1, the antenna apparatus 10 has a
shape ofa long narrow board and includes an antenna case 11,
a connector case 30, and a coaxial connector 60. Also, as
shown in FIGS. 2A and 2B, the antenna apparatus 10
includes, in its interior, a UWB antenna 100, a coaxial cable





US 7,724,195 B2

3

110, and a connecting board 120. The coaxial connector 60
protrudes from the Y2 end of the antenna apparatus 10 in the
Y2 direction. The coaxial connector 60 is positioned at the
bottom of the antenna apparatus 10 and the UWB antenna 100
is positioned at the head of the antenna apparatus 10. The
UWRB antenna 100 is in the antenna case 11.

A part of the coaxial connector 60 is housed in the connec-
tor case 30. A screw connector 64 of the coaxial connector 60
protrudes from the connector case 30 in the Y2 direction. A
second axis 202 of the coaxial connector 60 is parallel to the
Y1-Y2 directions. The connecting board 120 is fixed to the Y1
end of the coaxial connector 60. The connecting board 120 is
housed in a space 45 inside the connector case 30 (see FIG.
16).

The coaxial cable 110 extends from the UWB antenna 100
through the antenna case 11 in the Y2 direction. The coaxial
cable 110 runs through an antenna case supporting mecha-
nism 80 described later into the connector case 30. The Y2
end of the coaxial cable 110 is connected to the connecting
board 120. In this way, the antenna 100 is electrically con-
nected to the coaxial connector 60 via the coaxial cable 110
and the connecting board 120.

The connector case 30 is joined to the coaxial connector 60
by a connector case supporting mechanism 70. The connector
case 30 is rotatably joined to the coaxial connector 60 (which
is non-rotatably fixed to the coaxial connector of a device) by
the connector case supporting mechanism 70. The connector
case 30 is rotatable in the directions of arrows 212C and
212CC around the second axis 202 in the X-Z plane within an
angle f3.

The antenna case 11 is rotatably joined to the connector
case 30 by the antenna case supporting mechanism 80. The
antenna case 11 is rotatable stepwise in the directions of
arrows 211C and 211CC around a first axis 201 (an X1-X2
axis) of the connector case 30 in the Y-Z plane within an angle
a. The antenna case supporting mechanism 80 locks the
antenna case 11 at every 30 degrees within the angle c.

As shown in FIG. 1, the antenna apparatus 10 is attached to
a device, for example, a personal computer 300, by screwing
the screw connector 64 of the coaxial connector 60 into a
coaxial connector 601 of the personal computer 300. In FIG.
1, the antenna apparatus 10 is in the X-Y plane and the
antenna case 11 is positioned at zero degrees (in a horizontal
position).

FIG. 3 shows the range within which the antenna case 11
joined to the connector case 30 by the antenna case supporting
mechanism 80 can be rotated. In FIG. 3, rotation angles in the
counterclockwise direction or upward direction are indicated
by “+”, and rotation angles in the clockwise direction or
downward direction are indicated by “~”. The antenna case
11 can be locked at every 30 degrees within the angle o
between +120 degrees and —120 degrees. The antenna case 11
can be locked at 0 degrees, +30 degrees, +60 degrees, +90
degrees (upward vertical position), +120 degrees, -30
degrees, —60 degrees, —90 degrees (downward vertical posi-
tion), and —120 degrees.

As described above, the antenna case supporting mecha-
nism 80 makes it possible to easily position the antenna case
11 at 0 degrees, +90 degrees (upward vertical position), and
-90 degrees (downward vertical position). In other words, the
antenna case supporting mechanism 80 makes it possible to
easily adjust the UWB antenna 100 to a horizontally polar-
ized wave and a vertically polarized wave.

FIG. 4 is a drawing illustrating the antenna apparatus 10 in
FIG. 1 seen from the Y2 side and shows the range within
which the connector case 30 joined to the coaxial connector
60 by the connector case supporting mechanism 70 can be
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rotated. The connector case 30 is rotatable around the coaxial
connector 60 within the angle §§ (about 100 degrees) and is
kept at a desired angle by friction of rubber as described later.
When the connector case 30 is rotated around the coaxial
connector 60, the antenna case 11 is rotated together with the
connector case 30.

When the antenna apparatus 10 is attached to the personal
computer 300 to send/receive signals, the position of the
UWB antenna 100 can be adjusted as shown in FIGS. 5A, 5B,
and 5C to achieve good reception.

FIG. 5A shows the antenna case 11 rotated to a position
perpendicular to the connector case 30.

In FIG. 5B, the connector case 30 is rotated a certain
number of degrees around the coaxial connector 60 and, as a
result, the antenna case 11 is rotated a certain number of
degrees around the second axis 202 into an inclined position.

In FIG. 5C, the antenna case 11 is rotated a certain number
of degrees around the first axis 201 of the connector case 30
and the connector case 30 is rotated a certain number of
degrees around the coaxial connector 60. As a result, the
antenna case 11 is positioned at a “+” angle and also inclined.
The user can rotate the connector case 30 around the coaxial
connector 60 by holding and rotating the antenna case 11.

Parts of the antenna apparatus 10 are described in detail
below.

[UWB Antenna 100]

As shown in FIGS. 2A and 2B and FIGS. 6A and 6B, the
UWRB antenna 100 includes a dielectric board 101. A home-
plate-shaped element pattern 102 and a microstrip line 103
are formed on the upper surface of the dielectric board 101,
which microstrip line 103 provides electrical connectivity to
the element pattern 102. On a portion of the back surface of
the dielectric board 101 which portion corresponds to the
microstrip line, a ground pattern 104 is formed.

The characteristics of the antenna apparatus 10 change
according to an angle 6 between a side of the element pattern
102 and a side of the ground pattern 104.

The UWB antenna 100 has VSWR (voltage standing wave
ratio) vs. frequency characteristics as shown in FIG. 7. In the
frequency band between 3.1-10.6 GHz where the UWB
antenna 100 is to be used, the VSWR is equal to or lower than
1.4.

The UWB antenna 100 may also include a filter in the
middle of the microstrip line 103.

[Coaxial Cable 110]

The coaxial cable 110 has a structure where an electric wire
111 is covered by a braided wire 112, and the braided wire
112 is covered by an insulating sheath 113. The Y1 end of the
electric wire 111 of the coaxial cable 110 is soldered to the Y2
end of the microstrip line 103 by solder 130, and an end 1124
of the braided wire 112 is soldered to the ground pattern 104
by solder 131. An electrically conductive adhesive or laser
welding may be used instead of solder.

For the connection between the coaxial cable 110 and the
UWB antenna 100, high frequency connectors may also be
used. In this case, a high frequency connector is attached to
the Y1 end of the coaxial cable 110 and another high fre-
quency connector is attached to the Y2 end of the microstrip
line 103 of the UWB antenna 100, and the two high frequency
connectors are joined.

[Connecting Board 120]

As shown in FIG. 8 and FIG. 9, the connecting board 120
is used to make it easier to electrically connect the Y2 end of
the coaxial cable 110 extending from the UWB antenna 100
to the coaxial connector 60. For example, the connecting
board 120 is composed of a polyimide board, a wiring pattern
121 on the front surface of the polyimide board, and a ground
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pattern 122 on the entire back surface of the polyimide board
(see FIG. 10). The connecting board 120 fits in a space in the
connector case 30.

[Coaxial Connector 60]

As shown in FIGS. 8A, 8B, 9A, 9B, and 10, the coaxial
connector 60 is composed of a metal connector body 61, a
core wire 62 running through the center of the connector body
61, an insulator 63 covering the core wire 62, the screw
connector 64 at the Y2 end, and an O-ring 65 made of rubber
and placed around the connector body 61. The connector
body 61 includes a cylinder 61a, a flange 615, and a bracket
61c. The O-ring 65 is placed around the cylinder 61a. A mark
66 is formed on the surface of the cylinder 614 in a position
circumferentially opposite from the bracket 61¢ and close to
the Y2 end.

The connecting board 120 is supported by the bracket 61¢
and the Y2 end of the connecting board 120 is placed between
the bracket 61¢ and a protrusion 62a of the core wire 62. The
end of the bracket 61¢ and a portion of the ground pattern 122
on the back surface of the connecting board 120 are soldered
by solder 132. The protrusion 62a and the Y2 end of the
wiring pattern 121 on the front surface of the connecting
board 120 are soldered by solder 133. As described above, the
connecting board 120 is at the Y1 end of the coaxial connector
60 and is fixed to the coaxial connector 60.

Also, as shown in FIG. 10, the Y2 end of the electric wire
111 of the coaxial cable 110 is soldered to the Y1 end of the
wiring pattern 121 by solder 134, and the end 112a of the
braided wire 112 is soldered to the ground pattern 122 by
solder 135.

In this way, the antenna 100 is electrically connected to the
coaxial connector 60 via the coaxial cable 110 and the con-
necting board 120.

Instead of soldering, an electrically conductive adhesive or
laser welding may be used.

For the connection between the coaxial cable 110 and the
connecting board 120, high frequency connectors may also be
used. In this case, a high frequency connector is attached to
the Y2 end of the coaxial cable 110 and another high fre-
quency connector is attached to the Y1 end of the connecting
board 120, and the two high frequency connectors are joined.

Also, the Y2 end of the coaxial cable 110 may be directly
connected to the protrusion 62a.

The mark 66 is not a printed mark but formed as a dent, and
therefore will not be rubbed off.

[Antenna Case 11]

FIG. 11A is an entire perspective view of the antenna case
11; FIG. 11B is an enlarged view of an arm 20 of the antenna
case 11; and FIG. 11C s an enlarged view of a first rod 21 and
asecond rod 22 of the antenna case 11. FIG. 12 is an exploded
perspective view of the antenna case 11. FIG. 13 is an
enlarged perspective view of arm parts and rod parts shown in
FIG. 12.

The antenna case 11 is composed of a case body 12 and a
cover 15 which are joined and fastened at five points with
screws 16. The antenna case 11 is subdivided into an antenna
case main part 11qa, the arm 20 protruding from the Y2 end of
the antenna case main part 11a inthe Y2 direction, the first rod
21 protruding from the arm 20 in the X1 direction, and the
second rod 22 protruding from the arm 20 in the X2 direction.
The first rod 21 and the second rod 22 are aligned along the
X1-X2 axis. The second rod 22 has a flange 23 at its end. The
UWRB antenna 100 is housed in the antenna case 11 near the
Y1 end.

As shown in FIG. 12, the case body 12 has a shallow recess
12a in the Y2 side and a UWB antenna containing part 124 in
the Y1 side. The case body 12 also has five threaded holes 12¢,
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an arm part 20-1 protruding from the Y2 end of the case body
12, a first rod part 21-1, a second rod part 22-1, and a flange
part 23-1.

A groove 20-1aq is formed in the arm part 20-1; and a
groove 21-1a is formed in the first rod part 21-1.

The cover 15 is subdivided into an arm part 20-2 protruding
from the Y2 end, a first rod part 21-2, a second rod part 22-2,
and a flange part 23-2. A groove (not shown) is formed in the
arm part 20-2 and a groove 21-2q is formed in the first rod part
21-2.

The arm part 20-1, the first rod part 21-1, the second rod
part 22-1, and the flange part 23-1; and the arm part 20-2, the
firstrod part 21-2, the second rod part 22-2, and the flange part
23-2 are respectively symmetric with respect to the X-Y
plane.

As shown in FIG. 12, the antenna case 11 is assembled as
follows. The UWB antenna 100 is placed in the UWB antenna
containing part 126 of the case body 12. The coaxial cable 110
is laid loosely through the case body 12. Then, the coaxial
cable 110 is laid along the grooves 20-1a and 21-1a to form an
L-shape and to protrude from the end of the firstrod 21-1. The
cover 151s placed on the case body 12 and fastened to the case
body 12 at five points with the screws 16.

The arm part 20-1 and the arm part 20-2 together form the
arm 20; the first rod part 21-1 and the first rod part 21-2
together form the first rod 21; the second rod part 22-1 and the
second rod part 22-2 together form the second rod 22; and the
flange part 23-1 and the flange part 23-2 together form the
flange 23. The groove 20-1a and the corresponding groove
(not shown) in the arm part 20-2 form a tunnel in the arm 20.
The groove 21-1a and the groove 21-15 form a tunnel in the
first rod 21.

The coaxial cable 110 runs through a flat space between the
case body 12 and the cover 15, goes through the tunnels in the
arm 20 and the first rod 21, and protrudes from the end of the
first rod 21.

Three protrusions 24-1, 24-2, and 24-3 are formed on the
X2 side of the flange 23.

The case body 12 and the cover 15 are made of a non-
magnetic and non-metal material such as ABS resin. In the
case body 12, no threaded hole 12¢ is provided near the
element pattern 102 of the UWB antenna 100. A distance L.
between the element pattern 102 and the nearest threaded
hole 12¢ is substantially long (see FIG. 12). Therefore, the
antenna case 11 does not affect the element pattern 102.

Also, the screws 16 may be made of a synthetic resin so that
the screws 16 do not affect the element pattern 102.

[Connector Case 30]

FIG. 14 is an exploded perspective view of the connector
case 30. The connector case 30 is composed of a lower con-
nector case 31-1 and an upper connector case 31-2. The lower
connector case 31-1 and the upper connector case 31-2 are
made of a non-magnetic and non-metal material such as ABS
resin. Between the lower connector case 31-1 and the upper
connector case 31-2, the coaxial connector 60, the connecting
board 120, the first rod 21 and the second rod 22 of the
antenna case 11, and a stopper 90 are sandwiched.

As shown in FIG. 14, an arm space 41-1 for housing the
arm 20 is formed in the Y1 side of the lower connector case
31-1. The lower connector case 31-1 has, on the upper side, a
rod bearing 32-1 for holding the coaxial connector 60, a
recess 33-1 to form the space 45 for holding the connecting
board 120, a protrusion 34-1 protruding from the bottom of
the recess 33-1, arod bearing 35-1 for holding the first rod 21,
arod bearing 36-1 for holding the second rod 22, a flange hole
37-1 for holding the flange 23, a stopper hole 38-1 for holding
the stopper 90, a helical compression spring hole 39-1 for
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holding a helical compression spring 95, and a groove 40-1
for holding the coaxial cable 110. The rod bearing 32-1 has an
O-ring groove 42-1 for holding the O-ring 65.

The upper connector case 31-2 has substantially a similar
structure as the lower connector case 31-1. The upper con-
nector case 31-2 has a rod bearing 32-2, a recess 33-2, a
protrusion 34-2, a rod bearing 35-2, a rod bearing 36-2, a
flange hole 37-2, a stopper hole 38-2, a helical compression
spring hole 39-2, a groove 40-2, an arm space 41-2, and an
O-ring groove 42-2.

The connector case 30 is assembled as described below.

As shown in FIG. 15, the stopper 90 is placed in the stopper
hole 38-1 of the lower connector case 31-1, the helical com-
pression spring 95 is placed in the helical compression spring
hole 39-1, the arm 20 is placed in the arm space 41-1, the first
rod 21 is placed in the rod bearing 35-1, the second rod 22 is
placed in the rod bearing 36-1, and the flange 23 is placed in
the flange hole 37-1. Also, the coaxial connector 60 as shown
in FIG. 10 is placed in the rod bearing 32-1. The coaxial cable
110 is laid along the groove 40-1 and laid loosely through the
recess 33-1.

Then, the upper connector case 31-2 is placed on the lower
connector case 31-1. The Z1 side of the coaxial connector 60
is placed in the rod bearing 32-2, the 71 side of the first rod 21
is placed in the rod bearing 35-2, the Z1 side of the second rod
22 is placed in the rod bearing 36-2, the Z1 side of the flange
23 is placed in the flange hole 37-2, the 71 side of the stopper
90 is placed in the stopper hole 38-2, and the Z1 side of the
helical compression spring 95 is placed in the helical com-
pression spring hole 39-2. Therecess 33-1 and the recess 33-2
together form the space 45 (see FIG. 16).

Finally, the upper connector case 31-2 is fastened to the
lower connector case 31-1 with screws.

As described above, the connector case 30 is assembled by
sandwiching a part of the antenna case 11, a part of the coaxial
connector 60, the stopper 90, and the helical compression
spring 95 between the lower connector case 31-1 and the
upper connector case 31-2, thereby forming the connector
case supporting mechanism 70 and the antenna case support-
ing mechanism 80.

The tightening strength of the above screws determines
how much the O-ring 65 is pressed, and thereby determines
the rotational friction of the connector case supporting
mechanism 70.

The upper connector case 31-2 has a mark 46 (see FIG. 1).

FIG. 16 and FIG. 17 show the inside of the connector case
30.FIG. 16 is a cross-sectional view of the connector case 30
taken along line XVI-XVI shown in FIG. 1. FIG. 17 is a
cross-sectional view of the connector case 30 taken along line
XVII-XVII shown in FIG. 1.

[Connector Case Supporting Mechanism 70]

As shown in FIG. 16, the connector case supporting
mechanism 70 has a structure where the coaxial connector 60
is sandwiched between the rod bearings 32-1 and 32-2. The
connecting board 120 and the bracket 61¢ are housed in the
space 45 in the connector case 30.

The above structure enables rotating the connector case 30
around the connector body 61 of the coaxial connector 60.

As shown in FIG. 17, the protrusion 34-1 is positioned
close to the Z2 side of the bracket 61c.

When the user holds the connector case 30 and rotates the
connector case 30 clockwise around the connector body 61 as
indicated by the arrow 212C in FIG. 17, the protrusion 34-1
comes into contact with the bracket 61¢ as shown in FIG.
18A. When the user holds the connector case 30 and rotates
the connector case 30 counterclockwise around the connector
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body 61 as indicated by the arrow 212CC in FIG. 17, the
protrusion 34-1 comes into contact with the bracket 61c as
shown in FIG. 18B.

Such a structure limits the rotation of the connector case 30
around the connector body 61 to within the angle § (about 100
degrees) between the positions shown in FIGS. 18A and 18B.
Limiting the rotation of the connector case 30 to within the
angle [} prevents twisting the coaxial cable 110 too much, and
thereby prevents breaking the coaxial cable 110 or discon-
necting the coaxial cable 110 from the solder 134 and 135.

The space 45 is large enough so that the connecting board
120 housed in the connector case 30 does not obstruct the
rotation of the connector case 30. Therefore, the connecting
board 120 does not rotate together with the connector case 30.

The connector case 30 is kept at a desired angle by the
friction between the O-ring 65 and the connector body 61.
The strength of this frictional force is adjustable by tighten-
ing/loosening the screws fastening the upper connector case
31-2 to the lower connector case 31-1.

Also, the movement of the coaxial connector 60 in the Y1
and Y2 directions in the connector case 30 is limited by the
flange 615 and the protrusions 34-1 and 34-2.

Also, as shown in FIG. 16, the mark 66 is provided on the
outside of the connector case 30. Since the Y2 end of the
coaxial connector 60 has an approximately round shape, it is
difficult to determine its direction. With the mark 66 and the
mark 46 on the connector case 30, the user can easily deter-
mine the angle between the connecting board 120 and the
connector case 30. Since the connector case 30 has an
approximately square shape and its direction can be easily
determined, the mark 46 on the connector case 30 may be
omitted.

The groove for the O-ring 65 may be provided on the
connector body 61 of the coaxial connector 60. In this case,
the O-ring grooves 42-1 and 42-2 in the lower connector case
31-1 and the upper connector case 31-2 are omitted.

The connector case supporting mechanism 70 may also be
configured so that the protrusion 34-1 comes into contact with
the connecting board 120 when the connector case 30 is
rotated, thereby limiting the rotation of the connector case 30
around the connector body 61.

[Antenna Case Supporting Mechanism 80]

FIG. 19 is an exploded perspective view of the antenna case
supporting mechanism 80 shown in FIG. 16.

The antenna case supporting mechanism 80 has a structure
where the first rod 21 and the second rod 22 are rotatably
supported by the rod bearings 35-1, 36-1, 35-2, and 36-2. The
antenna case supporting mechanism 80 also includes the
flange 23, the stopper 90, and the helical compression spring
95.

The flange 23 is placed between the flange holes 37-1 and
37-2 and limits the movement of the first rod 21 and the
second rod 22 in the X1 and X2 directions.

The stopper 90 has a structure where twelve holes 92 are
formed at 30 degree intervals along the circumference of a
circular part on a square board 91.

The stopper 90 is placed between the stopper holes 38-1
and 38-2 of the connector case 30 so that the stopper 90
cannot be rotated. The helical compression spring 95 presses
the stopper 90 in the X1 direction.

Three protrusions 24-1, 24-2, and 24-3 on the X2 side of
the flange 23 fit into three of the twelve holes 92 on the stopper
90.

When the user holds and rotates the antenna case 11 in the
direction indicated by an arrow 211C or 211CC, the protru-
sions 24-1, 24-2, and 24-3 push back the stopper 90 in the X2
direction against the pressure of the helical compression
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spring 95 and are released from the three holes 92. When the
user further rotates the antenna case 11, the protrusions 24-1,
24-2, and 24-3 are placed into the next set of three holes 92. In
this way, the antenna case 11 is rotated stepwise and locked at
30 degree intervals within the angle o between +120 degrees
and —120 degrees as shown in FIG. 3. The antenna case 11 can
be locked at 0 degrees, +30 degrees, +60 degrees, +90 degrees
(upward vertical position), +120 degrees, =30 degrees, —60
degrees, —90 degrees (downward vertical position), and —120
degrees.

The pressure ofholes 92 against the protrusions 24-1, 24-2,
and 24-3 is provided constantly by the helical compression
spring 95.

As described above, the antenna case 11 is locked by the
three protrusions 24-1, 24-2, and 24-3 engaging three of the
holes 92. This locking mechanism provides a locking force
three times greater than that provided by a locking mecha-
nism where one protrusion engages one hole, enabling secure
locking of the antenna case 11.

Also, such a three-point locking mechanism provides bet-
ter durability compared with a one-point locking mechanism,
since the contact pressure is distributed to the three points
(protrusions).

The bearings 35-1, 36-1, 35-2, and 36-2, the first rod 21,
and the second rod 22 are lubricated. Therefore, the antenna
case 11 can be rotated smoothly.

The protrusions 24-1, 24-2, and 24-3 may be formed on the
stopper 90; and the holes 92 may be formed on the flange 23.

A spring made of a synthetic resin may be used instead of
the helical compression spring 95. The locking force of the
locking mechanism as described above can be adjusted by
changing the strength of the helical compression spring 95 or
a synthetic resin spring. Also, the locking force of the locking
mechanism can be increased by pressing the helical compres-
sion spring 95 further by inserting a spacer in the X2 end of
the helical compression spring hole 39-1. Further, a helical
compression spring or a similar spring for pressing the flange
23 in the X2 direction may be incorporated in the arm 20.

A different type of antenna may be used instead of the
UWB antenna. Also, a different type of connector may be
used instead of the coaxial connector 60.

The present invention is not limited to the specifically
disclosed embodiments, and variations and modifications
may be made without departing from the scope of the present
invention.

The present application is based on Japanese Priority
Application No. 2005-378396 filed on Dec. 28, 2005 with the
Japanese Patent Office, the entire contents of which are
hereby incorporated by reference.

What is claimed is:

1. An antenna apparatus, comprising:

an antenna case housing an antenna;

a connector to be connected to a device which connector is
electrically connected to the antenna;

a connector case which holds the connector; and an
antenna case supporting mechanism which supports the
antenna case and enables changing a position of the
antenna case at least to a horizontal position and a ver-
tical position with respect to the connector case,

the antenna case supporting mechanism being formed
using a part of the connector case and having protrusions
and holes that engage each other and lock the antenna
case at positions including the horizontal position and
the vertical position.
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2. The antenna apparatus as claimed in claim 1, wherein the
antenna case supporting mechanism is configured so that two
or more of the protrusions and two or more of the holes
engage each other to lock the antenna case at a position.

3. The antenna apparatus as claimed in claim 1, wherein the
antenna is a UWB antenna.

4. The antenna apparatus as claimed in claim 1, wherein the
connector is a coaxial connector.

5. An antenna apparatus, comprising:

an antenna case housing an antenna;

a connector to be connected to a device which connector is
electrically connected to the antenna via a cable;

a connector case which holds the connector; and an
antenna case supporting mechanism which supports the
antenna case and enables changing a position of the
antenna case at least to a horizontal position and a ver-
tical position with respect to the connector case, wherein

the connector includes a connecting board connected to
one end of the cable, and

the connecting board is housed in the connector case.

6. An antenna apparatus, comprising:

an antenna case housing an antenna;

a connector to be connected to a device which connector is
electrically connected to the antenna via a cable;

a connector case which holds the connector; an antenna
case supporting mechanism which supports the antenna
case and enables changing a position of the antenna case
at least to a horizontal position and a vertical position
with respect to the connector case; and

a connector case supporting mechanism which supports
the connector case and enables rotating the connector
case with respect to an axis of the connector,

wherein the antenna case supporting mechanism has pro-
trusions and holes which engage each other and lock the
antenna case at positions including at least the horizontal
position and the vertical position.

7. The antenna apparatus as claimed in claim 6, wherein the
connector case supporting mechanism includes an O-ring;
and

the connector case is kept at a rotated position by friction
between the O-ring and the connector.

8. The antenna apparatus as claimed in claim 6, wherein

the connector includes a connecting board connected to
one end of the cable;

the connector case has an internal space where the connect-
ing board is housed;

the internal space has enough room so that the connecting
board does not obstruct rotation of the connector case;
and

the connecting board does not rotate together with the
connector case when the connector case is rotated by
using the connector case supporting mechanism with
respect to the axis of the connector.

9. The antenna apparatus as claimed in claim 6, wherein

a protrusion is provided in the connector case; and when
the connector case is rotated a predetermined angle by
using the connector case supporting mechanism with
respect to the axis of the connector, the protrusion comes
into contact with the connector or the connecting board
and thereby limits rotation of the connector case.
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MOBILE ANTENNA UNIT AND
ACCOMPANYING COMMUNICATION
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Divisional of U.S. patent application
Ser. No. 10/788,056, filed on 26 Feb. 2004, which is now U.S.
Pat. No. 7,379,025, which application is incorporated herein
by reference, which claims priority to Japanese patent appli-
cation No. 2003-050328 filed 27 Feb. 2003.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an antenna unit and an
accompanying communication apparatus. More specifically,
the present invention relates to an improved antenna unit and
communication apparatus for optimized use in more than one
frequency band.

2. Background

Mobile communication devices that perform radio com-
munications, such as a notebook type personal computers,
Personal Digital Assistants (PDAs), etc., need to be as small
as possible to maximize consumer acceptance. In addition,
such devices must increasingly be capable of efficient com-
munication across a plurality of frequency bands often being
used for wireless LANs. Conventionally, for such purposes, a
print dipole antenna has been proposed which is shareable
between two frequency bands. For more information on such
antennas, the reader may refer to the following papers:

Yosio Ehine “Print Dipole Antenna Sharable between Two

Frequencies: Non-feed Element Side Arrangement”
Proceedings of the 1989 IEICE Spring General Confer-
ence B-72, p. 2-72; and

Masatoshi Karigome “Energizing of Non-feed Element in

Print Dipole Antenna Sharable between Two Frequen-
cies” proceedings of the 1989 IEICE Spring General
Conference B-73, p. 2-73.

In addition, to minimize the size of the antenna, a method
has been disclosed in which an antenna corresponding to a
first frequency band and an antenna corresponding to a sec-
ond frequency band are provided on both sides of a substrate.
Such an antenna is described in more detail in Published
Unexamined Patent Application No. 2003-8325.

However, such two-frequency print dipole antennas use
half wave resonance, so that the size of the antenna must be
larger than an antenna utilizing %4 wave resonance and they
also make it difficult to realize acceptable communications
performance across a wide frequency band, such as the S GHz
frequency band specified in wireless LAN standards such as
IEEE 802.11a.

It is therefore an object of this invention to provide an
antenna unit and a communication apparatus that can solve
the above-mentioned problems. This purpose is achieved by
combinations of characteristics described in the independent
claims appended hereto. In addition, dependent claims
appended hereto specify further advantageous embodiments
of this invention.

SUMMARY OF THE INVENTION

According to a first embodiment of this invention, an
antenna unit is provided which includes an inverted F-type
antenna element provided with a feeding point and a ground
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connection point and a non-feed antenna element configured
to resonate with the inverted F-type antenna element through
electrical coupling.

According to a second embodiment of this invention, an
antenna unit is provided which includes a ground part
grounded to the earth, a feed antenna element, one edge of
which is connected to the ground part and which is provided
with a feeding point between the one edge and the other, a
non-feed antenna element which is resonated by the feed
antenna element through electrical coupling, and a resonance
element, one edge of which is connected to the ground part
and which is resonated by the non-feed antenna element
through electrical coupling.

According to a third embodiment of this invention, a com-
munication apparatus is provided which includes a transmis-
sion circuit that generates signals to be radio-transmitted, an
inverted F-type antenna element having a feeding point that is
supplied with signals generated by the transmission circuit
and a ground connection point, and a non-feed antenna ele-
ment configured to resonate with the inverted F-type antenna
element by electrical coupling.

According to a fourth embodiment of this invention, a
communication apparatus is provided which includes a trans-
mission circuit that generates signals to be radio-transmitted,
a ground part grounded to the earth, a feed antenna element,
one edge of which is connected to the ground part and which
is provided with a feeding point between the one edge and the
other that is supplied with signals generated by the transmis-
sion circuit, a non-feed antenna element resonated by the feed
antenna element through electrical coupling, and a resonance
element, one edge of which is connected to the ground part
and which is resonated by the non-feed antenna element
through electrical coupling.

In the above-described summary of this invention, as
readily recognized by one skilled in the relevant arts, all
characteristics listed are not necessarily needed for the inven-
tion and subcombinations of these characteristics may serve
as the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will be described in
some detail in the following specification and with reference
to the following figures in which like elements are referred to
using like reference numbers and in which:

FIG. 11is a perspective view of a communication apparatus
according to an embodiment of this invention;

FIG. 2 is a perspective, transparent view of the structure of
anantenna unit according to an embodiment of this invention;

FIG. 3(a) shows an example of a voltage standing wave
ratio (VSWR) analysis result for an antenna unit according to
anembodiment of the present invention when operating in the
2 GHz frequency band;

FIG. 3(b) shows an example of a VSWR analysis result for
an antenna unit according to an embodiment of the present
invention when operating in the 5 GHZ frequency band;

FIG. 4(a) shows measured values of VSWR for an antenna
unit according to an embodiment of the present invention
operating in the 5 GHz frequency band; and

FIG. 4() shows measured values of gain of an antenna unit
according to an embodiment of the present invention when
operating in the 5 GHz frequency band.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE PRESENT INVENTION

Hereinafter, the present invention will be explained by way
of description of exemplary embodiments, however, these
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embodiments should not be read as limiting the invention’s
scope which shall be delineated solely by the claims
appended hereto. In addition, all combinations of character-
istics explained in these embodiments are not necessary for
each implementation of the invention

FIG. 1 shows a structure of an information processing
apparatus 100 according to this embodiment. The informa-
tion processing apparatus 100 is an example of communica-
tion devices in accordance with an embodiment of the present
invention, and communicates via radio with other wireless-
enabled devices. The information processing apparatus 100
has an input part 110 to input user operations of the informa-
tion processing apparatus 100, a display part 120 to output
information to users of the information processing apparatus
100, and a hinge part 130 which connects the display part 120
s0 as to be opened or closed from against the input part 110.
In addition, the information processing apparatus 100 also
has a transmission circuit 140, which generates signals to be
radio-transmitted, and an antenna unit 200, which is supplied
with signals generated by the transmission circuit 140 and
radiates (and receives) radio waves.

The information processing apparatus 100 according to
this embodiment is capable of communicating on at least a
first frequency band (high frequency band), such as the 5 GHz
frequency band used for IEEE802.11a, and a second fre-
quency band (low frequency band), such as the 2.45 GHz
frequency band used for IEEE802.11b/g or Bluetooth(regis-
tered trademark), which is lower than the first frequency
band. By providing the antenna unit 200, the effective band
over which it may communicate is extended in the first fre-
quency band, efficient radio communication performance is
realized.

FIG. 2 shows a structure of the antenna unit 200 according
to this embodiment. The antenna unit 200 has an insulating
substrate 201, a feeding line 203, an inverted F-type antenna
element 215, non-feed antenna elements 220a and 2205,
shield parts 230a and 2304, a ground connection part 235 and
a resonance element 240.

The insulating substrate 201 is provided on the side of the
display part 120 so that its top and bottom surfaces are parallel
with the top surface of the display part 120, and is incorpo-
rated with other elements and components of the antenna unit
200. An exemplary insulating substrate 201 according to this
embodiment is about 50 mm along its long side, about 10 mm
along its short side, and about 0.3 mm in thickness.

The feeding line 203, which comprises a type of wiring,
such as a coaxial cable, supplies transmission signals gener-
ated by the transmission circuit 140 to the antenna unit 200.

The inverted F-type antenna element 215 is provided on the
top surface of the insulating substrate 201 in parallel with the
top surface of the display part 120, e.g., by printed wiring, and
connected to the core-wire of the feeding line 203. The
inverted F-type antenna element 215 is an example of inverted
F-type antenna elements and feed antenna elements accord-
ing to this invention. The inverted F-type antenna element 215
is provided between a ground connection point 207 con-
nected to a ground part 225 on the shield part 230a at one
edge, an edge having the ground connection point 207 and the
other, and has a feeding point 205 fed with transmission
signals generated by the transmission circuit 140. The
inverted F-type antenna element 215 according to this
embodiment has a [.-shaped structure, in which the element is
extended by a first length from the ground connection point
207 inthe direction of the short side of the insulating substrate
201 and then the element is extended by a second length
longer than the first length in the direction of the long side of
the insulating substrate 201.
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The plurality of non-feed antenna elements 220 (the non-
feed antenna elements 220a and 2205) are provided on the
bottom surface of the insulating substrate 201 in parallel with
the top surface of display part 120, e.g., by printed wiring, and
are non-feed elements provided so as to resonate with the
inverted F-type antenna element 215 through electrical cou-
pling. Each of the non-feed antenna elements 220a and 2205
has overlapped parts with the inverted F-type antenna element
215 and the resonance element 240 in the perpendicular
direction of the insulating substrate 201.

The shield parts 230a and 2305 are grounded to the earth
and surround the back that is in a radiation direction of an
electromagnetic wave transmitted by the antenna unit 200 and
the sides of the inverted F-type antenna element 215 and the
non-feed antenna elements 220q and 2205. Each of the shield
parts 230a and 2305 may be U-shaped, the outside edge of
which is three sides of top and bottom surfaces of the insu-
lating substrate 201. The shield parts 230a and 2306 are
provided in the side of the display part 120 rather than the
inverted F-type antenna element 215 and the non-feed
antenna elements 220q and 2205, and prevents features of the
antenna unit 200 from being influenced by signal lines or
ground parts of the display part 120 and other devices.

Inthis embodiment, the shield part 230a is connected to the
shield line of the feeding line 203 at a shield connection point
210, and functions as a ground part for the inverted F-type
antenna element 215. In addition, one part of the shield part
230a is grounded to the earth via a shield line, and functions
as the ground part 225 which is connected to one edge of each
of'the inverted F-type antenna element 215 and the resonance
element 240. Alternatively, at least one of the shield parts
230q and 2305 may also be electrically connected to ground
potential provided in the information processing apparatus
100 at a point other than the shield connection point 210.

The ground connection part 235 is a conductor, which is
provided at a via hole that penetrates the insulating substrate
201, and electrically connects the shield parts 230a and 2305.
The resonance element 240, one edge of which is connected
to the ground part 225 on the shield part 2304, is resonated by
the non-feed antenna elements 220a and 2205 through elec-
trical coupling. In this embodiment, the resonance element
240 is extended from the edge connected to the ground part
225 toward a direction away from the inverted F-type antenna
element 215. In addition, after extending a first length, like the
inverted F-type antenna element 215, from the edge con-
nected to the shield part 230a in the direction of the short side
of the insulating substrate 201, the resonance element 240 is
extended by a second length longer than the first length in a
direction of the long side of the insulating substrate 201
toward the direction away from the inverted F-type antenna
element 215. Therefore, the inverted F-type antenna element
215 and the insulating substrate 201 are provided so that the
parts extending in the direction of the long side of the insu-
lating substrate 201 are positioned approximately along a
straight line with each other. In addition, in the resonance
element 240 according to this embodiment, the other edge,
which is different from the edge connected to the ground part
225, is connected to the shield part 230a electrically con-
nected with the ground part 225, but alternatively, the edge
may also be a free edge that is not connected to the shield part
230a.

Next, a structure and operation of the antenna unit 200 will
be explained corresponding to each of the first and second
frequency bands.
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(1) The First Frequency Band

When a first frequency signal in the first frequency band is
supplied to the feeding point 205, the inverted F-type antenna
element 215 oscillates. Subsequently, the non-feed antenna
elements 220a and 2205 resonate with the inverted F-type
antenna element 215, and radiate an electromagnetic wave
corresponding to the first frequency signal as a waveguide
device to radiate an electromagnetic wave.

The inverted F-type antenna element 215 may have a
length of about one-fourth of the wavelength in the first fre-
quency band so as to oscillate by receiving a transmission
signal supplied from the transmission circuit 140.

In addition, to make the non-feed antenna elements 220a
and 2205 resonate with the inverted F-type antenna element
215 through electrical coupling, each of the inverted F-type
antenna element 215 and the non-feed antenna elements 220a
and 2205 may have an electrically coupled plane in parallel
facing each other in the side of the insulating substrate 201.
The distance between the inverted F-type antenna element
215 and the non-feed antenna elements 220a and 2205 may be
within a length over which electrical coupling effectively
operates, e.g., one-tenth or less of a wavelength correspond-
ing to a resonance frequency at which the inverted F-type
antenna element 215 resonates in the first frequency band.

In addition, each of the non-feed antenna elements 220a
and 22056 according to this embodiment has two or more
different lengths along a direction of resonance with the
inverted F-type antenna element 215, that is, in the direction
of the long side of the insulating substrate 201. This enables
each of the non-feed antenna elements 220a and 2205 to
resonate with the inverted F-type antenna element 215 in a
wide band of the first frequency band, and features of the
antenna unit 200 can be maintained well in the wide band of
the first frequency band.

More specifically, in each of the non-feed antenna elements
220a and 2205 according to this embodiment, the surface that
faces the inverted F-type antenna element 215, that is, touches
the insulating substrate 201, is trapezoid-shaped, the base
direction of which is a direction of resonance with the
inverted F-type antenna element 215. With this structure,
each of the non-feed antenna elements 220a and 2205 allows
features of the antenna unit 200 to be stabilized well in a wide
band of the first frequency band.

In addition, in accordance with this embodiment, the non-
feed antenna elements 220a and 2205 have different lengths
along a direction of resonance with the inverted F-type
antenna element 215, that is, in the direction of the long side
of the insulating substrate 201. More specifically, the non-
feed antenna element 2205, which is placed farther from the
display part 120 and touches a side of the insulating substrate
201, is longer than the non-feed antenna element 2204 along
a direction of resonance with the inverted F-type antenna
element 215. With this structure, the non-feed antenna ele-
ments 220a and 2205 resonate efficiently with the inverted
F-type antenna element 215 across different frequency
ranges. At a result, by providing the non-feed antenna ele-
ments 220a and 2205, at least either the non-feed antenna
element 220a or the non-feed antenna element 22056 effi-
ciently resonates with the inverted F-type antenna element
215 corresponding to any frequency supplied to the feeding
point 205 in the first frequency band, so that features of the
antenna unit 200 can be maintained well across a wide band of
the first frequency band.

Each of the non-feed antenna elements 220a and 2204
according to this embodiment is placed so that a side of it
shorter than the other sides faces the other non-feed antenna
element along a direction of resonance with the inverted
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F-type antenna element 215. More specifically, the non-feed
antenna elements 220a and 2205 are trapezoid-shaped, in
which they have their top sides and bases along a direction of
resonance with the inverted F-type antenna element 215 and
the top sides, which are shorter than the bases, face each other.
With this structure, electrical interference between the non-
feed antenna elements 220a and 22054 is minimized.

(2) The Second Frequency Band

When a signal in the second frequency band lower than the
first frequency band is supplied to the feeding point 205, the
inverted F-type antenna element 215, the non-feed antenna
elements 220a and 2205, and the resonance element 240
oscillate in the shape of a loop, so that the antenna unit 200
radiates electromagnetic waves corresponding to the second
frequency signal.

In this embodiment, the non-feed antenna elements 220a
and 2206 have feed antenna side electrostatic connection
parts 221a and 2215, which face the inverted F-type antenna
element 215 and resonate through electrical coupling, and
resonance element side electrostatic connection parts 222a
and 2225h, which face the resonance element 240 and allow
the inverted F-type antenna element 215 to be resonated by
electrical coupling, respectively.

When a second frequency signal is supplied to the feeding
point 205, by electrical coupling, a current, which is reverse to
the current flowing through the inverted F-type antenna ele-
ment 215, occurs at the feed antenna side electrostatic con-
nection parts 221a and 2215. Subsequently, by the current
occurring at the feed antenna side electrostatic connection
parts 221a and 2214, a current occurs at the resonance ele-
ment side electrostatic connection parts 222a and 222b. As a
result, by electrical coupling, a current, which is reverse to the
current flowing through the resonance element side electro-
static connection parts 222a and 222b, occurs at the reso-
nance element 240, so that the inverted F-type antenna ele-
ment 215, the non-feed antenna elements 220a and 2205, and
the resonance element 240 oscillate in the shape of a loop. In
this embodiment, the loop-shaped route has a length approxi-
mately equal to that of a standing wave of one period gener-
ated by the loop oscillation resulting from the second fre-
quency signal. For example, in the case of the 2.45 Ghz
frequency band (about 12 cm in wavelength), the loop-shaped
route is designed so as to be 7 to 8 cm considering the
guidance and capacity components of the antenna unit 200.

As described above, the antenna unit 200 according to this
embodiment functions as an inverted F-type antenna, which
has the non-feed antenna elements 220a and 2205 that
become a waveguide device in the first frequency band, and
functions as aloop-type antenna in the second frequency band
lower than the first frequency band. In the first frequency
band, as the result of the use of 4 wave resonance, this allows
the antenna unit 200 to amplify radiation energy, which is half
of'that of dipole type, through the non-feed antenna elements
220q and 2206. On the other hand, in the second frequency
band that has a longer wavelength, by oscillating at a loop-
shaped route, the long side of the antenna unit 200 can be
made shorter so that the overall size of the antenna unit may
be minimized.

In addition, the antenna unit 200 is adopted with a feeding
structure of inverted F-type element, so that input impedance
can easily be adjusted by changing the position of the feeding
point 205. Therefore, compared with a print dipole antenna
designed to operate in two frequency bands, which adjusts
input impedance according to the thickness of a substrate, the
thickness of the substrate according to embodiments of the
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present invention can be minimized, again, allowing the over-
all size of the antenna unit 200 to be minimized.

FIG. 3(a) shows a numerical analysis result of the VSWR
(Voltage Standing Wave Ratio) characteristics of the antenna
unit 200 in the 2.45 GHz frequency band. In the 2.45 GHz
frequency band, it is required that communications be per-
formed well across 100 MHz of bandwidth. As shown in FIG.
3(a), the antenna unit 200 according to this embodiment can
suppress VSWR to two or less across 100 MHz of bandwidth
inthe 2.45 GHz frequency band, and communications that are
appropriate for IEEE 802.11b/g and Bluetooth (registered
trademark) may be efficiently performed.

FIG. 3(b) shows a numerical analysis result of the VSWR
characteristics of the antenna unit 200 in the 5 GHz frequency
band. In the 5 GHz frequency band, it is required that com-
munications be performed well across 700 MHz of band-
width from 5.15 GHz to 5.85 GHz. As shown in FIG. 3(5), the
antenna unit 200 according to this embodiment can suppress
VSWR to two or less across 1200 MHz of bandwidth in the 5
GHz frequency band, and communications that are appropri-
ate for IEEE 802.11a can be efficiently performed.

FIG. 4(a) shows measured values of the VSWR character-
istics of the antenna unit 200 in the 5 GHz frequency band.
When the VSWR characteristics of the antenna unit 200
according to this embodiment is measured, VSWR is sup-
pressed to two or less across a bandwidth of about 1100 MHz
or more from about 5.1 GHz in the 5 GHz frequency band.
Achieving better VSWR characteristics across such a wide
bandwidth results from providing the non-feed antenna ele-
ments 220 having two or more different lengths, the lengths
being different along a direction of resonance with the
inverted F-type antenna element 215 and providing a plurality
of the non-feed antenna elements 220, the lengths of which
are different along a direction of resonance with the inverted
F-type antenna element 215.

FIG. 4(b) shows measurement values of gain of the antenna
unit 200 in the 5 GHz frequency band. When gain character-
istics of the antenna unit 200 according to this embodiment is
measured, a high and stable gain was achieved compared with
other antennas developed based on an inverted F-type antenna
structure across 700 MHz of bandwidth in the 5 GHz fre-
quency band. Achieving a high and stable gain across such a
wide bandwidth results from providing the trapezoid-shaped
non-feed antenna element 220, the base direction of which is
along a direction of resonance with the inverted F-type
antenna element 215 and providing a plurality of the non-feed
antenna elements 220, the lengths of which are different
along a direction of resonance with the inverted F-type
antenna element 215.

The present invention has been explained in some detail by
describing one or more exemplary embodiments. However, it
is to be understood that the scope of the present invention is
not restricted to the range of the above-described embodi-
ments. Those skilled in the relevant arts will readily recognize
that various changes or modifications may be made to the
described embodiments without departing from the scope and
spirit of the present invention, the scope of which is defined
by the claims which are appended hereto.

For example, the above-described antenna unit 200 may be
used for not only transmitting but also receiving. In this case,
signals received by the antenna unit 200 is supplied to a
receiving circuit connected with the feeding line 203 via the
feeding point 205. If used for receiving, the antenna unit 200
shows good features as in the case of transmitting. This is
clear from the reciprocal theorem of antennas.
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What is claimed is:

1. An antenna unit, comprising:

a ground part grounded to the earth;

a feed antenna element, a first edge of which is connected
to said ground part, provided with a feeding point
between said first edge and a second edge of said antenna
element;

a non-feed antenna element, which is resonated by said
feed antenna element through electrical coupling; and

a resonance element, one edge of which is connected to
said ground part, which is resonated by said non-feed
antenna element through electrical coupling,

wherein said non-feed antenna element comprises two or
more non-feed antenna elements, the lengths of which
are different along a direction of resonance with said
feed antenna element and said resonance element.

2. The antenna unit according to claim 1, wherein said feed
antenna element, said non-feed antenna element and the reso-
nance element oscillate in the shape of a loop, and said loop-
shaped route has a length of a standing wave of one period
generated by said oscillation.

3. The antenna unit according to claim 1, wherein each of
said two or more non-feed antenna elements has a feed
antenna element side electrical coupling part, which faces
said feed antenna element and which resonates through elec-
trical coupling, and a resonance element side electrical cou-
pling part, which faces said resonance element and allows
said resonance element to be resonated by electrical coupling.

4. The antenna unit according to claim 1, wherein said
resonance element extends in a direction that maintains a
distance between said feed antenna element and said edge of
said resonance element that is connected to said ground part.

5. The antenna unit according to claim 1, wherein the feed
antenna element comprises an inverted F-type antenna ele-
ment.

6. An antenna unit, comprising:

a ground part grounded to the earth;

a feed antenna element, a first edge of which is connected
to said ground part, provided with a feeding point
between said first edge and a second edge of said antenna
element;

a non-feed antenna element, which is resonated by said
feed antenna element through electrical coupling; and

a resonance element, one edge of which is connected to
said ground part, which is resonated by said non-feed
antenna element through electrical coupling,

wherein when a first frequency signal is supplied to said
feeding point, said feed antenna element oscillates and
said non-feed antenna element resonates, so that said
antenna unit radiates an electric wave corresponding to
said first frequency signal as a waveguide device, and
when a second frequency signal lower than said first
frequency is supplied to said feeding point, said feed
antenna element, said non-feed antenna element and the
resonance element oscillate in the shape of'aloop, so that
said antenna unit radiates an electric wave correspond-
ing to said second frequency signal.

7. The antenna unit according to claim 6, wherein the feed
antenna element comprises an inverted F-type antenna ele-
ment.

8. A communication apparatus, comprising:

a transmission circuit which generates signals to be radio-

transmitted;

a ground part grounded to the earth;

a feed antenna element, a first edge of which is connected
to said ground part, provided with a feeding point
located between said first edge and a second edge of said
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feed antenna element, and which feeding point is sup-
plied with signals generated by said transmission circuit;

a non-feed antenna element configured to resonate with

said feed antenna element through electrical coupling;

a resonance element, one edge of which is connected to

said ground part, configured to resonate with said non-
feed antenna element through electrical coupling;

an input part for accepting user input in order to direct the

operations of said communication apparatus;

a display part for outputting information to a user of said

communication apparatus; and

a hinge part for connecting said display part to said input

part and allowing said display part to move between a
closed position against said input part and an open posi-
tion away from said input part, and

wherein said feed antenna element and said non-feed

antenna element are provided on a side of said display
part and are generally parallel with said side.

9. The communication apparatus according to claim 8,
wherein said non-feed antenna element comprises two or
more non-feed antenna elements, the lengths of which are
different along a direction of resonance with said feed
antenna element and said resonance element.

20
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10. The communication apparatus according to claim 9,
wherein each of said two or more non-feed antenna elements
has a feed antenna element side electrical coupling part,
which faces said feed antenna element and which resonates
through electrical coupling, and a resonance element side
electrical coupling part, which faces said resonance element
and allows said resonance element to be resonated by electri-
cal coupling.

11. The communication apparatus according to claim 8,
wherein when a first frequency signal is supplied to said
feeding point, said feed antenna element oscillates and said
non-feed antenna element resonates, so that said antenna unit
radiates an electric wave corresponding to said first frequency
signal as a waveguide device, and when a second frequency
signal lower than said first frequency is supplied to said
feeding point, said feed antenna element, said non-feed
antenna element and the resonance element oscillate in the
shape of a loop, so that said antenna unit radiates an electric
wave corresponding to said second frequency signal.

12. The communication apparatus according to claim 8,
wherein the feed antenna element comprises an inverted
F-type antenna element.

#* #* #* #* #*
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PORTABLE COMMUNICATION DEVICE
WITH SLOT-COUPLED ANTENNA MODULE

FIELD OF THE INVENTION

The present invention is related to a hand-held communi-
cation device, particularly to a hand-held communication
device with slot-coupled antenna module.

BACKGROUND OF THE INVENTION

For the development of technology and progress of com-
munication, people could never be stratified with the wired
network again. Besides, the users of wireless network keep
increasing with the popularization of mobile devices, such as
the mobile phone, the notebook and the PDA.

WiFi, provided by Wireless Ethernet Compatibility Alli-
ance (WECA), also the alternative name of IEEE 802.11, is a
short range communication technique, which could support
the network receiving frequency signals within several hun-
dreds feet. Such type of technique might be realized easily in
high speed network. With the prompt progress in communi-
cation technology as well as the coming of standards IEEE
802.11a,b,g and n, a great amount of wireless radio frequency
techniques have been proposed and utilized. However, the
standardization is accelerated since the users of the wireless
network are quickly raised. In view of the application, all of
the ordinary hand-held communication devices are required
to be compatible with the 802.11 devices.

The wireless RF and antenna modules are usually included
in the hand-held communication devices that are capable of
providing 802.11 communication functions, such as PDA,
mobile phone, portable media player, game console and other
communication devices supporting WiFiprotocol. In general,
the antenna module includes a conductive patch radiator for
promoting radio efficiency. The conductive patch radiator is
conventionally: (1) attached or printed inside or outside the
dielectric housing; (2) built in the dielectric housing; or (3)
sandwiched or stacked up to be the inner layer of the two outer
layers of the dielectric housing.

The feed line or short conductor connecting the radiator
and the radio module on the PCB is absent in above antenna
module. In addition, the radio module is usually constituted
with the discrete or integrated circuits.

There are following disadvantages in traditional antenna:

(1) Common antenna is directly fixed or connected on the
PCB. Therefore, the performance of the antenna will be
influenced or interference by other components on the
PCB, such as the battery, the keyboard, the LCD panel,
the connector, the speaker, the lens, the microphone, the
push bottom switch, the wire harness and the LED.

(2) The antenna is usually directly disposed on the housing,
and connected to the PCB by the cable or adapter. Con-
sequently, there would be shortcomings, such as cable
loss of transmission, non-reliability of cable connection,
and difficult assembling and trouble-shooting.

(3) Since the antenna is disposed outside the housing, the
cable or adapter through the housing is utilized to con-
nect the antenna to the PCB. Accordingly, the signals
would lose or the surface of housing would be rugged
and rough.

(4) Since the antenna is disposed in a standalone and out-
side the housing, the cable or adapter through the hous-
ing is utilized to connect the antenna to the PCB.
Accordingly, the signals would lose and better mounting
knowledge is required.
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In conclusion, an improved hand-held communication
device should be provided to rid of these disadvantages.

SUMMARY OF THE INVENTION

In view of aforementioned problems of prior art, the
present invention therefore provides a portable communica-
tion device with slot-coupled antenna module and such por-
table communication device is particularly compatible with
WiFi standard and protocol.

The advantage of the present invention is that the portable
communication device has the antenna with slot-coupled
structure. Since the inner space is more flexible than that of
prior art, the antenna could fix stably within the portable
communication device.

Another advantage of the present invention is that the slot-
coupled antenna provides better radiation efficiency so that
the radiation gain could be remarkably improved.

Still another advantage of the present invention is that the
bandwidth and return loss of the X-shaped or 8-shaped slot-
coupled antenna is much wider and greater than that of con-
ventional I-shaped slot-coupled antenna. Besides, the radia-
tion efficiency of the antenna in the present invention could
compete with that of popular H-shaped slot-shaped antenna.

The main purpose of the present invention is providing a
portable communication device with a slot-coupled antenna
module and the device comprises: a radio module on a dielec-
tric substrate, which could be a PCB, within the portable
communication device for processing wireless signals; an
X-shaped or 8-shaped slot-coupled antenna on the dielectric
substrate, wherein a feed line and a stub substantially pass
through an intersection point of the X-shaped or 8-shaped
slot-coupled antenna, and an included angle of the X-shaped
or 8-shaped slot-coupled antenna is substantially 60 degrees;
a patch radiator, which could be a metal plate, substantially
deposited on the position of the X-shaped or 8-shaped slot-
coupled antenna and parallel with the X-shaped or 8-shaped
slot-coupled antenna, wherein an air stratum is formed ther-
ebetween as a resonant cavity; and a ground plane on the
dielectric substrate. The slot-coupled antenna model might be
deposited in a dielectric housing, and the patch radiator is
coupled to an inner surface of the dielectric housing.

Another purpose of the present invention is providing a
slot-coupled antenna module which comprises: a ground
plane coupled to a dielectric substrate; an 8-shaped or
X-shaped coupled slot, wherein a feed line and a stub sub-
stantially pass through an intersection point of the 8-shaped
or X-shaped coupled slot; and a patch radiator, substantially
deposited on the position of the 8-shaped or X-shaped
coupled slot.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 presents three views of the hand-held communica-
tion device according to the preferred embodiment of the
present invention.

FIG. 2 presents three views of the coupled slot structure
according to the second embodiment of the present invention.

FIG. 3 is the azimuth field pattern of the electric field
distribution of the first embodiment.

FIG. 4 is the elevation field pattern of the electrical field
distribution while ¢ equals O of the first embodiment.

FIG. 5 is the elevation field pattern of the electrical field
distribution while ¢ equals 90 degrees of the first embodi-
ment.

FIG. 6 is the return loss graph of the first embodiment.

FIG. 7 is the Smith chart of the first embodiment.
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FIG. 8 is the VSWR graph of the first embodiment.

FIG. 9 is the azimuth field pattern of the electric field
distribution of the second embodiment.

FIG. 10 is the elevation field pattern of the electrical field
distribution while ¢ equals O of the second embodiment.

FIG. 11 is the elevation field pattern of the electrical field
distribution while ¢ equals 90 degrees of the second embodi-
ment.

FIG. 12 is the return loss graph of the second embodiment.

FIG. 13 is the Smith chart of the second embodiment.

FIG. 14 is the VSWR graph of the second embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention is described with the preferred
embodiments and accompanying drawings. It should be
appreciated that all the embodiments are merely presented for
illustration. Although the present invention has been
described in terms of'a preferred embodiment, the invention is
not limited to these embodiments. The scope of the invention
is defined by the claims. Modifications within the spirit of the
invention will be apparent to those having ordinary skill in the
art.

Anx-shaped or 8-shaped slot-coupled antenna is disclosed
to be adopted in the communication device compatible with
the WiFistandard and protocol. FIG. 1 presents three views of
the portable communication device of the preferred embodi-
ment of the present invention. Such portable communication
device comprises a dielectric substrate 1, a radio module 2, a
ground plane 3, a feed line 4, a patch radiator 5 and an
x-shaped coupled slot 6. The antenna is deposited within a
dielectric housing 7, and the dielectric substrate 1 generally is
a PCB with various electronic components and control cir-
cuits, which would be detailed in following description.

As shown in the top view and side view in FIG. 1, the radio
module is coupled on the surface of dielectric substrate. In
one embodiment of the present invention, the feed line 4 is
coupled to the dielectric substrate 1 on the same side with the
radio module 2. One terminal of the feed line 4 coupled to the
radio module 2, and the feed line 4 extends substantially
toward the long axis of the dielectric substrate. Usually, the
feed line 4 includes the stub, and the feed line feeds signals
into the radio module 2.

The ground plane 3 is coupled to the dielectric substrate on
the side other than that with radio module 2. The ground plane
3 has the size substantially equal to that of the dielectric
substrate, and generally constituted with conducting mate-
rial, such as metal plate, for ground. As shown in the front
view in FIG. 1, the X-shaped coupled slot is formed on the
ground plane 3, and the feed line 4 passes through the inter-
section point of this X-shaped coupled slot. Normally, the
feed line 4 is a transmission line for transferring radio-fre-
quency signals.

The patch radiator 5 is coupled to the inner surface of the
dielectric housing 7, and has the area slightly greater than that
of'the X-shaped coupled slot 6. Beside, the patch radiator 5 is
deposited substantially on the position of the X-shaped
coupled slot 6. In general, the patch radiator 5 is constituted
with a conducting plate, such as a metal plate, for transmitting
signals. It has to be noted, an air gap 8 is thereby formed
between the X-shaped coupled slot 6 and the patch radiator 5
and it is employed as the resonant cavity for radiating the
radio-frequency signals.

The following data is demonstrated merely for illustration,
instead of limitation. In the preferred embodiment of the
present invention, the area of the patch radiator 5 is about
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12.4x22 mm?, the height of the dielectric housing 7 is about
0.747+0.0375 mm, and the thickness of the air gap 8 is about
6+0.3 mm. In addition, the area of the feed line is preferably
about 20x1 mm?, and the area of the stub of the feed line 4 is
preferably about 7.4x1 mm?. The dimension of the dielectric
substrate 1 is about 50x25x0.747 mm® and the dielectric
constant of the dielectric substrate 1 is about 4.2. The area
occupied by the ground plane 3 is about 50x25 mm?, the area
of the coupled slot 6 is 1x10 mm?, and the included angle of
the coupled slot is substantially around 60 degrees.

In the preferred embodiment of the present invention, the
dimension of the metallic shield of the radio module 2 is about
10x10x1.5 mm>. Moreover, the thickness of the patch radia-
tor 5 is about 1.4 mils per ounce metallic foil, and the thick-
ness of the feed line 4, the stub and the ground plane 3 is about
0.7 mils per 0.7 ounce metallic foil. The dielectric constant of
the substrate 1 is about 4.2, typically, the dielectric constant of
the air is about 1.0 and of the dielectric housing 7 is about 3-6.

FIG. 3 is the Azimuth pattern of the electric field of the
present embodiment. FIG. 4 and FIG. 5 is the elevation pat-
tern of the electric field of the present embodiment, wherein ¢
equals 0 or 90 degrees, respectively. In the present antenna,
when ¢ of E-theta equals 0, the peak gain thereof would be
about 4.05287 dB. However, when ¢ of E-theta equals 90
degrees, the peak gain thereof would be about 3.28312 dB.
Besides, the average gain is about 1.94938 dB as ¢ of E-theta
equals 0, and the average gain is about -0.3202146 dB as ¢ of
E-theta equals 90 degrees.

As shown in the return loss graph of FIG. 6, the return loss
is about 40.14 dB as the frequency of the antenna is around
5.545 GHz. FIG. 7 shows the Smith chart and FIG. 8 is the
VSWR graph of the first embodiment. For the antenna with
X-shaped slot-coupled structure, the frequency coverage in
10dBisabout 1,276 MHz or 4.874-6.150 GHz, the frequency
coverage of the cover low and middle UNII bands is 5.15-5.35
GHz, the frequency coverage of WRC band is 5.47-5.725
GHz, and the frequency coverage of ISM band is 5.725-5.85
GHz.

FIG. 2 presents three views of the slot-coupled antenna
according to one embodiment of the present invention. This
embodiment is similar to the above one, so the redundant
description would be omitted. The antenna is constituted with
dielectric substrate 1, ground plane 3, patch radiator 5, and
8-shaped coupled slot.

As shown in the top view and side view in FIG. 2, the
8-shaped coupled slot 9 is configured on the ground plane 3.
Besides, the feed line 4 substantially passes through the inter-
section point of the 8-shaped coupled slot 9, as shown in the
front view in FIG. 2. In general, the feed line 4 is a signal line
applied for transferring signals. The patch radiator 5 is
coupled to the inner side of the dielectric housing 7 and has
the area slightly greater than that of 8-shaped coupled slot 9.
In addition, the patch radiator 5 is deposited on the position of
8-shaped coupled slot 9 and usually formed by a conductive
plate, such as metal plate. The air stratum 8 between the
8-shaped coupled slot 9 and patch radiator 5 is used as a
resonant cavity for communication signals. Since the param-
eters of the antenna in this embodiment are quite similar to
those of the former embodiment, related illustration is omit-
ted.

FIG. 9 presents the azimuth field pattern of the electric field
distribution of the present embodiment. When the angle
equals zero, the field pattern would be symmetrical. The peak
gain of antenna is 3.35003 dB and the average gain is
0.574541 dB as ¢ of E-theta equals 0. FIG. 10 and FIG. 11
present the elevation field pattern of the electrical field distri-
bution while ¢ equals 0 and 90 degrees. For the present
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antenna, the peak gain thereof would be about 4.1536 dB
when ¢ of E-theta equals 0, and the peak gain thereof would
be about 3.35003 dB when ¢ of E-theta equals 90 degrees.
Besides, the average gain is about 1.94978 dB as ¢ of E-theta
equals 0, and the average gain is about —0.243249 dB as ¢ of
E-theta equals 90 degrees.

As shown in return loss graph of the present embodiment in
FIG. 12, when the frequency of the antenna is 5.589 GHz, the
return loss would be about 45.93 dB. FIG. 13 is the Smith
chart and FIG. 14 illustrates the VSWR graph of the present
embodiment. According to the slot-coupled antenna configu-
ration, the frequency coverage in 10 dB is about 1,322 MHz
or 4.902-6.224 GHz, the frequency coverage of the cover low
and Middle UNII bands is about 5.15-5.35 GHz, the fre-
quency coverage of WRC band is 5.47-5.725 GHz, and the
frequency coverage of ISM band is 5.725-5.85 GHz.

In conclusion, the slot-coupled antenna module is mainly
applied in the hand-held or portable communication device,
particularly that compatible with WiFi standard and proto-
cols. Since the ground plane of the antenna is provided with a
slot-coupled configuration, the disposition flexibility as well
as the assembly firmness would be much better than those of
prior art. Besides, the slot-coupled antenna of the present
invention possesses greater radiation performance as com-
pared with prior art. The X-shaped and 8-shaped slot-coupled
configuration could provide wider bandwidth as well as
greater return loss than traditional I-shaped slot-coupled con-
figuration. Additionally, the radiation efficiency of the
antenna of the present invention is comparable with that of
popular H-shaped slot-coupled antenna configuration.

As is understood by a person having ordinary skill in the
art, the foregoing preferred embodiments of the present
invention are merely provided for illustration rather than limi-
tation. It is intended to cover various modifications and simi-
lar arrangements included within the spirit and scope of the
appended claims, and the scope of which should be accorded
the broadest interpretation so as to encompass all such modi-
fications and similar structure. While the preferred embodi-
ment of the invention has been illustrated and described, it
will be appreciated that various changes can be made therein
without departing from the spirit and scope of the invention.

I claim:

1. A portable communication device with a slot-coupled
antenna module said device comprising:

a radio module on a dielectric substrate within said por-
table communication device, for processing wireless
signals;

a feed line coupled to said dielectric substrate on the same
side with said radio module, one terminal of said feed
line coupled to said radio module, and other terminal
extending substantially toward an long axis of said
dielectric substrate;

an X-shaped slot-coupled antenna on said dielectric sub-
strate, wherein said feed line and a stub substantially
pass through an intersection point of said X-shaped slot-
coupled antenna, and said feed line feeds signals into
said radio module;

a ground plane deposited on said dielectric substrate; and

a patch radiator, substantially deposited on the position of
said X-shaped slot-coupled antenna and parallel with
said X-shaped slot-coupled antenna, thereby forming an
air gap therebetween as a resonant cavity.

2. The portable communication device as set forth in claim

1, wherein an included angle of said X-shaped slot-coupled
antenna is substantially 60 degrees.

3. The portable communication device as set forth in claim
1, wherein said patch radiator includes a metal plate.
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4. A portable communication device with a slot-coupled
antenna, said device comprising:

a radio module on a dielectric substrate within said por-
table communication device, for processing wireless
signals;

a feed line coupled to said dielectric substrate on the same
side with said radio module, one terminal of said feed
line coupled to said radio module, and other terminal
extending substantially toward an long axis of said
dielectric substrate;

an 8-shaped slot-coupled antenna on said dielectric sub-
strate, wherein said feed line and a stub substantially
pass through an intersection point of said 8-shaped slot-
coupled antenna, and said feed line feeds signals into
said radio module;

a ground plane deposited on said dielectric substrate; and

a patch radiator, substantially deposited on the position of
said 8-shaped slot-coupled antenna and parallel with
said 8-shaped slot-coupled antenna, thereby forming an
air gap therebetween as a resonant cavity.

5. The portable communication device as set forth in claim

4, wherein an included angle of said 8-shaped slot-coupled
antenna is substantially 60 degrees.

6. The portable communication device as set forth in claim
4, wherein said patch radiator includes a metal plate.

7. A slot-coupled antenna module which comprises:

a dielectric substrate;

a feed line coupled to said dielectric substrate on the same
side with a radio module, one terminal of said feed line
coupled to said radio module, and other terminal extend-
ing substantially toward an long axis of said dielectric
substrate;

a ground plane, coupled to said dielectric substrate, having
an X-shaped coupled slot, wherein said feed line and a
stub substantially pass through an intersection point of
said X-shaped coupled slot, and said feed line feeds
signals into said radio module; and

a patch radiator, substantially deposited on the position of
said X-shaped coupled slot and parallel with said ground
plane, thereby forming an air gap therebetween.

8. The slot-coupled antenna module as set forth in claim 7,
which further comprises a dielectric housing for accommo-
dating said slot-coupled antenna module wherein said patch
radiator is coupled to an inner surface of said dielectric hous-
ing.

9. The slot-coupled antenna module as set forth in claim 7,
wherein said dielectric substrate includes a printed circuit
board (PCB).

10. The slot-coupled antenna module as set forthin claim 7,
wherein said ground plane includes a conductive plate.

11. The slot-coupled antenna module as set forthin claim 7,
wherein an included angle of said X-shaped coupled slot is
substantially 60 degrees.

12. The slot-coupled antenna module as set forthin claim 7,
wherein said patch radiator includes a metal plate.

13. A slot-coupled antenna module which comprises:

a dielectric substrate;

a feed line coupled to said dielectric substrate on the same
side with a radio module, one terminal of said feed line
coupled to said radio module, and other terminal extend-
ing substantially toward an long axis of said dielectric
substrate;

a ground plane, coupled to said dielectric substrate, having
an 8-shaped coupled slot, wherein said feed line and a
stub substantially pass through an intersection point of
said 8-shaped coupled slot, and said feed line feeds
signals into said radio module; and
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a patch radiator, substantially deposited on the position of 16. The slot-coupled antenna module as set forth in claim
said 8-shaped coupled slot and parallel with said ground 13, wherein said ground plane includes a conductive plate.
plane, thereby forming an air gap therebetween. 17. The slot-coupled antenna module as set forth in claim
14. The slot-coupled antenna module as set forth in claim 13, wherein an included angle of said X-shaped coupled slot

13, which further comprises a dielectric housing for accom- 5
modating said slot-coupled antenna module wherein said
patch radiator is coupled to an inner surface of said dielectric
housing.

15. The slot-coupled antenna module as set forth in claim
13, wherein said dielectric substrate includes a printed circuit 10
board (PCB). L

is substantially 60 degrees.

18. The slot-coupled antenna module as set forth in claim
13, wherein said patch radiator includes a metal plate.
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A loop antenna includes a ground plane and a conductive
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disposed between the first C-shaped element portion and the
second C-shaped element portion and positioned directly
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FOLDED DIPOLE MULTI-BAND ANTENNA

FIELD OF THE INVENTION

This invention relates in general to wireless devices, and
more particularly, to an internal multi-element multi-band
antenna for use in hand-held devices.

BACKGROUND OF THE INVENTION

Wireless communication is the transfer of information over
a distance without the use of electrical conductors or “wires.”
This transfer is actually the communication of electromag-
netic waves between a transmitting entity and remote receiv-
ing entity. The communication distance can be anywhere
from a few inches to thousands of miles.

Wireless communication is made possible by antennas that
radiate and receive the electromagnetic waves to and from the
air, respectively. The function ofthe antenna is to “match” the
impedance of the propagating medium, which is usually air or
free space, to the source that supplies the signals sent or
interprets the signals received.

Antenna designers are constantly balancing antenna size
against antenna performance. Unfortunately, these two char-
acteristics are generally inversely proportional. To make mat-
ters more difficult, consumers are now favoring cellular
phones with internal antennas. The ever-shrinking size of
cellular phones leaves little space inside the phone for these
antennas. To add even more complexity to this communica-
tion problem, phones are needed that offer communication in
multiple modes and in multiple frequency ranges, requiring
multiple and differening antenna elements within the phone.
With the reduction in antenna element real estate, communi-
cation performance suffers.

Therefore, a need exists to overcome the problems with the
prior art as discussed above.

SUMMARY OF THE INVENTION

A loop antenna, in accordance with an embodiment of the
present invention includes a ground plane and a conductive
element with a first C-shaped element portion having an open
end and a closed end, with only the open end extending
directly above a first portion of the ground plane, a second
C-shaped element portion having an open end and a closed
end, with only the open end extending directly above a second
portion of the ground plane, and a transmission line element
disposed between the first C-shaped element portion and the
second C-shaped element portion and positioned directly
above a third portion of the ground plane.

Inaccordance with another feature of the present invention,
the first C-shaped element portion has a first end, the second
C-shaped element portion has a second end and the transmis-
sion line element is in a series connection between the first
end of the first C-shaped element portion and the second end
of the second C-shaped element portion.

In accordance with a further feature of the present inven-
tion, the first C-shaped element portion is symmetrical with
the second C-shaped element portion.

In accordance with a yet another feature, the present inven-
tion includes a stub element coupled to the conductive ele-
ment at a feedpoint of the conductive element and one of
generally follows the shape of one of the C-shaped element
portions and meanders in a proximity of one of the C-shaped
element portions.

In accordance with a yet another feature, the present inven-
tion includes a handset supporting and containing the element
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and the ground plane, the handset having a first side to face a
user’s head during use and a second side to face a user’s hand
during use, wherein the ground plane is disposed between the
first side and the second side and the element is disposed
between the first side and the ground plane.

The present invention, according to an embodiment, is a
wireless communication device that includes a first side with
user-interactable components, a second side to be supported
by a user’s hand, a ground plane disposed between the first
side and the second side and having outer edges, and a con-
ductive element located between the first side and the ground
plane. The conductive element includes a first element por-
tion forming a C-shape with an open end directly above a first
portion of the ground plane and a closed end extending
beyond at least one edge of the ground plane, a second ele-
ment portion forming a C-shape with an open end directly
above a second portion of the ground plane and a closed end
extending beyond at least one edge of the ground plane, and a
transmission line element connecting the first element portion
to the second element portion and positioned directly above a
third portion of the ground plane.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, where like reference numerals
refer to identical or functionally similar elements throughout
the separate views, and which together with the detailed
description below are incorporated in and form part of the
specification, serve to further illustrate various embodiments
and to explain various principles and advantages all in accor-
dance with the present invention.

FIG. 1 is a perspective view of a prior-art cellular device.

FIG. 2 is a perspective view of a dual-element/multi-fre-
quency band antenna, according to an embodiment of the
present invention.

FIG. 3 is a fragmentary, partially hidden, perspective view
of the dual-element/multi-frequency band antenna of FIG. 2
diagrammatically placed within a cellular communication
device, according to an embodiment of the present invention.

FIG. 4 is a perspective view of the cellular communication
device and internal dual-element/multi-frequency band
antenna of FIG. 3 placed within a “C” block, according to an
embodiment of the present invention.

FIG. 5 is a perspective view of a dual-element/multi-fre-
quency band antenna, according to another embodiment of
the present invention.

FIG. 6 is a graph showing the performance of the present
invention over the Cellular and GPS frequency bands.

FIG. 7 is a set of graphs showing the frequency response of
the present invention vs. the frequency response of a prior art
internal A/4 wire antenna when placed in the C-block of FIG.
4.

DETAILED DESCRIPTION

As required, detailed embodiments of the present invention
are disclosed herein; however, it is to be understood that the
disclosed embodiments are merely exemplary of the inven-
tion, which can be embodied in various forms. Therefore,
specific structural and functional details disclosed herein are
not to be interpreted as limiting, but merely as a basis for the
claims and as a representative basis for teaching one skilled in
the art to variously employ the present invention in virtually
any appropriately detailed structure. Further, the terms and
phrases used herein are not intended to be limiting; but rather,
to provide an understandable description of the invention.
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The terms “a” or “an”, as used herein, are defined as one or
more than one. The term “plurality”, as used herein, is defined
as two or more than two. The term “another”, as used herein,
is defined as at least a second or more. The terms “including”
and/or “having”, as used herein, are defined as comprising
(i.e., open language). The term “coupled”, as used herein, is
defined as connected, although not necessarily directly, and
not necessarily mechanically.

The present invention provides a novel and efficient multi-
band antenna structure that includes an asymmetrical /2
(half wavelength) folded dipole element and a A/4 (quarter
wavelength) resonant stub element. The elements share a
common feeding point and utilize a common grounding
plane. The invention is advantageous in that it allows for a
reduction of the area normally needed for a A/2 antenna
element, without interfering with Radio Frequency (RF) per-
formance.

An antenna is a transducer designed to transmit or receive
radio waves, which are a class of electromagnetic waves. In
other words, antennas convert radio frequency electrical cur-
rents into electromagnetic waves, and vice versa. Antennas
are used in systems such as radio and television broadcasting,
point-to-point radio communication, wireless LAN, radar,
and space exploration.

Physically, an antenna is a conductor that generates a radi-
ating electromagnetic field in response to an applied alternat-
ing voltage and the associated alternating electric current.
Alternatively, an antenna can be placed in an electromagnetic
field so that the field will induce an alternating current in the
antenna and a voltage between its terminals. It is through
these antennas that electronic wireless communication is
made possible.

The electromagnetic (EM) “spectrum” is the range of all
possible electromagnetic radiation. This spectrum is divided
into frequency “bands,” or ranges of frequencies, that are
designated for specific types of communication. Many radio
devices operate within a specified frequency range, which
limits the frequencies on which the device is allowed to trans-
mit. The lower and upper-bound frequencies are the points at
which signal strength of the device falls off by 3 dB.

EM energy at a particular frequency (f) has an associated
wavelength (A). The relationship between wavelength and
frequency is expressed by:

h=c/f

where c is the speed of light (299,792,458 m/s). It therefore
follows that high-frequency EM waves have a short wave-
length and low-frequency waves have a longer wavelength.
The Integrated Digital Enhanced Network (iDEN) is a
mobile telecommunications technology, developed by
Motorola, Inc., of Schaumberg, I11., which provides its users
the benefits of a trunked radio and a cellular telephone. iDEN
places more users in a given spectral space, as compared to
analog cellular and two-way radio systems, by using speech
compression and Time Division Multiple Access (TDMA).
iDEN is designed and licensed to operate in the frequency
band starting at 806 MHz up to and including 941 MHz. In
addition to the iDEN band there are other bands in the 825-
960 MHz frequency range that are used by cellular systems.
For purposes of lexography the combined range of frequen-
cies from 806-960 MHz will be designated as the “cellular
band.” The present invention provides a A/2 antenna element
that efficiently operates in the cellular band frequency range.
The Global Positioning System (GPS) is currently the only
fully-functional Global Navigation Satellite System (GNSS).
Utilizing a constellation of at least 24 Earth orbiting satellites
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that transmit precise microwave signals, the GNSS enables a
GPS receiver to determine its location, speed, and direction.
The present invention includes a GPS element that that is
tuned to receive GPS signals at the frequency of 1575.42
MHz and can also be tuned (if desired) to the 1800-1990 MHz
Personal Communications System (PCS) frequency bands.

FIG. 1 shows a cellular phone 100, also referred to as a
“handset.” The phone 100 has user-interactable components,
such as a keypad 102 for dialing numbers and entering char-
acters and digits, a display screen 106, and a selection pad 104
for making selections, entering responses, navigating graphi-
cal user interface menus, and otherwise interacting with the
device 100. The view of the phone 100 in FIG. 1 shows a first
side 108 of the phone that is intended to be placed against a
user’s head during use. The cellular phone 100 has a speaker
110 and a microphone 112 and is intended to be oriented so
that, in use, the microphone 112 is positioned in proximity to
the user’s mouth and the speaker 110 is positioned in prox-
imity to the user’s ear. The back side of the phone 100, which
cannot be seen in the view in FIG. 1, is the side of the phone
100 that faces the user’s hand during use.

The particular cellular phone 100 is a well-known “clam-
shell” device, where the term “clamshell” refers to the way
the phone 100 folds 114 and places the display screen 106
directly above the keypad 102 when closed. This folding
feature not only makes the device smaller and easily trans-
portable, it also protects the display screen from damage. The
present invention, however, is not limited to clamshell
designs or to any particular type or configuration of cellular
phone.

FIG. 2 shows a first embodiment of an antenna in accor-
dance with the present invention. The antenna 200 includes a
ground plane 202 and a first cellular band element 204 spaced
above the ground plane 202 with portions of the cellular band
element 204 positioned directly above the ground plane 202
and other portions extending away from the ground plane
202. The term “directly above,” as used herein, is defined as
intersecting with any line in a set of lines that are orthogonal
to the surface of the ground plane 202 and extend from a
perimeter of the ground plane 202.

The element 204 can be of any suitable radiating material.
The cellular band element 204 includes two generally
C-shaped element portions 206 and 208, which, together,
efficiently operate in frequency ranges covering the cellular
band. A C-shaped portion, as defined herein, is any shape
where two points along the length of the element cross a
single plane, with a curved portion being disposed between
the two points. In addition to the curved portion, the length
between the two points that cross the plane can also include
one or more line segments or other curves.

Each of the generally C-shaped portions 206 and 208 is
oriented so that the open end 218 of the C-shape is positioned
directly above a portion of the ground plane 202 and the
closed, or curving, part 220 ofthe C-shape extends away from
the ground plane 202. More specifically, the open end 218 of
the first C-shaped portion 206 extends above a first portion of
the ground plane 202, the first portion of the ground Diane
being that part of the around plane 202 shown in FIG. 2 that
overlaps with the dotted line indicating the first C-shaped
portion 206. Likewise, the open end of the second C-shaped
portion 208 extends above a second portion of the ground
plane 202. The second portion of the ground plane is that Part
of'the ground plane 202 shown in F1G. 2 that overlaps with the
dotted line indicating the second C-shaped portion 208. In
this configuration, only part of the cellular band element 200
feels the full effect of the ground plane 202. The cellular band
element 200 has a feed point 212, where the element 200 is
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energized, and a ground point 214, where the element 200 is
shorted to the ground plane 202. The ground point 214 is the
only place where the element 204 makes direct electrical
contact with the ground plane 202.

The ground plane 202 is defined as “partial” because it is
smaller than the element 204 to which it is coupled in the
region where the antenna element portions reside. The ground
plane 202 is further defined as having a connecting end 222
where the antenna 200 connects to the ground plane 202 and
an opposite end 224 that extends over a region beyond the
antenna element 204. In the region 224 beyond the antenna
elements 204, the ground plane 202 can take on any arbitrary
shape and can be larger than the antenna element.

A transmission line element 210 is provided between the
first C-shaped portion 206 and the second C-shaped portion
208 and is positioned so that the entire transmission line
element 210 is directly above a third portion of the ground
plane 202. The third portion of the ground plane 202 is shown
in FIG. 2 as that portion of the ground plane defined by the
dashed line indicating transmission line element 210 and
located between the first portion of the ground plane 202 and
the second portion of the ground plane 202. As can be seen in
FIG. 2, the transmission line element 210 is sandwiched
between the two C-shaped element portions 206 and 208 and
is in an electrical series path between the feed point 212 and
the ground point 214.

The transmission line element 210 is a reactive distributive
element that provides length to the overall element 200 as
well as electromagnetic coupling to the ground plane 202.
The added length provided by the transmission line element
210 extends the overall element length closer to the desirable
A2 dimension. The electromagnetic coupling provided by the
transmission line element 210 also makes the element elec-
trically appear taller than it is, which helps “match” the
antenna element 200 to the impedance of air. In this particular
embodiment, the transmission line element 210 is rectangular
in shape, although the invention is not so limited and can be,
for example, square or curved.

In the particular embodiment shown in FIG. 2, the two
general C-shaped portions 206 and 208 are substantially mir-
ror symmetrical. However, symmetry between the C-shapes
is not necessary and the present invention is not so limited.
The dotted lines in FI1G. 2 generally defines the boundaries of
the C-shapes, but are not meant to be exact.

FIG. 3 shows a partially hidden perspective view of a phone
300 with an antenna 200 located internally within the phone
300, the antenna being illustrated only diagrammatically. As
shown in detail in FIG. 2, the exemplary embodiment of the
antenna 200 is a folded dipole implemented on top of a partial
ground plane 202. The primary resonance, Transmission Line
Mode (TLM), covers the low band. The primary resonance or
TLM is defined as the mode of operation where the current
distribution along the structure exhibits one maximum and
the feed point impedance is real or resistive. This establishes
the lowest frequency of operation for the antenna which is
designated as the low band. In this embodiment, the low band
constitutes the iDEN frequencies ranging from 806-941
MHz, however, the invention is not so limited. The antenna
can also be configured to cover the GSM bands from 825-960
MHz. This particular configuration (A/2 size and positioning
within the phone) presents advantages over traditional A/4
antennas. One advantage is that the antenna excites fewer
currents on the chassis of the radio 300 and is, therefore,
subjected to less detuning from handling of the phone 300.
Another advantage arises from positioning the antenna 200
near the front side 108 of the phone 300 backed by the “par-
tial” ground plane 202, which subjects the antenna 200 to less
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power dissipation caused by a user’s hand due to increased
distance and isolation from the user’s palm on the back side of
the phone 300.

Table 1 below presents the results of a simulation that
compares radiation and system efficiency between the folded
dipole antenna of the present invention and a prior-art internal
A4 wire antenna. The comparison is performed, as is shown
in FIG. 4, by placing the phone 400 in a C-shaped block 402
that surrounds the sides 404 and 406 and back (not shown) of
a lower portion 408 of the phone 400. The C-shaped block
402 is configured to mimic or simulate loading caused by the
presence of a user’s hand, i.e., the Dispatch Position.

TABLE 1
Radiation
Antenna Efficiency (%) System Efficiency (%) RL (dB)
Folded Dipole 31.77 30.92 -15
P.A. W4 wire antenna 2146 15.12 -5.3

There are two metrics that quantify antenna performance
for cellular phones. One metric is Radiation efficiency
defined as the radiated efficiency of the antenna excluding
mismatch loss. The radiation efficiency metric indicates
mainly the effect of detuning and dissipation from a user’s
hand. The second metric is System efficiency which is the
radiation efficiency including mismatch loss. System effi-
ciency indicates the effect of mismatch loss to the antenna.
The simulation comparison in the Dispatch Position shows
that the folded dipole of the present invention provides an
increased radiation efficiency of 1.7 dB (10*LOG (31.77/
21.46)) over the prior art internal A/4 wire antenna design.
The folded dipole of the present invention also provides an
increased system efficiency of 3.1 dB (10*LOG(30.92/
15.12)) over the prior art internal A/4 wire antenna design.
FIG. 7 shows this frequency response 704 of the present
invention operating in the C-block 402 compared to the fre-
quency response 702, of a prior-art the prior art internal A/4
wire antenna operating in the C-block 402.

Referring now back to FIG. 2, a second element 216 is
included and is part of the antenna 200. The second element
216 is a A/4 resonance stub that is tuned to efficiently receive
data at the GPS frequency of 1575.42 MHz. As can easily be
seen in FIG. 2, the GPS element 216 is also fed at the feed
point 212. The second element 216 extends out away from the
ground plane 202 for part of its length and then returns back
over the ground plane 202, generally following the C-shaped
of the second general C-shaped portion 208. The extension
away from and then back towards the ground plane 202 pro-
vides a variable coupling with the ground plane 202.

The second element 216 is connected to element 204 at the
feed point 212 and is electromagnetically coupled to element
204 along its length to match the impedance of element 216 to
the desired feed point impedance (typically 50 Ohm). Ele-
ment 216 can also be a constructed with a meandering con-
ductor in the region of an outer edge of area 208, which is
electromagnetically coupled to element 204 and whose over-
all electrical length is A/4 at the GPS frequency. The term
“meandering,” as user herein, means a winding path or
course. Element 216 can also be disposed above element 204.

FIG. 6 shows an exemplary multi-band frequency response
graph of the present invention, as tested. The graph shows that
the efficiency of the inventive antenna 200 advantageously
peaks in the cellular band and again in the GPS band and has
nulls outside of these frequency bands.
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FIG. 5 shows another embodiment of the present invention.
InFIG. 5, a first element 506 of the antenna 500 is fed through
an input 502 that is adjacent, but electrically isolated from, a
partial ground plane 504. The ground plane 504 is defined as
“partial” because it is, similar to ground plane 202 in FIG. 2,
smaller than the element to which it is coupled.

An element 506 is positioned directly above the ground
plane 504 and is spaced away from the ground plane 504, but
extends beyond the ground plane 504 on both sides. The
element 506 can be made of any suitable radiating material.
The element 506 includes two generally C-shaped portions
508 and 510 substantially defining operation in frequency
ranges covering the cellular band. In this embodiment, there
is no discontinuity between the two generally C-shaped por-
tions 508 and 510. The dotted lines in FIG. 5 generally defines
the boundaries of the C-shapes, but are not meant to be exact.

Each of the generally C-shaped portions 508 and 510 is
oriented so that the open end of the C-shape is positioned
directly above the ground plane 504 and the closed, or curv-
ing, part of the C-shape extends away from the ground plane
504. In this configuration, only part of the element 506 feels
the affect of the ground plane 504. The antenna 500 also has
a ground point 512, where the element 506 is shorted to the
ground plane 504.

A transmission line element 514 is provided between the
first general “C” shape portion 508 and the second general
“C” shape portion 510 and is positioned so that the entire
transmission line element 514 is directly above the ground
plane 504. In the embodiment illustrated, the transmission
line element 514 is rectangular, but the invention is not so
limited and can be, for example, square or curved. As can be
seen in FIG. 5, the transmission line element 514 is provided
in series between the feed point 502 and the ground point 512
and is sandwiched between the two general “C” shaped por-
tions 508 and 510.

The transmission line element 514 is a reactive distributive
element that provides length to the overall element 506 as
well as electromagnetic coupling to the ground plane 504.
The added length provided by the transmission line element
514 extends the overall element length closer to the desirable
2. The electromagnetic coupling provided by the transmis-
sion line element 514 also makes the element electrically
appear taller than it is, which helps “match” the antenna
element 506 to the impedance of air.

One noticeable difference from the embodiment of FIG. 2
is that in the embodiment of FIG. 5, the first general C-shaped
portion 508 of the element 506, the second general C-shaped
portion of the first element 506, and the transmission line
element 514 form a continuous closed electrical loop. In
contrast, in the embodiment of FIG. 2, there is a discontinuity
in the direct path between the feed point 212 and the ground
point 214.

In the particular embodiment shown in FIG. 5, similar to
the embodiment of FIG. 2, the two general C-shaped portions
508 and 510 are substantially mirror symmetrical with each
other. However, symmetry between the C-shapes is not nec-
essary and the present invention is not so limited.

The embodiment of FIG. 5 also includes a GPS element
516. The GPS element 516 is a A/4 resonance stub that is
tuned to efficiently communicate in the GPS frequency range.
As can be easily seen in FIG. 5, the GPS element 516 is also
fed at the feed point 502. The GPS element 516 extends out
away from the ground plane 504 for part of its length and then
returns back over the ground plane 504, generally following
the C-shape of the second general C-shaped portion 510. The
extension away from and then back towards the ground plane
504 provides variable coupling with the ground plane 504.
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8
CONCLUSION

As should now be clear, embodiments of the present inven-
tion provide a multi-band antenna that exceeds cellular band
and UPS antenna performance specifications, as well as the
performance of traditional antennas, such as the prior art
internal A/4 wire antenna. The inventive antenna advanta-
geously provides a half wavelength cellular band element that
is fits within the interior of a phone and is minimally impacted
by the user’s hand during operation. In addition, the shape of
the antenna does not interfere with existing component
located within several models of cellular phones.

Non-Limiting Examples

Although specific embodiments of the invention have been
disclosed, those having ordinary skill in the art will under-
stand that changes can be made to the specific embodiments
without departing from the spirit and scope of the invention.
The scope of the invention is not to be restricted, therefore, to
the specific embodiments, and it is intended that the appended
claims cover any and all such applications, modifications, and
embodiments within the scope of the present invention.

What is claimed is:

1. A loop antenna comprising:

a ground plane; and

a conductive element that includes:
afirst C-shaped element portion having an open end and

a closed end, with only the open end extending
directly above a first portion of the ground plane;

a second C-shaped element portion having an open end
and a closed end, with only the open end extending
directly above a second portion of the ground plane;
and

a transmission line element disposed between the first
C-shaped element portion and the second C-shaped
element portion and positioned directly above a third
portion of the ground plane.

2. The loop antenna according to claim 1, wherein:

the first C-shaped element portion has a first end and the
second C-shaped element portion has a second end; and

the transmission line element is in a series connection
between the first end of the first C-shaped element por-
tion and the second end of the second C-shaped element
portion.

3. The loop antenna according to claim 1, wherein:

the first C-shaped element portion is symmetrical with the
second C-shaped element portion.

4. The loop antenna according to claim 1, wherein:

the transmission line element is a reactive distributive ele-
ment.

5. The loop antenna according to claim 1, wherein:

conductive element is a folded dipole.

6. The loop antenna according to claim 1, wherein:

the transmission line element is substantially rectangular.

7. The loop antenna according to claim 1, further compris-

ing:

a stub element coupled to the conductive element at a
feedpoint of the conductive element and one of generally
follows the shape of one of the C-shaped element por-
tions and meanders in a proximity of one of the C-shaped
element portions.

8. The loop antenna according to claim 1, further compris-

ing:
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a handset supporting and containing the element and the
ground plane, the handset having a first side to face a
user’s head during use and a second side to face a user’s
hand during use,

wherein the ground plane is disposed between the first side
and the second side and the element is disposed between the
first side and the ground plane.

9. The loop antenna according to claim 1, wherein:

the first element portion, the second element portion, and
the transmission line element form a continuous closed
electrical loop.

10. The loop antenna according to claim 1, wherein:

the closed end of the first element portion extends beyond
and edge of the ground plane.

11. The loop antenna according to claim 1, wherein:

the first element, the second element, and the transmission
line element are continuous.

12. The loop antenna according to claim 1, wherein:

the first, second, and third portions of the ground plane are
different.

13. The loop antenna according to claim 1, wherein:

the first, second, and third portions of the ground plane are
adjacent one another.

14. The loop antenna according to claim 1, wherein:

the first and second portions of the ground plane are on
opposing sides of the third portion.

15. A wireless communication device comprising:

a first side with user-interactable components;

a second side to be supported by a user’s hand;

a ground plane disposed between the first side and the
second side and having outer edges; and

a conductive element located between the first side and the
ground plane, the conductive element including:

a first element portion forming a C-shape with an open
end directly above a first portion of the ground plane
and a closed end extending beyond at least one edge of
the ground plane;

a second element portion forming a C-shape with an
open end directly above a second portion of the
ground plane and a closed end extending beyond at
least one edge of the ground plane; and
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atransmission line element connecting the first element
portion to the second element portion and positioned
directly above a third portion of the ground plane.
16. The wireless communication device according to claim
15, wherein:
the first and second C-shaped element portions are partially
above the ground plane and the transmission line ele-
ment is entirely above the ground plane.
17. The wireless communication device according to claim
15, further comprising:
an antenna feed point at a first end of the transmission line
element; and
a ground point at a second end of the transmission line
element, the ground point making a direct electrical
connection between the conductive element and the
ground plane.
18. The wireless communication device according to claim
17, further comprising:
a stub element that includes:
a first end electrically coupled to the feedpoint;
a length that generally follows the C-shape of the first
element portion; and
a second end positioned directly above the first portion
of the ground plane.
19. The wireless communication device according to claim
15, wherein:
the first element portion has a first end;
the first element portion has a second end opposing the first
end;
the second element portion has a first end;
the second element portion has a second end opposing the
first end of the second element portion and is coupled to
the second end of the first element portion;
an antenna feed point is at the first end of the first element
portion; and
a ground point is at the first end of the second element
portion.
20. The wireless communication device according to claim
19, wherein:
the transmission line element electrically couples the sec-
ond end of the first element portion to the second end of
the second element portion.

#* #* #* #* #*
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1
ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an antenna, and in particular to a
wideband antenna.

2. Description of the Related Art

FIG. 1a shows a conventional antenna, comprising a
ground element 10, a conductive element 20 and a transmis-
sion element 30. Conductive element 20 is connected to
ground element 10, and transmission element 30 is connected
to conductive element 20.

With reference to FIG. 15, when conventional antenna 1
transmits a WWAN (Wireless Wide Area Network) signal,
antenna 1 provides a bandwidth between 850-1050 MHz and
1600-2100 MHz, wherein bandwidth is defined as signals
having VSWR (Voltage Standing Wave Ratio) lower than 4.

Current antenna transmission requirements, however, dic-
tate 900 MHz, 1800 MHz, 1900 MHz and 2100 MHz signals
via a single transmission device. Bandwidths of conventional
antennae cannot satisfy this requirement.

BRIEF SUMMARY OF THE INVENTION

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

An antenna comprises a ground element, a radiating ele-
ment, a conductive element and a coupling element. The
conductive element connects the ground element and the
radiating element. The coupling element extends from the
conductive element substantially parallel to the radiating ele-
ment, wherein the coupling element is located on a first plane,
the radiating element is located on a second plane, and the
second plane is parallel to the first plane.

The invention provides increased bandwidth and improved
transmission to satisfy future antenna transmission require-
ments.

The antenna of the invention can transmit Wireless Wide
Area Network (WWAN) signal, Wireless Local Area Net-
work (WLAN) signal and Worldwide Interoperability for
Microwave Access (WIMAX) signal.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1a shows a conventional antenna;

FIG. 15 shows the transmission of a conventional antenna;

FIG. 2a shows an antenna of a first embodiment of the
invention;

FIG. 25 shows a feed point and a ground point of the first
embodiment of the invention;

FIG. 2¢ is a y-z plane view of the antenna of the first
embodiment of the application

FIG. 3a shows an antenna of a second embodiment of the
invention;

FIG. 36 shows the transmission of the second embodiment
of the invention;

FIG. 4a shows an antenna of a third embodiment of the
invention; and

FIG. 4b shows the transmission of the third embodiment of
the invention.
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2
DETAILED DESCRIPTION OF THE INVENTION

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

FIG. 2a shows an antenna 100 of a first embodiment of the
invention, comprising a ground element 110, a conductive
element 120, a radiating element 130, a first matching ele-
ment 140 and a second matching element 150, wherein the
first matching element 140 and the second matching element
150 is capable of adjusting the matching effect of the antenna
and allowing the antenna transmitting and receiving wireless
signals with frequency between 1710-2179 MHz. The con-
ductive element 120 is connected to the ground element 110.
The radiating element 130 is connected to the conductive
element 120. The conductive element 120 comprises a con-
ductive portion 124 and a coupling portion 125. The conduc-
tive portion 124 connects the ground element 110 and the
radiating element 130. The coupling portion 125 is connected
to the conductive portion 124 corresponding to the transmis-
sion element 130.

With reference to FIGS. 2a and 2¢, the coupling portion
125 is located on a first plane, and the radiating element 130
is located on a second plane parallel to the first plane. The
conductive portion 124 is located on a third plane perpendicu-
lar to the first plane. The ground element 110 is located on a
fourth plane parallel to the first plane.

The conductive portion 124 comprises a first section 121, a
second section 122 and a third section 123. The first section
121 is connected to the ground element 110. The second
section 122 is connected to the first section 121. The third
section 123 connects the second section 122 and the radiating
element 130. The first section 121 is L-shaped. A first end of
the first section 121 is connected to the ground element 110,
and a second end of the first section 121 extends in a first
direction x connected to the second section 122. The second
section 122 is longitudinal extending in a second direction 'y
perpendicular to the first direction x. The third section 123 is
L-shaped, a third end of the third section 123 is connected to
the radiating element 130, and a fourth end of the third section
123 extends in the first direction x connected to the second
section 122.

The radiating element 130 extends in the first direction x.

The first matching element 140 is connected to the second
section 122 located on the third plane extending in the first
direction x.

The second matching element 150 is [.-shaped, comprising
a fifth end and a sixth end. The fifth end is connected to the
first section 121. The sixth end extends in the second direction
y. The second matching element 150 nears the third section
123, and crosses the third and second planes.

When the antenna 100 transmits a first signal (824~960
MHz), the radiating element 130 transmits the first signal and
couples the coupling portion 125. When the antenna 100
transmits a second signal (1710~2170 MHz), the first match-
ing element 140 and the second matching element 150 is
capable of adjusting the matching effect of the antenna 100
and transmitting and receiving the second signal.

With reference to FIG. 25, the antenna 100 comprises a
ground point 161 and a feed point 162. The ground point 161
is located on the first section 121. The feed point 162 is
located on the third section 123.

FIG. 3a shows an antenna 200 of a second embodiment of
the invention, from which the first matching element 140 and
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the second matching element 150 are eliminated. FIG. 36
shows the transmission of the antenna 200, which provides
increased bandwidth nearing 900 MHz and 1800 MHz.

FIG. 4a shows an antenna 300 of a third embodiment of the
invention. Relative to the first embodiment, the coupling por-
tion 125 is eliminated. When the antenna 300 transmits a first
signal (824~960 MHz), the transmission element 300 trans-
mits the first signal via the transmission 130. When the
antenna 100 transmits a second signal (1710~2170 MHz), the
first matching element 140 and the second matching element
150 is capable of adjusting the matching effect of the antenna
100 and transmitting and receiving the second signal. FIG. 45
shows the transmission of the antenna 300, which provides
increased bandwidth nearing 900 MHz and 1800 MHz.

The invention provides increased bandwidth and improved
transmission to satisfy future antenna transmission require-
ments.

The antenna of the invention can transmit Wireless Wide
Area Network (WWAN) signal, Wireless Local Area Net-
work (WLAN) signal and Worldwide Interoperability for
Microwave Access (WIMAX) signal.

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

What is claimed is:

1. An antenna, comprising:

a ground element;

a radiating element;

a conductive portion, connecting the ground element and
the radiating element, wherein the conductive portion
comprises a first section, a second section and a third
section, the first section connected to the ground ele-
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ment, the second section connected to the first section,
the third section connected to the second section, the
radiating element connected to the third section, the first
section is L-shaped, a first end of the first section con-
nects to the ground element, a second end of the first
section extends in a first direction, the second section
connects to the second end extending in a second direc-
tion, and the second direction is perpendicular to the first
direction; and

a coupling portion, extending from the conductive portion

substantially parallel to the radiating element, wherein
the coupling portion is located on a first plane, the radi-
ating element is located on a second plane, and the
second plane is parallel to the first plane.

2. The antenna as claimed in claim 1, wherein the conduc-
tive portion is located on a third plane perpendicular to the
first plane.

3. The antenna as claimed in claim 1, wherein the ground
element is located on a fourth plane parallel to the first plane.

4. The antenna as claimed in claim 1, wherein the third
section is L-shaped, a third end of the third section connects
to the radiating element, and a fourth end of the third section
extends in the first direction connected to the second section.

5. The antenna as claimed in claim 4, wherein the radiating
element extends in the first direction.

6. The antenna as claimed in claim 4, further comprising a
first matching element connected to the second section
extending in the first direction.

7. The antenna as claimed in claim 4, further comprising a
second matching element, wherein the second matching ele-
ment is [-shaped, comprising a fifth end and a sixth end, the
fifth end connects to the first section, the sixth end extends in
the second direction, and the second matching element nears
the third section.

8. The antenna as claimed in claim 1, wherein the coupling
portion is connected to the third section.

#* #* #* #* #*
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ANTENNA HAVING A DIVERSITY EFFECT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority of Taiwanese application
no. 097112992, filed on Apr. 10, 2008.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an antenna, more particularly to an
antenna that is applicable to worldwide interoperability for
microwave access (WiMAX) technology.

2. Description of the Related Art

Worldwide interoperability for microwave access
(WIMAX) technology is undergoing rapid development.
However, since WiMAX technology supports a transmission
range of up to 50 kilometers, WiMAX technology is suscep-
tible to multipath interference, especially in an urban setting
where there is a large number of buildings.

Therefore, there exists a need for an antenna that is appli-
cable to WiMAX technology and that minimizes, if not elimi-
nates, the above-described problem.

SUMMARY OF THE INVENTION

According to the present invention, an antenna comprises a
dielectric substrate, a grounding plane, first and second
grounding elements, first and second radiating elements, and
first and second feeding points. The grounding plane is
formed on the dielectric substrate and has a connecting end.
The first and second grounding elements extend from the
connecting end of the grounding plane away from each other.
The first and second radiating elements are spaced apart from
each other. The connecting end of the grounding plane is
disposed between the first and second radiating elements. The
first radiating element is spaced apart from and coupled elec-
tromagnetically to the first grounding element, thereby per-
mitting operation of the first grounding element and the first
radiating element in a frequency range. The second radiating
element is spaced apart from and coupled electromagneti-
cally to the second grounding element, thereby permitting
operation of the second grounding element and the second
radiating element in the frequency range. Each of'the first and
second feeding points is formed on the dielectric substrate
and is coupled to a respective one of the first and second
radiating elements.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will
become apparent in the following detailed description of the
preferred embodiments with reference to the accompanying
drawings, of which:

FIG. 1 is a schematic view of the first preferred embodi-
ment of an antenna according to this invention;

FIG. 2 is a schematic view illustrating a connecting end of
a grounding plane, first and second grounding elements, and
first and second radiating elements of the first preferred
embodiment;

FIG. 3 is a plot illustrating a voltage standing wave ratio
(VSWR) of each of first and second antenna units of the first
preferred embodiment;

FIG. 4 shows a plot illustrating an isolation of the first
preferred embodiment;
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FIG. 5 shows plots of radiation patterns of the first antenna
unit of the first preferred embodiment respectively on the x-y,
x-z, and y-z planes when operated at 3300 MHz;

FIG. 6 shows plots of radiation patterns of the first antenna
unit of the first preferred embodiment respectively on the x-y,
x-z, and y-z planes when operated at 3500 MHz;

FIG. 7 shows plots of radiation patterns of the first antenna
unit of the first preferred embodiment respectively on the x-y,
x-z, and y-z planes when operated at 3700 MHz;

FIG. 8 shows plots of radiation patterns of the second
antennaunit of the first preferred embodiment respectively on
the x-y, X-z, and y-z planes when operated at 3300 MHz;

FIG. 9 shows plots of radiation patterns of the second
antennaunit of the first preferred embodiment respectively on
the x-y, X-z, and y-z planes when operated at 3500 MHz;

FIG. 10 shows plots of radiation patterns of the second
antennaunit of the first preferred embodiment respectively on
the x-y, X-z, and y-z planes when operated at 3700 MHz;

FIG. 11 is a perspective view of the second preferred
embodiment of an antenna according to this invention;

FIGS. 12 to 16 are schematic views of modified embodi-
ments of the second preferred embodiment according to this
invention;

FIGS. 17 to 19 are perspective views of modified embodi-
ments of the second preferred embodiment according to this
invention;

FIG. 20 is a plot illustrating a voltage standing wave ratio
(VSWR) of each of first and second antenna units of the
second preferred embodiment;

FIG. 21 shows plots of radiation patterns of the second
preferred embodiment when operated at 2500 MHz;

FIG. 22 shows plots of radiation patterns of the second
preferred embodiment when operated at 3500 MHz;

FIG. 23 shows plots of radiation patterns of the first
antenna unit of the second preferred embodiment respectively
on the x-y, x-7, and y-z planes when operated at 2500 MHz;

FIG. 24 shows plots of radiation patterns of the first
antenna unit of the second preferred embodiment respectively
on the x-y, x-7, and y-z planes when operated at 3500 MHz;

FIG. 25 shows plots of radiation patterns of the second
antenna unit of the second preferred embodiment respectively
on the x-y, x-z, and y-z planes when operated at 2500 MHz;
and

FIG. 26 shows plots of radiation patterns of the second
antenna unit of the second preferred embodiment respectively
on the x-y, -7, and y-z planes when operated at 3500 MHz.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before the present invention is described in greater detail,
it should be noted that like elements are denoted by the same
reference numerals throughout the disclosure.

Referring to FIGS. 1 and 2, the first preferred embodiment
of an antenna according to this invention is shown to include
a dielectric substrate 1, a grounding plane 6, first and second
antenna units 100, 200, and first and second feeding points 7,
8.

The antenna of this invention is applicable to a card (not
shown), such as an Express Card or a wireless network card,
and is operable in a first operating range from 3300 MHz to
3800 MHz.

The dielectric substrate 1 is generally rectangular in shape,
has a surface 10, and includes opposite first and second edges
11, 12, and opposite third and fourth edges 13, 14 that inter-
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connect the first and second edges 11, 12. In this embodiment,
the dielectric substrate 1 has a length of 98 millimeters and a
width of 29 millimeters.

The grounding plane 6 is formed on the surface 10 of the
dielectric substrate 1, extends from the first edge 11 toward
the second edge 12 of the dielectric substrate 1, and has a
connecting end 61 that is distal from the first edge 11 of the
dielectric substrate 1, that is tapered, and that has a tip.

The first antenna unit 100 includes a first grounding ele-
ment 2 and a first radiating element 4.

The second antenna unit 200 includes a second grounding
element 3 and a second radiating element 5.

Each of the first and second radiating elements 4, 5 is
spaced apart from and electromagnetically coupled to a
respective one of the first and second grounding elements 2, 3,
thereby permitting operation of each of the first and second
antenna units 100, 200 in the first frequency range, in a
manner that will be described hereinafter.

The first grounding element 2 is formed on the surface 10
of the dielectric substrate 1, is generally L-shaped, and
includes first and second segments 21, 22. The first segment
21 of the first grounding element 2 extends from the tip of the
connecting end 61 of the grounding plane 6 toward the third
edge 13 of the dielectric substrate 1 and is substantially par-
allel to the second edge 12 of the dielectric substrate 1. The
second segment 22 of the first grounding element 2 extends
transversely from the first segment 21 of the first grounding
element 2 and is substantially parallel to the third edge 13 of
the dielectric substrate 1. In this embodiment, the first
grounding element 2 has a length of one-quarter wavelength
in the first frequency range.

The first radiating element 4 is formed on the surface 10 of
the dielectric substrate 1, is disposed between the connecting
end 61 of the grounding plane 6 and the first grounding
element 2, and includes a feeding segment 40, and first, sec-
ond, and third segments 41, 42, 43. The feeding segment 40 of
the first radiating element 4 has opposite first and second
ends. The first segment 41 of the first radiating element 4
extends from the feeding segment 40 of the first radiating
element 4, and has a first end connected to the second end of
the feeding segment 40 of the first radiating element 4, and a
second end opposite to the first end thereof. The second
segment 42 of the first radiating element 4 extends from the
first segment 41 of the first radiating element 4, is disposed
adjacent and substantially parallel to the first segment 21 of
the first grounding element 2, and has a first end connected to
the second end of the first segment 41 of the first radiating
element 4, and a second end opposite to the first end thereof.
The third segment 43 of the first radiating element 4 extends
from the second segment 42 of the first radiating element 4
and has an end connected to the second end of the second
segment 42 of the first radiating element 4. In this embodi-
ment, the first, second, and third segments 41, 42, 43 of the
first radiating element 4 cooperatively define an elongated
slot 48 thereamong. Moreover, in this embodiment, the first
radiating element 4 has a length of one-quarter wavelength in
the first frequency range. Further, in this embodiment, the
second segment 42 of the first radiating element 4 has a length
of less than one-eighth wavelength in the first frequency
range. In addition, the third segment 43 of the first radiating
element 4 has a generally axe-shaped.

The second grounding element 3 is formed on the surface
10 of the dielectric substrate 1, is generally L-shaped, and
includes first and second segments 31, 32. The first segment
31 of the second grounding element 3 extends from the tip of
the connecting end 61 of the grounding plane 6 toward the
fourth edge 14 of the dielectric substrate 1 and is substantially
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parallel to the second edge 12 of the dielectric substrate 1. The
second segment 32 of the second grounding element 3
extends transversely from the first segment 31 of the second
grounding element 3 and is substantially parallel to the fourth
edge 14 of the dielectric substrate 1.

In this embodiment, the first and second grounding ele-
ments 2, 3 are partially symmetrical with respect to an axis of
symmetry (L). In particular, while the first segments 21, 31 of
the first and second grounding elements 2, 3 have shape and
size that are identical, the second segment 32 of the second
grounding element 3 has a length shorter than that of the
second segment 22 of the first grounding element 2.

The second radiating element 5 is formed on the surface 10
of the dielectric substrate 1, is spaced apart from the first
radiating element 4, and is disposed between the connecting
end 61 of the grounding plane 6 and the second grounding
element 3.

In this embodiment, the first and second radiating elements
4, 5 are partially symmetrical with respect to the axis of
symmetry (L). In particular, the second radiating element 5,
like the first radiating element 4, includes first, second, and
third segments that cooperatively define a slot 58 thereamong.
The second segment of the second radiating element 5 has a
width narrower than that of the second segment 42 of the first
radiating element 4. As such, the slot 58 in the second radi-
ating element 5 is smaller than the slot 48 in the first radiating
element 4.

Itis noted that since the connecting end 61 of the grounding
plane 6 is disposed between the first and second radiating
elements 4, 5, the antenna of this invention has a high isola-
tion. Moreover, since the first and second grounding elements
2, 3 are partially symmetrical and since the first and second
radiating elements 4, 5 are partially symmetrical, the first
antenna unit 100 resonates at a first resonance frequency, and
the second antenna unit 200 resonates at a second resonance
frequency different from the first resonance frequency. This
results in substantially constant isolation values for the
antenna of this invention in the first frequency range, as
shown in FIG. 4.

During impedance matching for the antenna of this
embodiment, a desired impedance for the antenna of this
invention may be achieved by increasing or decreasing the
electromagnetic coupling between the first grounding ele-
ment 2 and the first radiating element 4. The electromagnetic
coupling between the first grounding element 2 and the first
radiating element 4 may be increased or decreased by adjust-
ing the dimensions of the second segment 42 of the first
radiating element 4 or the gap 49 between the first segment 21
of'the first grounding element 2 and the second segment 42 of
the first radiating element 4.

Alternatively, the desired impedance for the antenna of this
embodiment may be achieved by increasing or decreasing the
electromagnetic coupling between the second grounding ele-
ment 3 and the second radiating element 5. The electromag-
netic coupling between the second grounding element 3 and
the second radiating element 5 may be increased or decreased
by adjusting the dimensions of the second radiating element 5
or the gap 59 between the first segment 31 of the second
grounding element 3 and second segment of the second radi-
ating element 5.

Moreover, the size of the slot 48, 58 in each of the first and
second radiating elements 4, 5 or the length of each of the first
and second grounding elements 2, 3 may be adjusted to
achieve a desired resonance frequency for the antenna of'this
invention.

Further, when it is desired for the first frequency range to
cover frequencies slightly higher than 3800 MHz, the first
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radiating element 4 may be lengthened such that the length
thereof is longer than that of the first grounding element 2.
Similarly, when it is desired for the second operating fre-
quency to cover frequencies slightly lower than 3300 MHz,
the first grounding element 2 may be lengthened such that the
length thereof is longer than that of the first radiating element
4.

The first feeding point 7 is formed on the surface 10 of the
dielectric substrate 1, is disposed between the first grounding
element 2 and the connecting end 61 of the grounding plane 6,
and is connected to the first end of the feeding segment 40 of
the first radiating element 4.

The second feeding point 8 is formed on the surface 10 of
the dielectric substrate 1, is disposed between the second
grounding element 3 and the connecting end 61 of the ground-
ing plane 6, and is connected to a feeding segment of the
second radiating element 5.

Experimental results, as illustrated in FIG. 3, show that
each of'the first antenna unit 100, as indicated by line (a), and
the second antenna unit 200, as indicated by line (b), achieve
a voltage standing wave ratio (VSWR) of less than 2.0 when
operated in the first frequency range. Moreover, when oper-
ated in the first frequency range, as shown in Table I, the
antenna of this embodiment has a minimum isolation of 18.6
dB, and as shown in Table II, the first antenna unit 100 has a
maximum efficiency of —1.8 dB and a maximum peak gain of
5.0 dBi, and the second antenna unit 200 has a maximum
efficiency of —1.7 dB and a maximum peak gain of 5.7 dBi.
Further, the radiation patterns of the first antenna unit 100, as
illustrated in FIGS. 5 to 7, complement the radiation patterns
of'the second antenna unit 200, as illustrated in FIGS. 8 to 10.
It is therefore apparent that the antenna of this embodiment
has a diversity effect that significantly reduces the suscepti-
bility thereof to multipath interference, and thus, an increase

in the efficiency thereof is achieved.
TABLE I
Frequency (MHz)
3300 3400 3500 3600 3700 3800
Isolation (dB) 18.6 20.3 19.4 20.1 21.3 223
TABLE II
first antenna second antenna
unit 100 unit 200
Frequency Efficiency Peak gain Efficiency Peak Gain
(MHz) (dB) (dBi) (dB) (dBI)
3300 -1.8 3.1 -2.1 3.8
3400 -2.3 3.1 -2.0 3.8
3500 -2.6 3.2 -1.8 4.4
3600 -24 4.0 -1.7 5.1
3700 -2.1 5.0 -1.8 5.7
3800 -2.1 5.0 -2.2 54

FIG. 11 illustrates the second preferred embodiment of an
antenna according to this invention.

The antenna of this embodiment is applicable to a card (not
shown), such as a Personal Computer Memory Card Interna-
tional Association (PCMCIA card) or a wireless network
card, and is operable in a second operating range from 2300
MHz to 3800 MHz.

Each of the first and second radiating elements 4, 5 is
spaced apart from and coupled electromagnetically to a
respective one of the first and second grounding elements 2, 3,
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thereby permitting operation of each of the first and second
antenna units 100, 200 in the second frequency range, in
manner that will be described hereinafter.

The first segments 21, 31 of the first and second grounding
elements 2, 3 diverge from the connecting end 61 of the
grounding plane 6, and the second segments 22, 32 of each of
the first and second grounding elements 2, 3 has a generally
triangular shape. The construction as such increases a band-
width of the antenna of this embodiment.

The dimensions ofthe second segment 22, 32 of each of the
first and second grounding elements 2, 3 may be adjusted to
achieve a desired impedance bandwidth for the antenna of
this embodiment.

Each of the first and second radiating elements 4, 5 is
generally T-shape, has a first segment 41', 51' that is generally
rectangular in shape and that has opposite ends, and a second
segment 42', 52' that is generally rectangular in shape and that
is connected to the first segment 41', 51" thereof at a position
between the ends of the first segment 41', 51' thereof.

In this embodiment, each of the first and second grounding
elements 2, 3 operates in the 2300 MHz to 2700 MHz range,
while each of the first and second radiating elements 4, 5
operates in the 3300 MHz to 3800 MHz range.

In an alternative embodiment, each of the first and second
grounding elements 2, 3 operates in the 3300 MHz to 3800
MHz range, while each of the first and second radiating
elements 4, 5 operates in the 2300 MHz to 2700 MHz range.

In this embodiment, each of the first and second grounding
elements 2, 3 has a length of one-quarter wavelength in the
2300 MHz to 2700 MHz range. Moreover, in this embodi-
ment, each of the first and second radiating elements 4, 5 has
a length of one-quarter wavelength in the 3300 MHz to 3800
MHz.

The second segment 42', 52' of each of the first and second
radiating elements 4, 5 has a distal end distal from the first
segment, 41', 51' of the respective one of the first and second
radiating elements 4, 5.

Each ofthe first and second feeding points 7, 8 is connected
to the distal end of the second segment 42", 52' of a respective
one of the first and second radiating elements 4, 5.

FIG. 12 illustrates a modified embodiment of the second
preferred embodiment according to this invention. In this
embodiment, each of the first and second grounding elements
2, 3 is formed approximately in the shape of an axe. More-
over, in this embodiment, as illustrated in FIGS. 13 t0 16, each
of the first and second radiating elements 4, 5 is an irregular
hexagonal shape.

FIG. 17 illustrates another modified embodiment of the
second preferred embodiment according to this invention. In
this embodiment, the second segment 22, 32 of each of the
first and second grounding elements 2, 3 is spaced apart from
the dielectric substrate 1. Moreover, in this embodiment, the
first segment 41', 51' of each of the first and second radiating
elements 4, 5 is spaced apart from the dielectric substrate 1.

FIG. 18 illustrates yet another modified embodiment of the
second preferred embodiment according to this invention. In
this embodiment, only the second segment 22, 32 of each of
the first and second grounding elements 2, 3 is spaced apart
from the dielectric substrate 1.

FIG. 19 illustrates still yet another modified embodiment
of'the second preferred embodiment according to this inven-
tion. In this embodiment, only the first segment 41', 51' of
each of'the first and second radiating elements 4, 5 is spaced
apart from the dielectric substrate 1.

Experimental results, as illustrated in FIG. 20, show that
each of'the first antenna unit 100, as indicated by line (a), and
the second antenna unit 200, as indicated by line (b), achieves
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a voltage standing wave ratio (VSWR) of less than 2.0 when
operated in the second frequency range. Moreover, when
operated in the second frequency range, the antenna of this
embodiment achieves a minimum isolation of 18.7 dB, as
shown in Table II1, and a minimum envelop correlation coef-
ficient (ECC) of 0.01, as shown in Table IV. Further, when
operated in the second frequency range, the first antenna unit
100 achieves a maximum efficiency of —0.7 dB and a maxi-
mum peak gain of 6.5 dBi, as shown in Table V, and the second
antenna unit 200 achieves a maximum efficiency of -0.6 dB
and a maximum peak gain of 6.7 dBi. In addition, it is evident
from FIGS. 21 and 22 that the relationship between the first
and second antenna units 100, 200 is small.

TABLE III

Frequency (MHz)

2300 2500 2700 3300 3500 3800
Isolation (dB) 19.8 23.2 18.7 21.6 23.6 19.6
TABLE IV
Frequency (MHz)
2300 2500 2700 3300 3500 3800
ECC 0.05 0.06 0.10 0.06 0.05 0.01
TABLEV
first antenna second antenna
unit 100 unit 200
Frequency Efficiency Peak gain Efficiency Peak Gain
(MHz) (dB) (dBi) (dB) (dBi)
2300 -0.7 6.5 -0.6 6.4
2400 -0.8 6.0 -0.8 6.1
2500 -1.2 5.2 -13 5.3
2600 -0.8 5.5 -0.7 5.9
2700 -1.0 5.3 -1.0 5.4
3300 -0.8 5.4 -0.9 5.8
3400 -1.2 5.0 -1.1 6.1
3500 -14 5.1 -1.1 6.1
3600 -14 5.1 -1.2 6.3
3700 -1.1 6.0 -0.9 6.7
3800 -1.1 6.0 -1.0 6.3

Furthermore, the radiation patterns of the first antenna unit
100, as illustrated in FIGS. 23 and 24, complement the radia-
tion patterns of the second antenna unit 200, as illustrated in
FIGS. 25 and 26. It is therefore apparent that the antenna of
this embodiment has a diversity effect that significantly
reduces the susceptibility thereof to multipath interference,
and thus, an increase in the efficiency thereof is achieved.

While the present invention has been described in connec-
tion with what are considered the most practical and preferred
embodiments, it is understood that this invention is not lim-
ited to the disclosed embodiments but is intended to cover
various arrangements included within the spirit and scope of
the broadest interpretation so as to encompass all such modi-
fications and equivalent arrangements.

What is claimed is:

1. An antenna comprising:

a dielectric substrate;

a grounding plane formed on said dielectric substrate and
having a connecting end;
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first and second grounding elements extending from said
connecting end of said grounding plane away from each
other;

spaced apart first and second radiating elements between

which said connecting end of said grounding plane is
disposed,

said first radiating element being spaced apart from and

coupled electromagnetically to said first grounding ele-
ment, thereby permitting operation of said first ground-
ing element and said first radiating element in a fre-
quency range,

said second radiating element being spaced apart from and

coupled electromagnetically to said second grounding
element, thereby permitting operation of said second
grounding element and said second radiating element in
the frequency range; and

first and second feeding points, each of which is formed on

said dielectric substrate and is coupled to a respective
one of said first and second radiating elements.

2. The antenna as claimed in claim 1, wherein said con-
necting end of said grounding plane is tapered and has a tip,
said first and second grounding elements extending from said
tip of said connecting end of said grounding plane.

3. The antenna as claimed in claim 1, wherein said first
radiating element is disposed between said connecting end of
said grounding plane and said first grounding element, and
said second radiating element is disposed between said con-
necting end of said grounding plane and said second ground-
ing element.

4. The antenna as claimed in claim 1, wherein each of said
first and second radiating elements defines a slot therein.

5. The antenna as claimed in claim 4, wherein said slot in
said second radiating element is smaller than said slot in said
first radiating element.

6. The antenna as claimed in claim 4, wherein said first
radiating element includes

a feeding segment to which said first feeding point is

coupled,

a first segment that extends from said feeding segment

thereof,

a second segment that extends from said first segment

thereof, and

a third segment that extends from said second segment

thereof,

said slot in said first radiating element being defined by said

first, second, and third segments of said first radiating
element.

7. The antenna as claimed in claim 6, wherein said second
segment of said first radiating element has a length of less
than one-eighth wavelength in the frequency range.

8. The antenna as claimed in claim 6, wherein said first
grounding element includes

a first segment that extends from said connecting end of

said grounding plane, said second segment of said first
radiating element being disposed adjacent and substan-
tially parallel to said first segment of said first grounding
element, and

a second segment that extends transversely from said first

segment thereof.

9. The antenna as claimed in claim 1, wherein said second
grounding element has a length shorter than that of said first
grounding element.

10. The antenna as claimed in claim 1, wherein at least one
of'said first grounding element and said first radiating element
has a length of one-quarter wavelength in the frequency
range.
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11. The antenna as claimed in claim 1, wherein said first
grounding element includes

a first segment that extends from said connecting end of

said grounding plane, and

a second segment that extends from said first segment

thereof and that has a generally triangular shape.

12. The antenna as claimed in claim 1, wherein said first
grounding element is generally axe-shaped.

13. The antenna as claimed in claim 1, wherein said first
radiating element is one of a T-shape and an irregular hex-
agonal shape.

14. The antenna as claimed in claim 1, wherein said first
and second radiating elements are partially symmetrical.

15. The antenna as claimed in claim 1, wherein said first
and second grounding elements are partially symmetrical.

10

16. The antenna as claimed in claim 1, wherein at least one
of'said first grounding element and said first radiating element
has a segment that is spaced apart from said dielectric sub-
strate.

17. The antenna as claimed in claim 1, wherein the fre-
quency range covers frequencies from 3300 MHz to 3800
MHz.

18. The antenna as claimed in claim 1, wherein the fre-
quency range covers frequencies from 2300 MHz to 3800
MHz.

19. The antenna as claimed in claim 1, wherein said first
radiating element operates in one of a 2300 MHz to 2700
MHz range and a 3300 MHz to 3800 MHz range.

20. The antenna as claimed in claim 1, wherein said first
grounding element operates in one of a 2300 MHz to 2700
MHz range and a 3300 MHz to 3800 MHz range.

#* #* #* #* #*
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ANTENNA DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 96144308, filed on Nov. 22, 2007. The
entirely of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to an antenna
device, in particular, to a planar inverted F antenna (PIFA)
device applied in a global positioning system (GPS).

2. Description of Related Art

Nowadays, communities of people have growing demands
for wireless communication, and various types of wireless
communication devices have been developed, including
smart phones, multimedia players, PDAs, and satellite navi-
gators using the global positioning system (GPS). Electronic
devices provided with the wireless transmission function are
improved complying with the design notion of “thin, light,
short, and small”, so as to meet the requirements of daily use
electronic products.

The conventional GPS antenna applied in the wireless
device is usually a chip antenna, a patch antenna, or a planar
inverted F antenna. Among them, the chip antenna has a
higher price and cost since the manufacturing process of the
chip is more complicated than other metal antennas. The
patch antenna or the planar inverted F antenna requires a large
area, and occupies an effective radiation area on the circuit
board, thus greatly lowering the space utilization of the circuit
board. In the planar inverted F antenna, the metal radiator
thereofis spaced by a suitable distance from the circuit board,
and the energy is resonated between the antenna and the
circuit board and is radiated in the form of a linearly polarized
wave. The architecture of the patch antenna mainly is the chip
antenna, and includes a signal feed point, utilizes a ground
plane as an energy resonance surface, and radiates in the form
of a circularly polarized wave. This antenna has a higher
directivity, but requires a larger antenna area and a higher
price, and is not applicable to the mobile mode of mobile
phones. In addition, the conventional GPS antenna usually
contacts the signal feed point or short pad through a pogo-pin
or a leaf spring, thus resulting in the difficulties in controlling
the resistance.

FIG. 1 shows a structure of a conventional planar inverted
F antenna. The planar inverted F antenna 3 includes a planar
radiator 31, a feed portion 32, and a ground portion 33. The
radiator 31 is disposed above the circuit board 4, and the
ground portion 33 extends downwardly from the radiator 31
to electrically connect the ground plane 42 on the circuit
board 4 through a ground leaf spring (not shown). And, the
feed portion 32 extends downwardly from a position approxi-
mately in the middle of the radiator 31 to electrically connect
the signal feed point 41. Therefore, in the conventional planar
inverted F antenna 3, the signal feed point 41 and the ground
plane 42 of the circuit board 4 are not connected.

In the above conventional art, an extending space for the
ground portion 33 of the antenna 3 must be provided on the
circuit board 4, so as to achieve a better antenna performance.
However, under the requirements of improved functions and
miniaturization of the hand-held electronic devices, it is dif-
ficult to provide extra room for the planar inverted F antenna
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to ground downwardly. And, as for the GPS antenna, when the
planar inverted F antenna is not grounded, even if the size of
the radiator is greatly increased, the required frequency can-
not be achieved, which not only causes a higher cost, but also
goes against the requirements of the miniaturization of the
electronic devices.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an antenna
device, which includes a ground plane, a circuit board, an
antenna, and a conductive wire. The circuit board includes a
signal feed point, and the antenna includes a radiation portion
and a feed portion extending externally from the radiation
portion. The feed portion is electrically connected to the
signal feed point, and the conductive wire is disposed on the
circuit board and electrically connected to the ground plane
and the signal feed point. The ground plane may be a part of
the circuit board or separate from the circuit board.

According to an embodiment of the present invention, the
conductive wire is, for example, a printed trace formed on the
circuit board. The length of the conductive wire is preferably
between 2 mm and 5 mm, and the width of the conductive
wire is preferably between 0.25 mm and 0.5 mm. Moreover,
the distance between the radiation portion and the ground
plane of the antenna is at least 2 mm.

In the antenna device according to an embodiment of the
present invention, the radiation portion of the antenna forms
a plane substantially parallel to the circuit board or substan-
tially perpendicular to the circuit board.

In the antenna device according to an embodiment of the
present invention, the antenna is fixed by insert-molding to an
antenna pedestal, and mounted on the circuit board by a
surface mounting technology (SMT).

Moreover, the antenna device of the present invention may
be applied not only in a GPS antenna, but also in a wireless
LAN (WiF1i) antenna or a Bluetooth communication antenna.

According to another embodiment of the present invention,
another antenna device is provided. The antenna device
includes a ground plane, a signal feed point, an antenna, and
a conductive wire. The antenna includes a radiation portion
and a feed portion which extends from the radiation portion
and is electrically connected to the signal feed point. The
conductive wire is electrically connected to the ground plane
and the signal feed point.

In an embodiment of the present invention, the radiation
portion has a plane and the plane of the radiation portion is
either substantially perpendicular to the ground plane or sub-
stantially parallel to the ground plane.

In the present invention, since the printed trace formed on
the circuit board is electrically connected to the signal feed
point and the ground plane on the circuit board, the ground
effect of the conventional inverted F antenna can also be
achieved without disposing an additional ground portion to
ground the antenna. Compared with the conventional art, the
ground portion of the antenna is not required by the antenna
device of the present invention, and thus the hardware space
for the electronic device is effectively reduced, thereby meet-
ing the requirements of lower cost and miniaturization.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.
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FIG.11s aschematic view of a conventional planar inverted
F antenna;

FIG. 2 is a schematic view of an antenna device according
to an embodiment of the present invention;

FIG. 3 is a diagram showing an actual measurement of a
voltage standing-wave ratio of the antenna device according
to an embodiment of the present invention when resonated at
1575.42 MHz;

FIG. 4 is a schematic view of an antenna device according
to another embodiment of the present invention;

FIG. 5 is a schematic view of an antenna device with an
antenna pedestal according to another embodiment of the
present invention; and

FIG. 6 is a schematic view of an antenna device with an
antenna pedestal according to the other embodiment of the
present invention.

DESCRIPTION OF THE EMBODIMENTS

Reference will now be made in detail to the present
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

Referring to FIG. 2, the antenna device 1 in an embodiment
of the present invention is an inverted F antenna applied in
GPS. The antenna device 1 includes an antenna 11 disposed
on a printed circuit board 12. A radiation portion 111 of the
antenna 11 is spaced by a suitable distance from the printed
circuit board 12, and a feed portion 112 of the antenna 11
extends downwardly from the radiation portion 111 to elec-
trically connect a signal feed point 121 on the printed circuit
board 12.

In this embodiment, a conductive wire 123 is disposed on
the printed circuit board 12. The conductive wire 123 is, for
example, a printed trace directly formed on the printed circuit
board 12, and extending externally from the signal feed point
121 to electrically connect a ground plane 122 on the printed
circuit board 12. The ground plane 122 is, for example, a short
pad.

In order to achieve better performance of the antenna
device 1, the distance d1 between the radiation portion 111 of
the antenna 11 and the ground plane of the printed circuit
board 12 is at least 2 mm. Moreover, the length d2 of the
conductive wire 123 formed by the printed trace is preferably
between 2 mm and 5 mm, and the width of the conductive
wire 123 is preferably between 0.25 mm and 0.5 mm. As far
as the length of the conductive wire 123 is concerned, if the
length d2 of the conductive wire 123 is less than 2 mm, the
signal energy on the antenna 11 is directly conducted into the
ground plane 122. If the length d2 of the conductive wire 123
is greater than 5 mm, the loss of the signal energy on the
antenna 11 may occur, and the volume of the antenna is
increased, which further influences the performance of the
antenna device 1.

The antenna device 1 in this embodiment is an inverted F
antenna for GPS. The radiation portion 111 of the antenna 11
forms a plane substantially perpendicular to the printed cir-
cuit board 12. In this embodiment, in order to achieve a better
effect of fixing the antenna 11 on the printed circuit board 12,
the feed portion 112 of the antenna 11 may be mounted on the
signal feed point 121 of the circuit board 12 by a surface
mounting technology (SMT), and meanwhile, may be
embedded by insert-molding into an antenna pedestal 130 (as
shown in FIG. 5 and FIG. 6) made of a plastic. Then one end
of the antenna pedestal 130 is fixed on the printed circuit
board 12 by heat stacking. Moreover, in the above embodi-
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ment, the radiation portion 111 of the new-type antenna 11 of
the present invention is located at the upper left edge of the
printed circuit board 12 of a hand-held antenna device 1 (e.g.,
asmart phone), and is 21 mmx3 mmx5 mm in volume, which
is much smaller than that of the common patch antenna (15
mmx15 mmx5 mm in volume) applied in the GPS. Moreover,
the material of antenna 11 of the antenna device 1 in this
embodiment is, for example, phosphor bronze, which has a
more stable characteristic and lower cost than the material of
the conventional chip antenna used in the GPS.

Referring to FIG. 3, for the performance and the actual
operating frequency range of the antenna, it is known that the
operating frequency range of the GPS is 1575.42+2 MHz.
FIG. 3 is a diagram showing an actual measurement of the
voltage standing-wave ratio of the antenna device 1 in the
above embodiment when resonated at 1575.42 MHz. Itcan be
seen from FIG. 3 that, in the actual measurement, the center
frequency of the antenna device 11is 1575.42 MHz. Therefore,
the actual measurement data in the above embodiment is in
consistent with the operating frequency range of the GPS.

FIG. 4 shows an antenna device 1 according to another
embodiment of the present invention. In this embodiment, the
antenna device 1 is also applied in an inverted F antenna ofthe
GPS. The antenna device 1 includes an antenna 11 disposed
on a printed circuit board 12. A radiation portion 111 of the
antenna 11 is spaced by a suitable distance from the printed
circuit board 12, and a feed portion 112 of the antenna 11
extends downwardly from the radiation portion 111 to elec-
trically connect a signal feed point 121 of the printed circuit
board 12.

A conductive wire 123 is disposed on the printed circuit
board 12. The conductive wire 123 is, for example, a printed
trace directly formed on the printed circuit board 12, and
extending externally from the signal feed point 121 to elec-
trically connect a ground plane 122 on the printed circuit
board 12. The ground plane 122 is, for example, a short pad.

The difference between this embodiment and the above
embodiment lies in that the plane formed by the radiation
portion 111 of the antenna 11 in this embodiment is substan-
tially parallel to the printed circuit board. Other conditions
and methods in the two embodiments are substantially the
same, and will not be repeated herein.

Inthe above embodiment, the antenna device ofthe present
invention is the GPS antenna. However, the antenna device of
the present invention may also be applied in a wireless LAN
(WiFi) antenna or a Bluetooth communication antenna. The
antenna device of the present invention may be, but not lim-
ited to, a PDA mobile phone, a smart phone, a satellite navi-
gator, or a PDA.

In the present invention, since the printed trace formed on
the circuit board is electrically connected to the signal feed
point and the ground plane on the circuit board, the ground
effect of the conventional inverted F antenna can also be
achieved without disposing an additional ground portion to
ground the antenna. Compared with the conventional art, the
ground portion of the antenna is not disposed in the antenna
device of the present invention, and thus the hardware space
for electronic device is effectively reduced, thereby meeting
the requirements on low cost and miniaturization.

Moreover, the antenna body is mounted on the circuit
board by a surface mounting technology (SMT), and mean-
while, the antenna body is embedded by insert-molding into
the antenna pedestal made of a plastic. Then, one end of the
antenna pedestal is fixed on the printed circuit board by heat
stacking. Thus, different from the conventional GPS antenna
which contacts the signal feed point or short pad through the
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pogo-pin or leaf spring, in the present invention, the members
can be fixed more stably, and a better resistance control can be
achieved.

Although the ground plane is included in the circuit board
in the above embodiments, the ground plane may be a stan-
dalone component separate from the circuit board in some
other embodiments of the present invention.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

What is claimed is:

1. An antenna device, comprising:

a ground plane;

a circuit board, comprising a signal feed point;

an antenna, comprising a radiation portion and a feed por-

tion extending from the radiation portion and electri-
cally connected to the signal feed point; and

a conductive wire, electrically connected to the ground

plane and the signal feed point, wherein the antenna is
grounded through the signal feed point and the conduc-
tive wire.

2. The antenna device according to claim 1, wherein the
conductive wire includes a printed trace disposed on the cir-
cuit board.

3. The antenna device according to claim 2, wherein a
length of the conductive wire is between 2 mm and 5 mm, and
a width of the conductive wire is between 0.25 mm and 0.5
mm.

4. The antenna device according to claim 1, wherein a
distance between the radiation portion and the ground plane is
at least 2 mm.

5. The antenna device according to claim 1, wherein the
radiation portion has a plane.

6. The antenna device according to claim 5, wherein the
plane of the radiation portion is substantially perpendicular to
the circuit board.

7. The antenna device according to claim 5, wherein the
plane of the radiation portion is substantially parallel to the
circuit board.

8. The antenna device according to claim 1, wherein the
antenna is mounted on the circuit board by a surface mounting
technology (SMT).

9. The antenna device according to claim 1, further com-
prising an antenna pedestal, wherein the antenna is fixed on
the antenna pedestal.

10. The antenna device according to claim 9, wherein a
material of the antenna pedestal is plastic, and the antenna is
fixed by insert-molding to the antenna pedestal.
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11. The antenna device according to claim 10, wherein the
antenna is mounted on the circuit board by a surface mounting
technology (SMT).

12. The antenna device according to claim 1, wherein the
antenna device is a global positioning system (GPS) antenna,
a wireless LAN (WiF1i) antenna, or a Bluetooth antenna.

13. The antenna device according to claim 1, wherein the
circuit board comprises the ground plane.

14. An antenna device, comprising:

a ground plane;

a signal feed point;

an antenna, comprising a radiation portion and a feed por-

tion extending from the radiation portion and electri-
cally connected to the signal feed point; and

a conductive wire, electrically connected to the ground

plane and the signal feed point, wherein the antenna is
grounded through the signal feed point and the conduc-
tive wire.

15. The antenna device according to claim 14, further com-
prising a circuit board, wherein the conductive wire includes
a printed trace disposed on the circuit board.

16. The antenna device according to claim 15, wherein a
length of the conductive wire is between 2 mm and 5 mm, and
a width of the conductive wire is between 0.25 mm and 0.5
mm.

17. The antenna device according to claim 14, wherein a
distance between the radiation portion and the ground plane is
at least 2 mm.

18. The antenna device according to claim 14, wherein the
radiation portion has a plane.

19. The antenna device according to claim 18, wherein the
plane of the radiation portion is substantially perpendicular to
the ground plane.

20. The antenna device according to claim 18, wherein the
plane of the radiation portion is substantially parallel to the
ground plane.

21. The antenna device according to claim 14, further com-
prising a circuit board, wherein the antenna is mounted on the
circuit board by a surface mounting technology (SMT).

22. The antenna device according to claim 14, further com-
prising an antenna pedestal, wherein the antenna is fixed on
the antenna pedestal.

23. The antenna device according to claim 22, wherein a
material of the antenna pedestal is plastic, and the antenna is
fixed by insert-molding to the antenna pedestal.

24. The antenna device according to claim 23, further com-
prising a circuit board, wherein the antenna is mounted on the
circuit board by a surface mounting technology (SMT).

25. The antenna device according to claim 14, further com-
prising a circuit board, wherein the circuit board comprises
the ground plane.
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1

MOBILE COMMUNICATIONS DEVICE WITH
A COMPACT-SIZED THREE-DIMENSIONAL
ANTENNA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a mobile communications device,
and more particularly to a mobile communications device
with a compact-sized three-dimensional antenna.

2. Description of the Related Art

Internal antennas are increasingly popular and widely used
in mobile communications devices (e.g. cellular phones).
Recently, planner inverted F antennas (PIFAs) and monopole
antennas have become available.

A planner inverted F antenna is required to be spaced apart
from a circuit board of a mobile communications device at a
predetermined vertical distance, and no electronic compo-
nents are allowed between the planner inverted F antenna and
the circuit board. However, the allotted antenna area and
predetermined vertical distance are limited by the dimensions
of the mobile communications device which is generally
compact. As a result, the performance of the antenna mea-
sured in frequency width, radiation efficiency, and gain is
hindered.

Similar with PIFAs, a monopole antenna is required to be
spaced apart from a circuit board of a mobile communications
device at a predetermined distance. However, the predeter-
mined distance is horizontal, and also no electronic compo-
nents are allowed between the monopole antenna and the
circuit board. Thatis, a clearance zone is required between the
monopole antenna and the circuit board to avoid negative
disturbances to the monopole antenna. Generally, the clear-
ance zone required by a monopole antenna exceeds 15 mm, a
significantly large space when considering compact commu-
nication devices.

BRIEF SUMMARY OF THE INVENTION

The invention provides a monopole antenna requiring only
a 6.8 mm clearance zone from the circuit board, thus elimi-
nating clearance zone space, which can be used for arrange-
ment of other electronic components in a mobile communi-
cations device or further device shrinkage.

The mobile communications device in accordance with an
exemplary embodiment of the invention includes a circuit
board and a monopole antenna. The monopole antenna
includes a feed part electrically connected to the circuit board
and directed away from the circuit board at an acute angle, a
connecting part extending from the feed part in a direction
substantially perpendicular to the circuit board, a first radiat-
ing part extending from the connecting part, and a second
radiating part also extending from the connecting part.

The above-mentioned mobile communications device can
be modified in various ways. In another exemplary embodi-
ment of the invention, for example, the acute angle is about
thirty degrees.

In another exemplary embodiment of the invention, as
another example, the second radiating part includes a first
strip substantially parallel to the first radiating part.

In another exemplary embodiment of the invention, the
first radiating part is about 1 mm from the first strip of the
second radiating part.

In another exemplary embodiment of the invention, the
first radiating part is wider than the first strip of the second
radiating part.
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In another exemplary embodiment of the invention, the
first radiating part is about 2 mm in width.

In another exemplary embodiment of the invention, the
first strip of the second radiating part is about 0.8 mm in
width.

In another exemplary embodiment of the invention, the
second radiating part further includes a second strip extend-
ing from the first strip toward the feed part.

In another exemplary embodiment of the invention, the
second strip of the second radiating part runs substantially
parallel to the first radiating part.

In another exemplary embodiment of the invention, the
mobile communications device further includes a mount with
the monopole antenna affixed thereto.

In another exemplary embodiment of the invention, the
mount is made of plastic.

In another exemplary embodiment of the invention, the
monopole antenna is affixed to the mount by ultrasonic heat
staking.

In another exemplary embodiment of the invention, the
monopole antenna is disposed at a bottom of the communi-
cations device.

In another exemplary embodiment of the invention, the
circuit board is about 6.8 mm from an edge of the circuit board
of the communications device.

In another exemplary embodiment of the invention, the
mobile communications device further includes a screw affix-
ing the feed part of the monopole antenna to the circuit board.

In another exemplary embodiment of the invention, the
monopole antenna is made of phosphor bronze.

The monopole antenna is capable of operating at a fre-
quency of 824-894 MHz, 880-960 MHz, 1710-1880 MHz,
and 1850-1990 MHz. Following experimentation, the mono-
pole antenna of the invention requires only a 6.8 mm clear-
ance zone from the circuit board, thus eliminating clearance
zone space, which can be used for arrangement of other
electronic components in the mobile communications device
or further device shrinkage.

Furthermore, the monopole antenna made of phosphor
bronze shows stable operating performance and is inexpen-
sive. In addition, the monopole antenna is affixed to the plas-
tic mount by ultrasonic heat staking, thus effectively simpli-
fying the structure of the mobile communications device.

The feed part of the monopole antenna is firmly connected
to the circuit board by a screw, which is easy and fast during
assembly. Furthermore, such a connection is reliable. Even
when the mobile communications device impacts the ground,
the monopole antenna does not separate from the circuit
board.

Meanwhile, the positioning of the monopole antenna, dis-
posed at the bottom of the mobile communications device, is
distant from the receiver, thus significantly reducing specific
absorption rate (SAR) in the human body.

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

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 depicts the rear of a mobile communications device
in accordance with the invention;

FIG. 2 is a perspective exploded diagram of the mobile
communications device of FIG. 1;

FIG. 3A depicts the monopole antenna of FIG. 2, observed
from the x-direction;
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FIG. 3B depicts the monopole antenna of FIG. 2, observed
from the y-direction; and

FIG. 3C depicts the monopole antenna of FIG. 2, observed
from the z-direction.

DETAILED DESCRIPTION OF THE INVENTION

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

Referring to FIGS. 1 and 2, a mobile communications
device 20 (e.g. a cellular phone) includes a circuit board 22, a
monopole antenna 26, and a mount 24. The circuit board 22
has a plurality of electronic components 221 and 223
mounted thereon and is spaced apart from the bottom edge
202 of the communications device 20 at a distance D, in the
horizontal direction (y-direction). Thus, a clearance zone 206
is formed between the circuit board 22 and the bottom edge
202 of'the communications device 20 for receiving the mount
24. In this embodiment, the monopole antenna 26 is made of
phosphor bronze and the mount 24 is made of plastic. The
monopole antenna 26 is affixed to the mount 26 by ultrasonic
heat staking.

The monopole antenna 26 includes a feed part 261, a con-
necting part 262 extending from the feed part 261, a first
radiating part 263 extending from the feed part 261, and a
second radiating part 264 also extending from the feed part
261. All parts of the monopole antenna 26 are described in
detail in the following:

The feed part 261 of the monopole antenna 26 is electri-
cally connected to the feed point (not shown) of the circuit
board 22 and affixed by a screw 28. Referring to FIG. 3A, the
feed part 261 is directed away from the circuit board 22 which
is situated in a plane, at an angle 0, . In this embodiment, 0, is
about thirty degrees.

The connecting part 262 connects the feed part 261, the
first radiating part 263, and the second radiating part 264.
Note that the connecting part 262 runs substantially perpen-
dicular to the circuit board 22.

The first radiating part 263 handles high frequency signals
of 1710-1880 MHz and 1850-1990 MHz. Referring to FIG.
3B, the width D, of'the first radiating part 263 is about 2 mm.

The second radiating part 264 is longer than the first radi-
ating part 263 for handling low frequency signals of 824-894
MHz and 880-960 MHz. The second radiating part 264
includes a first strip 2642 extending substantially parallel to
the first radiating part 263 from the connecting part 262, and
a second strip 2644 extending substantially parallel to the first
radiating part 263 from the first strip 2642 toward the feed part
261 as shown in FIG. 3C. The distance D, between the first
radiating part 263 and the first strip 2642 of the second radi-
ating part 264 is very small in order to generate a coupling
effect therebetween for promoting the radiation efficiency. In
this embodiment, D,=1 mm. The width W, of the first radi-
ating part 263 exceeds the width W, of the first strip 2642 of
the second radiating part 264. In this embodiment, W,=2 mm
and W,=0.8 mm.

The invention provides a compact-sized three-dimensional
monopole antenna capable of operating at frequencies of
824-894 MHz, 880-960 MHz, 1710-1880 MHz, and 1850-
1990 MHz. Following experimentation, the monopole
antenna requires only 6.8 mm clearance zone from the circuit
board, thus eliminating clearance zone space, which can be
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used for arrangement of other electronic components in the
mobile communications device or further device shrinkage.

Furthermore, the monopole antenna 26 made of phosphor
bronze shows stable operating performance and is inexpen-
sive. In addition, the monopole antenna 26 is affixed to the
plastic mount 24 by ultrasonic heat staking, thus effectively
simplifying the structure of the mobile communications
device 20.

The feed part 261 of the monopole antenna 26 is firmly
connected to the circuit board 22 by a screw 28, which is easy
and fast during assembly. Furthermore, such a connection is
reliable. Even when the mobile communications device 20
impacts the ground, the monopole antenna 26 does not sepa-
rate from the circuit board 22.

Meanwhile, the positioning of the monopole antenna 26,
disposed at the bottom of the mobile communications device
20, is distant from the receiver (not shown), thus significantly
reducing specific absorption rate (SAR) in the human body.

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

What is claimed is:

1. A communications device, comprising:

a circuit board;

a monopole antenna including a feed part electrically con-
nected to the circuit board and directed away from the
circuit board at an acute angle, a connecting part extend-
ing from the feed part in a direction substantially per-
pendicular to the circuit board, a first radiating part
extending from the connecting part, and a second radi-
ating part also directly extending from the connecting
part, wherein the second radiating part includes a first
strip substantially parallel to the first radiating part, and
wherein the second radiating part further includes a sec-
ond strip extending from the first strip toward the feed
part.

2. The communications device as claimed in claim 1,

wherein the acute angle is about thirty degrees.

3. The communications device as claimed in claim 1,
wherein the first radiating part is about 1 mm from the first
strip of the second radiating part.

4. The communications device as claimed in claim 1,
wherein the first radiating part is wider than the first strip of
the second radiating part.

5. The communications device as claimed in claim 1,
wherein the first radiating part is about 2 mm in width.

6. The communications device as claimed in claim 1,
wherein the first strip of the second radiating part is about 0.8
mm in width.

7. The communications device as claimed in claim 1,
wherein the second strip of the second radiating part runs
substantially parallel to the first radiating part.

8. The communications device as claimed in claim 1, fur-
ther comprising a mount with the monopole antenna affixed
thereto.

9. The communications device as claimed in claim 8,
wherein the mount is made of plastic.

10. The communications device as claimed in claim 9,
wherein the monopole antenna is affixed to the mount by
ultrasonic heat staking.
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11. The communications device as claimed in claim 1,
wherein the monopole antenna is disposed at a bottom of the
communications device.

12. The communications device as claimed in claim 1,
wherein the circuit board is about 6.8 mm from an edge of the
circuit board.

13. The communications device as claimed in claim 1,
further comprising a screw affixing the feed part of the mono-
pole antenna to the circuit board.

14. The communications device as claimed in claim 1,
wherein the monopole antenna is made of phosphor bronze.

15. A monopole antenna, comprising:

a feed part directed away from a plane at an acute angle;

a connecting part extending from the feed part in a direc-

tion substantially perpendicular to the plane;

a first radiating part extending from the connecting part;

and

a second radiating part also directly extending from the

connecting part; wherein the second radiating part
includes a first strip substantially parallel to the first
radiating part; and

20
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wherein the second radiating part further includes a second

strip extending from the first strip toward the feed part.

16. The monopole antenna as claimed in claim 15, wherein
the acute angle is about thirty degrees.

17. The monopole antenna as claimed in claim 15, wherein
the first radiating part is about 1 mm from the first strip of the
second radiating part.

18. The monopole antenna as claimed in claim 15, wherein
the first radiating part is wider than the first strip of the second
radiating part.

19. The monopole antenna as claimed in claim 15, wherein
the first radiating part is about 2 mm in width.

20. The monopole antenna as claimed in claim 15, wherein
the first strip of the second radiating part is about 0.8 mm in
width.

21. The monopole antenna as claimed in claim 15, wherein
the second strip of the second radiating part runs substantially
parallel to the first radiating part.

22. The monopole antenna as claimed in claim 15, wherein
the monopole antenna is made of phosphor bronze.

#* #* #* #* #*
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SLOT ANTENNA APPARATUS ELIMINATING
UNSTABLE RADIATION DUE TO
GROUNDING STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a slot antenna apparatus for
transmitting and receiving analog radio-frequency signals or
digital signals in a microwave band, a millimeter-wave band,
etc. More particularly, the present invention relates to a slot
antenna apparatus that eliminates unstable radiation due to its
grounding structure.

2. Description of the Related Art

A wireless device operable in a much wider band than that
of prior art devices is required for the following two reasons.
As the first reason, it is intended to implement a novel short-
range wireless communication system with the authorization
of'use of a very wide frequency band, i.e., an ultra-wideband
(UWB) wireless communication system. As the second rea-
son, it is intended to utilize a variety of communication sys-
tems each using different frequencies, by means of one ter-
minal.

For example, when converting a frequency band into a
fractional bandwidth being normalized by a center frequency
“f0” of an operating band, a frequency band from 3.1 GHz to
10.6 GHz authorized for UWB in U.S.A. corresponds to a
value of 109.5%, indicating a very wide band. On the other
hand, in cases of a patch antenna and a one-half effective
wavelength slot antenna which are known as basic antennas,
the operating bands converted to fractional bandwidths are
less than 5% and less than 10%, respectively, and thus, such
antennas cannot achieve a wideband property such as that of
UWB. For example, referring to the frequency bands cur-
rently used for wireless communications in the world, a frac-
tional bandwidth to the extent of 30% should be achieved in
order to cover bands from the 1.8 GHz band to the 2.4 GHz
band with one same antenna, and similarly, a fractional band-
width to the extent of 90% should be achieved in order to
simultaneously cover the 800 MHz band and the 2 GHz band
with one same antenna. Furthermore, in order to simulta-
neously cover bands from the 800 MHz band to the 2.4 GHz
band, a fractional bandwidth of 100% or more is required.
The more the number of systems simultaneously handled by
one same terminal increases, thus resulting in the extension of
afrequency band to be covered, the more a wideband antenna
with small size is required to be implemented.

Moreover, it is considered to apply a balanced line with
high noise immunity and operable in a low voltage, to a feed
line of an antenna designed for a high-speed communication
system, and to transmission lines for use in a circuit of high-
frequency devices. While a conventional unbalanced line is
formed of a planar grounding conductor and one strip-shaped
signal line conductor, a balanced line is formed of a planar
grounding conductor and two parallel strip-shaped signal line
conductors. In the balanced line, a signal is transmitted as a
potential difference between two signal lines provided in one
same plane on a dielectric substrate, thus requiring a specific
structure and circuit of input and output terminals. In order to
design high-frequency devices suitable for high-speed com-
munication systems, a balanced line can be applied to a feed
line of an antenna, to active devices connected to feed lines in
use, such as antenna switches or amplifiers, or to passive
devices, such as bandpass filters.

A one-end-opened one-quarter effective wavelength slot
antenna is one of the most basic planar antennas, and a sche-
matic view of this antenna is shown in FIGS. 34A, 34B, and
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34C (hereinafter, referred to as a “first prior art example”).
FIG. 34A is a schematic top view showing a structure of a
typical one-quarter effective wavelength slot antenna (show-
ing a grounding conductor 103 on a backside in phantom
view), FIG. 34B is a schematic cross-sectional view of the slot
antenna in FIG. 34A, and FIG. 34C is a schematic view
showing a backside structure of the slot antenna in FIG. 34A
in phantom view. As shown in FIGS. 34A, 34B, and 34C, a
feed line 113 is provided on a front-side of a dielectric sub-
strate 101, and a notch with a width “Ws” and a length “Ls”
is formed in a depth direction 1094 from an outer edge 1054
of an infinite grounding conductor 103 provided on a back-
side thereof. The notch operates as a slot resonator 111, one of
its ends is opened at an open end 107. The slot 111 is a circuit
element which is obtained by completely removing a conduc-
tor in thickness direction, in a partial region of the grounding
conductor 103, and which resonates near a frequency “fs” at
which one-quarter of the effective wavelength is equivalent to
the slot length “Ls”. The feed line 113 formed in a width
direction 10954 intersects with the slot 111 at a portion thereof,
and electromagnetically excites the slot 111. A connection to
an external circuit is established through an input terminal. It
is noted that according to common practice, a distance “Lm”
of'the feed line 113 from its open-ended termination point 119
to the slot 111 is set to the extent of one-quarter effective
wavelength at the frequency “fs”, so as to achieve input
impedance matching. Further, it is noted that according to
common practice, a line width “W1” is designed based on a
thickness “H” of the substrate and a permittivity of the sub-
strate, such that the characteristic impedance of the feed line
113 is set to 50Q.

As shown in FIGS. 35A, 35B, and 35C, Patent Document
1 discloses a structure for operating the one-quarter effective
wavelength slot antenna shown in the first prior art example,
at a plurality of resonant frequencies (hereinafter, referred to
as a “second prior art example™). A slot 111 has a slot length
“Ls”, and includes a capacitor 16 so as to connect points 16a
and 165 each located a distance “L.s2” away from an open
end. When the antenna is excited at a plurality of resonant
frequencies at a feeding point 15, the antenna operates with
different slot lengths “Ls” and “Ls2” as shown in FIGS. 35B
and 35C, and thus the bandwidth can be extended. However,
according to the frequency characteristics shown in Patent
Document 1, it is not enough to obtain a currently required
ultra-wideband characteristics.

Non-Patent Document 1 discloses a method of operating a
slot resonator in a wideband, which is short-circuited at both
ends of a slot, and is of a one-half effective wavelength slot
antenna (hereinafter, referred to as the “third prior art
example”). FIG. 36 is a schematic top view showing a struc-
ture of a slot antenna described in Non-Patent Document 1.
Referring to FIG. 36, a grounding conductor 103 and a slot
111 on a backside of a substrate are shown in phantom view.
The slot 111 is formed in the grounding conductor 103, such
that the slot 111 has a certain width “Ws”, and a length “Ls”
equivalent to one-half effective wavelength, and such that the
slot 111 is coupled to a feed line 113 at a position 51a which
is offset by a distance “d” from the center of the slot 111.
According to prior art methods for matching input impedance
of'aslot antenna, a method has been used in which for exciting
the slot 111, the feed line 113 intersects with the slot 111 at a
position on the feed line 113 apart from an open-ended ter-
mination point 119 by one-quarter effective wavelength at a
frequency “fs”. However, as shown in FIG. 36, in the third
prior art example, a region extending over a distance “Lind”
from the open-ended termination point 119 of the feed line
113 is replaced by an inductive region 121 which is a trans-
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mission line with a characteristic impedance higher than 50Q,
and that inductive region 121 is coupled to the slot 111 at
substantially the center of the inductive region 121 (i.e., in
FIG. 36, “t1” and “t2” are substantially equal to each other).
Inthis case, a width “W2” of the inductive region 121 is set to
a certain width narrower than the width of the feed line 113,
the length “Lind” of the inductive region 121 is set to one-
quarter effective wavelength at a center frequency “f0” of an
operating band, and the inductive region 121 operates as a
one-quarter wavelength resonator different from the slot reso-
nator. As a result, an equivalent circuit structure includes two
resonators, which is increased from one resonator that is
included in a typical slot antenna, and a double-resonance
operation is achieved by coupling the resonators resonating at
frequencies close to each other. In an example shown in FIG.
2(b) of Non-Patent Document 1, a good reflection impedance
characteristic of —10 dB or less is achieved at a fractional
bandwidth 0f32% (near 4.1 GHzto near 5.7 GHz). As shown
in comparison of actual measurement results of reflection
characteristics versus frequency in FIG. 4 of Non-Patent
Document 1, the fractional bandwidth of the antenna of the
third prior art example is much wider than a fractional band-
width of 9% of a typical slot antenna fabricated under condi-
tions using the same substrate.

FIG. 37 is a schematic view showing a method for measur-
ing a mobile phone antenna described in Non-Patent Docu-
ment 2 (hereinafter, referred to as the “fourth prior art
example”). When measuring a mobile phone 2 under test by
a network analyzer 1, in conventional technique, they are
connected through a radio-frequency (RF) unbalanced feed
circuit, such as a radio-frequency cable. However, Non-
Patent Document 2 reported that when using an unbalanced
feed circuit to feed a small-sized communication terminal
having a grounding conductor of a finite area available for
antenna operation, an unbalanced grounding conductor cur-
rent occurring in the grounding conductor flows back into a
grounding conductor of a feed circuit in a measuring appara-
tus, thus affecting the measurement accuracy itself of radia-
tion characteristics and impedance characteristics. Hence, as
shown in FIG. 37, Non-Patent Document 2 discloses that
instead of feeding by using a radio-frequency unbalanced
feed circuit, a photodiode (PD) 24 and a light-emitting diode
(LD) 2¢ are provided in the mobile phone 2 as an input
terminal and an output terminal, and further, a light-emitting
diode 4 and a photodiode 5 are provided also in the network
analyzer 1, and they are connected by optical fibers (shown by
dotted lines in FIG. 37). A signal S1 outputted from the
network analyzer 1, and a signal S2 reflected from a feeding
point S3 of an antenna 3 and inputted to the network analyzer
1 are transmitted by different optical fibers. An inputted wave
and a reflected wave to/from the antenna 3 are separated by a
circulator 2b. The use of optical fibers upon feeding enables to
isolate a grounding conductor from a feed system in the
mobile phone 2, thus achieving a measurement without
adverse effects of an unbalanced grounding conductor cur-
rent in a small-sized antenna.

Prior art documents related to the present invention are as
follows:

(1) Patent Document 1: Japanese Patent laid-open Publi-
cation No. 2004-336328;

(2) Non-Patent Document 1: L. Zhu, et al., “A Novel
Broadband Microstrip-Fed Wide Slot Antenna With Double
Rejection Zeros”, IEEE Antennas and Wireless Propagation
Letters, Vol. 2, pp. 194-196, 2003; and

(3) Non-Patent Document 2: Fukazawa, et al., FUKA-
ZAWA et al., “Impedance Measurement of the Antenna on the
Portable Telephone using Fiber-Optics”, Proceedings of the
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2003 IEICE (The Institute of Electronics, Information and
Communication Engineers) General Conference, B-1-206, p.
206, 2003.

As discussed above, sufficient wide band operation has not
been achieved in the prior art slot antennas. Additionally, even
if the wideband property can be achieved with a small-sized
configuration, radiation characteristics and input impedance
characteristics are unstable depending on a connection
between an antenna and an external unbalanced feed circuit.
Thus, it is hard to determine characteristics to be exhibited
when the antenna is mounted on a wireless communication
terminal apparatus.

First of all, in the case of the typical one-end-opened slot
antenna with only one resonator in its configuration as in the
first prior art example, the antenna can operate in a resonant
mode within only a limited band, and thus, a frequency band,
where a good reflection impedance characteristic can be
achieved, is limited to a fractional bandwidth to the extent of
a little less than 10%.

In the second prior art example, although a wideband
operation is achieved by incorporating the capacitive reac-
tance element into the slot, it can be readily noticed that
additional components such as the chip capacitor are
required, and the characteristics of the antenna vary depend-
ing on variations in characteristics of the newly incorporated
additional components. Further, according to the examples
disclosed in FIGS. 14 and 18 of Patent Document 1, it is hard
to achieve characteristics of input impedance matching with
low reflection across an ultra-wideband.

In the third prior art example, the fractional bandwidth
characteristic is limited to the extent of 35%. Further, as
compared to the antennas of the first and second prior art
examples with one-end-opened slot resonators which are of
one-quarter effective wavelength resonators, it is disadvanta-
geous in reducing size to use the slot resonator which is
short-circuited at both ends and is of the one-half effective
wavelength resonator.

Accordingly, even if incorporating the principle of the
double-resonance operation according to the third prior art
example when designing the one-quarter effective wave-
length slot antenna according to the first or second prior art
example, the unbalanced grounding conductor current flows
back into the grounding conductor of the unbalanced feed
circuit connected to the antenna during the antenna operation,
as pointed out in Non-Patent Document 2. The radiation
characteristics and input impedance characteristics of the
antenna vary depending on the shape of the unbalanced feed
circuit through which the unbalanced grounding conductor
current flows, for example, depending on a length of a coaxial
cable which is connected to the antenna to determine the
characteristics. Particularly, the radiation characteristics
severely vary depending on the conditions of an external
circuit.

SUMMARY OF THE INVENTION

An object of the present invention is to solve the above-
described problems, and to provide a small-sized wideband
slot antenna apparatus which is configured based on a one-
end-opened slot antenna, and which can operate in a wider
band than prior art apparatuses, and eliminates factors caus-
ing the radiation to be unstable due to the grounding structure
(i.e., a connection with an external circuit), thus achieving
stable operation.

According to a slot antenna apparatus of an aspect of the
present invention, the slot antenna apparatus is provided with:
a grounding conductor, having an outer edge including a first
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portion facing a radiation direction, and a second portion
other than the first portion; a one-end-opened slot formed in
the grounding conductor along the radiation direction such
that an open end is provided at a center of the first portion of
the outer edge of the grounding conductor; a first feed line
including a strip conductor close to the grounding conductor
and intersecting with the slot at least a part thereof to feed
radio-frequency signals to the slot; a second feed line includ-
ing a strip conductor close to the grounding conductor and
connected to an external circuit; and a signal processing cir-
cuit connected between the first and second feed lines, and
connected to the grounding conductor, the signal processing
circuit including active elements and processing radio-fre-
quency signals to be transmitted and received. The grounding
conductor is configured to be symmetric about an axis paral-
lel to the radiation direction and passing through the slot, and
the grounding conductor is provided with a grounding termi-
nal onthe axis of symmetry of the grounding conductor, at the
second portion of the outer edge of the grounding conductor,
and the grounding terminal is to be connected to a ground of
the external circuit. As a result of providing the grounding
terminal on the axis of symmetry of the grounding conductor,
the grounding terminal has a higher input and output imped-
ance than an impedance in an unbalanced mode of the
grounding conductor.

In the above-described slot antenna apparatus, the first feed
line is terminated at an open end. A region of the first feed line,
which extends from the open end over a length of one-quarter
effective wavelength at a center frequency of the operating
band, is configured as an inductive region with a characteris-
tic impedance higher than 50€2. The first feed line intersects
with the slot at substantially a center of the inductive region.

Moreover, in the above-described slot antenna apparatus,
the first feed line is branched at a first point near the slot into
agroup of branch lines including at least two branch lines, and
at least two branch lines among the group of branch lines are
connected to each other at a second point near the slot and
different from the first point, thus forming at least one loop
wiring line on the first feed line. A maximum value of respec-
tive loop lengths of the at least one loop wiring line is set to a
length less than one effective wavelength at an upper limit
frequency of an operating band. Branch lengths of all of the
branch lines terminated at an open end without forming a loop
wiring line are less than one-quarter effective wavelength at
the upper limit frequency of the operating band.

Further, in the above-described slot antenna apparatus,
each loop wiring line intersects with boundaries between the
slot and the grounding conductor, and the slot is excited at two
or more points at which the boundaries intersect with the loop
wiring line and which have different distances from the open
end of the slot.

Furthermore, in the above-described slot antenna appara-
tus, the grounding conductor is configured such that at the
first portion of the outer edge of the grounding conductor,
distances from the open end of the slot to both ends of the first
portion of the outer edge are respectively set to a length
greater than or equal to one-quarter effective wavelength at a
resonant frequency of the slot, and thus the grounding con-
ductor operates at a frequency lower than the resonant fre-
quency of the slot.

According to the wideband slot antenna apparatus of the
present invention, it can not only achieve a wideband opera-
tion which is hard to achieve by prior art slot antennas, but
also eliminate unstable radiation characteristics caused by a
connection with an external unbalanced feed circuit con-
nected to the antenna, thus achieving stable operation.
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BRIEF DESCRIPTION OF THE DRAWINGS

Various objects, features, and advantages of the present
invention will be disclosed as preferred embodiments which
are described below with reference to the accompanying
drawings.

FIG. 1 is a schematic top view showing a structure of a
wideband slot antenna apparatus according to a first preferred
embodiment of the present invention;

FIG. 2 is a schematic cross-sectional view along line II-1I
of FIG. 1;

FIG. 3 is a schematic cross-sectional view showing a struc-
ture of a modified preferred embodiment with respect to the
cross-sectional configuration in FIG. 2;

FIG. 4 is a block diagram of a radio-frequency signal
processing circuit 301 of the wideband slot antenna apparatus
in FIG. 1;

FIG. 5 is a block diagram showing a radio-frequency signal
processing circuit 301a according to a modified preferred
embodiment with respect to the radio-frequency signal pro-
cessing circuit 301 in FIG. 4;

FIG. 6 is a schematic view showing a radio-frequency
current flowing through a grounding conductor 103 of the
wideband slot antenna apparatus in FIG. 1;

FIG. 7 is a schematic view showing how radio-frequency
currents flow in the grounding conductor 103 for the case of
a balanced mode;

FIG. 8 is a schematic view showing how radio-frequency
currents flow in the grounding conductor 103 for the case of
an unbalanced mode;

FIG. 9 is a schematic top view showing a structure of a
wideband slot antenna apparatus according to a second pre-
ferred embodiment of the present invention;

FIG. 10 is a schematic view of two circuits including
branches in which a signal wiring line is branched as a loop
wiring line, in a typical radio-frequency circuit structure with
an infinite grounding conductor structure on a backside
thereof;

FIG. 11 is a schematic view of two circuits including
branches in which a signal wiring line branches off an open-
ended stub wiring line, in a typical radio-frequency circuit
structure with an infinite grounding conductor structure on a
backside thereof;

FIG. 12 is a schematic view of two circuits including
branches in which a signal wiring line is branched as a loop
wiring line, and particularly, in which a second path is con-
figured to be extremely short, in a typical radio-frequency
circuit structure with an infinite grounding conductor struc-
ture on a backside thereof;

FIG. 13 is a cross-sectional view of a grounding conductor
structure in which a typical transmission line is provided, for
indicating portions where radio-frequency currents concen-
trate;

FIG. 14 is a cross-sectional view of a grounding conductor
structure in which branched transmission lines are provided,
for indicating portions where radio-frequency currents con-
centrate;

FIG. 15 is a schematic top view showing a structure of a
wideband slot antenna apparatus according to a first modified
preferred embodiment of the second preferred embodiment
of the present invention;

FIG. 16 is a schematic top view showing a structure of a
wideband slot antenna apparatus according to a second modi-
fied preferred embodiment of the second preferred embodi-
ment of the present invention;
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FIG. 17 is a schematic top view showing a structure of a
wideband slot antenna apparatus according to a third modi-
fied preferred embodiment of the second preferred embodi-
ment of the present invention;

FIG. 18 is a schematic top view showing a structure of a
wideband slot antenna apparatus according to a fourth modi-
fied preferred embodiment of the second preferred embodi-
ment of the present invention;

FIG. 19 is a schematic top view showing a structure of a
wideband slot antenna apparatus according to a first imple-
mentation example of the present invention;

FIG. 20 is a schematic top view showing a structure of a
wideband slot antenna apparatus according to a second
implementation example of the present invention;

FIG. 21 is a schematic top view showing a structure of a
wideband slot antenna apparatus according to first and second
comparative examples of the present invention;

FIG. 22 is a graph showing the reflection loss versus fre-
quency characteristics for the first and second implementa-
tion examples, in a case of Lc=150 mm;

FIG. 23 is a graph showing the reflection loss versus fre-
quency characteristics for the first and second comparative
examples, in a case of Le=150 mm;

FIG. 24 is a radiation characteristic diagram for the second
implementation example at an operating frequency of 3 GHz,
in cases of Lc=0 mm and 50 mm;

FIG. 25 is a radiation characteristic diagram for the second
implementation example at an operating frequency of 3 GHz,
in cases of Lc=0 mm and 150 mm;

FIG. 26 is a radiation characteristic diagram for the second
implementation example at an operating frequency of 6 GHz,
in cases of Lc=0 mm and 50 mm;

FIG. 27 is a radiation characteristic diagram for the second
implementation example at an operating frequency of 6 GHz,
in cases of Lc=0 mm and 150 mm;

FIG. 28 is a radiation characteristic diagram for the second
implementation example at an operating frequency of 9 GHz,
in cases of Lc=0 mm and 50 mm;

FIG. 29 is a radiation characteristic diagram for the second
implementation example at an operating frequency of 9 GHz,
in cases of Lc=0 mm and 150 mm;

FIG. 30 is a radiation characteristic diagram for the first
comparative example at an operating frequency of 3 GHz, in
cases of Lc=0 mm and 50 mm;

FIG. 31 is a radiation characteristic diagram for the first
comparative example at an operating frequency of 3 GHz, in
cases of Lc=0 mm and 150 mm;

FIG. 32 is a radiation characteristic diagram for the first
comparative example at an operating frequency of 6 GHz, in
cases of Lc=0 mm and 50 mm;

FIG. 33 is a radiation characteristic diagram for the first
comparative example at an operating frequency of 6 GHz, in
cases of Lc=0 mm and 150 mm;

FIG. 34A is a schematic top view showing a structure of a
typical one-quarter effective wavelength slot antenna (first
prior art example);

FIG. 34B is a schematic cross-sectional view of the slot
antenna in FIG. 34A;

FIG. 34C is a schematic view showing a backside structure
of the slot antenna in FIG. 34A in phantom view;

FIG. 35A is a schematic view showing a structure of a
one-quarter effective wavelength slot antenna described in
Patent Document 1 (second prior art example);

FIG. 35B is a schematic view showing the slot antenna in
FIG. 35A when operating in a lower-frequency band;

FIG. 35C is a schematic view showing the slot antenna in
FIG. 35A when operating in a higher-frequency band;
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FIG. 36 is a schematic top view showing a structure ofa slot
antenna described in Non-Patent Document 1 (third prior art
example); and

FIG. 37 is a schematic view showing a method for measur-
ing a mobile phone antenna described in Non-Patent Docu-
ment 2 (fourth prior art example).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments according to the present invention
will be described below with reference to the drawings. It is
noted that in the drawings the same reference numerals
denote like components.

First Preferred Embodiment

FIG. 1 is a schematic top view showing a structure of a
wideband slot antenna apparatus according to a first preferred
embodiment of the present invention. FIG. 2 is a schematic
cross-sectional view along line II-I1 of FIG. 1. In schematic
top views of FIG. 1 and others, the structure of a backside of
a substrate 101 is shown in phantom view (i.e., by dotted
lines). For the purpose of explanation, refer to XYZ coordi-
nates as shown in the respective drawings.

The wideband slot antenna apparatus according to the pre-
ferred embodiment of the present invention is characterized
by including: a grounding conductor 103 with an outer edge
including a first portion facing a radiation direction (i.e., a =X
direction) and a second portion other than the first portion; a
one-end-opened slot 111 formed in the grounding conductor
103 along the radiation direction such that an open end 107 is
provided at the center of the first portion of the outer edge of
the grounding conductor 103; a radio-frequency feed line 113
configured with a strip conductor close to the grounding
conductor 103 and intersecting with the slot 111 at least a
portion thereof to feed a radio-frequency signal to the slot
111; balanced feed lines 303a and 3035 configured with strip
conductors close to the grounding conductor 103 and con-
nected to an external circuit; and a radio-frequency signal
processing circuit 301 that is connected between the radio-
frequency feed line 113 and the balanced feed lines 303a and
3035, and connected to the grounding conductor 103,
includes active elements, and performs certain processes on a
radio-frequency signal to be transmitted and received. Fur-
thermore, the wideband slot antenna apparatus according to
the preferred embodiment of the present invention is charac-
terized in that the grounding conductor 103 is configured to be
symmetric about an axis passing through the slot 111 and
parallel to the radiation direction, and provided with a
grounding terminal 117G on the axis of symmetry of the
grounding conductor 103 at the second portion of the outer
edge of the grounding conductor 103, to be connected to the
ground of the external circuit, and that as a result of providing
the grounding terminal 117G on the axis of symmetry of the
grounding conductor 103, the grounding terminal 117G has a
higher input and output impedance than an impedance in an
unbalanced mode of the grounding conductor 103. By this
configuration, it is possible to eliminate unstable radiation
due to a grounding structure (i.e., a position of a grounding
terminal connected to an external grounding conductor struc-
ture).

Referring to FIG. 1, the grounding conductor 103 with a
finite area and a certain shape is formed on the backside ofthe
dielectric substrate 101. The grounding conductor 103 is sub-
stantially configured in a polygonal shape, including one side
at which the one-end-opened slot 111 is formed, and a plu-
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rality of other sides. In the case of the present preferred
embodiment, the grounding conductor 103 is rectangular, and
includes sides 10541 and 10542 on the —X side, aside 10556 on
the +X side, a side 105¢ on the +Y side, and a side 1054 on the
-Y side. The rectangular slot 111 with a width “Ws” and a
length “Ls” is configured by forming a notch on the ground-
ing conductor 103 at about the midpoint on the -X side of the
grounding conductor 103 (i.e., the point between the first
portion 10541 and the second portion 10542 on the -X side),
in a direction orthogonal to the -X side (i.e., +X direction).
Accordingly, an end on the -X side of the slot 111 is config-
ured as the open end 107, and an end on the +X side is
configured as a short-circuited end 125. The slot 111 operates
as a one-end-opened feeding slot resonator with one-quarter
effective wavelength (slot antenna mode). When assuming
that the slot width “Ws” is negligible as compared with the
slot length “Ls”, a resonant frequency “fs” of the slot 111 is a
frequency at which one-quarter of the effective wavelength is
equivalent to the slot length “Ls”. When such assumption is
not valid, the apparatus is configured such that a slot length
(Lsx2+Ws)/2 with considering the slot width is equivalent to
one-quarter effective wavelength. In each preferred embodi-
ment of the present invention, it is desirable that the resonant
frequency “fs” of the slot 111 is set to the extent of a center
frequency “10” of an operating frequency band (e.g., 3.1 GHz
to 10.6 GHz). On a front-side of the dielectric substrate 101 is
formed the radio-frequency feed line 113 extending in a
direction substantially orthogonal to the slot 111 (i.e., aY-axis
direction), and intersecting with the slot 111 at least a part
thereof in overlapping manner. A partial region of the radio-
frequency feed line 113 is configured as an inductive region
121, as will be described in detail later. The radio-frequency
feed line 113 is configured as a microstrip line made of the
grounding conductor 103, the strip conductor on the front-
side of the dielectric substrate 101, and the dielectric substrate
101 therebetween. For ease of explanation in this specifica-
tion, hereinafter, refer only the strip conductor on the front-
side as the radio-frequency feed line 113. The main beam
direction of radiation from the slot 111 is in a direction from
the short-circuited end 125 to the open end 107 of the slot 111
(i.e., the -X direction), and accordingly, in this specification,
the —X direction is considered as “forward”, the +X direction
is considered as “backward”, and a Y-axis direction is called
as the “width direction” of the wideband slot antenna appa-
ratus. It is noted that this specification defines as a slot, a
structure in which a conductor layer forming the grounding
conductor 103 is completely removed in a thickness direc-
tion. Thatis, the slotis not a structure just reduced in thickness
by scraping a surface of the grounding conductor 103 off in a
partial region thereof. The radio-frequency feed line 113 is
connected to the radio-frequency signal processing circuit
301 provided on the front-side of the dielectric substrate 101,
and as will be described in detail later, the radio-frequency
signal processing circuit 301 is connected to an external cir-
cuit (not shown) of the wideband slot antenna apparatus.
Although in this specification, the structure as shown in
FIG. 2 is mainly described in which the radio-frequency feed
line 113 is provided on the front-side of the dielectric sub-
strate 101 (i.e., an uppermost surface) and the grounding
conductor 103 is provided on the backside of the dielectric
substrate 101 (i.e., a lowermost surface), a different structure
as shown in FIG. 3 may be adopted instead of the structure in
FIG. 2. FIG. 3 is a schematic cross-sectional view showing a
structure of a modified preferred embodiment with respect to
the cross-sectional configuration in FIG. 2. A wideband slot
antenna apparatus shown in FIG. 3 is configured with a
dielectric layer 101a provided on an underside of the ground-
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ing conductor 103, in addition to the configuration in FIG. 2.
As described above, the wideband slot antenna apparatus of
the preferred embodiment may adopt a multilayer substrate,
and in this case, either or both of the radio-frequency feed line
113 and the grounding conductor 103 may be arranged on an
inner-layer plane of the substrate. Further, a number of con-
ductor surfaces for wiring lines operating as the grounding
conductor 103 opposed to the radio-frequency feed line 113
need notto be limited to one in a structure, and a structure may
be adopted in which the two grounding conductors are
arranged such that they are opposed to each other and such
that a layer with the radio-frequency feed line 113 formed
thereon is between them. In other words, in the wideband slot
antenna apparatus according to the preferred embodiment of
the present invention, it is possible to obtain the same effect
not only with the circuitry adopting a microstrip line struc-
ture, but also with the circuitry adopting a strip line structure
in at least part of the apparatus. The same also applies in the
case that each of the coplanar line and ground coplanar line
structures is adopted.

Grounding Conductor 103 Operating as Dipole Antenna

Next, conditions imposed on the size in the width direction
of the grounding conductor 103 will be described. The
grounding conductor 103 is the conductor structure with the
finite area as described above, and particularly, configured to
include on the —X side, the portion 10541 extending in the +Y
direction from the open end 107 by a length “Wgl”, and the
portion 10542 extending in the -Y direction from the open
end 107 by a length “Wg2”. In this case, each of the lengths
“Wgl” and “Wg2” of the sides 10541 and 10542 on the —-X
side is larger than or equal to a length “Lsw” equivalent to
one-quarter effective wavelength at the resonant frequency
“fs” of the slot 111. This condition is desirable for stabilizing
antenna radiation characteristics in the slot antenna mode.

By limiting the circuit of the grounding conductor 103
according to the preferred embodiment of the present inven-
tion to a finite area, the grounding conductor 103 can also
operate in a grounding conductor dipole antenna mode in
which the entire grounding conductor structure is used. In
either case of the grounding conductor dipole antenna mode,
and the slot antenna mode of the slot 111, it is common that a
radio-frequency current concentrates at the short-circuited
end 125 of the slot 111. Thus, the either antenna uses a
common circuit board, and at the same time, provides com-
mon radiation characteristics in polarization characteristics.
Additionally, each main beam direction of not only radiation
in the slot antenna mode but also radiation in the grounding
conductor dipole antenna mode is in the —X direction. Thus,
if the resonant frequency “fd” in the grounding conductor
dipole antenna mode can be set to be different from, and
slightly lower than the resonant frequency “fs” of the slot 111,
the wideband slot antenna apparatus according to the pre-
ferred embodiment of the present invention can achieve char-
acteristics in which the operating band is dramatically
extended to the lower frequency side as compared to the case
of using only the slot antenna mode. Since the slot 111 is
provided at substantially the center of the grounding conduc-
tor 103, the effective length of the resonator in the grounding
conductor dipole antenna mode is extended. Therefore, in the
wideband slot antenna apparatus according to the preferred
embodiment of the present invention, when the lengths
“Wgl” and “Wg2” of the side portions 10541 and 10542 on
the -X side are configured to be larger than or equal to the
length “Lsw” equivalent to one-quarter effective wavelength,
the resonant frequency “fd” in the grounding conductor
dipole antenna mode is always lower than the resonant fre-
quency “fs” of the slot 111, and thus a wideband operation is
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ensured. In this case, the frequency “fd” is a lower limit
frequency “f1.” of the operating band of the wideband slot
antenna apparatus (e.g., 3.1 GHz, as described above). From
the point of view of size reduction, it is not practical to set the
lengths “Wgl” and “Wg2” of the side portions 10541 and
10542 on the -X side to be extremely large so that the fre-
quency “fd” is considerably lower than the frequency “fs”. In
other words, by setting either of the lengths “Wgl” and
“Wg2” of the side portions 105a1 and 10542 on the —X side
to a minimum value required which is greater than or equal to
the length “Lsw”, it is possible in an embodiment of a small
antenna, to bring the resonant frequency “fd” in the ground-
ing conductor dipole antenna mode, close to the operating
band in the slot antenna mode.

Inductive Region 121 Introduced into Radio-Frequency
Feed Line 113

As shown in FIG. 1, a region extending over a certain
length “Lind” from an open-ended point 119 of the radio-
frequency feed line 113 is configured as an inductive region
121 formed of a wiring line with a higher characteristic
impedance than a characteristic impedance (i.e., 50 ohms) of
the radio-frequency feed line 113. The length “Lind” has a
value equivalent to the extent of one-quarter effective wave-
length at the resonant frequency “fs” of the slot 111 (i.e., as
described above, the frequency equal to the center frequency
“f0” of the operating band of the wideband slot antenna
apparatus). That is, the inductive region 121 forms a one-
quarter effective wavelength resonator, and is coupled to the
one-quarter effective wavelength resonator formed by the slot
111, thus achieving double resonance, and as a result, the
antenna operating band of the slot 111 in the slot antenna
mode is effectively increased. The inductive region 121 inter-
sects with the slot 111 at substantially the center of the lon-
gitudinal direction (i.e., the Y-axis direction) of the inductive
region 121.

It is noted that even when the grounding conductor of the
first prior art example is limited to a finite area, if the operat-
ing band in the slot antenna mode itself is limited, it is con-
siderably difficult to ensure continuity with a band in the
grounding conductor dipole antenna mode, and thus, the
same effect as that according to the preferred embodiment of
the present invention can not be obtained. As described above,
by extending the operating band in the slot antenna mode to
the lower frequency side, it is possible to achieve antenna
operation in a wide operating band, in continuation of the
operating band in the grounding conductor dipole antenna
mode.

Connection Between the Radio-Frequency Signal Process-
ing Circuit 301 and an External Circuit

On the front-side of the dielectric substrate 101 is provided
the radio-frequency signal processing circuit 301, by which
the radio-frequency feed line 113 is connected to at least one
other feed line provided on the front-side of the dielectric
substrate 101 (in the case of FIG. 1, connected to the balanced
feed lines 303a and 3035, each composed of two parallel
strip-shaped signal line conductors). The latter feed line is
connected to an external circuit (not shown) for processing
radio-frequency signals, through a radio-frequency feeding
point 305 provided at a certain position of the outer edge of
the dielectric substrate 101. In the present preferred embodi-
ment, the radio-frequency feeding point 305 is provided at
substantially the center of the side 1054 on the -Y side of the
dielectric substrate 101. By this configuration, the radio-fre-
quency signal processing circuit 301 performs a certain sig-
nal-conversion on transmitting signals inputted from the
external circuit through the balanced feed lines 303a and
3035 and outputs the signals to the radio-frequency feed line
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113, and performs a certain signal-conversion on receiving
signals inputted through the radio-frequency feed line 113
and outputs the signals to the balanced feed lines 3034 and
3035. Further, the radio-frequency signal processing circuit
301 is connected to the grounding conductor 103, through a
grounding electrode 309 made of a through-hole conductor
passing through the dielectric substrate 101. Since the
grounding conductor 103 is rectangular as described above,
the grounding conductor 103 is configured to be symmetric
about the axis passing through the slot 111 and parallel to the
radiation direction (X-axis direction), and is provided with
the grounding terminal 117G at substantially the center of the
side 1055 on the +X side (i.e., on the axis of symmetry). The
grounding terminal 117G is connected to the ground of the
external circuit, through an external conductor 1355 of a
coaxial cable 135. If necessary, the radio-frequency signal
processing circuit 301 is further connected to a control line
304 provided on the front-side of the dielectric substrate 101.
The control line 304 extends to a control terminal 117 pro-
vided at a certain position of the outer edge of the dielectric
substrate 101, and is connected to the external circuit through
the control terminal 117. In the present preferred embodi-
ment, the control terminal 117 is provided close to the
grounding terminal 117G, and connects the control line 304
to the external circuit through an internal conductor 1354 of
the same coaxial cable 135 as that connecting the grounding
conductor 103 to the ground of the external circuit. In the
present preferred embodiment, the balanced feed lines 303«
and 3035 and the control line 304 are configured as microstrip
lines, in a similar manner to that of the radio-frequency feed
line 113.

The radio-frequency signal processing circuit 301 includes
at least an active element, such as an amplifier or a switch for
changing transmission/reception. The active elements in the
radio-frequency signal processing circuit 301 can be con-
trolled by the external circuit through the coaxial cable 135
and the control line 304. It is necessary to input a reference
potential in order to achieve correct operation of the active
elements within the radio-frequency signal processing circuit
301, and accordingly, the radio-frequency signal processing
circuit 301 is connected to the ground of the external circuit
through the grounding electrode 309, the grounding conduc-
tor 103, and the grounding terminal 117G. Hence, the ground-
ing terminal 117G can be considered as a DC feeding point. In
the present preferred embodiment, since the radio-frequency
feed line 113 is the unbalanced feed line, and the feed lines to
be connected to the external circuit are the balanced feed lines
303a and 3035, the radio-frequency signal processing circuit
301 further includes a balanced/unbalanced conversion cir-
cuit. Additionally, the radio-frequency signal processing cir-
cuit 301 may include a bandpass filter circuit or a band-stop
filter circuit in addition to the balanced/unbalanced conver-
sion circuit, and furthermore, may be configured as an inte-
grated module including the active elements and some or all
of the above-described circuits.

The position for the radio-frequency feeding point 305 of
the balanced feed lines 303a and 3035 need not necessarily to
be the center of the side 1054 on the —Y side of the dielectric
substrate 101. Further, the position for the control terminal
117 need not necessarily to be the center of the side 1056 on
the +X side of the dielectric substrate 101. On the other hand,
the position for the grounding terminal 117G must be sub-
stantially the center of the side 1056 on the +X side, as will be
described below.

FIG. 4 is a block diagram of the radio-frequency signal
processing circuit 301 of the wideband slot antenna apparatus
in FIG. 1. The radio-frequency signal processing circuit 301
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is configured as a circuit surrounded by a dashed line in FIG.
4. Itis noted that in F1G. 4, an “antenna 302" connected to the
radio-frequency feed line 113 is a symbol schematically
showing an end point of a circuit in which radio-frequency
signals are radiated into or received from space. That is, the
antenna 302 corresponds to the inductive region 121 of the
radio-frequency feed line 113 in FIG. 1. The radio-frequency
signal processing circuit 301 shown in FIG. 4 is configured
such that it is connected to one antenna 302 and two sets of
balanced feed lines 303a and 3035, and it connects one ofthe
balanced feed lines 3034 and 3035 to the radio-frequency
feed line 113 by means of a radio-frequency switch 1C 306
controlled by the external circuit through the control line 304.
In the radio-frequency signal processing circuit 301, a bal-
anced/unbalanced conversion circuit 308a is provided
between the balanced feed line 3034 and the radio-frequency
switch IC 306, and a balanced/unbalanced conversion circuit
3085 and a bandpass filter 307 are provided in series between
the balanced feed line 3035 and the radio-frequency switch IC
306. A ground 301G of the radio-frequency signal processing
circuit 301 is connected to the grounding conductor 103
through the grounding electrode 309, as described above. On
the other hand, FIG. 5 is a block diagram showing a radio-
frequency signal processing circuit 301a according to a modi-
fied preferred embodiment with respect to the radio-fre-
quency signal processing circuit 301 in FIG. 4. The radio-
frequency signal processing circuit 301a shown in FIG. 5 is
configured such that it is connected to one antenna 302 and a
one set of balanced feed line 303. In the radio-frequency
signal processing circuit 301a configured as shown in FIG. 5,
a bandpass filter 307 and a balanced/unbalanced conversion
circuit 308 are provided in series between a radio-frequency
feed line 113 and the balanced feed line 303. The circuit
shown in FIG. 4 can be used for the case in which, for
example, a transmitting signal is transmitted through the bal-
anced feed line 3034 and a receiving signal is transmitted
through the balanced feed line 3035, with the antenna 302
being shared for both transmission and reception by using the
radio-frequency switch IC 306. The circuit shown in FIG. 5
can be used for the case in which the antenna 302 is used for
reception only. In either case of FIGS. 4 and 5, radio-fre-
quency signal are fed through a connection between the bal-
anced feed line(s) 303a and 3035 or 303 and a balanced line
of an external circuit (not shown), and thus, the grounding
conductor 103 can be configured at the radio-frequency feed-
ing point 305 so as not to be connected to the external circuit.
Accordingly, it is possible to avoid flowing an unbalanced
current into the external circuit, which will be described later,
and therefore, ideal feeding of radio-frequency signals can be
achieved.

It is noted that a radio-frequency signal processing circuit
to be provided in the wideband slot antenna apparatus accord-
ing to the preferred embodiment of the present invention is
not limited to that of the examples in FIGS. 4 and 5. The
configuration in FIG. 4 is for a time division duplex scheme (a
scheme for alternately transmitting and receiving signals by
short time intervals). However, instead of using the radio-
frequency switch IC 306, it is possible to use a duplexer which
is a frequency filter used in a frequency division duplex
scheme (a scheme for transmitting and receiving signals by
using separate frequency bands from each other), or a
diplexer used for sharing an antenna among a plurality of
communication schemes. It is also possible to implement an
impedance matching circuit in the radio-frequency signal
processing circuit.

In the slot antenna mode appearing by exciting the slot 111
through the radio-frequency feed line 113, radio-frequency
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currents commonly appear at the short-circuited end 125 of
the slot 111. FIG. 6 is a schematic view showing a radio-
frequency current flowing through the grounding conductor
103 of the wideband slot antenna apparatus in FIG. 1. As
shown by arrows in FIG. 6, the appeared radio-frequency
current flows along boundaries between the slot 111 and the
grounding conductor 103, and when reaching to the open end
107, the radio-frequency current flows along the outer edge of
the grounding conductor 103. In this case, if another conduc-
tor is connected to the outer edge of the grounding conductor
103, since the impedance of the connected conductor is very
low, it is extremely difficult to prevent the radio-frequency
current from flowing through the connected conductor. How-
ever, by providing the grounding terminal 117G at a position
othigh symmetry as described above, an extremely high input
and output impedance is achieved with respect to a radio-
frequency current flowing on the grounding conductor 103 in
the unbalanced mode (this current has an impedance in the
unbalanced mode). Further, it is possible to design the
grounding conductor 103 so as not to be connected to the
external circuit at the radio-frequency feeding point 305 at
which the balanced feed lines 303a and 3035 are connected to
the external circuit, thus avoiding flowing an unbalanced
grounding conductor current at the radio-frequency feeding
point 305 into the external circuit.

The grounding conductor 103 in the wideband slot antenna
apparatus structure shown in FIG. 1 can be considered to be a
conductor structure in which a pair of grounding conductors
103-1 and 103-2 with a high symmetry and a finite area are
combined at the short-circuited end 125 of the slot 111. FIG.
7 is a schematic view showing how radio-frequency currents
flow in the grounding conductor 103 for the case of the
balanced mode. FIG. 8 is a schematic view showing how
radio-frequency currents flow in the grounding conductor 103
for the case of the unbalanced mode. FIGS. 7 and 8 schemati-
cally show how radio-frequency currents flow in the ground-
ing conductor 103, as relationships to feed structures in the
respective modes. In the balanced mode, equivalently, the
pair of grounding conductors 103-1 and 103-2 are fed with
radio-frequency currents 131a and 1316 with opposite
phases, each flowing in a direction of arrow from a feeding
point 15, and as a result, the largest radio-frequency current
with the same phase flows at a connecting point between the
pair of grounding conductors, i.e., the short-circuited end 125
of the slot 111. On the other hand, in the unbalanced mode,
equivalently, the pair of grounding conductors 103-1 and
103-2 are fed with radio-frequency currents 131a and 1316
with the same phase, each flowing in a direction of arrow from
the feeding point 15 (which is considered to be grounded
through a certain impedance R), and as a result, the radio-
frequency currents can be cancelled at the connecting point
between the pair of grounding conductors, i.e., at the antenna
feeding point 15. This means that the more symmetrically the
pair of grounding conductors 103-1 and 103-2 are configured,
and the closer the grounding terminal 117G is positioned to
the symmetry point of the grounding conductor 103, the
higher the input and output impedance of the grounding con-
ductor 103 at the grounding terminal 117G in the unbalanced
mode is. Hence, by adopting the conditions for providing the
grounding terminal 117G according to the preferred embodi-
ment of the present invention, even when an external circuit is
connected to the grounding conductor 103, it is possible to
avoid backflow of an unbalanced grounding conductor cur-
rent to the external circuit.

It is noted that in the one-half effective wavelength slot
antenna according to the third prior art example, radio-fre-
quency currents appearing at short-circuited points at both
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ends of the slot resonator flow only along the outer edge of the
slot, and no current flows along the outer edge of the ground-
ing conductor 103. Thus, a problem caused by an unbalanced
grounding conductor current flowing along the outer edge of
the grounding conductor 103 is specific to the case in which
an one-end-opened slot resonator, which is advantageous to
size reduction and extending of a band, is adopted for unbal-
anced feeding.

It is noted that in the wideband slot antenna apparatus
according to the preferred embodiment of the present inven-
tion, the shape of the slot 111 need not to be rectangular, and
its shape can be replaced by any shape. Particularly, connect-
ing a number of thin and short slots in parallel to a main slot
is equivalent, as the circuitry, to adding inductances in series
to the main slot, and thus, it is desirable in practice because
the slot length of the main slot can be reduced. enabling to
reduce the slot length of'the main slot, and thus, it is desirable
in practice. Further, it is possible to obtain the effect of
extending the band of the wideband slot antenna apparatus
according to the preferred embodiment of the present inven-
tion as well, even under a condition in which the main slot is
reduced in the slot width and bent into a shape such as a
meander shape, for the purpose of the size reduction.

It is noted that in the wideband slot antenna apparatus
according to the preferred embodiment of the present inven-
tion, a feed line between the radio-frequency feeding point
305 and the radio-frequency signal processing circuit 301 is
not limited to a balanced feed line, and may be an unbalanced
feed line. Even in this case, by providing the grounding ter-
minal 117G at substantially the center of the side 10556 on the
+X side of the grounding conductor 103, it is possible to
obtain advantageous effects according to the preferred
embodiment of the present invention.

Second Preferred Embodiment

Next, a wideband slot antenna apparatus according to a
second preferred embodiment of the present invention will be
described. FIG. 9 is a schematic top view showing a structure
of a wideband slot antenna apparatus according to a second
preferred embodiment of the present invention. In the second
preferred embodiment, it is characterized in that at least a
partial region (preferably, the inductive region 121) of the
radio-frequency feed line 113 in FIG. 1 is replaced by a loop
wiring line 123, thus achieving wideband characteristics
wider than the wideband slot antenna apparatus according to
the first preferred embodiment.

The radio-frequency feed line 113 is branched at a first
position near the slot 111 into a group of branch lines includ-
ing at least two branch lines, and at least two branch lines
among the group of branch lines are connected to each other
at a second position near the slot 111 and different from the
first position, thus configuring at least one loop wiring line on
the radio-frequency feed line 113.

As shown in FIG. 9, in the wideband slot antenna apparatus
according to the present preferred embodiment, the inductive
region 121 of the radio-frequency feed line 113 is replaced by
a loop wiring line 123, near a location where the radio-
frequency feed line 113 intersects with the slot 111. There-
fore, the loop wiring line 123 intersects with at least one of
a+Y-side boundary 237 and a -Y-side boundary 239 extend-
ing along a longitudinal direction of the slot 111 (i.e., the
X-axis direction) and being defined between the slot 111 and
the grounding conductor 103. The loop length “Llo” of the
loop wiring line 123 is set to less than the effective wave-
length at an upper limit frequency “fH” (e.g., 10.6 GHz, as
described above) of the operating band of the wideband slot
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antenna apparatus. That is, a resonant frequency “flo” of the
loop wiring line 123 is set to higher than the frequency “fH”.
The configuration of the radio-frequency feed line 113 is not
limited to one including the loop wiring line 123, and the
radio-frequency feed line 113 may be configured such that a
part of the radio-frequency feed line 113 is branched off to
form an open stub. In this case, the stub length of the open stub
is set to less than a length equivalent to one-quarter effective
wavelength at the upper limit frequency “fH” of the operating
band. Thatis, a resonant frequency “fst” of the open stub is set
to higher than the frequency “fH”. As described above, in the
second preferred embodiment, the band characteristics of the
wideband slot antenna apparatus are dramatically improved
by branching the radio-frequency feed line 113 into wiring
lines at the inductive region 121. This improvement in char-
acteristics does not result from purposely using a resonance
phenomenon of the branched wiring lines themselves, but
results from using a phenomenon arisen only when combin-
ing the slot 111 and the loop wiring line 123.

The loop wiring line 123 of the wideband slot antenna
apparatus according to the preferred embodiment of the
present invention achieves two features simultaneously, i.e., a
feature of enabling to excite the slot 111 at multiple positions,
and a feature of adjusting the electrical length of an input
impedance matching circuit, thus achieving antenna opera-
tion with ultra-wideband characteristics. Then, the operations
of the loop wiring line 123 will be described in detail below.

Now, with reference to FIG. 10, radio-frequency charac-
teristics will be described that occurs when a loop wiring line
structure is used in a typical radio-frequency circuit which is
assumed to have a grounding conductor with an infinite area
on a backside thereof. FIG. 10 is a schematic circuit view in
which a loop wiring line 123, including a first path 205 with
apath length “Lp1” and a second path 207 with a path length
“Lp2”, is connected between an input terminal 201 and an
output terminal 203. The loop wiring line 123 is in a reso-
nance state on condition that the sum of the path lengths
“Lp1” and “Lp2” is identical to the effective wavelength of a
transmission signal. In some cases satisfying such condition,
the loop wiring line 123 has been used as a ring resonator.
However, when the sum of the path lengths “Lp1” and “L.p2”
is shorter than the effective wavelength of a transmission
signal, a steep frequency response is not obtained, and thus
there is no particular necessity to use the loop wiring line 123
in a typical radio-frequency circuit. This is because in a typi-
cal radio-frequency circuit having a uniform grounding con-
ductor with an infinite area, an influence of local variations in
radio-frequency current distribution within an anti-resonant
band, which is involved in incorporating the loop wiring line
123, is averaged as macro-scale radio-frequency characteris-
tics.

On the other hand, by incorporating the loop wiring line
123 into the wideband slot antenna apparatus according to the
preferred embodiment of the present invention as shown in
FIG. 9, a unique effect is achieved that cannot be obtained by
the aforementioned typical radio-frequency circuit. The loop
wiring line 123 intersects with the boundaries 237 and 239
between the slot 111 and the grounding conductor 103, and
the slot 111 is excited at two or more points at which the
boundaries 237 and 239 intersect with the loop wiring line
123 and which are apart form the open end 107 of the slot 111
by different distances. Specifically, a radio-frequency current
on the grounding conductor 103 is forced to flow in a direc-
tion 131¢ along the first path 205 of the loop wiring line 123,
and to flow in a direction 1314 along the second path 207 of
the loop wiring line 123. As a result, different paths including
131c and 1314 can be made as the flows of the radio-fre-





US 7,710,338 B2

17

quency current on the grounding conductor 103, and accord-
ingly, the slot 111 can be excited at multiple positions. By
locally changing the radio-frequency current distribution
near the slot 111 in the grounding conductor 103, the reso-
nance characteristics in the slot antenna mode are changed,
thus dramatically extending the antenna operating band in the
slot antenna mode.

FIGS. 13 and 14 schematically show cross-sectional views
of transmission line structures for description. In a typical
transmission line such as that shown in FIG. 13, a radio-
frequency current distribution is concentrated at edges 403
and 405 of a wiring line on the side of a strip conductor (i.e.,
a feed line) 401, and in a region 407 opposing to a center
portion of the strip conductor 401, on the side of a grounding
conductor 103. Thus, it is difficult to cause large variations in
a radio-frequency current distribution on the side of the
grounding conductor 103, by only increasing the width of the
strip conductor of the radio-frequency feed line 113 near the
slot 111. As shown in FIG. 14, only by branching a strip
conductor into two paths 205 and 207, separate radio-fre-
quency currents can be produced in different grounding con-
ductor regions 413, 415 each opposed to the path 205, 207.

The loop wiring line 123 newly incorporated into the wide-
band slot antenna apparatus according to the preferred
embodiment of the present invention can not only have a
feature of exciting the slot 111 at multiple positions, but also
have a feature of adjusting the electrical length of the radio-
frequency feed line 113. Due to variations in the electrical
length of the radio-frequency feed line 113 resulting from
incorporating the loop wiring line 123, the resonance state of
the radio-frequency feed line 113 is changed to include mul-
tiple resonances, thus further enhancing the effect of extend-
ing the operating band according to the preferred embodi-
ment of the present invention. That is, by incorporating the
loop wiring line 123 near the slot 111, the electrical lengths of
two paths 205 and 207 composing the loop wiring line 123
differ between the case of following a path of a shorter elec-
trical length and the case of following another path of a longer
electrical length, and this difference of electrical lengths
causes a resonance phenomenon resulting from the coupling
of'the inductive region 121 to the slot 111 at a plurality of two
or more frequencies, and accordingly, a wideband impedance
matching condition which has been already achieved is fur-
ther extended.

As descried above, since the first feature of providing the
resonance phenomenon of the slot 111 itself with multiple
resonances is combined to the second feature of providing the
resonance phenomenon of the feed line 113 coupled to the
slot 111 with multiple resonances, the wideband slot antenna
apparatus according to the preferred embodiment of the
present invention can operate in a wider band than that of
prior art slot antenna apparatuses.

In the present preferred embodiment, the radio-frequency
feeding point 305, the control terminal 117, and the ground-
ing terminal 117G are arranged on the grounding conductor
103 in the same manner as that for the wideband slot antenna
apparatus according to the first preferred embodiment.

It is noted that as a constraint for the loop wiring line 123 in
order to maintain wideband impedance matching character-
istics, it becomes necessary to use the loop wiring line 123 on
a condition for not causing a resonation of the loop wiring line
123 itself. For example, referring to the loop wiring line 123
shown in FIG. 10, a loop length “Lp” which is the sum of the
path lengths “Lp1” and “Lp2” is set to less than the effective
wavelength at the upper limit frequency “fH” of the operating
band. When there are a plurality of loop wiring lines in the
structure, the largest loop wiring line of such loop wiring lines
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that do not include any further small loop therein must satisfy
the above-described condition.

On the other hand, as a more common radio-frequency
circuit than a loop wiring line, an open stub shown in FIG. 11
is provided. FIG. 15 is a schematic top view showing a struc-
ture of a wideband slot antenna apparatus according to a first
modified preferred embodiment of the second preferred
embodiment of the present invention. As shown in FIG. 15,
some of wiring lines into which the radio-frequency feed line
113 of the wideband slot antenna apparatus according to the
preferred embodiment of the present invention is branched
may adopt the structure of an open stub 213. However, for the
object of the present invention, the use of a loop wiring line is
more advantageous than the use of an open stub in terms of
wideband characteristics. Since the open stub 213 is a one-
quarter effective wavelength resonator, a stub length “Lp” is,
even in the longest case, set to less than a length equivalent to
one-quarter effective wavelength at the frequency “fH”. FIG.
12 shows an extreme example of the loop wiring line 123,
illustrating an advantageous feature of the loop wiring line
123 over the open stub 213. When reducing the length “Lp2”
of'one path in the loop wiring line 123 to be extremely short,
an appearance of the loop wiring line 123 approximates to
that of the open stub 213 as closely as desired. However, the
resonant frequency of the loop wiring line 123 for the case
with the path length “Lp2” close to 0 is a frequency at which
the effective wavelength is equivalent to the other path length
“Lp1”, and on the other hand, the resonant frequency of the
open stub 213 is a frequency at which one-quarter of the
effective wavelength is equivalent to a path length “Lp3” of
the open stub 213. Comparing these two structures under an
assumption that a half of the path length “Lp1” of the loop
wiring line 123 is equal to the path length “Lp3” of the open
stub 213, the lowest-order resonant frequency of the loop
wiring line 123 is equivalent to twice the lowest-order reso-
nant frequency of the open stub 213. According to the above
description, as a feed line structure for avoiding an undesired
resonance phenomenon in a wide operating band, the loop
wiring line 123 is twice as effective in terms of a frequency
band as the open stub 213. Further, since the circuit is opened
at an open-ended termination point 119 of the open stub 213
in FIG. 11, no radio-frequency current flows at that point, and
thus, even ifthe open-ended termination point 119 is provided
near the slot 111, it is hard to electromagnetically couple it to
the slot 111. On the other hand, as shown in FIG. 12, the
circuit is never opened at a point 213¢ of the loop wiring line
123, and a radio-frequency current always flows at that point,
and thus, if the point 213¢ is provided near the slot 111, it is
easy to electromagnetically couple it to the slot 111. Also
from this point of view, it is advantageous to adopt a loop
wiring line than an open stub for the object of the present
invention.

According to the above description, it is shown that in order
to extend the bandwidth of the wideband slot antenna appa-
ratus according to the preferred embodiment of the present
invention, it is most effective to incorporate a loop wiring line,
rather than adopting a line with thick line width, or an open
stub.

FIG. 16 is a schematic top view showing a structure of a
wideband slot antenna apparatus according to a second modi-
fied preferred embodiment of the second preferred embodi-
ment of the present invention. The modified preferred
embodiment in FIG. 16 shows the case in which a branch line
portion of a radio-frequency feed line 113 includes three
branches. By inserting a path 209 into middle of paths 205
and 207, a loop wiring line including the paths 205 and 209
and a loop wiring line including the paths 207 and 209 are
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formed, instead of an original loop wiring line including the
paths 205 and 207. A maximum value of the respective loop
lengths of these loop wiring lines is set to a length less than
one effective wavelength at an upper limit frequency of the
operating band of the wideband slot antenna apparatus.
According to the configuration of the present modified pre-
ferred embodiment, since the path lengths of the loop wiring
lines are reduced as compared to the case of FIG. 9, thus
increasing the resonant frequencies of the loop wiring lines, it
is effective in terms of the extension of the operating band.

Although three or more branch lines can be configured into
which the radio-frequency feed line 113 is branched, a much
wider extension of the operating band characteristics cannot
be expected as compared to the case in which the radio-
frequency feed line 113 is branched into two branch lines.
This is because the distribution of radio-frequency currents
concentrates at only the leftmost and rightmost paths 205 and
207 among the group of branch lines, and the intensity of a
radio-frequency current flowing through the path 209 pro-
vided between the paths 205 and 207 is not high. However, by
inserting the path 209 into middle of the paths 205 and 207,
the resonant frequency of the loop wiring line including the
paths 205 and 207 can be increased, and thus, it is effective in
terms of the extension of the operating band.

FIG. 17 is a schematic top view showing a structure of a
wideband slot antenna apparatus according to a third modi-
fied preferred embodiment of the second preferred embodi-
ment of the present invention. FIG. 18 is a schematic top view
showing a structure of a wideband slot antenna apparatus
according to a fourth modified preferred embodiment of the
second preferred embodiment of the present invention. With
reference to FIGS. 17 and 18, a relationship between posi-
tions of the loop wiring line 123 and the slot 111 will be
described.

With respect to the positional relationship between the loop
wiring line 123 and the slot 111, the effects according to the
preferred embodiment of the present invention can be
obtained, under the condition that the loop wiring line 123 is
provided near the slot 111. Preferably, as shown in FIG. 9, the
paths 205 and 207 of the loop wiring line 123 intersect with at
least one of the +Y-side boundary 237 and the - Y-side bound-
ary 239 extending along the longitudinal direction of the slot
111. However, as shown in the modified preferred embodi-
ments in FIGS. 17 and 18, it is possible to obtain the effects
according to the preferred embodiment of the present inven-
tion even with a configuration in which the loop wiring line
123 does not intersect with either of the boundaries 237 and
239 between the slot 111 and the grounding conductor 103.
This is because a phase difference in radio-frequency currents
exciting the slot 111 occurs which corresponds to a path
difference between a first path 205 and a second path 207,
thus producing an effect of extending an input impedance
matching condition to a wider band. Strictly speaking, spac-
ing between an outermost (i.e., the +Y side) point 141 of the
loop wiring line 123 and the boundary 237 (or 239) should be
less than the line width of the radio-frequency feed line 113.
This is because when the spacing is configured to be shorter
than the line width of the radio-frequency feed line 113, a
phase difference does not disappear, which occurs between
local radio-frequency currents flowing on the side of the
grounding conductor 103 corresponding to a phase difference
between radio-frequency currents flowing through both
edges of the strip conductor.

The loop wiring line 123 is formed within the inductive
region 121. Itis desirable that the line width of the loop wiring
line 123 is configured to be equal to or thinner than the line
width of the radio-frequency feed line 113 in the inductive
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region 121. A plurality of loop wiring lines may be formed.
The plurality of loop wiring lines may be connected to each
other in series or in parallel. Two of the loop wiring lines may
be directly connected to each other, or may be indirectly
connected to each other through a transmission line of any
shape.

In the wideband slot antenna apparatus according the pre-
ferred embodiment of the present invention, a connection
between the grounding conductor 103 and an external circuit
at the grounding terminal 117G is not limited to be estab-
lished on the backside of the dielectric substrate 101. Specifi-
cally, it is possible establish a connection to the external
circuit from a grounding terminal on the front-side of the
dielectric substrate 101, by providing the grounding terminal
at substantially the center of the +X side on the front-side of
the dielectric substrate 101, and connecting the grounding
terminal to the grounding conductor 103 by a through-hole
conductor passing through the dielectric substrate 101 from
its front-side to its backside. Also in such configuration,
advantageous effects according to the preferred embodiment
of the present invention do not disappear. In fact, such con-
figuration enables both connections for the radio-frequency
signal conductors and for the grounding conductor on the
front-side of the dielectric substrate 101, and thus, it is pos-
sible to mount the wideband slot antenna apparatus according
to the preferred embodiment of the present invention onto a
surface of an external mounting substrate.

Implementation Examples

In order to clarify the effects according to the preferred
embodiments of the present invention, the input impedance
characteristics and radiation characteristics of slot antenna
apparatuses of implementation examples of the present
invention and slot antenna apparatuses of comparative
examples were analyzed by a commercially available elec-
tromagnetic analysis simulator. FIG. 19 is a schematic top
view showing a structure of a wideband slot antenna appara-
tus according to a first implementation example of the present
invention. FIG. 20 is a schematic top view showing a structure
of' a wideband slot antenna apparatus according to a second
implementation example of the present invention. FIG. 21 is
a schematic top view showing a structure of a wideband slot
antenna apparatus according to first and second comparative
examples (as will be described later, these examples have
different distance “Lm” of FIG. 19) of the present invention.
Table 1 shows circuit board setting parameters common
between first and second implementation examples of the
present invention. Table 2 shows circuit board setting param-
eters common between first and second comparative
examples.

TABLE 1

Material of dielectric substrate 101 FR4
Thickness “H” of dielectric substrate 101 0.5 mm
Depth “D” of dielectric substrate 101 12 mm
Width “W” of dielectric substrate 101 30 mm
Thickness “t” of wiring 0.04 mm
Slot length “Ls” 9 mm
Slot width “Ws” 24 mm
Lengths “Wgl” and “Wg2” of side portions 105al 13.8 mm
and 105a2 on the -X side

Width “W1” of radio-frequency feed line 113 0.95 mm
Width “W2” of inductive region 121 0.4 mm
Line width “W4” of balanced feed line 303 0.9 mm
Line spacing “d3” between balanced feed lines 303 1.2 mm

Distance “d2” of radio-frequency feed line 113 from 6 mm

open end 107
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TABLE 1-continued
Length “Lind” of inductive region 121 9 mm
Width “Was” of parasitic slot resonator 0.5 mm
Distance “Das” from the -X side to open end of 3 mm
parasitic slot resonator
TABLE 2
Material of dielectric substrate 101 FR4
Thickness “H” of dielectric substrate 101 0.5 mm
Depth “D” of dielectric substrate 101 12 mm
Width “W” of dielectric substrate 101 30 mm
Thickness “t” of wiring 0.04 mm
Slot length “Ls” 9 mm
Slot width “Ws” 2.4 mm
Lengths “Wgl” and “Wg2” of side portions 105al 13.8 mm
and 105a2 on the -X side
Width “W1” of radio-frequency feed line 113 0.95 mm
Line width “W4” of balanced feed line 303 0.9 mm
Line spacing “d3” between balanced feed lines 303 1.2 mm

Distance “d2” of radio-frequency feed line 113 from 6
open end 107

mim

In the second implementation example, the width “W3” of
a loop wiring line 123 was 0.25 mm, and the distance “doft”
between paths of the loop wiring line 123 was 1.4 mm. In the
first comparative example, the offset distance “LLm” to a slot
111 from an open-ended termination point 119 of a radio-
frequency feed line 113 was 4.5 mm, and in the second
comparative example, the distance “Lm” was 9 mm. In each
of the implementation examples and the comparative
examples, it was assumed that as an external conductor 1355
of a coaxial cable 135 for connecting a grounding terminal
117G of a grounding conductor 103 to the ground of an
external circuit, a copper wire with a certain length “L.¢”
(hereinafter, referred to as the “copper wire 135”) was con-
nected to the grounding terminal 117G, and it was analyzed
by changing the length “L.¢” of the copper wire 135 to 0 mm,
50 mm, and 150 mm. It was assumed that ideal DC feeding
(grounding) was done at an end of the copper wire 135 when
the length “L¢” of the copper wire 135 was set to 50 mm and
150 mm, and thus, the slot antenna apparatuses were analyzed
for the operation stability and wideband property, including
an influence exerted on characteristics by the copper wire 135
with the length “L.¢” connected as an unbalanced feed circuit.
Also in the analysis, it was assumed that ideal DC feeding
(grounding) was done at the grounding terminal 117G when
the length “L¢” of the copper wire 135 was set to zero.

In all the slot antenna apparatuses, the conditions were set
on the assumption that the apparatuses were fabricated using
circuit boards of the same size. Conductor patterns were
assumed to be copper wirings with a thickness of 40 microns,
and were considered to be in an accuracy range in which the
conductor patterns could be formed by wet etching process.

It was assumed that at each position in the drawings indi-
cated as a radio-frequency feeding point 305, differential
feeding to balanced feed lines 303 was done in a differential
mode and with an input impedance of 100 ohms. In the
implementation examples shown in FIGS. 19 and 20, since
the grounding terminal 117G of the grounding conductor 103
was provided at substantially the center of the +X side, the
orientation of the copper wire 135 was in the X-axis direction.
On the other hand, in the comparative examples shown in
FIG. 21, since the grounding terminal 117G was provided at
the -Y side of a dielectric substrate 101, the orientation of the
copper wire 135 was in the Y-axis direction. It is noted that a
radio-frequency signal processing circuit 301 included a bal-
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anced/unbalanced conversion circuit which was of a passive
circuit, and was assumed to have ideal circuit characteristics
for each frequency. The size and electrode pattern of the
radio-frequency signal processing circuit 301 were designed
with a grounding electrode 309 made of a through-hole con-
ductor, according to the specifications of a balanced/unbal-
anced conversion circuit product commercially available for
short-range ultra-wideband wireless communication.

FIG. 22 is a graph showing the reflection loss versus fre-
quency characteristics for the first and second implementa-
tion examples, in a case of L.c=150 mm. FIG. 23 is a graph
showing the reflection loss versus frequency characteristics
for the first and second comparative examples, in a case of
Lc=150 mm. Referring to FIG. 22, the first implementation
example maintained a low reflection characteristic of -7.5 dB
or less across a frequency range from 3.2 GHz to 11 GHz or
higher. Furthermore, the second implementation example
exhibited such wideband and low reflection characteristics
that the reflection loss was —10 dB or less across the entire
frequency band from 3.1 GHz to 11 GHz or higher. On the
other hand, referring to FIG. 23, in the first comparative
example, the reflection loss was less than -10 dB in a range
from 3.04 GHz to 3.73 GHz, i.e., in 20% of the fractional
bandwidth, and the reflection loss was less than —7.5 dB in a
range from 2.9 GHz to 4.3 GHz, but the reflection loss
reached -4.9 dB at 6.3 GHz, and thus wideband characteris-
tics could not be obtained. In the second comparative
example, the reflection loss was to the extent of -3 dB to -4
dB in a range from 2.5 GHz to 8 GHz, and thus low reflection
characteristics could not be obtained. As is apparent from
comparing the implementation examples of the present
invention shown in FIG. 22 with the comparative examples
shown in FIG. 23, the bandwidth of the operating band can be
extended in both the first and second implementation
examples. It is noted that in either of the implementation
examples and the comparative examples, there was little
influence exerted on the input impedance by the change in the
length “L¢” of the copper wire 135.

FIGS. 24 to 29 are radiation characteristic diagrams
according to the second implementation example. FIGS. 24
and 25 are radiation characteristic diagrams at an operating
frequency of 3 GHz, in cases of Lc=0 mm, 50 mm, and 150
mm. FIGS. 26 and 27 are radiation characteristic diagrams at
an operating frequency of 6 GHz, in cases of L.c=0 mm, 50
mm, and 150 mm. FIGS. 28 and 29 are radiation character-
istic diagrams at an operating frequency of 9 GHz, in cases of
Lc=0 mm, 50 mm, and 150 mm. Data indicated by thin lines
in FIGS. 24 to 29 represents radiation characteristics in the
comparative cases in which the length “L¢” of the copper wire
135 was zero. According to FIGS. 24 to 29, the second imple-
mentation example achieved stable radiation characteristics
which was little affected by the length “L¢” ofthe copper wire
135, thus demonstrating that the object of the present inven-
tion was achieved. Similarly, the first implementation
example also achieved stable radiation characteristics which
was not affected by the length “Lc” of the copper wire 135.
Further, in the first and second implementation examples, the
same effect could be obtained across the entire operating band
for all the radiation characteristics, including the radiation
characteristics in the XZ-plane.

Next, FIGS. 30 to 33 show radiation characteristic dia-
grams according to the first comparative example. FIGS. 30
and 31 are radiation characteristic diagrams at an operating
frequency of 3 GHz, in cases of Lc=0 mm, 50 mm, and 150
mm. FIGS. 32 and 33 are radiation characteristic diagrams at
an operating frequency of 6 GHz, in cases of L.c=0 mm, 50
mm, and 150 mm. Data indicated by thin lines in FIGS. 30 to
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33 represents radiation characteristics in the comparative
cases in which the length “L.c” of the copper wire 135 was
zero. As is apparent from FIGS. 30 to 33, the comparative
examples demonstrated a tendency that the radiation charac-
teristics were strongly affected by the length “L¢” of the
copper wire 135 of the external circuit at all frequencies. It is
supposed that if an adverse effect of an unbalanced grounding
conductor current could be avoided, which is the object of the
present invention, then three radiation characteristics were
identical to each other. However, resulting characteristics
were completely different from each other depending on the
length “L¢” of the copper wire 135.

As described above, according to the wideband slot
antenna apparatuses according to the preferred embodiments
of the present invention, it is possible to eliminate unstable
radiation due to a grounding structure.

An wideband slot antenna apparatus according to the
present invention can extend an impedance matching band
without increasing an area occupied by circuitry and a manu-
facturing cost, and accordingly, it is possible to implement a
high-functionality terminal with a simple configuration,
which conventionally has not been able to be implemented
unless multiple antennas are mounted. Further, the wideband
slot antenna apparatus can contribute to implementation of a
UWB system which uses a much wider frequency band than
that of prior art apparatuses. In addition, since the operating
band can be extended without using any chip component, the
wideband slot antenna apparatus is also useful as an antenna
tolerant to variations in manufacturing. Since the wideband
slot antenna apparatus operates in the grounding conductor
dipole antenna mode with the same polarization characteris-
tics as the slot antenna mode, at frequencies lower than a
frequency band of the slot antenna mode, the wideband slot
antenna apparatus can be used as a small-sized wideband slot
antenna apparatus. Further, in a system requiring ultra-wide-
band frequency characteristics, such as one that wirelessly
transmits and receives a digital signal, the wideband slot
antenna apparatus can be used as a small-sized antenna. In
any case, when the wideband slot antenna apparatus is
mounted on a terminal device, it is possible to provide good
characteristics by which stable radiation can be maintained
even when an unbalanced feed circuit is connected to the slot
antenna apparatus.

As described above, although the present invention is
described in detail with reference to preferred embodiments,
the present invention is not limited to such embodiments. It
will be obvious to those skilled in the art that numerous
modified preferred embodiments and altered preferred
embodiments are possible within the technical scope of the
present invention as defined in the following appended
claims.

What is claimed is:

1. A slot antenna apparatus comprising:

a grounding conductor, having an outer edge including a
first portion facing a radiation direction, and a second
portion other than the first portion;

a one-end-opened slot formed in the grounding conductor
along the radiation direction such that an open end is
provided at a center of the first portion of the outer edge
of'the grounding conductor;

a first feed line including a strip conductor close to the
grounding conductor and intersecting with the slot at at
least a part thereof to feed radio-frequency signals to the
slot;
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a second feed line including a strip conductor close to the
grounding conductor and connected to an external cir-
cuit; and

a signal processing circuit connected between the first and
second feed lines, and connected to the grounding con-
ductor, the signal processing circuit including active
elements and processing radio-frequency signals to be
transmitted and received,

wherein the grounding conductor is configured to be sym-
metric about an axis parallel to the radiation direction
and passing through the slot, and the grounding conduc-
tor is provided with a grounding terminal on the axis of
symmetry of the grounding conductor, at the second
portion of the outer edge of the grounding conductor,
and the grounding terminal is to be connected to a
ground of the external circuit, and

wherein, as a result of providing the grounding terminal on
the axis of symmetry of the grounding conductor, the
grounding terminal has a higher input and output imped-
ance than an impedance in an unbalanced mode of the
grounding conductor.

2. The slot antenna apparatus as claimed in claim 1,

wherein the first feed line is terminated at an open end,

wherein a region of the first feed line, which extends from
the open end over a length of one-quarter effective wave-
length at a center frequency of the operating band, is
configured as an inductive region with a characteristic
impedance higher than 50€2, and

wherein the first feed line intersects with the slot at sub-
stantially a center of the inductive region.

3. The slot antenna apparatus as claimed in claim 1,

wherein the first feed line is branched at a first point near
the slot into a group of branch lines including at least two
branch lines, and at least two branch lines among the
group of branch lines are connected to each other at a
second point near the slot and different from the first
point, thereby forming at least one loop wiring line on
the first feed line,

wherein a maximum value of respective loop lengths of the
at least one loop wiring line is set to a length less than one
effective wavelength at an upper limit frequency of an
operating band,

wherein branch lengths of all of the branch lines terminated
at an open end without forming a loop wiring line are
less than one-quarter effective wavelength at the upper
limit frequency of the operating band.

4. The slot antenna apparatus as claimed in claim 3,

wherein each loop wiring line intersects with boundaries
between the slot and the grounding conductor, and the
slot is excited at two or more points at which the bound-
aries intersect with the loop wiring line and which have
different distances from the open end of the slot.

5. The slot antenna apparatus as claimed in claim 1,

wherein the grounding conductor is configured such that at
the first portion of the outer edge of the grounding con-
ductor, distances from the open end of the slot to both
ends of the first portion of the outer edge are respectively
set to a length greater than or equal to one-quarter effec-
tive wavelength at a resonant frequency of the slot,
whereby the grounding conductor operates at a fre-
quency lower than the resonant frequency of the slot.
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Frequency(MHz) |Average Gain(dB)| Efficiency(%0)
824 -3.1 49%
Transmit 836 -2.63 55%
849 -2.34 58%
800
869 -2.05 62%
Receive 880 -2.38 58%
WWAN 894 -2.94 51%
880 -2.05 62%
Transmit 900 -2.36 58%
915 -3.81 42%
900
925 -4.57 35%
Receive 940 -5.03 31%
960 -5.58 28%

FIG.5
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Frequency(MHz) |Average Gain(dB)| Efficiency (%)

1710 -3.16 48%

Transmit 1750 -3.28 47%

1785 -4.01 40%

1800

1805 -4.33 37%

Receive 1840 -3.12 49%

1880 -3.22 48%

1850 -3.29 47%

Transmit 1880 -3.2 48%

WWAN 1910 -2.82 52%

1900

1930 -3.45 45%

Receive 1960 -3.14 49%

1990 -3.65 43%

1920 -2.76 53%

Transmit 1950 -2.88 52%

1980 -3.66 43%

IMT 2000

2110 -2.94 51%

Receive 2140 -3.87 41%

2170 -5.06 31%

FIG.6
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1
DUAL-BAND INVERTED-F ANTENNA

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to an inverted-F antenna, and
more particularly to a dual-band inverted-F antenna.

2. Related Art

Wireless communication technology employing electro-
magnetic waves to transmit signals does not need connecting
wires for communicating with remote devices. Thereby,
products applying the wireless communication technology
are advantageous in portability, and thus the types thereof are
increasingly growing, such as mobile phones and notebook
computers. Further, as these products transmit signals
through electromagnetic waves, an antenna for transmitting/
receiving electromagnetic wave signals has become essential.
Currently, an antenna is mainly exposed out of or built in a
device. However, the antenna exposed out of a device not only
affects the size and appearance of the product, but is also
easily bent or fractured under the impact of an external force,
so the built-in antenna has become a trend.

As for a current 3C device, in order to achieve multi-
functions, a Wi-Fi antenna is further mounted in addition to a
3G wireless communication antenna. Along with the trend of
developing smaller and more sophisticated 3C products, the
space for disposing antennae is gradually reduced, and thus
adjacent antennae may interfere with each other. As a result,
the above situation may directly lead to a decrease of the
radiation efficiency of the antennae and affect the signal qual-
ity.

FIG. 1 is a schematic view of a conventional inverted-F
antenna. The inverted-F antenna has a striped radiation ele-
ment 1, a sheet-like ground element 2 spaced from and facing
the radiation element, and a conductive pin 3 and a signal
feed-in portion 4 located between the radiation element 1 and
the ground element 2. The conductive pin 3 connects one end
of the radiation element 1 to the ground element 2 for func-
tioning as a grounding pin. The signal feed-in portion 4 is
disposed at a central position between two ends of the radia-
tion element 1, for receiving signals fed in through a signal
line 5. When the signal feed-in portion 4 receives a fed-in
current from the signal line 5, the current is split to flow in the
left and right directions. When the current directly flows
toward the conductive pin 3 from the signal feed-in portion 4,
as the current flows in opposite directions through the signal
feed-in portion 4 and the conductive pin 3, the current on the
left path is counteracted without causing any resonance to
generate electromagnetic waves. The length of the right path
is equivalent to that of the right side of the signal feed-in
portion 4 in the radiation element 1, i.e., approximately a
quarter wavelength. Therefore, electromagnetic waves at a
specific frequency may be generated. Then, electromagnetic
signals at the frequency are further induced, and the induced
signals are transmitted to the signal line 5 through the signal
feed-in portion 4 so as to be conducted out.

Thereby, the conventional inverted-F antenna can only
transmit/receive mono-band signals, and fails to meet the
multiplexing requirements. Meanwhile, if the inverted-F
antenna is disposed adjacent to others, the radiation efficiency
thereof may be affected.

SUMMARY OF THE INVENTION

In order to solve the above problems, the present invention
is directed to a dual-band inverted-F antenna, which employs
different radiation portions to transmit/receive signals of dif-
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2

ferent bands, and adopts the design of a loop portion on the
radiation element to improve the overall radiation efficiency.

A dual-band inverted-F antenna including a radiation ele-
ment, a ground element, a conductive pin, and a signal feed-in
portion is provided. The radiation element includes a loop
portion, a first radiation portion, and a second radiation por-
tion. The loop portion serves as a short-circuit loop. The first
radiation portion is connected to the loop portion, for wire-
lessly transmitting/receiving a first band signal. The second
radiation portion has one end connected to the loop portion,
and the other end extending toward the first radiation portion,
for wirelessly transmitting/receiving a second band signal.
The ground element is spaced from and faces the radiation
element. The conductive pin, located between the radiation
element and the ground element, has two ends connected to
the radiation element and the ground element respectively.
The signal feed-in portion is connected to the loop portion, for
feeding in the first band signal and the second band signal to
the loop portion, then transmitting the signals to the first
radiation portion, the second radiation portion, and the con-
ductive pin through the loop portion, and receiving the first
and the second band signals fed out from the first radiation
portion and the second radiation portion through the loop
portion respectively.

In the dual-band inverted-F antenna provided by the
present invention, the first radiation portion and the second
radiation portion of the radiation element are used for trans-
mitting/receiving the first band signal and the second band
signal respectively. Further, the design of a loop portion on
the radiation element is adopted, such that after being fed in
through the signal feed-in portion, the first band signal and the
second band signal are wirelessly transmitted/received by the
first radiation portion and the second radiation portion respec-
tively in one aspect, and directly transmitted to the ground
element through the conductive pin in another aspect, so as to
achieve the effect of a short-circuit loop. Thereby, bandwidths
of the first and the second band signals in operation are
increased, and the overall radiation efficiency is enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given herein below for illustra-
tion only, and thus are not limitative of the present invention,
and wherein:

FIG. 1 is a schematic view of a conventional inverted-F
antenna,

FIG. 2 is a schematic front view of a dual-band inverted-F
antenna according to the present invention;

FIG. 3 is a schematic back view of a dual-band inverted-F
antenna according to the present invention;

FIG. 4 is a measurement diagram of SWR of the dual-band
inverted-F antenna according to the present invention;

FIG. 5 is a table showing average gains and efficiencies of
the dual-band inverted-F antenna of the present invention
measured at low frequencies; and

FIG. 6 is a table showing average gains and efficiencies of
the dual-band inverted-F antenna of the present invention
measured at high frequencies.

DETAILED DESCRIPTION OF THE INVENTION

The features and practice of the present invention will be
illustrated in detail below with the accompanying drawings.
Referring to FIGS. 2 and 3, FIG. 2 is a schematic front view
of a dual-band inverted-F antenna according to the present
invention, and FIG. 3 is a schematic back view of a dual-band
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inverted-F antenna according to the present invention. The
dual-band inverted-F antenna 100 includes a radiation ele-
ment 21, a ground element 22, a conductive pin 23, and a
signal feed-in portion 24.

The radiation element 21 includes a loop portion 25, a first
radiation portion 26, and a second radiation portion 27. The
loop portion 25 serves as a short-circuit loop. The first radia-
tion portion 26 is connected to the loop portion 25, for wire-
lessly transmitting/receiving a first band signal. The second
radiation portion 27 has one end connected to the loop portion
25, and the other end extending toward the first radiation
portion 26, for wirelessly transmitting/receiving a second
band signal. The radiation element 21 is used for wirelessly
transmitting/receiving the first and the second band signals.
The radiation element 21 is divided into the first radiation
portion 26 resonating at the first band signal and the second
radiation portion 27 resonating at the second band signal. A
length of the first radiation portion 26 is equal to a quarter
wavelength of the first band signal, and a length of the second
radiation portion 27 is equal to a quarter wavelength of the
second band signal. The resonance frequency of the first
radiation portion 26 or the second radiation portion 27 may be
altered by adjusting the length thereof.

The loop portion 25 includes a first metal plate 28, a second
metal plate 29, and a third metal plate 30. The first metal plate
28, with one side connected to the signal feed-in portion 24,
has one end connected to the first radiation portion 26, for
receiving the first band signal and the second band signal fed
in by the signal feed-in portion 24, and transmitting the first
band signal to the first radiation portion 26. The second metal
plate 29, with one side perpendicularly connected to the first
metal plate 28, has one end connected to the second radiation
portion 27. In addition, the second metal plate 29 is parallel to
the ground element 22, for transmitting the second band
signal transmitted by the first metal plate 28 to the second
radiation portion 27. The third metal plate 30, perpendicu-
larly connected to the second metal plate 29, extends toward
the ground element 22 so as to be connected to the conductive
pin 23, for transmitting the first band signal and the second
band signal fed in by the signal feed-in portion 24 to the
conductive pin 23. Thereby, the operating bandwidths of the
first and the second band signals are increased.

The ground element 22 is a sheet-like ground element
spaced from and facing the radiation element 21.

The conductive pin 23, located between the radiation ele-
ment 21 and the ground element 22, has two ends connected
to the radiation element 21 and the ground element 22 respec-
tively.

The signal feed-in portion 24 is connected to the loop
portion 25, for feeding in the first band signal and the second
band signal to the loop portion 25, then transmitting the
signals to the first radiation portion 26, the second radiation
portion 27, and the conductive pin 23 through the loop portion
25, and receiving the first and the second band signals fed out
from the first radiation portion 26 and the second radiation
portion 27 through the loop portion 25 respectively.

After being fed into the dual-band inverted-F antenna 100
through the signal feed-in portion 24, the first band signal and
the second band signal are wirelessly transmitted/received by
the first radiation portion 26 and the second radiation portion
27 of the radiation element 21 respectively in one aspect, and
transmitted to the conductive pin 23 through the loop portion
25 and finally to the ground element 22 in another aspect.

After being fed in by the signal feed-in portion 24, the
signals are transmitted to the ground element 22 through the
loop portion 25. The adoption of the short-circuit loop may
increase the bandwidths of the signals in operation, and
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enhance the overall radiation efficiency. For the dual-band
inverted-F antenna of the present invention, the operating
bandwidth at the first band signal is from 1710 to 2170 MHz,
and the operating bandwidth at the second band signal is from
824 to 960 MHz.

FIG. 4 is a measurement diagram of standing wave ratio
(SWR) of the dual-band inverted-F antenna according to the
present invention. Referring to FIG. 4, SWRs measured at
low frequencies (from 824 MHz to 960 MHz) and high fre-
quencies (from 1710 MHz to 2170 MHz) are shown. It can be
seen from FIG. 4 that, at the low frequencies (from 824 MHz
to 960 MHz), the maximum SWR is below 5, and at the high
frequencies (from 1710 MHz to 2170 MHz), the maximum
SWR is approximately 2.5.

FIG. 5 is a table showing average gains and efficiencies of
the dual-band inverted-F antenna of the present invention
measured at low frequencies. Referring to FIG. 5, average
gains and efficiencies of the dual-band inverted-F antenna
during transmission/reception at various frequencies when
applied in wireless wide area network (WWAN) systems 800
and 900 are shown. It can be seen from FIG. 5 that, the
dual-band inverted-F antenna of the present invention may
increase the original operating bandwidths from 850-900
MHz to 824-960 MHz, and the average gain and efficiency at
each frequency are acceptable.

FIG. 6 is a table showing average gains and efficiencies of
the dual-band inverted-F antenna of the present invention
measured at high frequencies. Referring to FIG. 6, average
gains and efficiencies of the dual-band inverted-F antenna
during transmission/reception at various frequencies when
applied in WWAN systems 800, 900, and International
Mobile Telecommunication (IMT) 2000 are shown. It can be
seen from FIG. 6 that, the dual-band inverted-F antenna ofthe
present invention may increase the original operating band-
widths from 1900-2000 MHz to 1710-2170 MHz, and the
average gain and efficiency at each frequency are acceptable.

What is claimed is:

1. A dual-band inverted-F antenna, comprising:

a radiation element, comprising:

a loop portion;

a first radiation portion, connected to the loop portion, for
wirelessly transmitting/receiving a first band signal; and

a second radiation portion, having one end connected to the
loop portion and the other end extending toward the first
radiation portion, for wirelessly transmitting/receiving a
second band signal;

a ground element, spaced from and facing the radiation
element;

a conductive pin, located between the radiation element
and the ground element, and having two ends connected
to the radiation element and the ground element respec-
tively; and

a signal feed-in portion, connected to the loop portion, for
feeding in the first band signal and the second band
signal to the loop portion, then transmitting the signals to
the first radiation portion, the second radiation portion,
and the conductive pin through the loop portion, and
receiving the first and the second band signals fed out
from the first radiation portion and the second radiation
portion through the loop portion respectively,

wherein the loop portion comprises:

a first metal plate, connected to the signal feed-in por-
tion, and having one end connected to the first radia-
tion portion, for receiving the first band signal and the
second band signal fed in by the signal feed-in por-
tion, and transmitting the first band signal to the first
radiation portion;
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a second metal plate, with one side perpendicularly con-
nected to the first metal plate, and having one end
connected to the second radiation portion, wherein
the second metal plate is parallel to the ground ele-
ment, for transmitting the second band signal trans-
mitted by the first metal plate to the second radiation
portion; and

a third metal plate, perpendicularly connected to the
second metal plate, and perpendicularly extending
toward the ground element so as to be connected to the
conductive pin.

2. The dual-band inverted-F antenna as claimed in claim 1,
wherein a length of the first radiation portion is equal to a
quarter wavelength of the first band signal.

5

6

3. The dual-band inverted-F antenna as claimed in claim 1,
wherein a length of the second radiation portion is equal to a
quarter wavelength of the second band signal.

4. The dual-band inverted-F antenna as claimed in claim 1,
wherein an operating bandwidth of the first band signal is
from 1700 to 2170 MHz.

5. The dual-band inverted-F antenna as claimed in claim 1,
wherein an operating bandwidth of the second band signal is

' from 824 to 960 Mz






